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Lee Creek Reservoir and Lee Creek Watershed Management Plan

Executive Summary

This watershed management plan (WMP) has been developed based largely on the 2005 EPA
guidance and addresses EPA’s nine minimum control measures. The plan complies with
AWWA G300 Standard and contains many of the required components of a Source Water
Protection strategy. Historical data collected by the Fort Smith Utility (FSU) and new data
(water quality and unified stream assessments) collected during this project have been utilized

in preparation of this plan.

Total suspended solid (TSS) levels appear to be a principal concern in the watershed at this
time and are known to be elevated due to storm water runoff from the numerous unpaved roads
in the watershed, and from stream bank erosion. A substantial portion of the watershed is
agricultural. Some areas, especially adjacent to agricultural land, lack riparian buffers and have
ongoing erosion issues that could export nutrients to the waters. Lee Creek is in the nutrient
surplus area, designated by the Arkansas legislature. Nutrient levels have not yet been found to
be alarmingly high. However, concerns over increased agricultural activity in the watershed

potentially threaten Lee Creek in the years to come if not protected.

This WMP has been developed based primarily on evaluation/analysis of existing watershed
monitoring data collected by the FSU over the past several years then integrated with the
existing water resource management documents and new data collected during this project to
form a comprehensive WMP. The WMP includes identification of critical sub-watersheds at a
small scale (~12 digit HUC) and ranked implementation measures to reduce non-point source

pollution loading from critical areas.

The Lee Creek watershed (HUC-11110104 (NRCS WBD)) is approximately 447 mi® in size.
The watershed is located in the Boston Mountains and Arkansas River Valley Ecoregions
(Omernick, 1987), primarily in Crawford and Washington Counties in Arkansas and Adair and
Sequoyah counties in Oklahoma. The watershed drains directly into the Arkansas River Basin.
Lee Creek has an impoundment (Lee Creek Reservoir) just upstream of its confluence with the
Arkansas River that serves as a drinking water source for Fort Smith. The water supply serves

a population of approximately 200,000 (US Census, 2000).
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Land use in the watershed is mostly forest and pasture. The watershed is dominated by forest
land-uses (79%). Agricultural land-uses (mostly pasture) comprise a fairly high percentage
(13%) of the watershed.

In general, water quality during baseline flow events, when the streams were not directly
influenced by storm water runoff, was good. However, storm water runoff events did result in
moderate TSS and nutrient levels that when coupled with high flow volume, as is typical of
Ozark rain events, are capable of delivering significant sediment loading from each sub-
watershed. When loading is evaluated on a per unit area basis, it becomes clear which sub-

watersheds have land uses that are producing the most pollutants during runoff events.

Results of the Designated Use Assessment and in comparing the similarity of the current Lee
Creek Watersheds water quality to least disturbed Boston Mountain Streams indicates that no
load reductions are required to meet Arkansas water quality standards. However, Oklahoma’s
303(d) list has a section of Little Lee Creek listed for bacteria and sections of Lee Creek listed
for bacteria and metals. Therefore, reductions in TSS loading (of approximately 10%) which will
also provide reductions in nutrient, metals and bacterial loading (of approximately 10%) will be
targeted in critical areas in an effort to encourage maintenance of Oklahoma'’s standards and to
improve water quality entering Lee Creek Reservoir. Two Oklahoma agencies, the Oklahoma
Water Resource Board and the Oklahoma Conservation Commission, are stakeholders with

FSU in this project.
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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, focusing attention not just on point source discharges and stream
disturbances in the stream corridors, but also on the effects of anthropogenic land uses (non-
point sources) in the entire watershed on the waters in that 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). Preparation of this plan was funded by an
EPA 319 Grant through the Arkansas Natural Resources Commission. Over the past two years
additional data has been collected by the Fort Smith Utility (FSU) and new data has been
collected during this Phase 2 project to fill in gaps identified in the draft plan creating a final
WMP.

Table 1. EPA Nine Minimum Elements.

Location Element Addressed in Watershed

EPA Nine Minimum Elements Management Plan

Element 1- Identification of causes of impairment

Section 3.7, 4.0, 5.0
and pollutant sources

Element 2- Estimate of load reductions expected

Sections 5.0, 6.0
from management measures

Element 3- Non-point source measures required to

, . Section 6.0
achieve load reductions
Element 4- Estimate of funding needed and sources .
. : Section 9.0
of funding to 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 ,
Section 7.0

goals

Element 9- Monitoring component to evaluate

- . ; Sections 3.1.1, 3.2, 7.0
effectiveness of implementation measures
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The Fort Smith Utility (FSU) is a regional water supplier that produces, delivers and sells
potable water to 13 contract users who ultimately provide drinking water, from Lee Creek
Reservoir and Lake Fort Smith, to approximately 200,000 people in Western Arkansas and
Eastern Oklahoma. The utility strives to provide the best quality water to its users at a
reasonable cost. Protection of the watersheds that supply this water not only will reduce
pollutant transport to the Arkansas River Basin but will also allow the City to continue providing
its users with affordable clean drinking water. This plan complies with the AWWA G300
Standard for source water protection. It includes the bulk of the components recommended by
the G300 Standard including; characterization of source water and source water protection
area, source water protection goals, an action plan, implementation strategies and a plan for

evaluation and revision (Table 2).

Table 2. AWWA G300 Standard.

AWWA G300 Standard Component Location Component Addressed in Watershed
Management Plan

Sec.4.2 -Characterization of Source Water and Sections 2.0, 3.1, 3.2, 3.3, 3.4, 3.6, 3.7, 4.0, 5.0,

Source Water Protection Area 7.0

Sec. 4.3-Source Water Protection Goals Sections 4.0, 6.0, 8.0

Sec.4.4-Action Plan Sections 4.0, 6.0, 8.0, 9.0

Sec.4.5-Program Implementation Sections 6.0, 7.0, 8.0

Sec.4.6-Evaluation and Revision Section 7.0, 8.0

Total suspended solid (TSS) levels appear to be a principal concern in the watershed at this
time and are known to be elevated due to storm water runoff from the numerous unpaved roads
in the watershed, and from stream bank erosion. A substantial portion of the watershed is
agricultural. Some areas, especially adjacent to agricultural land, lack riparian buffers and have
ongoing erosion issues that could export nutrients to the waters. Lee Creek is in the nutrient
surplus area, designated by the Arkansas legislature. Nutrient levels have not yet been found to
be alarmingly high. However, concerns over increased agricultural activity in the watershed

potentially threaten Lee Creek in the years to come if not protected.
Fort Smith has maintained an ongoing watershed monitoring program since 2003. FSU staff

conducts extensive water quality sampling and physicochemical analysis on a quarterly basis,

under various flow regimes, at multiple creek stations in the watershed. Staff completes annual
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bioassessments of the fish and macroinvertebrate community in key stream reaches (generally
near water quality monitoring sites) in the watershed. In addition, the monitoring program
includes weekly lake water quality profiles to assess lake trophic status and raw water intake

water quality.

This WMP has been developed based primarily on evaluation/analysis of existing watershed
monitoring data collected by the FSU over the past several years, then integrated with the
existing water resource management documents and new data collected during Phase 1 and
Phase 2 of this project to form a comprehensive WMP. The WMP includes identification of
critical sub-watersheds at a small scale (~12 digit HUC) 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 ultimate goal being
immediate reduction of pollutant loading and protection of the watershed and associated

reservoir source water into the future.
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2.0 Watershed Description

The Lee Creek watershed (HUC-11110104 (NRCS WBD)) is approximately 447 mi? in size
(Figure 1). The watershed is located in the Boston Mountains and Arkansas River Valley
Ecoregions (Omernick, 1987), primarily in Crawford and Washington Counties in Arkansas and
Adair and Sequoyah counties in Oklahoma. The watershed drains directly into the Arkansas
River Basin. Lee Creek has an impoundment (Lee Creek Reservoir) just upstream of its
confluence with the Arkansas River that serve as a drinking water source for Fort Smith and
Van Buren. The area served by the reservoir has a population of approximately 200,000 (US
Census, 2000).

Land use in the watershed is mostly forest and pasture. The watershed is dominated by forest
land-uses (79%). Agricultural land-uses (mostly pasture) comprise a fairly high percentage
(13%) of the watershed (Figure 1.) The soils in the watershed are dominated by Nella-Enders,
Enders, Hector-Linker and Hector-Linker-Enders complexes. Slopes are moderately steep and
typically range from 3% - 45%, with over half the slopes in excess of 16% (Figure 2.) The
moderately steep slopes in the watershed make it somewhat vulnerable to erosion in un-

forested areas.

All waters in the state of Arkansas have Designated Uses applied to them that dictate the level
of water quality that must be maintained. Lee Creek is designated for the following uses by the
Arkansas Department of Environmental Quality (ADEQ):

e Primary contact recreation

e Secondary contact recreation

e Domestic, industrial and agricultural water supply

e Fisheries (Aquatic life), Perennial Boston Mountains

e Extraordinary Resource Water (ERW), from state line upstream to headwaters
Lee Creek in Arkansas is also designated as a nutrient surplus area according to the Arkansas

Code 15-20-1104. This designation places controls on the amount of fertilizer that can be

applied to the land in the watershed, further protecting the waters from nutrient pollution.
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A unique characteristic of Lee Creek, is that it runs out of Arkansas into Oklahoma and then
after approximately 16 miles runs back into Arkansas. Since a portion of the Lee Creek
watershed is in Oklahoma, Lee Creek must also maintain Oklahoma’s designated (or beneficial)
uses which are:

¢ Irrigation/Agricultural

¢ Industrial/Municipal process and cooling water

e Aesthetics

e Cool Water Aquatic community

e Primary Body Contact

e Public/Private Water Supply

Lee Creek also has a several special “Limitations” placed on it in Oklahoma'’s water quality

standards that provides further protection:

e High Quality Water (Lee Creek downstream of 420 ft elevation)
e Outstanding Resource Water

e Scenic River (Lee Creek upstream of 420ft elevation and Little lee Creek)
The scenic river “limitation” puts Lee Creek under a special phosphorus water quality standard

of 0.037 mg/L as total phosphorus. This standard also applies to the lllinois River which borders

Lee Creek to the north.
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3.0 Watershed Assessment

A comprehensive assessment was completed on the Lee Creek watershed to evaluate its
physical, chemical, ecological and hydrologic condition. Each of the eight sub-watersheds
depicted on the map (Figures 1 and 2) were evaluated. The most southern sub-watershed
(unlabeled) was not assessed as it is remote and its stream system configuration did not
terminate into one main channel draining most of the area (would have to sample several small
drainages) making assessment difficult. Historical data collected by FSU’s ongoing monitoring
program, GIS data and new data collected in the field during Phase 1 and Phase 2 of this
project, by GBM* & Associates, was utilized for the assessment. A description of each
assessment component is contained in the following sections. A list of the eight sub-

watersheds (defined at approximately a 12-digit HUC level) is provided below.

Jenkins Creek (JC-1)

Upper Little Lee Creek (LLC-1)
Lower Little Creek (LLC-2)
Upper Lee Creek (LC-1)
Lower Lee Creek (LC-2)
Mountain Fork Creek (MFC-1)
Webber Creek (WC-1)

Cove Creek (CC-1)

© N o g b~ w NP

3.1 Water Quality

3.1.1 Fort Smith Utility Ongoing Monitoring Program

The FSU has been managing the Lee Creek watershed for over 10 years. They have an
ongoing monitoring program that includes baseline and storm flow monitoring of water quality at
eight locations in the watershed above Lee Creek Reservoir. Samples have been collected at
each of these stations (Figure 3) on several occasions since 2002. Data from the monitoring
program (collected primarily between 2006-2013) has been analyzed and summarized in Table

3. All historical data used in this WMP is provided in Appendix A.
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Figure 3. FSU Sample Locations in Lee Creek Watershed.




Table 3. Summary of Historical Monitoring Data Collected by FSU.

Parameters
TSS (mg/L) T.Phos (mg/L) Orthophos. NO3+NO2-N TOC (mg/L) Chloride (mg/L)
(mg/L) (mg/L)
Station mean | range | mean | range | mean | range | mean | range | mean | range | mean | range
Baseline Sample Results

<0.020 <0.010 0.04 0.50 1.95

Blackburn 5.0 <5.0 0.030 - 0.035 - 0.20 - 1.30 - 4.43 -
0.060 0.064 0.65 3.03 12.16
<5.0 <0.020 <0.010 0.01 0.26 0.93

Buckhorn 5.2 - 0.054 - 0.044 - 0.13 - 1.38 - 1.49 -
10.0 0.460 0.123 0.47 2.44 2.08
<5.0 <0.020 <0.010 0.02 0.30 1.57

Cove 5.0 - 0.037 - 0.045 - 0.25 - 3.17 - 2.73 -
5.0 0.170 0.153 0.86 11.44 4.45
<5.0 <0.020 <0.010 0.01 0.39 2.19

Jenkins 5.1 - 0.030 - 0.040 - 0.16 - 2.77 - 3.37 -
9.0 0.120 0.092 0.36 6.61 6.50
<5.0 <0.020 <0.010 0.01 0.33 2.02

Little Lee 5.4 - 0.051 - 0.047 - 0.17 - 2.20 - 3.92 -
10.0 0.210 0.162 0.79 6.91 10.08
<5.0 <0.020 <0.010 0.03 0.40 1.60

Mtn. Fork 5.3 - 0.038 - 0.038 - 0.17 - 2.22 - 3.67 -
10.0 0.110 0.061 0.97 5.70 12.75
Upper <5.0 <0.020 <0.010 0.01 0.76 1.65

Lee 55 - 0.050 - 0.042 - 0.27 - 1.80 - 5.28 -
11.43 0.350 0.123 0.99 3.01 36.76
<0.020 <0.010 0.02 0.77 2.60

Weber 5.0 <5.0 0.040 - 0.033 - 0.35 - 1.76 - 4.13 -
0.100 0.065 1.55 3.30 6.87

Storm Flow Sample Results

Blackburn - - - - - - - - - - - -
55 0.038 <0.010 0.02 1.48 1.06

Buckhorn 24.0 - 0.116 - 0.058 - 0.13 - 3.46 - 1.37 -
71.3 0.230 0.214 0.43 5.77 1.83
9.5 0.026 <0.010 0.03 0.40 1.55

Cove 85.1 - 0.281 - 0.121 - 0.19 - 4.14 - 2.59 -
311.8 1.180 0.974 0.46 11.38 4.41
19.0 0.090 0.020 0.15 5.88 1.30

Jenkins 26.0 - 0.110 - 0.071 - 0.25 - 6.36 - 1.95 -
33.0 0.130 0.154 0.34 6.85 2.60
<5.0 0.078 <0.010 0.02 0.55 1.50

Little Lee 79.0 - 0.196 - 0.041 - 0.10 - 2.76 - 5.27 -
225.25 0.318 0.093 0.23 5.03 24.17
<5.0 <0.020 0.040 0.04 2.81 1.49

Mtn. Fork 54.7 - 0.171 - 0.053 - 0.08 - 3.39 - 5.35 -
111.0 0.303 0.095 0.14 4.49 21.67
Upper 7.8 0.021 0.040 0.02 1.95 1.44

Lee 79.3 - 0.217 - 0.060 - 0.12 - 3.22 - 2.57 -
284.5 0.558 0.153 0.24 4.28 4.83

Weber - - - - - - - - - - - -
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FSU uses Buckhorn Creek as the reference condition (least disturbed) for the watershed. This
sub-watershed is relatively undeveloped, over 80% of it is forest (See Section 3.7). Water
guality in Buckhorn Creek is very good; sample results reflect the lowest levels of TSS observed
during storm flow sampling events. Total phosphorus during storm events was also low

compared to other stations (Figure 4).

Under baseflow conditions each streams water quality was generally comparable to that of
Buckhorn Creek (Figures 4-6). Under storm flow conditions, phosphorus and TSS were noted
to be slightly elevated in most of the other streams, with Cove Creek being the most noticeably
elevated for phosphorus and Cove Creek, Mountain Fork Creek, Upper Lee Creek and Little
Lee Creek all being noticeably elevated for TSS. Jenkins Creek also displayed elevated TOC

values during storm events, though still less than 10 mg/L.

0.300

H Base flow T. Phos
0.250

M Storm flow T.Phos.

0.200

0.150

0.100

Total Phosphorus (mg/L)

0.050

0.000
Blackburn Buckhorn  Cove Jenkins Little Lee Mtn. Fork Upper  Weber
Lee

Figure 4. Average FSU Phosphorous Data.

FSU will continue their existing monitoring program to evaluate success of the implementation
phase of the management plan.
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Figure 5. FSU Average TOC Data.
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Figure 6. FSU Average TSS Data.
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3.1.2 Water Quality Data Collected Specifically for the WMP

As a component of the development of this WMP, additional water quality data was collected to
supplement the routine monitoring data collected by FSU. Water samples and in-situ data were
collected from several points along Lee Creek and its tributaries to determine the water quality
during baseflow and storm flow conditions. Sample stations were selected to represent each of
the eight sub-watersheds depicted in Figure 7. A total of eight stations were utilized during the
study, all stations were sampled during each sampling event. Samples were collected during
2012 and 2014, on two occasions to represent baseflow conditions, and five occasions to
represent storm flow conditions. A description of each sample station is provided in Table 4
These stations are close to the same locations as those used by FSU, though often times
positioned lower in the watershed, to ensure all loading from the sub-watershed was accounted
for. Buckhorn Creek is one of the FSU routine monitoring stations. Buckhorn was omitted from
the 2012 Phase 1 study due to its small size and unlikelihood that it would be a significant

source for pollutants, but was added to the Phase 2 2013/2014 study to serve as a reference.
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Figure 7. Lee Creek Sub-Watersheds and Sample Stations in each Sub-Watershed utilized
during this Study.
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Samples were collected according to the Quality Assurance Project Plan (QAPP) approved by
the ANRC and EPA Region 6. In brief, grab samples were collected in clean, labeled containers
from within the main area of flow in the channel and delivered to the laboratory for analysis
following all chain of custody procedures (see QAPP for project). Samples were collected for
analysis of nitrate+nitrite-N, ammonia, total phosphorus, ortho-phosphorus, BOD5!, TOC!, and
TSS, and Chloride®. At the time of sample collection, in-situ measurements were taken for pH,
specific conductance, dissolved oxygen, temperature, and turbidity. In-situ measurements were
made following GBM® SOP’s (Nos.1-4 and 14). Water quality results, including in-situ

parameters, from each station, are provided in Appendix B.

Table 4. Sample Station Descriptions.

Station Identification Station Description

JC-1 Jenkins Creek just upstream of Denny Ridge Road in upper watershed.

LLC-1 Little Lee Creek just upstream of Denny Ridge Road crossing in upper
watershed.

LLC-2 Little Lee Creek at Hwy 101 road crossing.

LC-1 Lee Creek at Creek Fork Road low water crossing.

LC-2 Lee Creek at Hwy 101 road crossing.

MFC-1 Mountain Fork Creek at Natural Dam, below road crossing.

CC-1 Cove Creek at Creek Fork Road low water crossing.

WC-1 Weber Creek at Weber Creek Road low water crossing.

BH-1 Buckhorn Creek upstream of Cove Creek confluence about ¥ mile.

Water quality during baseflow conditions was found to be good and fairly consistent, in each
sub-watershed. Table 5 provides a summary of water quality data for the Lee Creek watershed
stations for select constituents. All water quality data collected during the study is provided in
Appendix B. Each station is near the outlet of it respective sub-watershed and should be typical
of pollutant concentrations (and loads) in that system. Total phosphorus under baseflow
conditions averaged no more than 0.035 mg/L and ortho-phosphorus (the dissolved fraction of
phosphorus that is generally considered biologically available) was always below the 0.02 mg/L
detection level. Nitrate+Nitrite-N levels were very low, all less than 0.60 mg/L. TSS was less
than detection (5.0 mg/l) and turbidity was less than 10.0 NTU at all stations during baseflow
conditions. TOC and BODS5 levels, which measure carbon based organic material in the water
were all very low, BODS levels were all less than the 2.0 mg/L detection level and TOC

averaged less than 1.50 mg/L in all samples. These data are indicative of water that is very

! BOD5 and TOC were analyzed only in samples collected during Phase 1. Chloride was analyzed during both
phases, but on only two occasions during Phase 1.
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clear, and free of suspended matter (Figure 8). Chloride levels were very low at all stations,
less than 3.0 mg/L. Conductivity measurements were also low at all stations, less than 100
us/cm, with the exception of LLC-1 which was over 150 us/cm on both baseflow occasions. The

specific conductance measurements are all representative of waters generally low in dissolved

minerals and other materials.

8 4
during Baseflow Conditions.

Figure 8. Jenkins Creek at JC-1 and Lee Creek at LC-1
Water quality during storm flow conditions is summarized in Table 5. Five storm events were
sampled (two during Phase 1 and three during Phase 2), with each stations samples being
collected prior to the peak runoff (per the USGS gauges in the watershed). Storm events varied
in size from greater than 2 inches to around 0.5 inches. The concentration of some pollutants
increased as flow increased, while others pollutants decreased or remained stable. Most
notably TSS (Figure 9) and total phosphorus (Figure 10) increased an order of magnitude (on
average) during storm flow events. TSS levels were as high as 244 mg/L, in Little Lee Creek
(LLC-2), and total phosphorus was as high as 0.40 mg/| at station LLC-1. BODS5 levels
increased notably at stations LLC-1 (6.74 mg/L) and LLC-2 (3.39 mg/L) during the January 25,
2012 storm event. These were the only two stations that exhibited BODS5 levels in excess of 3.0

mg/L. TOC levels did not exhibit increases similar to BODS5. It is unlikely that these elevated

BODS5 values would be problematic to long term water quality.
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Table 5. Summary of Average Baseflow and Storm Flow Water Quality.

Parameters
TSS (mg/L) T.Phos (mg/L) Orthophos. NO3+NO2-N TOC (mg/L) Chloride (mg/L)
(mg/L) (mg/L)
Station* mean | range | mean | range | mean | range | mean | range | mean | range | mean | range
Baseline Sample Results
0.32 0.97
JC-1 <5 -2 <0.020 <0.02 0.41 - 1.33 - 2.0
0.50 1.70
<0.02 0.46 0.21
LLC-1 <5 0.030 - <0.02 0.48 - 0.99 - 2.1
0.04 0.50 1.77
<0.02 0.29 1.00
LLC-2 <5 0.030 - <0.02 0.40 - 1.29 - 1.8
0.04 0.50 1.58
<0.02 0.36 0.77
LC-1 <5 0.035 - <0.02 0.43 - 0.86 - 2.2
0.05 0.50 0.96
<0.02 0.44 0.92
LC-2 <5 0.035 - <0.02 0.47 - 1.12 - 1.9
0.05 0.50 1.33
<0.02 0.27 0.99
WC-1 <5 0.030 - <0.02 0.39 - 1.25 - 2.0
0.04 0.50 1.51
<0.02 0.22 1.52
CC-1 <5 0.035 - <0.02 0.36 - 1.48 - 1.3
0.05 0.50 1.54
<0.02 0.26 0.98
MFC-1 <5 0.035 - <0.02 0.38 - 1.12 - 1.5
0.05 0.50 1.26
Storm Flow Sample Results
<5.0 <0.02 <0.02 0.19 3.18 2.6
Jc-1 42.2 - 0.06 - 0.03 - 0.30 - 3.63 - 2.7 -
112.0 0.13 0.04 0.50 4.09 2.7
<5.0 <0.02 <0.02 0.14 2.67 2.5
LLC-1 13.6 - 0.10 - 0.02 - 0.25 - 3.07 - 3.1 -
36.0 0.40 0.02 0.50 3.47 3.4
<5.0 0.02 <0.02 0.12 1.86 2.4
LLC-2 63.2 - 0.12 - 0.04 - 0.21 - 3.14 - 2.5 -
244.0 0.36 0.12 0.50 4.41 2.6
<5.0 <0.02 <0.02 0.10 1.21 3.7
LC-1 54.6 - 0.14 - 0.03 - 0.27 - 2.02 - 4.7 -
143.0 0.32 0.06 0.50 2.83 6.4
<5.0 <0.02 <0.02 0.14 1.46 2.8
LC-2 17.0 - 0.05 - 0.03 - 0.24 - 2.20 - 3.7 -
65.0 0.18 0.07 0.50 2.93 5.4
<5.0 <0.02 <0.02 0.14 1.37 2.5
WC-1 16.6 - 0.05 - 0.03 - 0.29 - 3.48 - 4.2 -
54.0 0.16 0.05 0.50 5.58 5.6
<5.0 <0.02 <0.02 0.07 1.57 1.8
CC-1 38.0 - 0.13 - <0.02 - 0.26 - 2.90 - 1.9 -
122.0 0.29 <0.02 0.50 4.24 2.1
<5.0 <0.02 <0.02 0.12 1.86 2.0
MFC-1 374 - 0.10 - 0.03 - 0.21 - 3.33 - 2.3 -
163.0 0.39 0.09 0.50 4.81 2.7
<5.0 <0.02 <0.02 0.12 1.4
BH-1 <5.0 - 0.02 - <0.02 - 0.22 - 1.4 -
<5.0 0.03 <0.02 0.38 1.4

! Each station has two baseline samples and five storm samples represented.
2 Symbolizes either no data, all data had the same value (SD=0) or only one value represented, as in the case of chloride.
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Figure 9. Average TSS, Baseflow versus Storm Flow.
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Figure 10. Average Total Phosphorus, Baseflow versus Storm Flow.

In general, water quality during baseline flow events, when the streams were not directly
influenced by storm water runoff, was good. However, storm water runoff events did produce
moderate pollutant levels (Figures 11 and 12), that when coupled with high flow volume typical
of the Ozark region rain event, are capable of producing significant pollutant loading from each
sub-watershed (see Section 4.0).
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S e

Figur 11. MFC-1 uring Storm

Event.

Figure 12. LLC-2 during Storm Event.

Designated Use Assessment Criteria

Currently none of the streams in the Lee Creek Watershed in Arkansas are on Arkansas 303(d)
list. In order to evaluate the maintenance of Lee Creeks designated uses based on water
quality data, the Arkansas Assessment Criteria for the Boston Mountains Ecoregion was
utilized. Table 6 provides a summary of the assessment criteria that are pertinent to this WMP

study’s focus.

Table 6. Boston Mountain Assessment Criteria Standard.

Parameter Standard Lee Creek Use assessed
Assessment

Temperature (°C) Maximum 29 All <29 Aguatic life (fisheries)
Dissolved Oxygen (mg/L)
Minimum, watersheds 6 All >6.0 Aquatic life (fisheries)
>10mi’
pH (s.u.) 6-9 All in range All
Turbidity (primary flow) ntu 10 All <10 All

- Some exceedances
Turbidity (storm flow) ntu 19 (see text) All
Chloride (mg/L) 250/23" All <23 Drinking water
Nitrate (mg/L) 10 All <1.0 Drinking water
Ammonia (mg/L) (4-d o .
avg/30-d avg) 5.3/2.1 All <0.10 Aquatic life (fisheries)

"Chloride is assessed with a general 250 mg/l for drinking water and an ecoregion based value 33% greater than the
ecoregion reference value, which in this case is 23 mg/L.




Data collected during the study were compared to the Arkansas assessment criteria. All
designated uses are being maintained in each sub-watershed. However, storm flow turbidity
was exceeded at some sub-watershed monitoring stations on at least one occasion. According
to the assessment criteria for turbidity, if more than 20% of samples collected (with at least 24
samples) exceeds the storm flow value, the stream is listed as impaired for turbidity. Based on
the new data collected and the historical data collected by FSU, it does not appear that any of

the sub-watersheds are at risk for impairment due to turbidity.

As discussed in Section 2.0, a portion of the Lee Creek watershed is in Oklahoma. Therefore,
that portion of Lee Creek and its tributaries located within Oklahoma are required to maintain
Oklahoma’s designated uses. The water quality stations that represent these reaches are JC-1,
LLC-1, LLC-2, LC-2 and WC-1. Oklahoma's Use Assessment Protocols are very similar to
Arkansas’. The only criteria that are more stringent in Oklahoma than in Arkansas are:
dissolved oxygen (7.0 mg/L) and temperature (22°C) in the spring (Mar 1 — May 31) period, pH
(min 6.5 s.u.) and total phosphorus (0.037 mg/L as a 30-day geomean). The 0.037 mg/L total
phosphorus criteria applies only in Oklahoma'’s Scenic Rivers which Little Lee Creek and Lee

Creek are designated.

Spring dissolved oxygen levels measured during the study were greater than 7.0 mg/L,
temperatures measured were all less than 22°C and pH were all greater than 6.5 s.u. The total
phosphorus geometric means for baseflow samples at all stations were less than 0.037 mg/L.
However, storm flow means were all in excess of the 0.037 mg/L criteria. In addition to the
recent data collected during this study, FSU has collected total phosphorus data over the past
several years at LLC-2 (identified as “Little Lee” in Table 3 of this report). The geometric mean
of the baseflow data at LLC-2 collected by FSU is 0.037 mg/L. Storm flow data collected at
LLC-2 are all above the 0.037 mg/L criteria. Based on the limited data reviewed, it appears that
there is a reasonable likelihood that total phosphorus in the Lee Creek watershed in Oklahoma
could be in excess of the Oklahoma criteria for Scenic Rivers. Little Lee Creek is on
Oklahoma’s 303(d) list for unattainment of the primary body contact use. The cause of the
impairment is listed as bacteria. Lee Creek is on the Oklahoma 303(d) list for unattainment of
the cool water aquatic community use and the primary body contact use. Causes are noted as

copper, lead, and bacteria, respectively.
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3.2 Lee Creek Reservoir

Water Quality

Water samples were collected by Fort Smith Utility from seven sampling locations situated
throughout Lee Creek Reservoir to characterize the water quality of the reservoir as part of the
Fort Smith Utility monitoring program. Monitoring data reviewed for this analysis were from
samples collected once a week beginning in January 2009 and ending in February 2014. For
this analysis, we focused on only two sampling locations, one shallow sampling location (L1)
which is in the middle of the reservoir and a deeper sampling location (L2) which is located just
above the dam. We only considered data from the summer months (July-August) and winter
months (January and February) from the two sampling locations to best depict contrasting

conditions in Lee Creek Reservoir.

Grab samples were collected by Fort Smith Utility in clean, labeled containers at approximately
1.5 (or one and one-half) feet deep within the water column of the reservoir. Samples were
stored in ice filled coolers and delivered to the laboratory for analysis following all chain of
custody procedures. Samples were collected routinely for analysis of total phosphorus (TP),
and total dissolved solids (TDS). Samples were also collected at station L2 from one quarter
the photic zone (or one half the secchi depth) for the analysis of chlorophyll-a (Chl-a).
Chlorophyll-a samples were maintained in the dark, filtered within 24 hours of collection and
frozen prior to laboratory analysis to prolong the holding time. While collecting samples for
analysis, in-situ measurements pH, dissolved oxygen, specific conductivity, temperature, and
turbidity were taken at one meter increments from the water’s surface to the bottom of the
reservoir. We considered only the data collected from within the top one meter at the two
sampling locations. Table 7 summarizes the averages of these data at the two sampling

locations within the reservoir in the summer and winter months.
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Table 7. Averages of Summary Data (1+ stdev) from Lee Creek Reservoir.

Temperature DISEEIES =[IEEIE dis:rscg?vled Turbidity i Chlorophyll-a
Site Season P! oxygen pH Conductivity . Phosphorus phy
(°C) solids (NTU) (ual/L)
(mg/L) (us/cm) (g/L) (mg/L)
29.53 6.13 7.78 106.02 0.06 7.15 0.08
L1 Summer + + + + + + +
2.08 1.02 0.50 14.23 0.02 2.98 0.06
5.80 11.95 7.69 80.12 0.05 14.60 0.06
L1 Winter + + + + + + +
2.32 0.89 0.57 8.51 0.01 10.70 0.05
29.46 6.18 7.72 105.46 0.06 5.08 0.06 12.58
L2 Summer + + + + + + + +
2.06 1.09 0.61 13.67 0.02 1.85 0.04 4.77
5.80 11.90 7.70 80.00 0.10 15.00 0.10 34.20
L2 Winter + + + + + + + +
2.31 0.87 0.43 8.88 0.01 10.72 0.04 9.01

Lee Creek Reservoir is classified as a type B lake in Arkansas according to Arkansas
Department of Environmental Quality (ADEQ). The ADEQ considers small lakes in

mountainous terrain to be type B. A comparison was made between Lee Creek Reservoir water

guality and that of Arkansas type B lakes. ADEQ collected most of their lake samples between

July 12, 1999 to August 26, 1999; therefore we will only compare Lee Creek Reservoir in the

summer months with other type B lakes in Northwest Arkansas. Compared to other type B

lakes in Arkansas, Lee Creek Reservoir's water temperature on average (29.5 °C), is slightly

lower than the average, 29.7°C, found in other type B lakes in Northwest Arkansas (Figure 13).

Turbidity in Lee Creek Reservoir, 6.11 NTU, is higher than the average, 4.30 NTU, found in type

B lakes in Northwest Arkansas (Figure 13). Average chlorophyll-a in Lee Creek Reservoir,

12.58 pg/L, is higher than the average, chlorophyll-a (7.60 mg/L) found in other type B lakes in
Northwest Arkansas (Figure 13). Average total phosphorus in Lee Creek Reservoir, 0.07 mg/L,

is higher than the average, 0.04 mg/L, found in other type B lakes in Northwest Arkansas

(Figure 13). Turbidity, chlorophyll-a, total phosphorus were higher, and temperature was lower

on average in Lee Creek Reservoir than other type B lakes in the Northwest Arkansas in the

summer months. Elevated turbidity and chlorophyll-a levels are likely due to the shallow nature

of the reservoir which allows sunlight to take its full affect on water temperature and algal

growth.

June 1, 2015

24




Lee Creek Reservoir and Lee Creek Watershed Management Plan

] BLee Creek 0.08 -
30 - Reservoir = 007 -
1]
25 - B Type B lakes in £ 0.06 -
20 - Arkansas 5 0.05 -
15 -§_ 0.04 -
10 é 0.03 -
= 0.02 -
> 7 5 0.01 -
0 - 0 -
Temperature Turbidity (NTU)  Chlorophyll-a Lee Creek Type B lakes
("c) (ug/L) Reservoir in Arkansas

Figure 13. Comparison of Lee Creek Reservoir and other Type B Lakes in Northwest Arkansas.

Trophic Status

Lakes and reservoirs are often classified according to their trophic state index. A lake’s trophic
status (or trophic state index) is a measurement of how productive a lake’s biota are, particularly
in regard to its primary producers such as algae and aquatic plants that are found on the bottom
end of the food chain. The index is based on changes in nutrient levels, which cause changes
in algal biomass, in turn changing the clarity of the water. Dr. Robert Carlson developed a
trophic state index for classifying lakes based on nutrient concentrations and productivity (Table
8) (Carlson, 1977). Oligotrophic lakes contain very low concentrations of nutrients that are
required for plant growth; therefore oligotrophic lakes have low productivity. Newly built lakes
are often classified oligotrophic as their nutrient concentrations have not yet been influenced by
land use practices such as agriculture or urbanization. Oligotrophic lakes are clear watered
lakes that are well-oxygenated and characterized by having low productivity. An oligotrophic
lake may also be a high quality drinking water source. Mesotrophic lakes have an intermediate
level of productivity, have enough nutrients within them to support submerged aquatic plants
beds, and usually have clear water. Eutrophic lakes have a high productivity level that can
support an abundant amount of aquatic plants and algae. If aquatic plants dominate the lake,
the water tends to be clear, and if algae dominates the lake, the water tends to be more turbid.
Hypereutrophic lakes are very nutrient-rich lakes; algal blooms occur often and can cause low
water clarity within the lake. Hyperteurophic lakes support the most aquatic plants, fish, and
other biota compared to other types of lakes in the classification system. However, these
excess nutrient and plant/algae biomass may reduce oxygen levels periodically and prevent life
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from occurring at lower levels in the lake. Table 9 shows the Carlson trophic state index for Lee

Creek Reservoir using chlorophyll-a, secchi depth, and total phosphorus.

Table 8. Carlson’s Trophic State Index.

Trophic State

Oligotrophic

Mesotrophic

Eutrophic

Hypereutrophic

Range

<40

40-50

50-70

>70

We calculated trophic state index for Lee Creek Reservoir at two different sampling locations in

the reservoir, during the summer (July-August) and winter (January-February) months. Lee

Creek Reservoir sampling location L1 averaged, 61.78 during the summer months, which

classifies the reservoir as eutrophic (Table 9 and Figure 14). At sampling location L2, the

average trophic state index was 57.81 during the summer months and classifies the reservoir as

eutrophic (Table 9 and Figure 14). L1 in the winter months averaged 59.06 which again

classifies the reservoir as eutrophic. Data from L2 in the winter months had an average trophic

state index of 51.00, classifying this location as the lower end of eutrophic (Table 9 and Figure

14). The trophic state index scored higher for total phosphorus and secchi depth but lower for

chlorophyll-a (Table 9). Lee Creek Reservoir, overall, can be classified as eutrophic based on

trophic state index values from the two sampling locations, L1 and L2, in both the summer and

winter months. Considering the high quality of the source water into Lee Creek reservoir it is a

concern that the lake is eutrophic.
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Table 9. Summary of Carlson’s Trophic Index Scores for L1 and L2 in the Summer and Winter Months

in Lee Creek Reservoir.

Site Season TSI (SD) TSI (TP) TSI (Chl-a)
58.55 59.57
L1 Winter 30.91-77.12 47.35-79.04
Eutrophic Eutrophic
59.59 63.96
L1 Summer 53.93-67.13 47.35-90.91
Eutrophic Eutrophic
57.98 60.72 54.73
L2 Summer 52.56 —67.13 47.35-80.56 46.21-60.80
Eutrophic Eutrophic Eutrophic
59.10 59.70 34.20
L2 Winter 32.30-77.10 47.40 - 83.20 0-47.80
Eutrophic Eutrophic Oligotrophic
70
60
50 -
40 -
m TSI (SD)
30 - m TSI(TP)
20 - = TSI(Chl-a)
10 -
0 -
L1 L2 L1 L2
Winter Summer

Figure 14. Average Trophic State Index in Lee Creek Reservoir in two Sampling Locations in the
Summer (July-August) and Winter (January-February) Months. TSI= Trophic State
Index, SD= Secchi Depth, TP= Total Phosphorus, Chl-a= chlorophyll-a.




3.3 Unified Stream Assessment

A variation of the Unified Stream Assessment (USA) protocol (Kitchel and Schueler, 2004) was
completed on Lee Creek in 2012 and in each sub-watershed in 2014. This visual based field
assessment protocol consists of breaking the stream into manageable reaches and evaluating,
on foot or by canoe, each 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:

=

Hydrology

Channel morphology

Substrate

Aquatic habitats

Land use

Riparian buffer

Water/sediment observations
Stream impacts (hon-point source related including bank erosion)
. Floodplain dynamics

10. Geomorphic attributes

11. Restoration/retrofit opportunities

© N TN

Field data forms completed during the survey are included in Appendix C. A summary of the
pertinent findings are provided in Table 10. Figures depicting impacts in the reaches assessed
are provided in Appendix C. The upstream starting point of the Lee Creek assessment was at
the canoe access area off Hwy 220 then downstream to the HWY 101 crossing. During 2014 a
section of each major creek in each sub-watershed was assessed. In the larger sub-
watersheds USA’s were completed in 2 reaches and in the smaller sub-watershed a minimum of
one reach was assessed. The impacts observed and their frequency of occurrence is assumed
to be consistent with other comparable stream reaches in the sub-watershed. That is, stream
reaches not assessed that have similar channel size to the assessed reach is anticipated to
have similar characteristics and issues at a similar frequency to those of the reaches assessed.
Figures 15 provides a color aerial photograph depicting the location of some of the impacts
identified in reach LC-1.

Stream bank erosion, stream crossings, impacted buffers, and storm water outfalls were noted

at several areas in the Lee Creek Watershed. Stream bank erosion was noted most frequently
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and varied in severity from moderate to excessive. Bank erosion was often times associated
with pasture land uses where the riparian vegetation had also been disturbed or removed.
Impacted riparian buffers (the vegetated area directly adjacent to the stream bank) were not
always noted during this USA. However, riparian buffers devoid of vegetation were identified
using aerial photography and were prominent in some stream reaches, particularly in Reach LC-
2, WC-1, MFC-1 and CC-1. Often these impacted buffer areas are dominated by hay grasses
that extended to the stream bank edge and the absence of well developed vegetated buffers
(both trees and under story vegetation) along the stream (Figure 16). Riparian buffers provide
streams with shading that helps cool the water and limit periphyton growth, they provide organic
matter inputs which serve as food and habitat for aquatic biota, and they provide stabilization to
stream banks that prevents erosion. Well developed riparian buffers can also filter storm water
pollutants and allow for increased rainwater infiltration which aids in protecting the streams

hydrology (through decreased peak flows and increased baseflow).

Table 10. Summary of Pertinent Findings from the USA.

L Percent of Stream
USA Stream Reach Significant Problem/Issue Length Affected/#
instances
LC-1 — from canoe access off HWY : 0
290 to HWY 59 at Natural Dam 1. Stream bank erosion 1. 22%
1. Stream bank erosion 1. 23%
léﬁdz ; from HWY 59 to HWY 101 2. Storm water outfalls 2. 8 Outfalls
9 3. Channel alteration 3. Overall reach
LLC-1 1. Stream bank erosion 1. 14%
2. Stream Crossings 2. 2 crossings
LLC-2 1. Stream bank erosion 1. 39%
2. Utility crossing 2. (2 in each reach)
WC-1 1. Stream bank erosion 1. 19%
JC-1 1. Stream bank erosion 1. 37%
MEC-1 1. Stream bank erosion 1. 28%
2. Impacted buffers 2. 6 areas
cc-1 1. Stream bank erosion 1. 12%
2. Impacted buffers 2. 4 areas
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Figure 15. Locations of Selected Stream Impacts Identified During the USA in Upper Lee Creek.
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Figure 16. Comparison of an Impacted Riparian Buffer (little to none) to a well developed Riparian
Buffer.

Bank erosion was noted in several areas, particularly in LC-2, LLC-2, JC-1 and MFC-1. Each
instance of bank erosion perceived as moderate risk or greater 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 compaosition, etc) to calculate an overall score that relates
to level of erosion hazard. The possible levels are low, moderate, high, very high, and
extremely high. Bank erosion observed in the Lee Creek watershed ranged from moderate
active erosion and erosion hazard to extremely high (excessive) active erosion and erosion
hazard. Some of the high to extremely high erosion hazard (Figure 17) was in areas where the
riparian buffers had been removed and the banks were greater than seven feet high. Moderate
to high stream slopes, and the gravel/cobble content of the bank soils in the Lee Creek
watershed make the banks susceptible to erosion when not protected by good riparian areas.
Stream bank erosion can add hundreds of tons of sediment (and nutrients) to a stream system
annually. Five of the eight sub-watersheds in Lee Creek had greater than 20% of their major

stream length experiencing active erosion at a moderate level or greater.

The other issues identified most frequently during the USA were storm water outfalls and
stream crossings. Storm water outfalls mostly included culverts entering the creek from road
side ditches or obvious drainage pathways exiting pastures (Figure 18) directly into the creek.
Both types of outfalls allow for direct transport of sediment and nutrients into the stream system.
Stream crossings were typically ATV/Jeep trails and can also serve as a conduit for storm water




much like a storm water outfall. Stream crossings also can be sites of active channel erosion

due to the crossing of motorized vehicles that impact the stream banks and channel substrates.

Figure 17. Stream Banks with Very High Bank Erosion Hazard in Lower Lee Creek.

=

Figure 18. Typical Storm Water Outfallfrom Pastre in Lee Creek.
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3.4 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 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 the entire Lee Creek Watershed was beyond the scope of this
project. However, several geomorphic attributes were estimated during the USA, and are
helpful in assessing channel stability (Rosgen, 1996). Table 11 provides a summary of the
channel dimensions estimated (and some measured) during the USA as well as key stability

issues noted.
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Table 11. Summary of Geomorphic Characteristics.

(approximate/estimated)

Station Identification

LC-1 LC-1.5 LC-2 LLC-1 LLC-2 WC-1 JC-1 MFC-1 CC-1
Watershed size (mi®) 97.2 191.0 216.0 36.2 119.0 37.9 14.9 39.6 53.7
Bankfull depth (ft) 2.8 35 4.0 1.4 4.0 1.8 1.4 2.0 2.4
Bankfull width (ft) 128 110 195 75 150 80 57 68 58
Substrate size class Cobble Cobble Cobble Cobble Cobble/ Cobble/ Cobble Cobble/ Cobble
Gravel Gravel bedrock
Width: Depth ratio 46 31 49 54 38 44 41 34 24
Overall stream bank Moderate- . . Moderate- Minor-
erosion hazard Moderate | Moderate High Moderate High Moderate High High Moderate
Minor S
Minor Minor bank L Widening
S Widening | Headcut .
S bank bank scour and o Widening S Minor
Channel stability issues . Widening Widening | Headcut Scour A
scour and | scour and failure, Scour Widening
X X . Scour Bank
failure failure sediment .
o Failure
deposition
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Lee Creek’s main channel was found to have a moderate level of bank erosion overall. The
lower reach (LC-2) displayed more pronounced bank erosion than the upper reaches. The
channel displayed some minor signs of channel widening, bank scour, bank failure, and
sediment deposition but no major problems with degradation (channel deepening) or

aggradation (channel filling, shallowing) were noted.

3.5 Ecological Condition

Monitoring of aquatic communities is a vital component to understanding potential perturbations
to water and habitat quality. The condition of aquatic communities (abundances, diversity,
richness, sensitivity, and biological index, etc.) provides important insight regarding water body
health and is useful when assessing the aquatic life (fisheries) status of a water body.
Macroinvertebrate communities have been sampled by FSU personnel since 2003 at multiple
locations in the Lee Creek watershed as part of their routine watershed monitoring program.
Collection and analysis methods generally followed EPA’s Rapid Bioassessment (RBA)
protocols (Barbour et al. 1999). Samples are collected using surber samplers and three sub-
samples are collected at each sample station, composited in the laboratory, and analyzed to
determine community metrics. Fish communities were sampled in the Lee Creek watershed
from 2002 to 2013 using electroshocking methodology based on EPA’s RBA protocols (Barbour
et al. 1999). Fish samples were analyzed to determine community metrics typically associated
with fish bioassessment and to calculate an index of biotic integrity (Plafkin, 1989). Data from
the more recent collections of both macroinvertebrates and fish will be the focus of this

evaluation.

3.5.1 Macroinvertebrate Community

Benthic macroinvertebrates inhabit the sediment or live on the bottom substrates of streams,
rivers and lakes. The presence of these organisms and their diversity and tolerance to
environmental perturbation at an expected level reflects the maintenance of a systems
biological integrity. Monitoring these assemblages is useful in assessing the aquatic life status

of the water body and detecting trends in ecological condition.
Several macroinvertebrate metrics are calculated for the collections completed by FSU. These

metrics include: taxa richness and Ephemeroptera, Plecoptera, Trichoptera (EPT) richness,

average tolerance, and percent clingers. Several of the metrics calculated are used to

June 1, 2015 35



determine a stream condition index (SCI) originally developed by the National Park Service

(NPS) for National Scenic Riverways (Bowles, 2007).

Taxa richness and EPT richness of Lee Creek stations have shown a general trend for
increasing from 2003 to 2011. Taxa richness has increased from 17-24 species in 2003 to 24-40
species in 2013. In 2003, EPT richness ranged from 5-13 species, increasing to an EPT
richness of 12-16 species in 2013 (Table 12). All of the taxa and EPT richness values score
above the quartile of the NPS SCI data. Higher taxa richness indicates good water quality and
sufficient habitat diversity. High numbers of EPT taxa are sensitive to pollutants, therefore, high
richness of these taxa indicate higher water quality. Rather than using the NPS SCI for routine
monitoring, FSU developed their own SCI using the same methodology that the NPS used. The
FSU SCI uses four metrics (taxa richness, EPT richness, tolerance and percent clingers) are
each scored independently as either a 5, 3, or 1 depending it's comparison to the reference
condition (Table 13). A total score (sum of all four metric scores) between 16 and 20 indicates a
community that is unimpaired and is fully maintaining all designated uses. The SCI scores
calculated for Lee Creek stations ranged from 12 to 20. The majority of years and streams were
in the unimpaired range, 16-20. The year 2012 scored low when compared to other years but
the communities seemed to have recovered in 2013. The scores in 2013 ranged from 14-20,
with only one stream, Buckhorn Creek, scoring 14, all other streams are considered unimpaired
and maintain designated uses. Buckhorn Creek is a water quality reference station in the Lee
Creek Watershed. However, it is a first order stream and is also a very small watershed that
dries up each year and does not have as developed habitat as does the larger streams.
Climatic conditions could have had a large impact on the biotic communities in 2012. In May
and June of 2011, very high flood events occurred. Following what is assumed to be a 100 year
storm event which resulted in a large scour to the biota was an extreme drought period. These
climatic conditions could have been detrimental to the macroinvertebrate communities,
explaining the low SCI scores for 2012. However, in 2013 the communities seem to be
recovering and future sampling periods will hopefully show a return to the conditions prior to
2012 (Table 13).
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Table 12. Comparison of SCI Metrics for First Quarter Samples from Lee Creek Watershed.

Mountain
Upper Lee Buckhorn Cove Jenkins Fork Little Lee
Date Taxa Richness
3/7/2003 17 16 24 24 17 23
2/20/2004 19 25 21 22 28 21
3/2/2005 23 23 29 28 30 22
3/9/2007* 37 32 39 44 48 48
3/20/2010* 30 35 53 42 -- --
3/3/2011* 32 36 58 36 61 --
3/6/2012* 38 21 46 42 33 --
3/21/2013* 30 24 40 28 29 --
EPT Richness
3/7/2003 7 5 13 10 11 11
2/20/2004 10 14 11 12 14 14
3/2/2005 15 14 18 18 18 13
3/9/2007* 19 16 20 20 22 25
3/20/2010* 15 18 23 19 -- --
3/3/2011* 12 17 23 13 26 --
3/6/2012* 15 11 17 19 18 --
3/21/2013* 13 12 16 15 14 --
Average Tolerance
3/7/2003 4.67 4.57 4.35 4.50 4.36 4.66
2/20/2004 4.46 3.87 4.21 4.20 4.67 4.42
3/2/2005 3.86 4.11 4.06 4.00 4.20 3.84
3/9/2007* 3.25 4.13 3.51 3.59 4.21 4.03
3/20/2010* 3.73 4.26 4.50 4.05 -- --
3/3/2011* 3.96 3.45 3.96 3.68 4.18 --
3/6/2012* 5.13 5.03 5.56 5.25 5.19 --
3/21/2013* 4.42 4.85 5.10 4.40 4.22 --
% Clingers

3/7/2003 35.3 214 42.9 39.1 41.2 45.5
2/20/2004 31.6 43.5 47.6 40.0 42.9 36.8
3/2/2005 50.0 28.6 44.8 51.9 50.0 52.4
3/9/2007* 27.0 18.8 33.3 27.3 30.8 47.9
3/20/2010* 48.1 25.7 24.5 28.6 -- --
3/3/2011* 25.7 30.6 19.0 55.1 34.9 --
3/6/2012* 26.3 28.6 19.6 23.8 30.3 --
3/21/2013* 40.0 33.3 45.0 42.9 48.3 --

*Pennington and Associates composite method
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Table 13. Comparison of SCI Scores for First Quarter Samples from Lee Creek Watershed.

Upper
Lee Buckhorn Cove Jenkins | Mountain Fork | Little Lee
Date Stream Condition Index
3/7/2003 12 12 20 18 16 16
2/20/2004 14 20 18 20 16 20
3/2/2005 20 18 20 20 20 20
3/9/2007* 18 16 18 18 18 20
3/20/2010* 20 18 18 18 -- -
3/3/2011* 18 18 16 20 18 -
3/6/2012* 14 12 12 14 14 -
3/21/2013* 20 14 16 20 20 -

*Pennington and Associates composite method

3.5.2 Fish Community

Fish communities of Lee Creek watershed were examined using community tolerance structure,
percent dominant functional feeding groups, and IBI scores for fishes collected by FSU from
2008 to 2013. Based on available data, fish communities were dominated by species
intermediate and intolerant to pollution perturbation (Table 14). Data indicate community
tolerance structure may represent relatively sensitive fish communities within the Lee Creek
watershed. Fish communities of Lee Creek have been consistently dominated by insectivores
(50%-82%; Table 14). Fish communities are typically dominated by insectivorous fishes in most
North American waters (Barbour et al. 1999). Using percent insectivorous fishes in a community
provides information regarding the condition of the fish food base. As the fish food base
responds to changes in the quality and quantity of available resources (natural or
anthropogenic), changes in the functional feeding structure of fish communities are expected to
occur (Barbour et al. 1999). Index of biotic integrity (IBI) scores were calculated using 12
metrics taken from Rapid Bioassessment Protocols for Use in Stream and Rivers (Plafkin, 1989)
Metrics included: percent native fishes, percent darters and madtoms, percent sunfish, percent
cyprinids, percent tolerant fish, percent omnivores, percent insectivores, percent carnivores,
number of individuals, percent hybrids, and percent diseased. Scores for all 12 metrics are then
added and results ranged from a possible maximum IBI score of 60 (excellent) to a possible

minimum of 12 (very poor).

IBI scores from the watershed varied across sites and across years and ranged between a
minimum of 38 to a maximum of 50. Using Fort Smith’s IBI criteria, which is based on the
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criteria developed by EPA (Plafkin, et.al., 1989), fish communities of Lee Creek watershed

fluctuate within the fair to good range (48 points is the threshold for the good category), and

have remained relatively stable over time (Table 14). Generally the smaller streams in

headwater areas of the watershed have scored lower than the larger more developed streams

in the watershed. This is typical of small streams in smaller drainage areas where there is less

perennial flow and less diverse habitat to support high quality perennial fisheries.

Table 14. Comparison of Fish Community Tolerance Structure, Functional Feeding Groups, and IBI Scores
Among Stations within Lee Creek and Lee Creek Watershed for 2008-2013.

40 0 0 % % %
Sites Year Intolerant | Intermediate | Tolerant Insect(;vore Herbi(i/ore Otf?er IBI
Taxa Taxa Taxa

2008 23.1 61.5 15.4 69.2 7.7 23.1 48.0
2010 46.2 46.2 7.7 69.2 15.4 15.4 50.0
Fall Creek 2011 20.0 60.0 20.0 70.0 10.0 20.0 44.0
2012 33.3 50.0 16.7 75.0 8.33 8.33 48.0
2013 30.0 40.0 30.0 70.0 10.0 20.0 44.0
2008 16.7 50.0 333 50.0 16.7 33.3 40.0
2010 21.4 35.7 7.1 57.1 7.1 35.7 42.0
B‘g’;gim 2011 33.3 44.4 22.2 778 111 111 | 440
2012 30.0 50.0 20.0 80.0 10.0 10.0 42.0
2013 28.6 28.6 42.9 57.0 14.3 14.3 38.0

2008
2010 27.3 45.4 9.1 72.7 9.1 18.2 46.0
Cove Creek | 2011 40.0 50.0 10.0 80.0 10.0 10.0 48.0
2012 40.0 40.0 20.0 80.0 10.0 10.0 46.0
2013 27.3 54.5 18.2 72.7 9.1 18.2 46.0
2008 30.1 46.2 23.1 76.9 7.7 15.4 44.0
2010 455 36.4 18.2 72.3 18.2 9.1 44.0
Mg‘ée';‘;”‘ 2011 385 385 23.1 615 15.4 231 | 480

2012 33.3 416 25.0 75.0 8.3 16.6 0
2013 36.4 455 18.2 81.7 9.1 27.3 46.0
Jg?:érl‘(s 2013 222 56.1 11.0 66.7 11.0 11.0 44.0
Upper Lee 2013 26.7 46.7 26.7 73.3 6.7 26.7 44.0

Summary

Overall, macroinvertebrate and fish communities within Lee Creek watersheds seem to be

relatively diverse and stable compared to reference conditions. Although community metrics

varied across sites and years, all macroinvertebrate communities have either remained stable or
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shown a general trend for increased quality. Over the years, all fish communities have been
dominated by intermediate and intolerant species, insectivorous fishes, and calculated IBI
scores were within the fair to good range. Based on fish and macroinvertebrate metrics
evaluated the aquatic community appears to be maintaining its biological integrity with relatively

sensitive and diverse communities throughout the Lee Creek watershed.

3.5.3 Periphyton Community

Periphyton are algae that live attached to bottom substrates in streams, rivers and lakes. They
are the foundation of the food web in most aquatic systems and as such are referred to as
primary producers. The abundance and diversity of periphyton may serve as an indicator of
habitat suitability and water quality, particularly in regards to nutrient enrichment and energy

availability.

The periphyton community was assessed in a qualitative fashion as part of the USA. Estimates
of algal coverage were made in each reach for three groups of algae; filamentous, prostrate and
floating. The results of the qualitative observations are provided in Table 15.

Table 15. Summary of Periphyton Abundance (coverage) Assessment.

Station Filamentous Prostrate Floating
LC-1 None Moderate None
LC-1.5 None Sparse None
LC-2 None Sparse None
LLC-1 Sparse Moderate None
LLC-2 Sparse Moderate None
WC-1 None Moderate None
JC-1 None Moderate None
MFC-1 Abundant Abundant None
CC-1 Sparse Abundant None

Periphyton (filamentous and prostrate) requires four main things to grow, light, nutrients,
warmth, and a suitable substrate. Nutrient levels are fairly low in the Lee Creek Watershed;
however, there is still ample phosphorus and nitrogen for algal growth. The water is clean and
clear allowing for plenty of light penetration. Arkansas’ mild climate allows for algal growth
nearly anytime during the year, but the hot summers are still expected to create the best
conditions for proliferation of periphyton. The cobble streambed that dominates in the Lee
Creek watershed are a good substrate for growth of these algae. In spite of the sufficient
nutrient levels and good habitat, periphyton growth was not found to be excessive in any sub-

watershed, with the exception of MFC, where both filamentous and prostrate algae were

June 1, 2015 40



Lee Creek Reservoir and Lee Creek Watershed Management Plan

abundant. MFC has a large amount of bedrock substrate and more open areas for sunlight

penetration resulting in ideal conditions for periphyton growth (Figure 19.)

Figure 19. MFC Bedrock Stream Bottom Promot

ga Groth
3.5.4 Habitat for Aquatic Biota

Physical habitat in streams includes all those physical characteristics that influence or provide
sustenance to biological attributes, both botanical and zoological. Stream physical habitat
varies naturally, as do biological characteristics; thus, habitat conditions differ even in the
absence of point and anthropogenic non-point disturbance. Within a given ecoregion, factors
such as stream drainage area, stream gradient, and geology (geomorphology) are likely to be
strong natural determinants of many aspects of stream habitat, because of their influence on
discharge, flood stage, and stream energy (both static and kinetic). In addition, land-use
activities or in-stream physical maodifications, such as channelization, channel diversion or dam
construction directly or indirectly impact the habitat in a stream. Habitat for aquatic biota was
visually evaluated as part of the USA. The stream reaches assessed during the USA appeared
to offer good habitat for aquatic biota. Riffles accounted for a significant portion (>15%) of each
reach and pools dominated in the lower reaches while runs dominated in the upper reaches.
Cobble substrate was generally dominate in all reaches assessed and offers good refugia for
macroinvertebrates and benthic fish species. Boulders and woody debris was also common
and offers additional habitat for larger fish. Riparian areas were generally forested with a
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significant amount of pasture in some areas particularly in lower Lee Creek. The habitat in Lee
Creek and in each of its major sub-watersheds is sufficient to maintain biological diversity and a

good quality perennial fishery.

3.6 Hydrologic Analysis

The hydrologic regime of a stream (magnitude and frequency of flow) influences the shape of
the stream channel, the type and abundance of habitat available to biota, and the type and load
of pollutants transported in the system. Geology, land use, weather patterns and seasons affect
the hydrologic regime of a stream. Understanding a stream’s hydrology is integral to the

assessment of stream stability, ecology and water quality.

Historical Streamflow Analysis at USGS Gauges

Streamflow in the Lee Creek watershed was analyzed using data from the United States

Geological Survey (USGS) website (http://waterdata.usgs.gov/nwis/rt). USGS has gauging

stations at three stream locations in the Lee Creek watershed, Lee Creek at Short (USGS No.
07249800, Lee Creek near Short (USGS No. 07249985) and Little Lee Creek near Nicut (USGS
No. 07249920). Lee Creek at Short, is at monitoring station LC-2, Little Lee Creek near Nicut is
at monitoring station LLC-2. Lee Creek near Short is below all monitoring stations and
represents the majority of flow entering Lee Creek Reservoir. We compiled and analyzed the
most recent 10 years of annual summary and daily data from the USGS for each of the three
locations of interest in the Lee Creek watershed (Table 16). The annual summary and daily
data from USGS provides the annual average discharge (cfs), lowest average monthly
discharge (cfs), highest average monthly discharge (cfs), the seven-day average low flow (cfs),
90 percent exceedance (cfs), and the peak flow (cfs). The 90 percent exceedance statistic is
the discharge that has been exceeded 90 percent of the time for the designated period, which in

this case is 10 years.

Each stream gauge in the Lee Creek watershed displayed a seven-day low flow of zero,
indicating that for at least seven consecutive days the streams average flow was 0 cfs at one
point during the last 10 years (Table 16). Stream water becomes shallow when flows get low,
increasing water temperatures, and decreasing dissolved oxygen levels which has the potential
to impact fish and some macroinvertebrates. Studies have found that longer-lived more
sensitive taxa such as stoneflies, and free-living caddisflies are less likely to proliferate in

streams that dry seasonally. Taxa that are highly mobile or can withstand drying can recolonize
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a stream more quickly and can be found in seasonally dry streams. Adequate water levels are
essential to maintenance of healthy fish communities. Streams that have a history of drying
seasonally have biotic communities that are adapted to drying, living in intermittent pools, or
finding refugia in the hyporheic zone. Streams that dry seasonally may have less diverse, less
sensitive taxa depending on the longevity and severity of the drying compared to streams that

flow year around (Boulton, 2003).

Table 16. Summary of Discharge Data from September 2004-2014, Collected from USGS Gauge

Data.
Annual Lowest . 7 day
. average monthly gnes low 90% e
Site . ; monthly flow
discharge discharge discharge (cfs) flow exceed (cfs)
(cfs) (cfs) 9 (cfs)
Lee Creek near 553.8 0.15 4047.8 0 25 |13,969
Short (LC-1)
Lee Creek at 298.5 0.00 2527.6 0 1.3 8,903
Short (LC-2)
Little Lee Creek 2 114.8 0.03 654.7 0 1.0 6,160
16,000 -+ - 600
H Peak flow (cfs)
14,000 -
- 500
o 12,000 # Annual average j:’j
%f’ discharge (cfs) L 400 g’
§ 10,000 - 5
3 :
o 8,000 - - 300 EP
()
>
<
6,000 -
- 200
4,000 -
- 100
2,000 -
0 - - 0

Lee Creek near Short (LC-1) Lee Creek at Short (LC-2) Little Lee Creek 2
USGS Gauges in the Lee Creek Watershed

Figure 20. Comparison of the Annual Average and Peak Flows of the Study Sites in the Lee Creek
Watershed.




All three study streams have a peak flow at least an order of magnitude higher than the annual
average discharge (Figure 20). The Lee Creek watershed has a moderate level of pasture land
use with the majority of the land being forested. Pasture land use can typically influence
streamflow through an increase in runoff from the pasture compared to runoff from forest.
Although streams in the Lee Creek watershed have a notable level of pasture land use
surrounding the streams, the majority of the watershed is mountainous-forested land. The
topography may be influencing the hydrologic regime more than pasture land use. Mountain
streams are usually considered to be flashy systems or systems that have rapid rates of change
(Allan, 1995, Poff et. al, 1997). Figure 21 shows the flashy hydrograph of Little Lee Creek at
Nicut, Oklahoma during a storm event. Streamflow increases by an order of magnitude in less
than one day. Little Lee Creek rises quickly but the hydrograph shows that it drops slower than
it rose and could be a consequence of the steep terrain and well drained soils. This hydrograph

is fairly typical of Boston Mountain streams during runoff events.

Storm Hydrograph from Little Lee Creek 2 at Nicut, OK
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Figure 21. Storm Hydrograph from Little Lee Creek at Nicut, Oklahoma (LLC2) on
January 25, 2012. Hydrograph Data was Collected from USGS.

Hydrologic regime is a major determinant of physical form in streams and physical form is a
major determinant in biotic diversity in streams (Bunn and Arthington, 2002). Biological
communities are adapted to the historical flow conditions and these conditions should be

considered when analyzing biological data in any watershed.
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Stream Flow Analysis at Newly Installed Gauges on Major Tributaries

Five new gauging stations were installed in key sub-watersheds Weber Creek, Upper Lee
Creek, Jenkins Creek, Cove Creek, and Mountain Fork Creek in October 2013. The gauging
instrument installed was an In-situ Level Troll 500 which automatically records stream level at
15 minute intervals. Telemetry stations were also installed at three of the gauges at varied
locations in the overall watershed. Each level Troll was maintained and data was downloaded

throughout the year.

Instream flow measurements were manually collected at the gauging station by a field crew
during baseflow and stormflow events as part of an effort to develop a relationship between
stream level and rate of flow. Instream velocity was measured using a Marsh McBirney model
201 water current meter. Measurements were taken following protocols outlined in the GBM* &
Associates Quality Assurance Plan (GBM® QAP, 2008). Flow calculations were completed
using the velocity-area method. Three to five flow readings were collected at each gauging
station for use in development of the rating curve (Figure 22). The curve will continually be

updated as additional data is collected in subsequent monitoring years.

Mountain Fork Creek v=<;;4=5%5;;-04ss

Flow (ft3/s)
z
R

0 0.5 1 1.5 2 2.5 3 3.5
Stage of logger (ft)

Figure 22. Relationship of Stage versus Flow at Mountain Fork Creek Gauging Station.

Once the rating curves were established at each site, the equation from each rating curve was
used to calculate the flow from the level measurements collected every 15 minutes at the five
sites. This flow data allows pollutant loading to be calculated more effectively for each sub-

watershed. When graphing the flow data over time, hydrologic dynamics such as flashiness can
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be seen visually. For specific rain events, the rise and fall can be dramatically different across

the sub-watersheds (Figure 23). For Figure 23, flow was averaged for each day and plotted.

1400
e \Neber Creek
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Cove Creek

800 \

\\ === Mountain Fork Creek
400 A \\
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Figure 23. Daily Average Flow for the Five Sub-Watersheds.
3.7 GIS Non-point Source Assessment

An assessment of the Lee Creek watershed was completed using GIS resources including soils
maps, land surface slope (DEM), land use, aerial photographs, etc. The assessment was
focused on identifying possible non-point sources of pollutants that could be transported to the
stream system during storm runoff events. The assessment was completed on a sub-

watershed basis.

3.7.1 Land Use by Watershed

Land use was evaluated using 2006 land-use land cover data from the United States Geological
Survey. Land use is an important attribute in a watershed analysis. The percent of pasture, row
crops, and developed areas can provide great insight into a watersheds potential for NPS
pollution. A summary of the land use assessment is provided in Table 17.
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Table 17. Percent Land Use by Sub-Watershed.

Sub-watershed (Percent land use)

Leme Lee JC-1 |LLC1|LLC2] LC1 | LC2 | cC1 | MFC-1 | WC-1
Watershed Size (mi%) 1490 | 36.20 | 119.00 | 97.20 | 242.00 | 53.70 | 39.60 | 37.90
Water 0.04 002 | 008 | 006 | 059 | 001 | 001 | 0.08
Open space (developed) 3.08 3.32 2.34 2.63 2.07 2.24 2.57 4.01
Developed 0.05 009 | 006 | 007 | 003 | 002 | 004 | 044
(urban/suburban)

Forest 78.28 | 73.14 | 80.43 | 84.78 | 77.60 | 84.02 | 84.40 | 65.82

Herbaceous/Scrub/Shrub 12.09 5.02 12.36 2.20 4.92 2.09 4.23 2.40

Pasture 6.46 18.39 4.40 9.97 1357 | 11.54 8.62 27.27
Crops 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.01
Wetlands 0.00 0.02 0.33 0.28 1.18 0.09 0.13 0.05

None of the sub-watersheds have significant levels of row crops (all less than 0.05%) or
development (less than 0.5%). Four of the sub-watersheds (JC-1, LLC-2, LC-1 and MFC-1)
have low percentages of pasture (less than 10%). Pastures are generally associated with cattle
use, commercial fertilizer, poultry litter use as fertilizer, or any combination of the three. Each
association can be a source of nutrients to the stream system. The portions of the watershed
having the highest percentage of pasture are LLC-1 and WC-1, at 18.39% and 27.27%,

respectively.

3.7.2 Riparian Buffer Impacts

Often times pasture land use can be associated with impact to riparian buffers as farmers clear
forest to create larger pastures and as cattle grazing encroaching on the stream banks. Impacts
from cattle overgrazing and frequent stream access was assessed during the USA’s and were
not found to be an obvious problem in the watershed. However, impacted riparian buffers from
pasture creation (and loss of buffer from bank erosion) were found to be a common problem.
Therefore, each main stem perennial stream (identified per USGS maps) in the associated sub-
watershed was examined through aerial photography to determine how many linear feet of
stream was affected by loss of riparian buffer. These lengths were then divided by the total
length of perennial stream in that sub-watershed to represent percent of stream with impacted

riparian buffers and assess where significant problems might exist (Table 18).
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Table 18. Summary of Impacted Riparian Buffer Analysis.

Sub-watershed

Parameter JC-1 | LLC-1 | LLC-2 LC-1 LC-2 CC-1 MEC-1 WC-1

Length impacted buffer (ft) 626 3662 4085 3240 20,122 11,429 7875 7603

Total stream length (ft) 28,987 | 64,776 | 52,318 | 121,434 | 115,737 | 99,000 | 66,685 | 51,215

Percent stream affected 2.2 5.7 7.8 2.7 17.4 115 11.8 14.8

Jenkins Creek (JC-1) and upper Lee Creek (LC-1) have small percentages of impacted riparian
buffer (<3%) while the lower reaches of Lee Creek (LC-2) and Webber Creek (WC-1) have
considerably higher percentages, at 17.4% and 14.8%, respectively. This is fairly common in
watersheds that have greater percentages of pasture and riparian disturbance in their lower

reaches, where the land begins to flatten allowing for more land suitable for pasture.

3.7.3 Land Slope

A land slope analysis was also completed for the watershed, and is provided in Table 19.
Slopes are generally homogenous between sub-watersheds. Weber Creek has the flattest
slope and the highest percentage of pasture and impacted buffer, supporting the concept that
pasture abundance and size increases along with the associated riparian disturbance in flatter
slope areas lower in the watershed. In addition to the connection between flatter slopes and
increased pasture land use, there is a connection between steeper slopes and increased
erosion potential, both on the land and stream banks. 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 run-off into the stream channels which can
cause increased stream bank erosion and channel scour. Slope in the majority of the
headwaters of Lee Creek are moderately high, providing the potential for rainfall to be highly

erosive and stream channels to scour during large rain events.
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Table 19. Summary of Land Slope Analysis.

Sub-watershed

Slope (percent) JC-1 LLC-1 | LLC-2 LC-1 LC-2 CC-1 MFC-1 | WC-1
0-5 12.9 234 12.2 12.6 235 15.4 21.3 25.9
6-15 10.8 11.0 0.3 23.8 13.6 25.5 17.9 29.8
16-30 66.2 59.9 87.5 62.0 56.9 54.8 58.2 44.1
31-45 10.1 5.8 0.0 1.2 6.1 4.4 2.6 0.3

46-60 0.0 0.0 0.0 0.4 0.0 0.0 0.0 0.0

3.7.4 Soils

Soils on the land surface in the watershed are primarily dominated by the Nella, Enders, Hector
and Linker soil series. These soils are composed mostly of a gravely sandy loam, and have a
moderate overall potential for erosion. However, when linked with the steep slopes in some of

the sub-watersheds, significant soil loss can occur during heavy rain events.

3.7.5 Agricultural Animal Numbers

Numbers of agricultural animals were estimated in the watershed using active poultry house
counts from a field survey and the county agricultural census data for cattle. In the case of
poultry houses, each broiler house is assumed to be managed consistent with industry
standards. Houses generally contain approximately 24,000 birds each, have 5-6 batches per
year and are cleaned out approximately 2 times per year. Poultry litter (a combination of
manure and bedding material) is frequently used as fertilizer on pastures in Arkansas and
Oklahoma and its use was observed in the Lee Creek watershed during the USA. For cows the
number of “all cattle and calves” for each county were used, along with the number of acres of
pasture in each county, to calculate number of cows per acre. Cows were assumed to be
evenly spread out over the pastures in the counties affected. A cows/acre number was then
applied to each sub-watershed using the number of acres of pasture determined through the
land use analysis. Where a sub-watershed occupied more than one county the value for
cows/acre was weighted proportional to the amount of the sub-watershed in each county.

Agricultural animal estimates is provided in Table 20.
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Table 20. Agricultural Animal Estimates per Sub-Watershed.

Sub-watershed
Animal JC-1 LLC-1 | LLC-2 LC-1 LC-2 CC-1 MFC-1 | WC-1
All Cattle/Calves 226 1,561 516 3,284 1,738 2,022 940 2,979
Poultry-Broilers® 0 0 0 48,000 0 288,000 0 120,000

"Poultry numbers based on total number on active farms at a point in time, not total produced annually. Cattle
numbers are typical for this region. Poultry counts under 200,000 are low for Crawford County, while counts in
excess of 200,000 are more typical.

3.7.6 Unpaved Roads

Unpaved roads (gravel forest roads and OHYV trails) are common in the Lee Creek Watershed.
There are over 300 miles of unpaved roads in the watershed. During storm events these roads
can transport significant loads of sediment into adjacent streams (Figure 24). 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. Forest roads can be designed to include BMPs

that reduce erosion and transport of sediment.

Figure 24. Sediment Plume entering Cove Creek from Unpaved Road Runoff.

Miles of unpaved road were determined from GIS road layers for each sub-watershed in
Arkansas. Similar data could not be identified for Oklahoma so the miles of unpaved roads in

Oklahoma was estimated based on density encountered in Arkansas. A summary of this data is
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provided in Table 21. Sediment loading for each mile of unpaved road was estimated based on
a recent study completed in Pennsylvania by the Center for Dirt and Gravel Road Studies (Penn
State University). 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. For purposes of the Lee Creek Watershed assessment an average rate of
sediment transport was set at 485 Ib/mile of unpaved road per rain event. The 485 Ib/mi
sediment rate was the average of the 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 Ib sediment per mile of road (Table 21).

Table 21. Summary of Unpaved Roads in Lee Creek Watershed.

JC-1 LLC-1 LLC-2 LC-1 LC-2 CC-1 MFC-1 WC-1

Unpaved
Roads 13.7 33.3 110.0 51.3 140.5 25.6 31.6 63.9

(mi)

TSS
Load
Annually
(Ibs)

79,877 194,063 | 640,087 | 298,765 | 817,594 | 148,701 | 183,380 | 371,612

Adjusted
Load*
(1000s
lbs)

79.9 194.0 446.0 298.8 518.8 148.7 183.8 371.6

"Adjusted load in 1000s Ibs better represents the larger watersheds portion by subtracting out the load form the upper
watershed (i.e. LLC-2 minus LLC-1, and LC-2 minus LC-1).

4.0 Loading Analysis
4.1 Delineation of Lee Creek Loads

Loading of pollutants in the Lee Creek watershed was calculated from the baseline and storm
flow data collected during the study. Loading was also calculated from the historical data
collected by the FSU at monitoring stations where USGS gauge data was available. However,
only three sub-watersheds of the eight in the Lee Creek watershed are represented by USGS
gauge stations (LC-2, LLC-2 and WC-1). Therefore, the focus of the loading analysis will be the
new data collected during this study. A summary of the load for key constituents is provided in
Table 22.
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Table 22. Average Loading of key constituents.

Station Baseline Load (Ib/d) Storm Flow Load (Ib/d)
TSS NO3+NO2-N TP TSS NO3+NO2-N TP
JC-1 540 40.7 2.2 37,312 172 38.7
LLC-1 1,184 112 7.9 11,470 181 103
LLC-2 3,946 278 26.9 609,407 1,318 931
LC-1 3,739 299 31.0 330,388 1117 772
LC-2 5,940 531 55.4 241,026 2,030 675
wc-1 1,177 82.7 7.8 31,567 372 94
cc-1 2,344 143 19.2 76,655 572 352
MFC-1 1,416 101 10.8 276,478 895 666
BH-1 706 44 3.84

The load of TSS appears to be greatest in the sub-watersheds LC-1, MFC-1 and LLC-2.
Loading of Nitrate+Nitrite-N and phosphorus appears to be greatest in the LC-2, LC-1 and LLC-
2 sub-watersheds. However, loading viewed in this fashion is misleading when used to assess
critical NPS that need to be addressed, as some of the sub-watersheds are much larger than
others and thus will have greater flows which have a direct influence on load. In order to
account for watershed size, loads from each of the sub-watersheds were normalized according

to watershed area (in acres) to arrive at a loading in each watershed on a per acre basis (Table

23).

Table 23. Loading of key storm flow constituents on a per acre basis.

Station TSS (Ib/acre) NO3+NO2-N (Ib/acre) TP (Ib/acre)
JC-1 3.913 0.0181 0.0041
LLC-1 0.495 0.0078 0.0045
LLC-2 7.9749 0.0172 0.0122
LC-1 5.311 0.0180 0.0124
LC-2 1.557 0.0131 0.0044
wWcC-1 1.301 0.0153 0.0039
CC-1 2.23 0.0167 0.0097
MFC-1 10.909 0.0353 0.0263
BH-1 0.19 0.0120 0.0010
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When loading is evaluated on a per unit area basis, then it becomes clear which sub-
watersheds have land uses that are producing the most pollutants during runoff events. Sub-
watersheds MFC-1, LLC-2, and LC-1 have the highest TSS storm flow load and sub-watersheds
MFC-1, LC-1, and LLC-2 have the highest nutrient loads per acre of land (Figures 25 and 26).
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Figure 25. Storm flow load of TSS in pounds/acre.
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Figure 26. Pounds of storm flow nutrients on a per acre basis.




Figure 27 provides a breakdown of the portion of TSS load attributed to each sub-watershed.
Load reductions will be targeted for the sub-watersheds identified (LC-1, LLC-2 and MFC-1).
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.
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Figure 27. TSS storm flow loading proportional to entire watershed.
4.2 Recommended Load Reductions

Based on the Designated Use Assessment Criteria (Section 3.1) all sub-watersheds in the Lee
Creek watershed appear to be maintaining their Arkansas designated uses and are producing
high quality water, consistent with their designation as Extraordinary Resource Waters. The
Oklahoma Use Assessment Criteria are also being maintained (according to the data presented
in this study), with the exception of the Scenic Rivers total phosphorus criteria in the Oklahoma
portion of the watershed (specifically Little Lee Creek and Lee Creek) which exhibits the
potential for exceedance of the criteria. Additional phosphorus data is necessary to verify the
exceedance of the total phosphorus criteria as the concentrations under baseflow conditions

appear to be very close to the 0.037 mg/| criteria.

To further emphasize the high quality of the water in the Lee Creek watershed, the data
collected by the FSU over the past several years was compared to ambient water quality data
collected by the Arkansas Department of Environmental Quality from the least disturbed
streams in the Boston Mountain Ecoregion of Arkansas. Figures 28-30 present the
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comparisons of the sites water quality for total phosphorus, TSS and Nitrate+Nitrite-N. Note,
different detection levels were used by the two reporting entities and had to be normalized in
order to compare this data. This was done by using the FSU detection levels for all data.
These charts depict the mean and 95% confidence interval as diamonds and also represent the
mean plus or minus two standard deviations (dotted lines). ADEQ reference stations are
identified with a “Ref” in the site name. As can be seen the water quality in the Lee Creek
watershed for these key constituents is fairly typical for high quality Boston Mountain streams.
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Figure 28. Comparison of TSS levels in Lee Creek WS to Boston Mountain least disturbed
streams.
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Figure 29. Comparison of total phosphorus levels in Lee Creek WS to Boston Mountain least

disturbed streams.
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Figure 30. Comparison of NO3+NO2-N levels in Lee Creek WS to Boston Mountain least disturbed

streams.

Based on the results of the Designated Use Assessment and the similarity of the water quality

to least disturbed Boston Mountain Streams no load reductions are required to meet Arkansas

and Oklahoma general water quality standards. However, considering Oklahoma 303(d) listing
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of Little Lee Creek and Lee Creek for bacteria and metals and due to the potential for
exceedance of Oklahoma'’s special phosphorus standard for Scenic Rivers, reductions in TSS
(which will also carry along with it reductions in phosphorus, metals and bacteria loading) should
be targeted in an effort to ensure maintenance of the standard and to improve water quality
entering Lee Creek Reservoir. A proactive goal of 10% reduction of TSS loading will be targeted
for the key sub-watersheds, LC-1, LLC-2 and MFC-1.

5.0 Pollution Source Assessment

The Lee Creek watershed was broken down into eight sub-watersheds to create watershed
sizes that were manageable, to simplify the identification of potential sources of pollution from
point sources and non-point sources associated with storm water runoff, and to ease the
analysis process. The critical sub-watersheds where the most TSS and nutrients originate were
discussed in Section 4.0. Figure 31 provides a map of the ranking of critical sub-watersheds
producing TSS, which will be the main focus of load reduction goals for the watershed.

Potential sources of pollution in each of the eight sub-watersheds delineated and analyzed are

presented below.

5.1 Point Sources

Lee Creek has two wastewater dischargers in the watershed area assessed for this plan, Devils
Den State park (NPDES Permit No. AR0037940) and Cedarville Public Schools (NPDES Permit
No. AR0041289). Devils Den State park discharges treated wastewater into Lee Creek in sub-
watershed LC-1. Cedarville Public Schools discharges treated wastewater into Lee Creek in
sub-watershed WC-1. Both dischargers have design flows less than 0.1 mgd. Effluent limits
are presented in Table 24. There are no limits for phosphorus or nitrate, however, Devils Den

has a monitor and report requirement for total phosphorus.
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Table 24. NPDES Permit Limits for Cedarville Public Schools and Devils Den State Park.

Load, Monthly Average

Concentration, Monthly

Daily Max (mg/L)

Parameter (Ib/day) Average (mg/L)

Cedarville Devils Den Cedarville Devils Den Cedarville Devils Den
CBOD5 (May-Oct) 15 3.3 20.0 10.0 30.0 15.0
CBOD5 (Nov-Apr) 1.9 3.3 25.0 10.0 37.5 15.0
TSS (May-Oct) 15 5.0 20.0 15.0 30.0 22.5
TSS (Nov-Apr) 2.3 5.0 30.0 15.0 45.0 22.5
Ammonia-N (April) 0.4 1.8 53 5.3 5.3 5.3
Ammonia-N (May- 0.4 1.7 5.0 5.0 75 75
Oct)
Ammonia-N (Nov- 1.1 3.3 15.0 10.0 15.8 15.0
Mar)
Dissolved Oxygen 5.0 mg/L minimum Cedarville, 2.0 mg/L minimum Devils Den
Fecal coliform
(col/100mL) 1000 200 2000 400
Oil and Grease 0.8 3.3 10.0 10.0 15.0 15.0

pH (su)

6.0-Min, 9.0-Max

5.2 Non-point Sources

JC-1 Sub-Watershed — this is in the headwaters portion of the watershed in Oklahoma and is

mostly composed of forest. Cattle pasture is the dominate land use with potential for non-point

source pollution. A list of all potential non-point sources identified in the sub-watershed are

listed below:

Non-point source

Severity/Risk

fertilizer)

Cherokee nation landfill Moderate
Cattle (226) Low
Fertilized pastures (poultry litter or commercial Low

Stream bank erosion

Moderate-High

Septic tanks

Low

Un-paved roads

Moderate
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LLC-1 Sub-Watershed — this sub-watershed is also in the headwaters portion of the watershed

in Oklahoma and is mostly composed of forest. Cattle pasture is more prominent in this sub-

watershed than in JC-1 and is the dominate land use with potential for non-point source

pollution. A list of all potential non-point sources identified in the sub-watershed are listed

below:

Non-point source Severity/Risk
Cattle (1561) Moderate
Fer_tl_l|zed pastures (poultry litter or commercial Moderate
fertilizer)

Stream bank erosion Moderate
Septic tanks Low
Un-paved roads Moderate

LC-1 Sub-Watershed —is in the headwaters portion of the watershed in Arkansas and is mostly

composed of forest. Cattle pasture is the dominate land use with potential for non-point source

pollution. A list of all potential non-point sources identified in the sub-watershed are listed

below:

Non-point source Severity/Risk
2 poultry houses Low

Cattle (3284) Moderate
Fer.tllhzed pastures (poultry litter or commercial Moderate
fertilizer)

Septic tanks Low

Un-paved roads Moderate
Stream bank erosion Moderate-High
Natural gas well (1) Low

CC-1 Sub-Watershed - this sub-watershed drains the north central portion of the watershed.

The land-use is primarily forest with about 12% pasture.

below:

June 1, 2015

Potential non-point sources are listed

Non-point source

Severity/Risk

12 poultry houses Moderate
Cattle (2022) Moderate
Fer.tllhzed pastures (poultry litter or commercial Moderate
fertilizer)

Stream bank erosion Minor-Moderate
Septic tanks Low

Un-paved roads Moderate
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MFC-1 Sub-Watershed — this sub-watershed drains the west central portion of the watershed
along the Oklahoma border and drains into Lee Creek at Natural Dam, Arkansas. HWY 59 runs
very close to the main channel of the Mountain Fork Creek for several miles. Potential non-

point sources are listed below:

Non-point source Severity/Risk
Cattle (940) Low
Fertilized pastures (poultry litter or commercial

. Low
fertilizer)
Stream bank erosion Moderate-High
Septic tanks Low
Un-paved roads Moderate
Paved roads (HWY 59) Moderate
Developed areas along HWY 59. Low-Moderate

WC-1 Sub-Watershed — this sub-watershed drains the southwest portion of the Lee Creek
watershed in Arkansas and drains into Lee Creek southeast of Short, Oklahoma. The land-use
is primarily forest but contains the largest portion of pasture in the watershed (27%). Potential

non-point sources are listed below:

Non-point source Severity/Risk
5 poultry houses Low-Moderate
Cattle (2979) Moderate
Fer.tllhzed pastures (poultry litter or commercial Moderate
fertilizer)

Stream bank erosion Moderate
Septic tanks Low

Un-paved roads Moderate
Natural gas well (1) Low

LLC-2 Sub-Watershed - this sub-watershed drains the lower portion Little Lee Creek in
Oklahoma and enters Lee Creek near Short, OK. The land-use is primarily forest with about 4%

pasture. Potential non-point sources are listed below:

Non-point source Severity/Risk
Cattle (516) Low
Fertilized pastures (poultry litter or commercial
- Low
fertilizer)
Stream bank erosion High
Septic tanks Low
Un-paved roads High
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LC-2 Sub-Watershed - this sub-watershed drains the south central portion of the watershed in
Arkansas and Oklahoma and ends near the confluence with Little Lee Creek. The land-use is

primarily forest with about 14% pasture. Potential non-point sources are listed below:

Non-point source Severity/Risk
Cattle (1738) Low-Moderate
Fer_tl_l|zed pastures (poultry litter or commercial Low-Moderate
fertilizer)

Stream bank erosion High

Septic tanks Low
Un-paved roads High

5.3 Source Water Assessment by ADH

In 2000 a Source Water Assessment was completed for Lee Creek Reservoir by the Arkansas
Department of Health. This assessment evaluated the vulnerability and susceptibility of the
reservoir to potential sources of contamination (PSOC) in the watershed. The assessment
ranked each PSOC based on where it was located in proximity to the intake structure and what
its potential was for health concerns. Lee Creek Reservoir was classified with a medium
susceptibility rating based primarily on its small size and large intake volume. The top three
PSOC's identified that affected the rating were:

1. Multiple road crossings
2. Chicken houses
3. Septic systems

The findings of the pollution source assessment in this study are somewhat consistent with the
findings of the Source Water Assessment. One minor exception is that the number of active

poultry houses has decreased in recent years and may no longer be a top concern.

5.4 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 (Appendix D) to consider each of the impact assessment categories
including; storm water TSS loading, storm water nutrient loading, %pasture, amount of impacted
riparian buffers, amount of bank erosion, miles of unpaved roads and concentration of
agricultural animals. Scores were assigned to sub-watersheds that ranked either first (3 points),
second (2 points) or third (1 point) worst in a given impact category (Table 25). Maximum
possible score was 21. The higher the score the higher the priority. Table 26 provides a
summary of the score totals for each sub-watershed.

June 1, 2015 62



Lee Creek Reservoir and Lee Creek Watershed Management Plan

Table 25. Ranking of each Impact Category for Each Sub-Watershed.

Rank # | | onding | Loading | *P3re | oaion | erosion | e | “Reade.
1 MFC-1 MFC-1 WC-1 LC-2 LLC-2 LC-1 LC-2
2 LLC-2 LC-1 LLC-1 WC-1 JC-1 WC-1 LLC-2
3 LC-1 LLC-2 LC-2 MFC-1 MFC-1 CC-1 WC-1
4 JC-1 CC-1 CC-1 CC-1 LC-2 LC-2 LC-1
5 CC-1 LLC-1 LC-1 LLC-2 LC-1 LLC-1 LLC-1

According to the matrix ranking, the three key sub-watersheds in need of source reductions are
LLC-2, MFC-1 and WC-1 (Figure 32). In addition, LC-2 and LC-1 were shown in the monitoring

to have higher TSS and nutrient loads than did WC-1 and should also be a focus of reduction

efforts.

Table 26. Total Scores and Matrix Ranking.

Sub-watershed Score
LLC-2 8
MFC-1 8
WC-1 8
LC-2 7
LC-1 6
LLC-1 2
JC-1 2
CC-1 1

5.5 Modeling NPS Loads and Reduction Potential

A simple water quality model was used to determine the potential of different management

practices to reduce TSS and nutrients in the watershed. The Center for Watershed Protections

Watershed Treatment Model (WTM) was used for this purpose. Each sub-watershed was

modeled independently to arrive at a predicted total load without management measures. Then

appropriate management measures were implemented in the model to assess their potential to

reduce TSS and nutrients.

The WTM is a land-use based model that utilizes annual rainfall, soil hydrologic groups and
land-use categories to calculate primary pollutant loading in a watershed. Additional inputs for

secondary pollutant loading can be added to fine tune the loading estimates. Secondary inputs
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utilized for this study include: septic systems, unpaved roads, stream channel erosion and

livestock.
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Figure 32. Non-point source scoring and priority ranking by sub-watershed.
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Management practices evaluated with the WTM model include: septic system education

(Section 6.1) and repair programs, stream restoration (Section 6.2), riparian buffer restoration

(Section 6.2) and urban storm water BMPs (SW retrofits) (Section 6.1).

The WTM model is used in this study exclusively as a tool to determine which sources of

sediment and nutrients appears to be having the most affect, and from a management

perspective, which practices will achieve the load reduction goals of the WMP. A summary of
the model load estimates is provided in Table 27 and 28, for TSS and phosphorus, respectively.

Model excerpts are provided in Appendix E.

Table 27. Summary of Model Predicted TSS Loading.

Sub-watershed (TSS Ib/year)

Source Jc-1 LLC-1 LLC-2 LC-1 LC-2 cc-1 MFC-1 wc-1 Total
LDR* 38,050 | 100,051 | 245800 | 218,706 | 421,978 | 100,083 | 84,452 | 133,719 | 1,342,839
MDR* 813 3,429 7,815 7,326 7,575 1,142 1,629 18,175 47,904
gggﬁ‘s’ed 79,910 | 194,115 | 639,963 | 817,617 | 298,718 | 148,845 | 183,827 | 371,769 | 2,734,764
Forest 743,470 | 1,688,840 | 6,127,440 | 5,250,160 | 12,004,990 | 2,883,260 | 2,133,640 | 1,584,660 | 32,416,460
Rural? 177,500 | 542,400 | 1,280,700 | 758,300 | 2,867,200 | 468,400 | 325700 | 718,900 | 7,139,100
Water 620 1,395 48,670 31,775 427,180 4,805 5,580 4,960 524,985
g;gticms 229 543 2,449 5,405 2,256 2,208 1,448 7,457 21,995
ecrgas?(;‘ne' 1,800,000 | 2,898,000 | 3,606,000 | 5,534,000 | 6,996,000 | 1,786,000 | 3,704,000 | 814,000 | 27,138,000
Livestock 0 0 0 0 0 0 0 0 0
Total 2,840,592 | 5,428,773 | 11,958,837 | 12,623,289 | 23,025,897 | 5,394,743 | 6,440,276 | 3,653,640 | 71,366,047

'LDR stands for low density residential and MDR stands for medium density residential (which also includes
commercial areas in this model).
’Rural land loading calculations are the default rates in the model, they include pollutants from grazed cattle, fertilizer

used for hay and other common uses of rural land.
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Figure 33. Overall sources of sediment.

Table 28. Summary of Model Predicted Phosphorus Loading.

Sub-watershed (TP Ib/year)

Source Jc-1 | LLCc1 | LLc2 | Lc LC-2 cc-1 | MFC-1 | wc-1 | Total
LDR 241 633 1,555 | 1,384 | 2,670 633 534 846 8,496
MDR 5 22 49 46 48 7 10 115 302
Unpaved Roads 12 29 96 123 45 22 28 56 411
Forest 1,487 | 3378 | 12,255 | 10,500 | 24,010 | 5767 | 4,267 | 3,169 | 64,833
Rural 1,243 | 3797 | 8965 | 5308 | 20,070 | 3279 | 2280 | 5032 | 49,974
Water 2 5 157 103 1,378 16 18 16 1,695
Septic Systems 6 14 61 135 56 55 36 186 549
gr':g'l‘:rf' 1260 | 2029 | 2524 | 3874 | 4897 | 1,250 | 2593 570 18,997
Livestock 0 0 0 144 0 864 0 360 1,368
Total 4256 | 9,907 | 25662 | 21,617 | 53,174 | 11,893 | 9,766 | 10,350 | 146,625
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Figure 34. Overall sources of Phosphorus.

The largest source of TSS and phosphorus is shown by the modeling to be from forested land-
uses. However, pollutant loading from forest can generally be considered to be naturally

occurring (background) load that is not practically targeted for reductions.

Based on the results of the modeling it appears that the key sources of TSS that need to be
addressed for sediment reduction are:

e Stream channel erosion
e Pasture management

e Unpaved roads

Nutrient loads were assessed in the model primarily looking at phosphorus which is the key
nutrient of concern in the watershed. Based on the modeling of phosphorus loading the key
sources that need to be addressed are:

e Pasture management
e Stream channel erosion

¢ Residential/commercial

The portion of sediment and nutrients coming from each sub-watershed varies as does the load

from each source. For example, some sub-watersheds will benefit more from stream bank




restoration and other watersheds will benefit more from pasture management. However, overall
the key sources noted above are those that need to be addressed first in the Lee Creek

watershed.

5.6 Discussion of Priority Ranking

A ranking of the stream impacts/disturbances identified in the watershed was compiled,
consistent with the matrix and modeling results, and are presented in Table 29. Rankings are
based on which impacts could be expected to provide the most load reduction of sediment and
nutrients to the system if appropriate management measures were implemented. The most
critical problem area is ranked first and the least critical, last.

Stream bank erosion is fairly prominent in the Lee Creek Watershed (Figure 35). Bank erosion
is believed to be a major source of sediment and nutrients in each of the sub-watersheds that
had high percentages of stream bank length instability (LLC-2, LC-2, JC-1 and MFC-1). Active
bank erosion can add thousands of tons of sediment and nutrients to the stream system during
high flow events. These sediment and nutrient loads will ultimately end up at the bottom of the
Lee Creek Reservoir or in the drinking water treatment plant. It is costly to remove
sediment/turbidity from drinking water. Therefore, reduction and prevention of stream bank

erosion should be an immediate goal in the watershed.

the MFC.

The lack of adequate riparian vegetated buffers in several reaches of the stream is a potentially
a problem. Well developed riparian buffers serve to shade the stream, reducing solar energy
inputs and decreasing water temperature; and they serve to stabilize the stream banks,
protecting them from erosion and providing habitat for aquatic biota. Riparian buffers also serve
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to filter out pollutants in storm water runoff and help to regulate the stream hydrograph during
runoff events (see Section 3.6). All sections of stream lacking riparian buffers should be

considered for re-vegetation with native trees and under story plants as a pasture BMP.

Table 29. Priority ranking of Lee Creek impacts/disturbances from worst to least.

Rank | Location Impact/Disturbance
1 MFC-1 Stream bank erosion
2 LLC-2 Stream bank erosion
3 LC-2 Stream bank erosion
4 LC-1 Stream bank erosion
5 WC-1 Pasture run-off

6 LC-2 Pasture run-off

7 LLC-2 Pasture run-off

8 MFC-1 Hwy 59 corridor storm water runoff
9 LC-2 Urban run-off

10 WC-1 Urban run-off

11 LC-1 Unpaved Roads

12 LLC-2 Unpaved Roads

Mountain Fork Creek poses a unique circumstance in the watershed. The monitoring data
indicates it carries the largest load of sediment. It has one of the smallest amounts of pasture
and developed land. However, the USA indicates it has one of the highest bank erosion rates in
the watershed. These seemingly contradicting attributes are believed to be caused by Hwy 59
corridor which parallels the main stem of MFC for nearly its entire length, never being more than
about 0.5 miles from it. The proximity of the highway also concentrates all the developed land
up and down the highway corridor, and puts much of the agriculture in the same area.

Therefore, all types of BMPs recommended in this WMP are recommended for use in the MFC

sub-watershed.
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6.0 Recommendations for Watershed Management

The following sections provide recommendations for management of the Lee Creek watershed
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 section and listed in Table 29. It is assumed that a reduction in
sediment (TSS) will also bring a parallel reduction in phosphorus in a similar proportion.

Therefore, only sediment reduction loading is provided in this section.

6.1 Land-Use and Runoff Management

The following are a list of best management practices recommended to protect water quality
and/or the hydrologic regime of Lee Creek. 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 the Lee Creek watershed. Reduction estimates and costs

(Section 9.0) are based on a survey of literature values from documents cited in Section 10.0.

Agricultural Land-Use

In each sub-watersheds, and particularly in sub-watersheds WC-1, LLC-2 and LC-2, where
pasture is the most prevalent, it is recommended that landowners be encouraged to consider
implementation of pasture management practices. This encouragement probably needs to
occur as some form of educational materials mail out or forum. Assistance with these types of
efforts is available through the National Resource Conservation Service, the Arkansas Natural
Resources Commission, the University of Arkansas Cooperative Extension Service and others.

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 stream banks 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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Rotating pasture usage. 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.

Control stocking rate, number of head per acre of pasture.

Potential load reductions from use of these management practices in key sub-
watersheds are: 231,557 Ibs. annually. Estimate based on implementation of

alternate water sources (Evans, B.M. 2001).

For agricultural land being used for hay operations in all sub-watersheds the following BMPs

should be considered:

Riparian buffers along stream corridors (see detail above).

Control fertilizer applications (magnitude, timing and method) according to soil tests
and USDA or NRCS recommendations to maximize productivity yet protect water
quality.

Use of cover crops during off season. Prevents top soil erosion, and utilizes
remaining nutrients.

Crop rotation. Maintains cover on soils and improves soils.

Potential load reduction from use of cover crops or fertilizer management is: 231,557
Ibs annually (Evans, B.M. 2001) .

Rural Residence On-Site Treatment Systems (Septic Systems)

For rural residences that use septic systems the following BMPs are recommended to ensure

nutrient loading is minimized::
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Septic system education.
Septic system inspection and repair program.
Septic system upgrades.

Septic system retirement (convert to city sewer where available).

Reduction potential not assessed as it is not a significant source (see Section 5.0).
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Developed - Commercial and Industrial Land-Uses

In all sub-watersheds and particularly in LC-2, WC-1 and MFC-1 it is recommended that

facilities and commercial establishments be encouraged to adopt industry specific BMPs. Sub-

watersheds WC-1 and LC-1 each contain one natural gas well pad (Figure 36). There is also

one well pad in a lateral drainage from the south to Lee Creek Reservoir. Well pads can be a

significant source of sediments during construction, but this risk diminishes dramatically after

soil stabilization with vegetation.

The following BMPs should be considered:

Riparian buffers along stream corridors. In addition to the benefits discussed
previously, buffers help control the storm flow hydrograph. Minimum 50 feet.
Encourage green area enlargement and enhancement and reduce impervious
surfaces on new and existing developments.

Encourage good housekeeping practices. Keep outside storage areas covered,
immediately clean up spills of liquid or dry materials, etc.

Enforce construction storm water management plans.

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

areas.

Potential load reductions from use of these management practices in key sub-
watersheds are: 19,430 lbs annually. Reduction based on implementation of 6
storm water control features (one of each) including drainage to open space, water
guality swales, wet ponds, grass filter strips, grass channels and bioretention (WTM
Model).

Developed - Residential Land-Uses

In the overall watershed and particularly in sub-watersheds MFC-1 it is recommended

implementation of best management practices by residents be encouraged.

For residential developments the following BMPs should be considered:
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Riparian buffers along stream corridors. Minimum 50 feet.
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Encourage green area enlargement and enhancement and reduce impervious
surfaces on new and existing developments.

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

Strictly enforce construction storm water management plans.

Encourage (through incentives) or require use of low impact development techniques
(LID) in new developments in critical areas or on steep slopes.

Limit and manage fertilizer application

Encourage watershed stewardship through education.

Potential load reductions from use of these management practices in key sub-
watersheds are: 10,000 lbs annually. Reduction based on implementation of 6
storm water control features (one of each) including drainage to open space, water
guality swales, wet ponds, grass filter strips, grass channels and bioretention (WTM
Model).

Unpaved Roads Management

Several BMPs are available to decrease sediment transport form unpaved roads. The following

BMPs are believed to be appropriate to the forest roads and dirt roads in the Lee Creek

watershed:
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e Aggregates replacement

e Water bars in steep sections

¢ Roadside ditch maintenance and check dams

o Proper road surface stabilization/road grading/maintenance

e Turnouts

Potential load reductions from use of a combination of these management practices
on approximately 50% of unpaved roads in key sub-watersheds are: 457,337 Ibs
annually (Bloser, S.M. and Sheets B.E., 2012).
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6.2 Stream Corridor Restoration/Enhancement
Riparian Buffers

Riparian vegetated buffers are lacking or limited in several reaches of Lee Creek. As discussed
previously in this report (Section 4.0) riparian buffers are critical to the health of a stream
system. The following areas should be targeted for establishment or enhancement of
vegetative riparian buffers: MFC-1, LLC-2, LC-2, LC-1 and CC-1, in order of priority.

Buffer widths should be planted as wide as possible on each side of the stream. A width of at
least 50 ft on each side of the stream should be targeted as a minimum in areas. When riparian
buffers are considered, more is always better. Buffers should be composed of native vegetation
including trees, shrubs, herbaceous plants, and grasses. Figure 37 presents a representation of
how buffers are designed.

‘Image Coultesy of the
Sierra Clul o
(oklahoma.sigrraelub.org)

Figure 37. Generic representation of riparian buffer zone.

» Potential load reductions from use of these management practices on 50% of
impacted buffers in all watersheds 99,603 Ibs annually (WTM Model).




Stream Bank and Channel Stabilization

Several of the streams in the Lee Creek Watershed are exhibiting significant stream bank
erosion at several locations. Stream banks 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. MFC-1, LLC-2, LC-2 and LC-1 should be the primary target of these
efforts. Potential load reductions from bank stabilization alone exceed 100 |b sediment/foot of
eroded bank restored. In addition to bank stabilization, root causes of stream bank instability
should be evaluated in each reach and necessary channel restoration also be completed (i.e.

installation of grade control, flow training and key habitat features, etc.).

Each stream bank and channel stabilization project comes 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 and nutrient reduction. Where possible,
preference will be given to techniques that focus on bioengineering.
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 riprap, windrowing, etc.)
e Use of bioengineered materials including erosion control blankets, wattles, soil wraps,
etc.
¢ Flexible mattresses (such as concrete block mattress, gabion mattress, wooded
mattress, etc.)
e Engineered structures for grade control, energy dissipation and flow guidance, (cross
veins, J-hooks, step pools, riffles, etc.).
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 stream bank
stabilization.

> Potential load reductions from use of these management practices on 25-40% of
highly eroded banks in key sub-watersheds 6,333,526 Ibs annually (Calculated from
site specific data).
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Critical Area Conservation

Land conservation should become a priority. 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. The FSU has established
a 300 foot buffer zone around Lee Creek Reservoir to protect its shoreline and provide a zone
for storm water to infiltrate before it reaches the lake. A wildlife habitat management plan was
developed and is utilized to oversee the 809 acre buffer zone. The buffer zone includes several
habitat types that are protected including 476 acres of upland forest and 125 acres of
bottomland forest. FSU has developed watershed management areas that are critical to the
City’s drinking water resources. In addition, much of the land adjacent to the lake is under
conservation easements to protect the water resource. Other key elements that should be

developed in tributaries in close proximity to the lake are provided in Table 30.

Table 30. Key management measures to encourage, develop and manage.

Technique Description of Technique
Construction storm water protection Require for all new developments to reduce site run-on and
plans reduce sediment and other pollutants leaving the work site.

Includes diversion ditches/berms, silt fences, temporary
detention ponds, hay bales, mulch, grass covers, synthetic
erosion control blankets, etc.

Natural area conservation 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.

Avoid septic system use All homes should be connected to local sewers and
wastewater treatment facilities when possible.

Table 31 provides a ranking of the watershed management practices recommended as a result
of the assessment. Each management action is ranked based on its ability to move the

watershed towards attainment of the goals expressed.
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Table 31. Recommend watershed management practices.

Rank Wasaurts)i;ed Management Type Management Action (Practice)
1 MFC-1 Restoration Stream bank stabilization
2 LLC-2 Restoration Stream bank stabilization
3 LC-2 Restoration Stream bank stabilization
4 LC-1 Restoration Stream bank stabilization
5 WC-1 BMP Implementation of Pasture BMPs
6 LC-2 BMP Implementation of Pasture BMPs
7 LLC-2 BMP Implementation of Pasture BMPs
8 MFC-1 BMP Hwy 59 corridor storm water run-off control
9 LC-2 BMP Implementation of residential/commercial BMPs
10 WC-1 BMP Implementation of residential/commercial BMPs
11 LC-1 BMP Unpaved road maintenance and upgrades
12 LLC-2 BMP Unpaved road maintenance and upgrades
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6.3 Implementation Schedule

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 32. The
schedule provides ten years for actions to be accomplished that will result in a 10% reduction of

sediment and phosphorus in the watershed.

Table 32. Implementation Schedule’.

Action Item Target Date for completion

Meet with stakeholder group to coordinate

. ; . October 5, 2015
implementation projects

Implement a pasture management education effort

and invite all farmers in the watershed March 1, 2016

Meet with county judges and US Forest Service to

. ) December 30, 2016
discuss unpaved road maintenance

Bank stabilization of 15% of eroded banks in MFC-

1 (moderate or worse rating) December 30, 2018

Bank stabilization of 20% of eroded banks LLC-2

. December 30, 2020
(moderate or worse rating)

See 20% of pastures in WC-1 and LLC-2 have

. August 15, 2021
management measures implemented.

Bank stabilization of 10% of eroded banks in LC-2

. December 2022
(moderate or worse rating)

Insta_ll SW retrofits in 6 MFC-1, WC-1 and LC-2 December 30, 2023
locations

Bank stabilization of 20% of eroded banks in LC-1 December 30, 2026

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

6.4 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 33.
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Table 33. Interim Measurable Milestones.

Milestone

Measurement method

Stakeholder group success

Meetings at least 2/year and attendance of at least
40% of group on average

Pasture BMP meetings

Meeting occurred on schedule

Unpaved road BMP meeting

Meeting occurred on schedule

Bank stabilization (MFC-1)

Stabilization completed on schedule
Length of stream completed as planned

Future Watershed loading is monitored
and assessed

FSU completes annual monitoring as planned, per the
plan in Section 7.0

First two years of monitoring complete
and complied with historical data to set a
baseline

Monitoring baseline established

Monitoring shows TSS and TP loading is
stable or decreasing

Data analysis (per Section 7.0) of first three-year
monitoring cycle (2017-2019)

Pasture management practice
implemented

Completed on schedule and attaining percentage goals

SW retrofits installed

Completed on schedule and attaining percentage goals

WMP reviewed and updated every five

Plan review is completed in 2020 and needed updates

included
Stabilization completed on schedule
with length of stream completed as planned

years
Bank stabilization in (LLC-2)

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. In
addition, the FSU will continue their watershed monitoring program and continue to evaluate

sediment and nutrient loading to Lee Creek Reservoir.

6.5 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 effectiveness of:

BMPs/Management practices,
Monitoring of loading,

Interim milestone completion, and

e

Education Outreach
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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 10 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

FSU will continue its current monitoring program supplemented by additional grab sampling in
key sub-watersheds, where appropriate. The FSU currently monitors water quality through
sample collection, physio-chemical measurement and bioassessment. See Section 3.1.1, 3.2
and 3.5 for a summary of the FSU monitoring program. The new gauges that were installed in
key sub-watersheds as part of this study will be used in the future to calculate loading in those
sub-watersheds. The addition of the new gauges, with the three existing USGS gauge stations
in the watershed, should allow fairly accurate loading to be calculated for the entire Lee Creek
watershed. FSU will use loading data (TSS, TP) collected in the future to compare to the
loading data collected historically in their program and data collected during this watershed
assessment. Load reductions or increases will be determined using the loading data, control
charts and trend analysis. FSU will use control charts and trend analysis to gauge if the
watershed loading is responding positively or negatively to load reduction efforts. A predictive
trend line will be used to quantify load reductions in key sub-watersheds. Bioassessment data
will also be used as it has been used historically and is depicted in this WMP (see Section 3.5).
Should the bioassessment metrics and stream condition indices vary from the historical norms
(as observed in control charts) then it will be evidence of either positive affects or negative
within the watershed. If the monitoring results, both water and bioassessment, indicate that
loading has not been decreasing on three consecutive years then additional monitoring will be
completed to assess the problem and determine if loading had remained constant or if new load
sources could be to blame. The first two years of WMP implementation (2015 and 2016) will not
be assessed in the first three year assessment cycle. Those years will be assumed to be
“pbuilding” years for the database. After the first five years of post WMP monitoring the
assessment of loading status will be completed for the most recent three years of data (2017-
2019). This cycle of monitoring and evaluation will then continue forward until what (three year

cycles) time as revisions needed.

BMP effectiveness will be monitored in two of three ways:

1. Implementation of BMPs on the ground, and
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2. Modeling of reductions from BMPs implemented, or

3. Monitoring of runoff above and below BMPs.

8.0 Public Involvement, Education and Stakeholders

The FSU is active in educating the public concerning relevant environmental and watershed
issues. The City currently conducts a Citizens Academy which provides facility tours and
educates public groups on water related issues. Fort Smith’s Environmental Management
Group also serves as a science fair resource for the Fort Smith School District and other nearby

districts, providing project guidance and science fair judges.

As with any major public undertaking the support of the general public and key local
personalities and stakeholders is critical. The stakeholder group, should be composed of key
individuals, stakeholders (those with property in the watershed, and/or those who are affected
by management decisions in the watershed) and local partners who would review
recommendations for management, help determine what management measures would be
adopted, and help implement the plan. Advantages of utilizing such groups are multifaceted,
they include; a broader perspective on the issues, a higher level of public comfort with
decisions, and a better platform for informing the public, to mention a few. Watershed advisory
groups illicit a spirit of sharing and cooperation that can energize the management process.
Historically, watershed management has been more successful when such advisory groups

have been involved in the process.

The FSU and other stakeholder groups have taken large steps towards protecting and
enhancing the Lee Creek watershed and in educating the public about drinking water quality.
The continued development of a strategy to educate the public about Lee Creek watershed
management is a priority. The general public must begin to understand ways their activities
affect waters in the watershed. They must also begin to see the ways the waterways enhances
their lives so they begin to value it more. This effort could include actions such as public
meetings, informational brochures, workshops, field trips and information sessions. Several
stakeholder groups continue to host Lee Creek clean-ups or restoration days, where the public,
including students, become engaged in watershed management activities.
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Educational Outreach

A public and stakeholder meeting was held for the Lee Creek Watershed on Tuesday June 29",
2014. The meeting was held to increase awareness and knowledge of the efforts being made to
improve and preserve the Lee Creek Watershed across the four (4) counties in Arkansas and
Oklahoma. The meeting was advertised by posting flyers, sending mail-outs, e-mailing
announcements to organizations/agencies, announcements on the radio and local news
stations. For those who are interested and could not attend, a specific e-mail address

(LeeCreekWMP@FortSmithAR.gov) was set-up and is still currently operational for those

wanting more information or to participate in the development and execution of the watershed
management plan. The meeting was a success as there were 27 people in attendance for the
meeting with 12 stakeholders signing on to continue helping with the management of Lee Creek
watershed. Stakeholders include: U.S. Forest Service, Arkansas Master Naturalist, Arkansas
Canoe Club, Oklahoma Water Resource Board, The Nature Conservancy, Arkansas
Department of Health, Oklahoma Scenic Rivers Commission, and Oklahoma Conservation
Commission. An informational brochure was prepared and given to everyone in attendance that
included a summary of the Phase 1 Draft WMP and key points of the meeting and contact
information. Brochures will be left at key locations in the watershed to encourage continued

education.

Goals of the meeting were to identify water quality concerns in the watershed, increase
education and involvement, coordinate efforts with the public and develop a stakeholder holder
group. The initial draft of watershed management plan was covered in the meeting explaining
data that have been collected in the past. Citizens and stakeholders gave feedback on the plan
and suggestions concerning major sources of pollutants in the watershed. The main concern
noted was that unpaved roads have been observed to be big transporters of sediment.
Unpaved roads could be contributing to the amount of TSS measured in water quality samples
collected from the watershed. For this final version of the WMP unpaved roads and sediment
loading from the roads were estimated and incorporated into the plan as a key impact.
Stakeholders were given the opportunity to review information in the draft WMP and will be sent
future drafts of the plan for review until the watershed management plan is finalized. Key
stakeholders involved in this process include the Oklahoma Water Resource Board, the
Oklahoma Conservation Commission, the Arkansas Natural Resources Commission and the
Arkansas Department of Environmental Quality.
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Stakeholder Involvement

As stated earlier, stakeholders gave feedback on the plan and suggestions concerning sources
of pollutants in the watershed. This information was evaluated and used to set priorities in the
action plan. The final draft of the watershed management plan was sent via e-mail to all the
stakeholders for review and comment prior to it being submitted for acceptance. Future
proposed revisions of the watershed management plan and schedules will be sent to all

stakeholders.

Stakeholders have already been involved in scheduling clean-up events and discussions about

improvements to the watershed.
Continuing Education

Fort Smith Utility is working with schools to educate students on the importance of watersheds
and watershed management. These educational sessions include allowing students to collect
macroinvertebrates from a small stream located inside park under the direction of the FSU
biologists, collection of fish, a discussion on birds and frogs. This is all tied into a closing lesson
on the impact of humans on the health of the watershed, and the possible consequences if the
watershed is not protected through conservation and BMPs such as not littering, properly

disposing of trash and chemicals, etc.

FSU currently hosts a website for the Lee Creek Watershed where information on the
watershed management plan as well as the plan itself is accessible. FSU continues to work
with stakeholders to inform, educate, and involve new stakeholders and the public.

e FSU utilizes the EPA document “Getting in Step: Engaging Stakeholders in Your
Watershed” as a guidance and source of information on how best to reach out to current
and future stakeholders.

¢ The EPA Nonpoint Source program has created a nonpoint source outreach tool box
that will be reviewed and used to increase awareness
(http://www.epa.gov/nps/toolbox/). Relevant information and material from the Tool Box
will be adapted for stakeholders in the Lee Creek Watershed.

¢ Annually an FSU representative discusses the importance of watersheds on a local talk-

radio station.
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o Printed flyers, fact sheets, booklets and educational meetings will be used to share
information and educate the public on watershed management, watershed concerns,
and the use of different BMPs and their maintenance.

e FSU will be designing and installing signage at all major boat ramps that inform the
public on watershed protection.

o Ecosystem services are the benefits people obtain from nature. Examples include
freshwater, timber, water purification, soil regeneration, flood control, pollination, and
similar services, many of which are considered “free.” The EPA Ecosystem Services
Research Program and the USDA Office of Ecosystem Services are developing
approaches for quantifying the economic value of some of the non-market services
(e.g., waste assimilation, water purification, soil development). Creating a better
understanding among stakeholders of the monetary value of these “free” services, as

well as potential markets will help inform them for better decisions.

9.0 Technical and Financial Assistance

The projected costs to accomplish a 10% reduction in sediment and phosphorus in the Lee
Creek watershed is summarized in the table below. Phosphorous reduction is closely correlated

to sediment reduction and is assumed to be reduced proportional to TSS reduction.

Sediment

Management measure Reducgd Ibs TSS Cost ($) Costs/lb

Ibs/unit Reduced Reduced

area

Stream restoration (bank 30-320 Ib/ft | 6,333,526 | 2,988.500 | 2047
stabilization)
Riparian buffer restoration 3.4 Ib/ft 99,603 26,880 $0.27
Unpaved road improvement 0.55 Ib/ft 457,337 1,375,500 $3.01
Storm water retrofits™ 86.1 Ib/ac 29,430 1,420,000 $14.27
Agricultural BMPs (Pastures)® 29.9 Ib/ac 231,557 1,595,676 $6.89
Education/Public Outreach 40,000 Every 3 yrs

Storm water retrofits are BMPs designed to be implemented in urban, suburban and commercial/industrial areas.
They include low-impact development features.
*These costs are for BMP implementation in either cattle pastures or hay fields.

A vast array of federal funding opportunities exists for developing and implementing effective
watershed management activities. A number of incentives and grants are available for land
owners to implement agricultural BMPs; and grants are available to communities to install storm
water treatment practices and replant riparian areas. Some grants will be more easily obtained
by non-profit or community groups, such as a “Friends of Lee Creek” (possible steering

committee name) discussed previously. The majority of grant applications cycle on an annual
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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 Lee Creek assessment
findings and recommendations. It is anticipated that approximately 1/3 of the funding will come
from a combination of these programs. The remainder of the funding will come from the City of

Fort Smith, local land owners and investors.

Table 34. Private/Match Funding Entities for Watershed Management.

Entity

Adair County Government (Roads)

Arkansas Canoe Club

Arkansas Master Nationalist

City of Fort Smith

Crawford County Government (Roads)

Local Land Owners

Sequoyah County Government (Roads)
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Table 35. Funding Opportunities for Watershed Management.
Grant Name Source Type/Purpose
Conservation Reserve USDA Agricultural BMPs

Program (CRP)

Cooperative Forestry
Assistance

US Forest Service

Preservation of forested
land

Environmental
Education Grants

EPA

Community education

Environmental Quality
Incentives Program (EQIP)

USDA (NRCS)

Agricultural BMPs

Five Star Restoration
Matching Grants Program

EPA and National
Fish and Wildlife
Foundation

Restoration of riparian and
aguatic habitats

Flood Mitigation Assistance
Program

FEMA

Flood mitigation

National Fish and Wildlife
Service General Matching
Grants

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)

USDA (NRCS)
EPA (ANRC or OCC)

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 Protection Program

USDA (NRCS)

Watershed protection and
management

Conservation Innovation
Grants

USDA (NRCS)

Conservation related to
agriculture
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Appendix B

GBMc Water Quality Data
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Appendix G

USA Field Data Forms



Little Lee Creek Lower

313

Mtn Fork Creek
o@Q}L

Lee Creek Lower

Webber Creek

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community,
Esri, HERE, DeLorme, TomTom, MapmyIndia, © OpenStreetMap

contributors, and the GIS user community
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Little Lee Creek
Cove Creek

Mtn Fork Creek

Little Lee Creek Lower

tee Sek

Lee Creek Lower

Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community,
Esri, HERE DelLorme, TomT m, Map India, ©OpenStreetMap
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[ | Checked by: GLP M Date: 09/19/2014
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Jenkins Creek

Little Lee Creek

Little Lee Creek Lower

Mtn Fork Creek

Lee Creek Lower

dog
agy

Source: Esri, DigitaIGIobe,(G‘ec/)Eye, i-cubed, USDA, USGS, AEX,
Getmapping, Aerogrid; IGNS-IGP, swisstopo, and the GIS User Community,
Esri, HERE, DeLorme, TomTom, MapmyIndia, © OpenStreetMap
contributors, and the GIgiiser community
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDA, USGS, AEX;

Getmapping, Aerogrid, IGN, IGP, swisstopo, and the GIS User Community,

Esri, HERE, DeLorme, TomTom, MapmyIndia, © OpenStreetMap
contributors, and the GIS user community
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Source: Esri, DigitalGlobe, GeoEye, i-cubed, USDATUSGS, AEX,

Getmapping, Aerogrid, IGN;IGP, 'swisstopo, and the GIS User Community,

Esri, HERE, DeLorme, TomTom, MapmyIndia, © OpenStreetMap

contributors;'and-the 'GIS user community
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Unified Stream Assessment USA

REACH ID: STREAM DATE/TIME: INITIALS:
Lt L

REACH START END

LAT < LAT:

LONG: LONG:

Rain in past 72-h:y (i * Weather — Current conditions
Showers [IClear/sunny  [JHeavy rain [ISteady rain [JShowers [IClear/sunny
y ot C;u\ A mosﬂy cloudy [IPartly cloudy

Stream Origin
nial [] Intermittent [ ] Ephemeral [] Tidal [ Spring-fed [AMixture of origins [] Glacial

Coldwater [_] Coolwater [ ] Warmwater Order ] Montane (non-glacial) [] Swamp/bog [] Other
Hydrology
Flow: [] High\qModerate [ Low [] None -y 'y
Base Flow as %Channel Width: [ ]0-25% []50-75% ‘&?5-50% 75-100% Flows Measured: Yes /@
Stream Gradient: High (>25ft/mi) [] Moderate (10-24 ft/mi) Low (<10 ft/mi) ~Slope; ft/mi
Sinuosity: [] High [X}Moderate [] Low /__P\e\

5’ i System: Step/Pool - - Pool (circle)
Run l %  Pool @O % [] Steps %

Dominant Substrate _
[Isilt/clay (fine or slick) le 5107 ol Debris WadsB ) [Leaf Packs
[]Sand (gritty) er (>107) ppf\ e Undercut Ban _

Gravel (0.1-2.5") [JBed Rock 3(“)\"’ Plants [ JOverhanging Vegetation
m e ' itat Quality:  Poor  Fair ood [] Optimal
Land use Local Watershed NPS Pollution
\E\Forest !iZO %\ﬂPasture ! iO % [] Urban % [ Industrial Storm Water
[] Commercial % [] Row Crops % [] Urban/Sub-Urban Storm Water ~ [] Row crops
] Hay % [_] Industrial % [1 Sub-Urban % [ Cattle [] Other )XfNo evidence

Riparian Buffer
Vegetation Type:‘Q:Forest%S % &LShrub/Sapling'\s % ﬁHerbs/Grasses]t\ % [ TurfiCrops ___%

Riparian Width: []<10 ft [J11-25f  []26-50 ft []>50ft
Stream Shading (water surface)
[[IMostly shaded (275% coverage) ,\Zﬁ’artially shaded (225% coverage)
[(JHalfway shaded (250% coverage) [JUnshared (<25% coverage)
Water Quality Observations
Odors Noted: Water Surface Appearance:
[] Sewage [] Anaerobic [] Slick ] Sheen [] Globs
Petroleum [] Chemical [] Fishy [] Other [1 Flecks [ other
Turbidity/Water Clarity:
%CIear [ ] Slightly turbid (] Turbid
Opaque [] Stained Other
Sedimen Deposits:ﬁ\None [ Sludge []Sawdust [ Qils []Sand (] Relict shells

Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
Page 1 0of 3 V 1.4 October 2011



Reach
C. —
Impact Coordinates
1.D.! (Lat ! Long) or
Waypoint

T b
U

>3
Pav
LY

79+

Impact Coordinates
D! (Lat/ Long) or
Waypoint
ER
A1
7
ER
L
ER
ER
ER
Impacts: O

USA Reach Im

Data Detail Sheet o onal

Date:

Restoration
Opportunity
(1-3)°

Bank Bank Rest.
Erosion Lth. (ft} Opp.
Hazard (1-3)°
L M H Bank: Height
VH EX Q_ Protection:
(circle one)
it/'C
L M H Bank: Height
VH EX \ Protection
(circle one) Vegetation
*Material: Si
L M H Bank: ht
VH EX &l Protection:
(circle one) Vegetation
“Material:
L M H Bank: Height
VH EX , Protection:
(circle one)
L M H Bank:
VH EX / ) 5 Protection:
(circle one)

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

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

[

I(OT), Bank Erosion(ER), Impacted buffer(IB), Util n

“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 & Schuiler, 2004)

Page 2 of 3

Initials:

Description

%
Sa

%
Sand

%
Sand

Sand

%
Sand

for

Angle
%, Root Depth
\

-% LD

% Root 2 ft

/
Angle
%, Root Depth ft

/ Cobble - %
%, Root
S
/ Gravel -
Angle
%, Root Depth

/ Cobble - % >0

V 1.4 October 2011



U Cont.

REACH ID: STREAM DATE/TIME: INITIALS: B .
Lithie Lea Cree & =1 P 1T NS

Flood Plain Dynamics

Connection: [] Poor [] Fair ood Vegetation:/@ Forest M:Shrub/Saplin [ Tall grasses [] Turf/icrops
Habitat: [ Poor [ Fair Good Encroachment: [] Poor ' [] Fair ﬁGood '

Periphyton (attached algae): Suspended Algae (phytoplankton) abundance:
Filamentous: [ Nonej%Sparse oderate [] Abundant [] None noticeable (water basically clear)
Prostrate: (] None Sparse Moderate [] Abundant [] Moderate (water slightly green tinted)
Floating: ?(None (1 Sparse “[] Moderate [] Abundant [ Abundant (water appears green)

Sparse [] Moderate . [] Abundant

Sparse [] Moderate bundant
Sparse [ Moderate “[J] Abundant
uatic Life Obseryed: Wildlife/Livestock I or Around Stream (evidence of):
ish nails Crawfish )ﬁMacroinvertebrates Ocattle [JBeaver eer []Other
Reach | ' impact 1=minor, 2=moderate, tag waypoint(s) (Wpt) ID)
Outfalls(OT): 1 2 3 (impacted Buffers(IB): 1 2 3 Wpt
m Crossing(SC) 2 3 Wpt CITrash(TR) 1 2 3 Wpt
nk Erosion(ER) : 1 3 Wpt ( j52 3 Wpt
[JChannel Mod ©1 2 3 Wpt 1 2 3 Wpt

Notes:

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

[ Incised (degrading) [J channelized % Bed Scour [ Sediment Deposition

Widening [J Aggrading Bank Failure [[] Culvert Scour (upstream / downstream / top)

Headcutting jg@ank scour (1 Slope failure [J None (natural stabile channel)
Channel Dimensions (facing downstream):
Lt bank Ht: (ft) Wetted Width 4. Riffle/Run Depth l, l (ft)
Rt bank Ht: (ft) TOB Pool Depth (ft)
Channel Stabi
Lt Bank: Angle rees Rt Bank: gle degrees
LtBank Vegetation % cover RitBank Vegetation protection % cover
LtBank L M VH EX (circle one) RtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Affected Length Rt Bank Affected:

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-ascgss 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:
CJRiparian reforestatior?é&ank stabilization

CJstormwater retrofit  [JQutfall stabilization
[JChannel modification [JPS investigation
[ Culvert rehab. 7] Other

Place sketch of reach on back of paqe.

" 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 ID:j.: \ STREAM: . DA
REACH ART END
LAT: LAT:
LONG
Ran in past72-h:y
[Heavy rain  Steady ran []Showers Clear/sunny [IClear/sunny
[CMostly cloud y clo IO

Stream Classification
] Perennial ). Intermittent [] Ephemeral [] Tidal [] Spring-fed  Mixture of origins [] Glacial

] Coldwater [] Coolwater [_] Warmwater Order ] Montane ( [] Swamp/bog [] Other
[]25-50% [175-100% Flows Measured: Y
0-24 ft/mi) Low <10 f/m ~Slope: ft/mi

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

Rifie £5 %  uwn? D % 5 % steps %

Dominant Substrate

[Isilt/clay (fine o slick) obble (2.5-107)Grave\ -, Woody Debris  [IRootWads  [JLeafPacks
[JSand (gritty) Boulder (>10") J \enf T [[IDeposition JuUndercut Bank (D @W@
ClGravel (0.1-2.5" [Bed Rock OAquatic Plants [ Vegetation
el (0.1-2.5") ed Roc Habitat Quality: [JPoor [IFair [ Optimal
Land use
g‘Forest DO 9% [] Pasture % [] Urban %  [] Industrial Storm Water
Commercial % [_] Row Crops % [] Urban/Sub-Urban Storm Water ] Row crops

[ Hay % [] Industrial % [] Sub-Urban % Cattle&/OtherLS% Groe\ 5 ] No evidence

Riparian Buffer
Forest %O %

Vegetation Type: ﬂShrub/Saphng \0 o Herbs/Grasses |0 % [ Turf/Crops %

Riparian Width: ~[]<10 ft O11-25ft []26-50ft > 50 ft

Stream Shading (water surface)

shaded (=75% coverage [IPartially shaded (2@5% coverage)
shaded (250% coverage) [JUnshared (<25% coverage)

Odors Noted: Water Surface Appearance:
Normal/None [] Sewage [] Anaerobic (] Stick " [] Sheen ] Globs
Petroleum [] Chemical [] Fishy [] Other [] Flecks gNone

Turbidity/Water Clarity:

Clear ] Slightly turbid [J Turbid
Opaque ] Stained ] Other
Sediment Deposits  None [] Sludge [J sawdust [ Oils [[] Sand [J 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 IDIStream Date: Initials: .
Impact Coordinates Restoration Description
1.D.! {Lat/ Long) or Opportumty
Waypoint (1-3y°
Sl o
> few il An iff|
wh (ta VAo raty
S 37 ).5 1o fete e
Impact Coordinates Bank Bank Rest. Bank information for
1.D.! (Lat/ Long) or Erosion Lth (ft) Opp
Waypoint Hazard (1-3)°
L M H G§ud
et ;1\°\ VH EX _>— \
L B (circle one)
ER LM H do0.a :
vt 270 VH EX . (?
(circle one) .~
&
ER L M H FH™ \
: VH EX kA
,} Z}\‘; (circle one) /
ER L M H
"D'L\ VH EX >
O\ A0
2()/3 (circle one) ; Vegetatlon
’-—\9 *Material: S lay -%35
ER L M H N / o
— VH EX AT
@&\9 }/}? (circle one) 77

L@

Impacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(IB), Uti

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

g5

in channel(UT), Stream crossing

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



REACH ID:

Y-

OTHER INFO:

STREAM

Flood Plain Dynamics

Cont.

DATE/TIME: INITIALS:

Connection: (] Poor [] Fair Good Vegetation: [} Forest [J Shrub/Sapling [ Tall grasses [] Turf/crops
Habitat: [JPoor [ Fair Good Encroachment: [] Poor [] Fair JELGood
Periphyton Suspended Algae (phytoplankton) abundance:
Sparse [] Moderate Abundant gilone noticeable (water basically clear)
P ne []Sparse Moderate Abundant Moderate (water slightly green tinted)
one [] Sparse Moderate Abundant ] Abundant (water appears green)
Aquatic Plants In Stream:
Submerged: None []Sparse []Moderate []Abundant
Emergent: None []Sparse []Moderate [ Abundant
Floating: None [] Sparse [] Abundant

(] Moderate

Agquatic Observed: -
Iﬁﬁish F[Crawﬁsh Nﬂacroinvenebrates
Impacts: (circle impact level 1=minor,

(JOutfalls(OT): 1 2 3 Wpt
2 3

1 2 3 Wpt
Notes:

Wildlife/Livestock In or Around Stream
Ccattle [Beaver [JDeer

, 3=major, and tag with a GPS waypoint(s) (Wpt) ID)
Jimpacted Buffers(IB): 1 2 3 Wpt
CTrash(TR): 1 2 3 Wpt___
Outilites(UT): 1 2 3 Wpt____

1 2 3 Wpt

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

[] Channelized ] Bed Scour [J Sediment Deposition
Aggrading [] Bank Failure {71 Culvert Scour (upstream / downstream / top)
Bank scour ] Slope failure ] None (natural stabile channel)
Channel Dimenions (facing downstream
Lt bank Ht: (ft) Bankfull Depth ! ’ Wetted Width 5 Riffle/Run
Rtbank Ht___ % (ft) Bankfull Width TOB Width Pool Depth
Channel Stability:
Lt Bank: Angle degrees Rt Bank: Angle degrees

LtBank Vegetation protectign:

LtBank Erosion Hazard: L M H one)
Length Lt Bank

Wpt(s):

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

5 4 3
Notes: (biggest problem(s) you see in survey reach)

Place sketch of reach on back of

Fair: Forested or developed near
stream. Vehicle access limited

RtBank Vegetation protection % cover
RtBank Erosion Hazard: L 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.

1

stabilization

Il stabilization
[JChannel modification [JPS investigation
(] Culvert rehab. (] Other

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

Page 3 of 3
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Unified Stream Assessment USA

REACH ID: STREAM: DATEI/TIME: 5 INITIALS: P
LLC— | Lalle Yee Glale / B4 A e
REACH START , REACH END \ SU
LAT: - LAT /
LONG LONG:

Averaae Conditiol
Weather — Antecedent (24-h) Rainin past72-h. y/n

[CJHeavy rain []Steady rain [ ]Showers [_]Clear/sunny

[IMostly cloudy [X[Partly cloudy {ax« t Lunny
Stream Classification
] Perennial [X Intermittent [ "] Ephemeral [[] Tidal

] Coldwater [] Coolwater [_] Warmwater Order

Hydrology
Flow: [] High MModerate ] Low [] None

Base Flow as %Channel Width: [ ]0-25% []50-75% [ ]25-50%

Stream Gradient: [ | High (>25ft/mi)
Sinuosity: [ High [X] Moderate [] Low

Moderate (10-24 f/mi) [] Low (<10 ft/mi)

ns (check applicable)

Weather — Current conditions

[IHeavy rain [ISteady rain [JShowers [_|Clear/sunny
[IMostly cloudy [ﬁPartIy cloudy pa-t\y ((ny

Stream Origi
[] Spring-fed i?ﬁnixture of origins [_] Glacial

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

‘ 5-100% Flows Measured: Yes
~Slope

TN

Channel Morphology System: Step/Pool - Pool (circle)
lﬁRifﬂe 40 o ®run 1S % K Pool 12 % [ steps %
Dominant Substrate Dominant In-Stream Habitats
CIsilt/clay (fine or slick) Ecobble (2.5-10") Lot is ch: b
[JSand (gritty) Boulder (>107) houlderg « [uosle
[(IGravel (0.1-2.5") [JBed Rock = mal
Land use Local Watershed NPS Pollution

Forest % [] Pasture % [] Urban % [ Industrial Storm Water
] Commercial % [] Row Crops % ] Urban/Sub-Urban Storm Water ] Row crops
] Hay % [_] Industrial % [] Sub-Urban % [] Cattle [] Other EB(NO evidence

Riparian Buffer

Vegetation Type:]ﬁForestS0 % @"Shrub/Sapling\\0

% erbs/Grasses 13 % [ Turf/Crops %

Riparian Width: []<10 ft (J11-25f  []26-50 ft 50 ft
[Partially shaded (225% coverage)
[ Unshared (<25% coverage)
Noted: Water Surface Appearance:
al/None []Sewage [] Anaerobic ] slick [] Sheen ] Globs
Petroleum [] Chemical [] Fishy [] Other ] Flecks MNone Other
Turbidity/Water Clarity:
Clear 1 Slightly turbid [] Turbid
[ ] Opaque [] Stained Other
Sediment Deposits [] Sludge [1sawdust [] Oils [] Sand [] Relict shells

Modified from Unified Stream Assessment: A Users Manual, (Kitchall & Schuller, 2004)
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Reach m:
pLe =)

Impact
1.D.!

Sl 72\

Impact Coordinates
.D.! (Lat / Long) or
Waypoint
ER
-~
e \
ER
ER
ER
ER

USA Reach Im

Data Detail Sheet 0 o

Date:

Restoration

Opportunity

(1-3)°

l

Bank Rest.
Lth.(f) Opp.
(1-3)°
L M H N
VH Ex %7 /

(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)

fatd

o |

Bank: Height
Protection:
S

Bank:
Protection:

Bank: H
Protection: Roots
Vegetation
*Material: Si
Bank: Height
Protection: Roots
Vegetation
*Material:

Bank: Height
Protection: Roots
Vegetation

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

Initials:

information for

Angle
%, Root Depth
%

Sand ravel

Angle
%, Root Depth

% e e fiad Y

%
Sand / Gravel Cobble - %
Angle
_%, Root Depth
%

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

2

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

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)
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/ Gravel Cobble - %6

Angle Deg
%, Root Depth ft
%
Sand / Gravel Cobble -
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%, Root Depth ft
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U Cont.

REACH ID: STREAM: INITIALS:
LLC“ LiMle Lee (U ) 'V
OTHER INFO:
Conditions plicable)

Flood Plain Dynamics

Connection: [JPoor [] Fair \%Good Vegetation: MForest | Shrub/Sap/IgG[] Tall grasses [] Turf/crops
G

Habitat: [JPoor [ Fair ood Encroachment: [ ] Poor [ Fair ood

Periphyton (attached algae): Suspended Algae (phytoplankton) abundance
Filamentous: [] None Sparse _[] Moderate [] Abundant None noticeable (water basically clear)
Prostrate: None [] Sparse \%\Moderate ] Abundant Moderate (water slightly green tinted)
Floating: one [ Sparse Moderate [] Abundant (J Abundant (water appears green)

Moderate [] Abundant

[ Abundant
Floating: (] None (] Abundant
Aquatic Life Observeg: ; Wildlife/Livestock In or Around Stream (evidence of):
Fish }Z’Snails _rawfish ;ﬁMacroinvertebrates Ccattle [JBeaver [JDeer
Reach Impacts: (circle impact level 1=minor, 2=moderate, 3=major, and tag with a GPS waypoint(s) (Wpt) ID)
123 Cimpacted Buffers(iB): 1 2 3 Wpt
2 3 Wpt [(OTrash(TR): 1 2 3 Wpt
Erosion(ER) 3 Wpt [Jutilities(UT): 1 2 3 Wpt
Modification{(CM) : 1 2 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.
Channel Dynamics:

@ncised (degrading) [ Channelized [ Bed Scour [] Sediment Deposition
Widening [] Aggrading [] Bank Failure [ Culvert Scour (upstream / downstream / top)
Headcutting (] Bank scour [] Slope failure [J None (natural stabile channel)
Channel Dimensions (facing downstream):
=g} . .

Lt bank Ht: 5 (ft) Bankfull Depth /’ ‘ 6 (f) Wetted Width: ?/ ' vlf fty Riffle/Run Depthé ’5 (ft)
Rt bank Ht:__Co (ft) Bankfull Width &7 <&y (f)) TOB Width:\® (ft) Pool Depth A, i _(f)
Channel Stability
Lt Bank: Angle Rt Bank: Angle degrees
LtBank Vegetation protection % cover RtBank Vegetation protection % cover
LtBank Erosion Hazard: L M H VH one) RtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Affected: Length Rt Bank Affected:
Wpt(s):

Restoration

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. _—~ =~gensitive areas to get to stream. Access by foot/ATV only.

5 4 3 2 1
Notes: (biggest problem(s) you see in survey reach) ’ﬂestoration Potential:
[CRiparian reforestation/X(Bank stabilization
[IStormwater retrofit  [JOutfall stabilization
[JChannel modification []PS investigation
(1 Culvert rehab. [ other

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 U

[N

REACH ID:
Vol

INITIALS:
éuP NET

e<
REACH ST H END
LAT: LAT
&
Rain in past 72-h: y Weather — Current conditions
[CIHeavy Clear/sunny [JHeavy owers []Clear/sunny
[CIMostly PA{(\ Sanng CIMostly
| [] Tidal [] Spring-fed re of origins [] Giacial
Order ] Montane ( lacial) [] Swamp/bog [ Other
Hydrology
Flow: [] High [X| Moderate ] Low [] None \‘_;;)}
Base Flow as %Channel fidth: []0-25% [150-75% X25-50% [175-100% Flows Measured: Yes
Stream Gradient: [ ] High (=25ft/mi) Moderate (10-24 f/mi) [ Low (<10 ft/mi) ~S f/mi
Sinuosity: [] High [] Moderate [] Low
System: Step/Pool Pool (circle)
ifle O % un ,E 52 %0 Steps %
Dominant Substrate ]
CJsilticlay (fine or slick) le (2.5-10" Debris
. ., U baatde e
[CJsand (gritty) Ider (>10”) -
[CJGravel (0.1-2.5") Plants
B Quality: [JPoor [JFair ood [] Optimal
Land use
B‘Forest a0 % Bpasture Yb % [] Urban % [ Industrial Storm Water
] Commercial % [] Row Crops % ] Urban/Sub-Urban Storm Water Row crops
1 Hay % [] Industrial % [] Sub-Urban % [] Cattle [] Other No evidence

Riparian Buffer

erbs/Grasses % [ Turf/Crops %
>50ft X

[JPartially shaded (225% coverage)
[CJUnshared (<25% coverage)

Vegetation Type %\Forest Oy, Eﬂ&hrub/Sapling &5’ %
Riparian Width: <10 ft [J11-25 \QLZG-SO ft LB
Odors Noted:

ormal/None [] Sewage [] Anaerobic
Petroleum [] Chemical [] Fishy [] Other

r Clarity:
Clear
ue

[] Slightly turbid
[] Stained
Sediment Deposits

None [] Sludge [] sawdust

Water Surface Appearance:

[] slick heen 1 Globs
] Flecks one [] Other
[] Turbid
[]J other
[] oils (] sand [] Relict shells

* Modified from Unified Stream Assessment: A Users Manual, (Kitchali & Schuller, 2004)
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USA Reach Im

Reach iDiStream:W L \“L

Impact Coordinates
D! (Lat/Long) or
Waypoint
\)\ 9;0\\‘7;7
impact Coordinates
1.D." (Lat / Long) or
Waypoiiit
ER L M H
()S ’} VH EX
(circle one
L
ER L M H
VH EX
(circle one
ER L M H
2§9 VH EX
(circle one
ER L M H
VH EX
{circle one
ER L M H
VH EX
(circle one

Date:

Restoration
Opportunity
(1-3)°

\

Bank
Lth. (ft)
o0
o
) l
I3
)
)

Data Detail Sheet

ona
initiais:

NacAarin

D~ \rt (abiins

Bank for
Bank: Height Angle
Protection: %, Root Depth ft
Vegetation e
‘Material: S /Gravel  ble %70
Bank: Height Angle
Protection: %, Root Depth
Vegetation % \un
*Material: Si Sand
Bank: Height __ 5 ft, Angle
Protection: ot
Vegetation
*Material: el %
Bank: Height ft, Angle_>~——" Deg
Protection: Roots %, Root Depth ft
Vegetation %
*Material: SilV/Clay Sand /Grav | Cobble - %
Bank: Height ft, Angle Deg
Protection: Roots _%, Root Depth ft
Vegetation %

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

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

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

® 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)
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U

Cont.

REACH ID: W (/\ \ STREAM: . DYI%I-KIXE: Ilell"\}L?: e 3
Wi Al (AT\N A NE
OTHER INFO: i
Flood Plain :
Connection: [ Fair Good Vegetation:k@orest E&fghrub/Saplmg éKTaII grasses [] Turf/crops
Habitat: {1 Fair Encroachmént: [JPoor [] Fair ood
): Suspended Algae (phytoplankton) abundance:
Sparse Moderate [ ] Abundant [C] None noticeable (water basically clear)
Sparse Moderate [] Abundant ] Moderate (water slightly green tinted)
Sparse [ Moderate [ Abundant [J Abundant (water appears green)
Aquatic Stream:
Submerged: None Sparse []Moderate [ Abundant
Emergent: [ Moderate [] Abundant
Floating: Sparse [ Moderate [ Abundant

atlc Obse ed:
is a|Is Crawfish }Mécroinvertebrates

Reach Impacts: (circle impact level 1=minor,
[Outfalls(OT): 1 2 3 wpt
m Crossi 2 3 Wpt
Erosion(ER) 3 Wpt
nel Modification(CM) 1 2 3 Wpt

If any of these impacts are ificant use back of

Channel Dynamics:

(] Incised (degrading)
Widening
Headcutting

[ Channelized
[] Aggrading
11 Bank scour

Channel D|mensmns (facing downstream):

Wildlife/Livestock In
CCattle ﬁBeaver

[] Bed Scour
[ Bank Failure
1 Slope failure

() Bankfull Depth 2,4/7ft) Wetted

Stream (evidence of):

,and tag witha S waypoint(s)
pacted Buffers(l 23 . / P‘d‘}“w’
1 3
2 3Wpt___
1 2 3 Wpt

1 (pg. 2) for detailed description

[] Sediment Deposition
[ Culvert Scour (upstream / downstream / top)
[ None (natural stabite channel)

Lt bank Ht: Riffle/Run

Rt bank Ht: (f)y Bankfull Width(Z (ft)) TOB Pool Depth

Channel Stability:

Lt Bank: Angle degrees Rt Bank: Angle degrees

LtBank Vegetation % cover RtBank Vegetation protection % cover

LtBank ErosionHazard: L M H one) RtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Affected: Length Rt Bank Affected

Whpt(s):

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

5 4 3
Notes: (biggest problem(s) you see in survey reach)'\__/

Place sketch of reach on back of page.

Fair: Forested or developed near
limited. sensitive areas to get to stream. Access by foot/ATV only.

Difficult: Must cross wetland, steep slope, heavy forest or

2 1

Restoration Potential:

(JRiparian reforestation%ank stabilization
[CIStormwater retrofit Outfall stabilization
CJChannel modification []PS investigation
[ Culvert rehab. [ other

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

REACH : STREAM: DATE[MME: . \so) NIT
(‘4/5) oue (¥ j‘/nl)‘ ¢ (‘)W/A/AJ

REACH START END

LAT: 065 o ?&”I LAT: : -

LONG: < | LONG

Weather — Antecedent (24-h) Rain in past 72-h¢y Weather — Current conditions
[JHeavy rain []Steady rain [JShowers [IClear/sunny [JHeavy rain []Steady rain [JShowers mCIear/sunny

[IMostly cloudy EdPartly cloudy [CIMostly cloudy [JPartly cloudy etala
Stream Classification Stream Origin
[] Perennial igintermittent ] Ephemeral [] Tidal ] Spring-fed ¢ Mixture of origins [] Glacial
] Coldwater [] Coolwater [ ] Warmwater Order ] Montane (non-glacial) (] Swamp/bog [] Other
Hydrology
Flow: [ JH Moderate Low  None
Base Flow as %Channel Width: [125-50% []75-100% Flows Measured: Yes
Stream Gradient: [] High (>25ft/mi) 0-24 ft/mi) Low (<10 ft/mi) ~Slope: ft/mi
Sinuosity:  High [} Moderate [J Low e
Channel Morphology System: Step/Pool Pool (circle)
¥ Rifle £S5 % m'Run 25 % Klpool 8 % ]ﬂSteps 5 &
Dominant Substrate Dominant In-Stream Habitats
[Isittclay (fine or slick) B<{Cobble (2.5-10") [Woody Debris  [IRootWads  [lLeafPacks
CJsand (gritty) [JBoulder (>10°) [Depositon Ljundercut Bankda R« 4175
G 1(0.1-2.5" [JBed Rock \ﬂAquatic Plants  [JOverhanging Vegetation

ravel (0.1-2.57) ed Roc Habitat Quality: [JPoor [JFair EdGood [] Optimal
Land use Local Watershed NPS Pollution

Forest? O o [ Pasture % [] Urban % [ Industrial Storm Water
[] Commercial % [] Row Crops % ] Urban/Sub-Urban Storm Water ~ [] Row crops
. }\ erthe s

Q\Hay E % [ Industrial % [] Sub-Urban % [ Cattle IH Other R ~ Noevidence
Riparian Buffer (2H) D%
Vegetation Type:KForest % BShrub/Saplmg 25 % BHerbs/Grasses % [] Turf/Crops %
Riparian Width: []<10 ft 11-25f []26-50 ft OJ>s50ft
Stream Shading (water surface
[[IMostly shaded (275% coverage) CJPartially shaded (225% coverage)
B\Halfway shaded (250% coverage) [JUnshared (<25% coverage)
Water Quality Observations
Odors Noted: Water Surface Appearance

ormal/None [] Sewage [] Anaerobic [ slick Sheen ] Globs
(] Petroleum [] Chemical [] Fishy [] Other [] Flecks None 1 other
Turbidity/Water Clarity

lear [] Slightly turbid ] Turbid
] Opaque ] Stained Other
Sediment Deposits: B\/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

Reach IDIStream Date
Cet wg
Impact Coordinates Restoration
L.D.' (Lat/ Long) or Opportumty
Waypoint (1-3)°

2 |
ol
b VT -
77

o \
Impact Coordinates Bank Bank Rest.
1.D. (Lat / Long) or Erosion Lth. (ft) Opp
Waypoint Hazard (1-3)°
ER L M H -
VH EX
(circle one) '\)\O 9\
ER VJ?L"
ANAY R
L
ER L M H }
EX Ye)
i).\\p ?\% g%eone) N\D
ER L M H
VH EX
(circle one)
ER L M H
VH EX
(circle one)

Impacts: Outfall(OT), Bank Erosion(ER), impacted
modlf ication(CM), Trash in stream(TR), other
Seventy 1=minor, 2=moderate, 3=severe
Restoration Potential: 1=minimal, 2=moderate, 3=high

Data Detail Sheet

Initials:

Description

Grypl\e  Prube  A-jie  Crogting

o L R D NV P

’T‘}\Qw
D rte 6 A

oy \’\“9

C\eoed Lr G St o Dornbatie TP

S Dani -

e{ﬁf»\'}{ ol } l‘w\mﬁ

for BEHI

Bank: Height =
Protection:

Angle Deg
%, Root Dept%' ¥ ft
Vegetatlon ¢

‘Material: S / %A 5>
Bank: Height % ft, Angle _" A0  Deg
Protection: Roots > %, Root Depth /. © ft

Vegetatlon o> %

*Material: Silt/Clay Sand / Gravel -%JJD
Bank: Height ft, Angle Deg
Protection: Roots %, Root Depth ft
Vegetatlon %

*Material: Sil/Clay Sand / Gravel Cobble - %
Bank: Height ft, Angle Deg
Protection: Roots _%, Root Depth ft
Vegetatlon %

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

B), Utilities in channel(UT), Stream crossing(SC), Channel

*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.

REACH ID: ol STREAM: o INITIALS:
-\ "/ Cove X . GLP/NE T
OTHER INFO:
Conditions
n
Connection Poor []Fair Vegetation: Forest '&Shrub/SapIing \ﬂTaII grasses [] Turf/crops
Habitat: [ Poor [ Fair ood Encroachmént: [ ] Poor []Fair [ Good
Periphyton (attached algae): Suspended Algae (phytoplankton) abundance:
Filamentous: [] None %ﬁparse [C] Moderate Abundant [[] None noticeable (water basically clear) \
Prostrate: ] None Sparse [] Moderate Abundant DXModerate (water slightly green tinted) &~¢ U ponld

Floating None Sparse [ ] Moderate "[] Abundant {T] Abundant (water appears green)

Aquatic Plants In Stream
Submerged $d None [] Sparse Moderate %Abundant

Emergent: None [] Sparse Moderate Aburdant
Floating: %\None [] Sparse Moderate Abungant
Aquatic Wildlife/Livestock | or Around Stream (evidence of)
Fish /Eﬂacroinvedebrates [JCattle []Beaver r [lother
Reach Impacts: (circle impact level 1=minor, 2=moderate, 3=major, and tag with a GPS nt(s)
[JOutfalls(OT): 1 2 3 Wpt *K]Impacted Buffers(IB): 1
[Jstream Crossing 1 2 3 Wpt [dTrash(TR): 1 2 3 Wpt
‘MBank Erosion(ER) 3 Wpt KIUtilities(UT): @ 2 3 Wpt
Channel Modification(CM) 1 2 3 Wpt 1 2 3 Wpt
Notes:
If of these are ificant use back of page 1 (pg. 2) for detailed description.
Channel Dynamics
Incised (degrading) [J Channelized (] Bed Scour [J Sediment Deposition
Aggrading (] Bank Failure [J Culvert Scour (upstream / downstream / top)
Headcutting Bank scour ] Stope failure [J None (natural stabile channel)
Channel Dimensions
Lt bank Ht: Wetted Width Riffle/Run . ’5
Rt bank TOB Pool Depth
Channel Stability:
Lt Bank: Angle degrees Rt Bank: Angle degrees
LtBank Vegetation protection: % cover RtBank Vegetation protection % cover
LtBank Erosion Hazard: L M H VH EX (circle one) RiBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Affected Length Rt Bank Affected: '
Wopt(s): Wpt(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 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:
\dy R vane ooy reforestation %Bank stabilization
7 retrofit Outfall stabilization

[CJChannel modification [JPS investigation
[ Culvert rehab. {1 Other

Place sketch of reach on back 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 ANC TS Starke W per s

. STREAM. ) DATE/TIME INITIALS: |
Vw4 i G- AL ) e )
REACH START REACH END 1 ?3‘1 .
LAT LAT
LONG LONG

Averaae Conditions (check appnlicable)

Weather — Antecedent (24-h) Rain in past 72-h Weather - Current conditions

[JHeavy rain []Steady rain [ JShowers [JHeavy rain [JSteady rain []Showers [_]Clear/sunny
[ IMostly cloudy [Partly cloudy [CIMostly cloudy¥Partly cloudy

Stream Classification Stream Origin )

[] Perennial El Intermittent [_] Ephemeral [] Tidal [ Spring-fed [\ Mixture of origins [] Glacial

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

Flow: [] High ¥Z] Moderate [ ] Low [ ] None
Base Flow as %Channel Width: [ ]0-25% &6‘0 [J25-50% [175-100% ‘Flows Measured: Yes /@

Stream Gradient: [ ] High (>2 ft/mi) Moderate (10-24 ft/mi) [ Low (<10 ft/mi) ~Slope: ft/mi
Sinuosity: [] High‘Q’Modera [ Low
Channel Morphology System: Step/Pool - Riffle/Pool - Pool (circle)
K Rriffle _50_% [Run 25 % [FPool |5 %[O steps %
Dominant 3ubstrate Dominant In-Stream Habitats
[Jsilticlay (fine or slick)  [RCobble (2.5-10%) @j I:IWoodY Pebris [JRoot Wads [JLeaf Packs
[Jsand (gritty) [JBoulder (>107) I:lDepos.,mon \ ndercut !Bank .
[JGravel (0.1-2.5") ed Rock > ?Aquatlc Plants Overhanging Vegetation

T |$B v abitat Quality: DPoor‘ﬁEair [0Good [] Optimal
Land use »¥{ Local Watershed NPS Pollution
1 ForestQ %W % [] Urban % [ Industrial Storm Water
] Commercnal %[ JRowCrops ____ % [] Urban/Sub-Urban Storm Water ~ [] Row crops
‘g\Hay ZE % ] Industrial____ % &Sub Urban 3 [] Cattle [] Other ] No evidence
Riparian Buffer ,
Vegetation Type IE/Forest % [Z[/Shrub/Saplmg {% IE/Herbs/Grasses:%O % [] Turf/Crops %
Riparian Width: []<10 ft 1125t  []26-50 ft [1>50ft ! ‘
Stream Shading (water surface
[IMostly shaded (275% coverage) T%f{artiall shaded (225% coverage)
[IHalfway shaded (250% coverage) Unshaked (<25% coverage)

Water Quality Observations

Odors Noted: Water Surface Appearance
ENormal/None Sewage  Anaerobic [] Slick [] sheen [] Globs
Petroleum [_] Chemical  Fishy [] Other [] Flecks one [] other
Tuybidity/Water Clarity:
‘%{mear ] Slightly turbid O Turbid
Opaque [] stained Other
Sediment Deposits:\giNone [] Sludge [J 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

Reach ID/Stream: Date Initials
MEC~1  u(s
Impact Coordinates Restoration Description
1.D.! (Lat/ Long) or Opportunity
Waypoint (1-3)°
A ro R i
R e e R
foks 41 = 259, veey — Y2 cob/%m -20
‘&@ \0\ q' '\0\ 6 - lDt ?S%\N_). > ;\Hfum—-
& At gt \C\I &N g)\é\ AN Savr m€S [m Qﬁ)ﬁ%
oty 8% gl VIS -T% -
i] r)\ g\k} ?ﬁa\es, phbl( - ?0036 g,'(F {wa,h

Dair atord ¢ bt wpt
@,";\k"’ ’45503 Coo¥s -4~ 26% ves— |09
2 ‘ Cabble— 759, 9\\%/{%6

, - 144
2 S

Impact Coordinates Bank Bank Rest. k for BEHI
.D.! (Lat/ Long) or Erosion  Lth.(ft) Opp.
Waypoint Hazard (1-3)°
ER L M Bank: Height Angle
\ﬂ@§ VH @l \> E | Protecton %, Root Depth
%Q7 (circleone) !

WClay e O
o Mo GRS ps

PRGN A ) . oo Dep 8 %
ey e | Gravel Cobbld - %20

L M

Ly et W g

L M Bank:

ER
A "\0\77 VH ‘;L Protection: %, Root
A% .

(@ ~ Vegetation _ & %
#7  *Material: SilVClay Sand /GraveyCobbld- %2>
Impacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), crossing
modification(CM), Trash in stream(TR), other
Severity: 1=minor, 2=moderate, 3=severe
% 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, (Kitchali & Schuller, 2004)
Page 2 of 3 V 1.4 October 2011



U Cont.

REACH ID: STREAM: DATE/TIME: lNlTlAgf: ]
meel o g SIS 5o ¢ L) wes
OTHER INFO:

Flood Plain Dynamics

Connection: [ Poor []Fair ood Vegetation: [ Tall grasses [ Turf/crops
Habitat: [ Poor [ Fair Poor [ Fair

Periphyton (attached al ) v § : Suspended Algae (phytoplankton) abundance
Filamentous: [] None ] Moderate %Abundant [ None noticeable (water basically clear)
Prostrate: [ None Abundant Moderate (water slightly green tinted)

Floating: g&ne [J Abundant Abundant (water appears green)

Aquatic Plants In Stream:
Submerged: ™®WNone []Sparse []Moderate [] Abundant
Emergent:  [] None Sparse [ ] Moderate [] Abundant

Floating: M\None O'Sparse [ Moderate [ Abundant

Aguatic Life Observed: Wildlife/Livestock In or Around Stream (evidence of):
Fish Snails ﬂCrawﬁsh \qMacroinvertebrates [Ocattle [JBeaver [JDeer [1Other

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 Wpt \glmpacted Buffers(IB): 1 2 3 Wpt

L JStream Crossing(SC): 1 2 3 Wpt [Trash(TR): 1 2 3 Wpt w

%Bank Erosion(ER): 1 2 3 Wpt gutilities(UT): 1 2 3 Wpt 20‘@\"’“" H-u8q

[JChannel Modification(CM): 1 2 3 Wpt Other o1 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 ] Sediment Deposition

Widening [] Aggrading [ Cutvert Scour (upstream / downstream / top)

eadcutting S@ank scour [J None (natural stabile channel)

Channel Dimengions (facing downstream): 5
Lt bank Ht G, (ft) Bankfull Depth 25 (ft)y Wetted Width:\ [~ ft) Riffle/Run &, 5
Rt bank Ht: 4 (ft) Bankfull Width % O (ft)) TOB Width: O (ft) Pool Depth ]
Channe] Stability
Lt Bank: Angle degrees Rt Bank: Angle degrees
LtBank Vegetation protection: % cover RtBank Vegetation protection % cover
LtBank ErosionHazard: L M H VH EX (circle one) RtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Length Rt Bank Affected
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 access limited. _.~ ~geNsitive areas to get to stream. Access by foot/ATV only.

5 4 3 2 1
Notes: (biggest problem(s) you see in survey reach) ,Réstoration Potential:
CJRiparian reforestation []Bank stabilization
[JStormwater retrofit  [JOutfall stabilization
[CJChannel modification [JPS investigation
(] Culvert rehab. [ other

Place sketch of reach on back of paae.

" 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: . DATEI/TIME; INITII\\LS: ‘
CC - F\/Q ve (K ’5'?9.; \¢ GUP it
START END
LAT:  peny 0y Sl e @ RS LAT:
LONG LONG:
check applicable)
Rain in past 72-h:y /7 | Weather — Current conditions
Showers [_IClear/sunny [JHeavy rain [ ]Steady rain [ ]Showers B(Clear/sunny
udy [IMostly cloudy ["Partly cloudy M ar
Stream Origin
] Perennial  Intermittent (] Ephemeral [] Tidal [] Spring-fed |z Mixture of origins [] Glacial
[ Coldwater ] Warmwater Order ] Montane (non-glacial) [] Swamp/bog [] Other,
Hydrology
ne
5% [ 125-50% M75-100% Flows Measured: Yes/No
e (10-24 ft/mi) [] Low (<10 ft/mi) ~Slope: ft/mi
Channel Morphology System: Step/Pool - Riffle/Pool - Pool (circle)

] Riffle 99 %DRunig % [] Pool \O % [] Steps g %

Dominant Substrate

[Csilticlay (fine or slick) %cobble (2.5-10”) [Woody Debris

[Jsand (gritty) Boulder (>10") St

[CIGravel (0.1-2.5") [(]Bed Rock Habitat Quality:

Land use Local Watershed NPS Pollution

&1 Forest IOO % [] Pasture % [] Urban % [ Industrial Storm Water

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

Riparian Buffer
Vegetation Type: % Forest YO % [X'Shrub/SapIing & B % [] Herbs/Grasses % [] Turf/Crops %

Riparian Width: <10 ft 11251 [ 26-50 ft [1>50ft
Stream Shading (water surface)
[IMostly shaded (275% coverage) OPartially shaded (225% coverage)

YdHaifway shaded (250% coverage{ﬁ@,ﬁ [(JUnshared (<25% coverage)

Odors Noted: Water Surface Appearance:
%Normal/None [] Sewage [] Anaerobic [ slick [] Sheen ] Globs
Petroleum [] Chemical [] Fishy [] Other ] Flecks RNone Other
Turbidity/Water Clarity:
Clear [ slightly turbid ] Turbid
[] Opaque [ stained Other
Sediment Deposits: None [] Sludge [JSawdust [ Oils [] Sand [J 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

Reach ID/Stream: C C N J\ /
5

I.D.

Impa1ct

1.D.

ER

ER

ER

ER

ER

" Modified from Unified Stream Assessment: A Us
Page 2 of 3

(Lat/ or

207
K‘""\b)!“)

faal

RE

Erosion

L M
VH
(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)

Date

Restoration

A200 9

300
SIS0 i

\0O |

Utilities in

Data Detail Sheet

Bank

Bank: Height
Protection:

Bank: H
Protection
Vegetation
*Material: Si
Bank: Height
Protection:
Vegetation
*Material:
Bank: Height
Protection:
Vegetation
*Material: Si
Bank: Height
Protection: Roots
Vegetation

initiais:

YaeaAring

Sa

Sa

%

ft, Angle
%, Root Depth

-%30.
Angle

%, Root Depth
™

/ Gravel
Angle
%, Root Depth ft

ravel 5

%, Root

Deg
%, Root Depth __ ft

*Material: Silt/Clay Sand / Gravel Cobble - %
crossing(SC), Channel

circle rock type and note %.

ers Manual, (Kitchall & Schuller, 2004)

V 1.4 October 2011



USA Cont.

REACH ID: STREAM: INITIALS: / o
(C~7 Cove (Y- st SO0 D

OTHER INFO

Connection: Poor [ Fair &Sood Vegetation: KForest O shrub/Sapling [] Tall grasses [1 Turf/crops

Habitat: O Poor [ Fair ood Encroachment: [JPoor [ Fair [J Good

Periphyton (aftached algae): Suspended Algae (phytoplankton) abundance:

Filamentous: None [ Sparse [] Moderate Abundant ] None noticeable (water basically clear)

Prostrate: None [ Sparse [] Moderate Abundant Moderate (water slightly green tinted)

Floating: R‘ None [1Sparse [] Moderate {] Abundant Abundant (water appears green)

Aquatic Plants In Stream:

Submerged: None []Sparse []Moderate [ Abundant
Emergent: [ ]None []Sparse T Moderate [J Abundant
Floating: BLNone [ Sparse []Moderate [] Abundant

Aquatic Life Observed: Wi Stream (evidence of)
MEish [Snails ﬂgrawﬁsh mllacroinvertebrates

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

(JOutfalis(OT): 1 2 3 Wpt Jimpacted Buffers(IB): 1 2 3 Wpt
Stream Crossing(SC): @ 2 3 wpt/Main Lo - OTrash(TR): 1 2 3 Wpt
ank Erosion(ER): 1 2 3 Wpt [dutilities(UT): 1 2 3 Wpt
CIChannel 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) (1 Channelized [] Bed Scour [ Sediment Deposition
Widening~nivo v« L] Aggrading [] Bank Failure [] Cuivert Scour (upstream / downstream / top)
Headcutting [] Bank scour [ Slope failure <] None (natural stabile channel) mas +1y ¢yq Y1

Channel Dimensions (facing downstream):

Lt bank Ht: (ff) Bankfull Depth &1 %Ozrco(ft) Wetted Width T Riffle/Run 5,60/
b

Rt bank Ht: 5 (fty Bankfull Width (f)) TOB Width Pool Depth
Channel Stability:

Lt Bank: Angle degrees Rt Bank: Angle degrees
LtBank Vegetation protection % cover RtBank Vegetation protection % cover
LtBank ErosionHazard: L M H VH EX (circle one) RtBank Erosion Hazard: L M H 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. =gensitive 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:

I P‘c, ;Lbk(’ \ 5 O \r\\,\\\ ‘b\u\’i\ £\, CJRiparian reforestation []Bank stabilization
Ostormwater retrofit [ JOutfall stabilization
OV ‘e Jﬁ [CChannel modification [JPS investigation
[ Culvert rehab. [ Other

/\)\)J\f@ rog\\\\-\ needcd:

Place sketch of reach on back of paae.

" 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 ’ DA (\\ob) IN!TIALS:
MEYL~ )¢ n L 5 ¢V ed

REACHSTART ..\ V2 fp 5

LAT LAT: o

LONG: LONG:

Rain in past 72-h: y /Q{
Showers_mﬁlear/sun Heavy rain [] y rain [JShowers []Clear/sunny

udy cloudy rtly cloudy ‘wa
Stream Origin

Perennial [ Intermittent [] Ephemeral [] Tidal [ spring-fed X Mixture of origins  Glacial

Coldwaterg Coolwater [] Warmwater Order’ (] Montane (non-glacial) ~ Swamp/bog (] Other
Hydrology
Flow: [ High ] Moderate [1 Low [] None N _
Base Flow as %Channel Width: []0-25% [150-75% D25 50% M?S-m_o% Flows Measured: Yes/No
Stream Gradient: [] High (=25ft/mi) ]ZModerate (10-24 ft/mi) " [] Low (<10 ft/mi) ~Slope: ft/mi
Sinuosity: [] High [ ] Moderate [_] Low . )
Channel Morghology System: Step/Pool - Riffle/Pool - Pool (circle)

X Rifie 20 % [FRun 92 % [XPool | 2 5 wpsers_ > %

Dominant Substrate
[Silt/clay (fine or slick) gpobble (2.5-10") ¢o
[ISand (gritty) Boulder (>10") = ¢ur@

ClGravel (0.1-2.5") KdBed Rock 40
Land use
E\Forestgi% IE Pasture Q'_S_% Jurban % [ Industrial Storm Water
Commercial_____ %[ JRowCrops___ % [] Urban/Sub-Urban Storm Water ~ [_] Row crops
OHay___ % [JIndustrial____ % [ ] Sub-Urban___ % ﬁCattle [] Other [] No evidence

rub/Sapling % T4 Herbs/Grassesa"5 % [] TurfiCrops %

[] 26-50 ft [1>50ft

Stream Shading (water surface

[CIMostly shaded (275% coverage) ﬁPartially shaded (=25% coverage)

[]Halfway shaded (250% coverage) [JUnshared (<25% coverage)

Water Quality Observations

Odors Noted: Water Surface Appearance:
ﬁNormal/None ] Sewage [} Anaerobic ] slick (1 Sheen [] Globs
1 Petroleum [] Chemical [] Fishy [] Other ] Flecks E{None Other
Turbidity/Water Clarity:
gmear [ Slightly turbid O] Turbid

1] Opaque (] stained ] Other

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

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



USA Reach Im Data Detail Sheet onal

Reach lDIStrear%\ Q O- . )» A { & Date: Initials:

Impact Coordinates Restoration Description
.D.! (Lat/ Long) or Opportunity
Waypoint (1-3)°

TP P
SGowe S Gode Senfe -

{
Impact Coordinates Bank Bank Rest. Bank
1.D.! (Lat/ Long) or Erosion  Lth.(ft) Opp.
Waypoint Hazerd (1-3)° O ‘
ER L H 4>  Deg
\1:* EX \C‘)‘O ; Depth _ . ft
(circle one)

ER L Mi{H) Bank: Height Angle : Deg
\“}% VH EX \‘—}‘5 Q Protection: Roots %, Root Depth Jo& __ft

(circle one)
%+
ER —F5 Deg
\60 "ﬁD\ NW ’% Depth _ -0 ft
5{;‘9“” %50
ER L M H Bank: Height T 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: Outfall(OT), Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), Stream crossing(SC), Channel .
modification(CM), Trash in stream(TR), other
Severity: 1=minor, 2=moderate, 3=severe
. 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) X
Page 2 of 3 V 1.4 October 2011



U Cont.

REACH ID: : ! STREAM: ] DATE/TIME:

PNV (M) bas fu s [hitfe
OTHER INFO:
Flood Plain Dynamics
Connection: [] Poor [] Fair E(Good Vegetation:\g:Forest MShrub/Sapling [ Tall grasses [] Turf/crops
Habitat: [ Poor Y Fair [ Good Encroachment: [] Poor  [] Fair ﬂGood
Periphyton (attached algae): Syspended Algae (phytoplankton) abundance
Filamentous: [_] None [] Sparse éMbderate Abundant None noticeable (water basically clear)
Prostrate: J None [ Sparse Moderate Abundant [] Moderate (water slightly green tinted)

Floating: /"ZLNone [0 Sparse [] Moderate [ Abundant [J Abundant (water appears green)

Aquatic Plants In Stream:

Submerged: % None [ Sparse Moderate [] Abundant
Emergent: None [ Sparse Moderate {] Abundant
Floating:  d& None []Sparse "[]Moderate [] Abundant

Aguatic Life Observed: Wijldlife/Livgstock In or Around Stream (evidence of):
ﬁljish (Snails ﬁbrawﬂsh macroinvertebrates attle Bﬁver [CDeer [JOther
Reach Impacts: (circle impact level 1=minor, 2= , and tag with a GPS waypoint(s) (Wpt) ID)
3 Impacted Buffers(IB): 1 @ 3 Wpt
2 3 Wpt 1 2 3 Wpt
3 Wpt Cutilities(UT): 1 2 3 wpt
2 3 Wpt 1 2 3 Wpt

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

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

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

Channel Dimensions (fac nz‘),: 20 |

Lt bank Ht: (ft) ’ (ft)y Wetted Width: (fty  Riffle/Run Depth_ (ft)
Rt bank Ht: (ft) (ft)) Pool Depth (f)
Channel Stability LY

Lt Bank: Angle degrees Rt Bank: Angle degrees

LtBank Vegetation protection: % cover RtBank Vegetation protection - % cover
LtBank Erosion Hazard: L M H VH EX (circle one) RtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Affected: Length Rt Bank Affected:

Whpt(s): : 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 access limited. sensitive areas to get to stream. Access by foot/ATV only.
5 [/ 4 3 2 1
Notes: (biggest problem(s) you see‘iq_suv/ey reach) Restoration Potential:

ORiparian reforestation\ﬂﬁank stabilization
[IStormwater retrofit  [JOutfall stabilization
[CJChannel modification [JPS investigation
[] Culvert rehab. ] other

Place sketch of reach on back of paae.

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



Unified Stream Assessment U

REACH ID: STREAM: . DATE/TIME: INITI Lf: P
Done s -\ T eeef (V- \wPpe 1 () \‘H , S J”
BN uo 5lccq  REACHEND ol ol gl %4
LAT i L) LAT:
LONG: Cov®- € R & 4i,q LONG:

Rain in past 72-h:y/n  Weather — Current conditions
[JHeavy rain []Steady rain owers [IClear/sunny [JHeavy rain []Steady rain [JShowers []Clear/sunny

[IMostly cloudy [JPartly cloudy [IMostly cIoudyEPartly cloudy
Stream Origi
Perennial [] Intermittent [_] Ephemeral [] Tidal [] Spring-fed iZ'Mixture of origins [] Glacial
r [] Coolwater [[] Warmwater Order [ ] Montane (non-glacial) [ (] Swamp/bog [] Other
Hydrology

Flow: [] HighMModerate [] Low [J None
Base Flow as %Channel Width IZIO-25%\@0—75% [125-50% []75-100%

Stream Gradient: igh (>25ft/mi) [_] Moderate (10-24 f/mi) [] Low (<10 ft/mi)

Sinuosity: [ ] High rate [] Low

Channel Morphology System - Pool (circle)
A Riffle © O % T Run 55 o [Apool _\ ; % [] Steps %

Dominant Substrate

[Isilt/clay (fine or slick)  “{ZICobble (2.5-10") _Debris Und Wad; ) [teaf Packs
[]Sand (gritty) Boulder (>10”) Dg:sgz:'?,?ants ndercut Ban
[Gravel (0.1-2.5") [1Bed Rock Habitat Quality: " r ood  Optimal
Land Land use Dam A Local Watershed NPS-Pollution—
R B aat ity
mForest 2‘5 % Pasture % [Jurban % [ Industrial Storm Water
[] Commercial % [] Row Crops % [J Urban/Sub-Urban Storm Water ~ [] Row crops
(] Hay % [] Industrial % [] Sub-Urban % [ Cattle [] Other No evidence

Riparian Buffer
Vegetation TypeEForest)B % []Shrub/Sapling___ % %HerbslGrassescg 2> % []Turf/iCrops ___ %
Riparian Width: [J<10ft  []11-25 ft 26-50 ft > 50 ft @ Y LA -vaad P

Stream Shading {water surface) Yo [N ed
[CIMostly shaded (=75% coverage) %"amally shaded (225% coverage)

[JHalfway shaded (250% coverage) Unshared (<25% coverage)
Water Quality Observations

Odors Noted: Water Surface Appearance:
HNormaI/None [] Sewage [] Anaerobic 7 slick [C] Sheen 1 Globs
(] Petroleum [] Chemical [] Fishy [] Other ] Flecks \ENone [] other
Turbidity/Water Clarity:

Clear L] Slightly turbid [] Turbid

Opaque [] stained ] Other
Sediment Deposits:HNone [] Sludge []Sawdust []Oils [] Sand [[] Relict shelis

\‘!‘0\ o \\w by ) ) LV 1. OW/M") rﬁ”lb,j

b (\oL Conwtrgioy B o0t L b o)
" Modified from Unified Stream Assessment A Users Manual, (Kitchall & Schuller, 2004)

Page 1 of 3 V14 Octobgr 2011
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USA
Reach ID/Stream:
Toneg -

Coordinates
(Lat/Long) or
Waypoint

@5 s
B

Impact
.D.!

ot e

-1

(Mo

Im Data Detail Sheet onal
Date: . Initials:
{3 M 4’/4{ ( oL
Restoration Description
Opportunity
(1-3)°
\ Wt -
Loty —J6% ¥ 2}
Ve — 207 bV € 500
4y Q0% arple
5% Rudls 2N R ¥ d"f&}”
VO S \[eﬁ_ Cabb\ﬂ ?Q&’

N A~ & aw/ Cordts /[IH—N ~ 0
Coordinates Bank Bank Rest.
(Lat / Long) or Erosion Lth (ft) Opp.
Waypoint Hazard (1-3)°
ER k: Height Angle
Q% Protection %, Root Depth _ 4 ft
—_ Vegetation % )
) *Material: Sil’Clay Sand /Grave Cobb %72
ER L J Bank: Height Angle Deg
w@ \ Protection: %, Root Depth _Z __ft
(circlé Ohe) Vegetation %
‘Material: Silt/C Sand / Gravel bble
ER L M Bank: Height Angle
VH Protection: Roots %, Root Depth
( Vegetation __* %
. *Material: / Gravel
ER L M H Bank: Height Angle
VH ?\ Protection %, Root Depth ft
(circle one) Vegetation D %
*Material: Si Sand / %
L M H Bank: Height Angle
‘Lp ﬂ~ VH \’}S 2) Protection: Root Depth __ 4. ft
' (circle one) ‘ Vegetation %
“Material: lay Sand / %{aS

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

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

2 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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USA Cont.

REACH.ID: STRE_A\M:
J‘/\\ﬂ g - - \)(}(\p g (V .
OTHER IN

Flood Plain Dynamics
Connection: [] Poor [ Fair Good
Habitat: O Poor [ Fair

Periphyton (attached algae):
Filamentous: [] None Sparse

Prostrate: %None [] Sparse

Floating:

Sparse

Vegetation:

Moderate [] Abundant
Moderate [] Abundant
None [ Sparse [ Moderate [ Abundant

4 2

NQForest [ Shrub/Sapli Gﬁ\TaII grasses [] Turf/crops
Encroachment: [J Poor [ Fair lﬁ\ ood

Algae (phytoplankton) abundance:
noticeable (water basically clear)
Moderate (water slightly green tinted)
[] Abundant (water appears green)

O Moderate ] Abundant

Sparse []Moderate [] Abundant

Sparse [ ] Moderate [ Abundant
Aquatic wild In or Around Stream (evidence of):
@\Eish [JSnails Crawfish EfMacroinvertebrates [Jcattle KDeer
Reach (circle impact level 1 , 2=moderate, 3=major, and tag with a waypoint(s) (Wpt) ID)

: 2

Notes:

If any of these i are ificant use back of

Channel Dynamics:

mpacted Buffers(IB) 3 Wpt
Trash(TR): 1 2 3

Outilities(UT): 1 2 3 Wpt
(Jother

12 3 Wpt

1 (pg. 2) for detailed description.

Incised (degrading),  [] Channelized ] Bed Scour [ Sediment Deposition
Widening ™ Vv v« \ Aggrading [] Bank Failure ] Culvert Scour (upstream / downstream / top)
[ Headcutting Bank [ Siope failure J None (natural stabile channel)
ng downstream) Y
Bankfull Depth Wetted Width Riffle/Run O.
Bankfull Width TOB Pool Depth
Channel Stability:
Lt Bank: Angle degrees Rt Bank: Angle degrees

LtBank Vegetation protection: % cover

LtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Affected:

Whpt(s):

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

5 4 3
Notes: (biggest problem(s) you see in survey reach) 7

Place sketch of reach on back of page.

RiBank Vegetation protection % cover
RtBank Erosion Hazard: L M H VH EX (circle one)
Length Rt Bank Affected:

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

2 1
Restoration Potential:
[CJRiparian reforestation [(Bank stabilization
[IStormwater retrofit  [JOutfall stabilization
[JChannel modification [JPS investigation
[ Culvert rehab. [ Other

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

Page 3 of 3
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Unified Stream Assessment USA

REACH ID; (2/ _ \ STREAM: ( oo P_)a'”ﬂ DA(]-TEV\EL INITI%N)

REACH START REACHEND  Rridc oo cr @Ayl
LAT LAT:
LONG:

r

ondit ons (¢ t applicable
Weather — Antecedent (24-h) Rainin past 72-h: y/n  Weather — Current conditions
[JHeavy rain [_]Steady raino?{o‘howers CIClear/sunny [JHeavy rain []Steady rain [ ]Showers [JClear/sunny
[CIMostly cloudy [JPartly clolidy [(OMostly cloudy KJPartly cloudy

Perennial [] Intermittent [_] Ephemeral [] Tidal ] Spring-fed  Mixture of origins [] Glacial

Coldwater [[] Coolwater [_] Warmwater Order (] Montane  n-glacial) [] Swamp/bog [_] Other
Hydrology i q
Flow: [] High [S] Moderate [ ] Low [] None ‘ 4
Base Flow as nel Width: [[10-25% [450-75% [125-50% [ 175-100% Flows Measured
Stream Gradient: h (=25ft/mi) [] Moderate (10-24 ft/mi) [] Low (<10 ft/mi) ~Slope ft/mi
Sinuosity: [ ] Moderate [ ] Low
Channel I\Mphologx System: Step/Pool Pool (circle)

E{Rn"ﬂe % ARun 2= ?75 % ﬂPool P20 %O Steps - %

Dominant Substrate

[silticlay (fine or sfick)  [<Cobble (2.5-10") Wads ~ []Leaf Packs

%z?;]\?e(ligﬁy-)z.S") Vaggglgi:fm") l:lAg,uatic Pl.ants ‘ Ban\';egetation _
- ; Habitat Quality: [JPoor [JFair [ Optimal
o
%Epastu ] Urban % [ Industrial Storm Water
Commercial_____ % [ JRowCrops___ % ] Urban/Sub-Urban Storm Water ~ [] Row crops
[dHay___ % [ Industrial____ % [1Sub-Urban___ % [] Cattle [] Other evidence

Riparian Buffer
Vegetation Type:\% Forest 7° % [ Shrub/Sapling % g Herbs/Grasses 5 % [] Turf/Crops %

Riparian Width: {J<10ft  [J11-25%t [A2660ft  [1>50% | B oAl 7;0 2h _\es s
Stream Shading (water surface
[IMostly shaded (275% coverage) Wartially shaded (225% coverage)
[CJHalfway shaded (250% coverage) [JUnshared (<25% coverage)
Water Quality Observations
Odors Noted: Water Surface Appearance:
%Normal/None [] Sewage [ 1 Anaerobic [ Slick (] sSheen [] Globs
Petroleum [] Chemical [] Fishy [] Other [] Fiecks ﬂNone [ other,
Clarity:
] Slightly turbid ] Turbid
0 [] Stained Other
Sediment Deposits &LNone [ Siudge [0 sawdust [ Oils [] Sand ] Relict shells

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

Initials

X S

feoy vgned

for

Angle _¥O Deg
%, Root Depth _2 ft

%
Sand / Gravel le %?0

Angle
%, Root Depth
%
Sand /G
Angle
%, Root Depth __. ft

Cobble

-%
>

Sand / Gravel
Angle
Root Depth

%

Sand / Gravel £6bble) %5 7
ft, Angle ~—" Deg
_%, Root Depth ft

%

USA Reach | Data Detail Sheet
Reach | / « Date: / ‘
Impact Coordinates Restoration
1.D.! (Lat/Long) or Opportunity
Wavpoint (1-3)°
7
“2 R
D) s‘
Impact Coordinates Bank Bank Rest. Bank
1.D.! (Lat/ Long) or Erosion  Lth.(ft) Opp.
Waypoint Hazard __ (1-3)°
ER L M(H/ Bank: Height
VH E:;(“D / Protection
(circle one) h Vegetation
*Material: Silt/Clay
ER M H Bank: Height
\b’f \ EX Protection:
one) Vegetation
. *Material: Silt/Clay
ER Height
YYD Protection:
& Ab Vegetation _7. %
T *Material:
. L MR Bank: Height
\*Jr\ VH E f}}\’) \ Protection: Roots
/\ (circle one) Vegetation
*Material: Silt/Clay
ER \‘i{, L M H Bank: Height
Q7 \1(} VH EX I Protection: Roots
L Vegetation

, \ (circle one)

BB 6y 0,
Impacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(l
modification(CM), Trash in stream(TR), other.

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

. 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 %

, Utilities in channel(UT), Stream

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

“Material: Silt/Clay

Sand / Gravel Cobble - %
Channel

V 1.4 October 2011



U Cont.

REACH ID;_. STREAM: > INITIALS;
Fh-\ (oory Dty 7 1» MR

OTHER

Flood Plain

Connection: Poor [ Fair ood Vegetation:\m; Forest [] Shrub/Sapling. E\Tall grasses [] Turf/crops
Habitat: Poor [ Fair Encroachment: [ ] Poor [ Fair Good .
Periphyton (attached algae): Suspended Algae (phytoplankton) abundance

Filamentous: [] None ,E/Sparse [] Moderate [] Abundant X None noticeable (water basically clear)
Prostrate: [ None [1] Sparse Moderate [] Abundant [ Moderate (water slightly green tinted)
Floating: (B:None [ Sparse Moderate [] Abundant [ Abundant (water appears green)

Aquatic Plants Ip Stream:

Submerged: None []Sparse [JModerate [J] Abundant
Emergent: None Bd'Sparse [J] Moderate [] Abundant
Floating: /'E:None [ sparse [ Moderate [ Abundant

Aquatic Life Observed: Stream ( of)
\ﬁfish [ISnails Crawfish™~{&Macroinvertebrates

Reach mpacts (circle impact level 1 minor 2=mod ID)
Qutfalls(OT) 2 3 Wpt
O m Crossing(SC) 1 2 3 Wpt

ErosionER)  (2) 3 Wpt [JUti ities(UT) 2 3 Wpt

Channel Modification(CM) 1 2 3 Wpt [Jother 2 3 Wpt
Notes:
If any of these impacts are use back of page 1 2) for detailed description.
Channel Dynamics

Incised (degrading) [0 Channelized [ Bed Scour [T Sediment Deposition

Ming O Aggrading (] Bank Failure O Culvert Scour (upstream / downstream / top)

Headcutting Bank scour »we  [] Slope failure [] None (natural stabite channel)

Channel Dimensions (facing downstream): .
5o ?@ . O

Lt bank Ht: - - (ft) Bankfull Depth ’ Wetted Riffle/Run
Rt bank Ht: 4. 5 (fty Bankfull Width TOB Width: Pool Depth
Channel Stability:
Lt Bank: Angle degrees Rt Bank: Angle degrees
LtBank Vegetation protection % cover RiBank Vegetation protection % cover
LtBank Erosion Hazard: L M H VH EX (circle one) RtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Affected: Length Rt Bank Affected:
Whpt(s): Wpt(s):

Reach Accessibility For
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. Veh 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:

CJRiparian reforestation [JBank stabilization
[JStormwater retrofit ~ [JOutfall stabilization
CJChannel modification [JPS investigation
[ Culvert rehab. [ other

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: F \P) '(;)\ STREA%:Q)\ ﬂj \‘ Ry 7)?)_ D?/{Eg )J\

START H END
LAT: LAT:
LONG: LONG:

Average Cond
Weather — Antecedent (24-h) Rain in past 72-h:y/n  Weather — Current conditions
[(JHeavy rain [Steady rain [JShowers []Ciear/sunny [JHeavy rain [ ]Steady rain []JShowers [_JClear/sunny

CIMostly cloudy Partly cloudy [IMostly cloudy [APartly cloudy
Stream Oriqi

Perennial [] intermittent [ ] Ephemeral [] Tidal ] Spring-fed ig_Mixture of origins [ ] Glacial

Coldwater ] Coolwater [_] Warmwater Order ] Montane (non-glacial) [] Swamp/bog [] Other
Hydrology
Flow: [] nghﬁModerate [J Low [] None
Base Flow as %Channel Width: [ ]0-25% []50-75% [125-50% []75-100% Flows Measured: Yes/No
Stream Gradient: [] High (=25ft/mi) [] Moderate (10-24 ft/mi) ] Low (<10 ft/mi) ~Slope: ft/mi
Sinuosity: [ ] High [J Moderate [ Low
Channel Morpholo System Riffle/Pool  Pool (circle)

Brifle 10 % A Run 20 % [ Poot ¢ > " % Phsteps 2%

Dominant Substrate

[Isilvclay (fine or slick)  BICobble (2.5-10") Debris WadsB ) [Leaf Packs
Csand (grty) CIBoulder (>10 R s " Vegetation

DGraveI (0.1-2.5") DBEd Rock Habitat Quality: [CIFair ] Optimal

Land use ;

IB(ForestQZ( ) %EPasture £ % |:] Urban ____ % [ Industrial Storm Water iy o
[J Commercial_____ % /IE Row Crops __--" ,.5'9 % ] Urban/Sub-Urban Storm Water ﬁRow crops
] Hay % [J Industrial % [] Sub-Urban % [ Cattle;[ ] Other ] No evidence

Riparian Buffer .
Vegetation Type %Forest Dy, (] shrub/Sapling __ % iHetbs/Grasses 02 Qo [ TurfiCrops ____ %

Riparian Width: {J<10ft  [111-25ft ‘I26-50ft  [0>50M - © R

Stream Shading (water surface

[CIMostly shaded (275% coverage) jﬁpartially shaded (225% coverage)

[CJHalfway shaded (=50% coverage) [JUnshared (<25% coverage)

Water Quality Observations

Odors Noted: Water Surface Appearance
\gNormallNone [] Sewage [] Anaerobic [ Slick Sheen ] Globs

Petroleum [] Chemical [] Fishy [] Other 1 Flecks None Other

Turbidity/Water Clarity:

[ Clear Slightly turbid ] Turbid

}ZOpaque ] stained ] Other

Sediment Dep sits: El/{one [] 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



Reach Im Data Detail Sheet nal

Reach ID/Stream: = .\ Date: =10 Initials:
F‘:‘ ,-: /) /%m/ ) +vt‘ ! *}Q
Impact Coordinates Restoration Description
.D.! (Lat/ Long) or Opportunity
Waypoint (1-3)°

;
R e
Impact Coordinates Bank Bank Rest. Bank information for
.D. (Lat/ Long) or Erosion  Lth.(ft) Opp.
Waypoint Hazard (1-3)°
ER M H - Bank: Height Angle Deg
01 = Ex |, 0 P Roots %, Root Depth
' one) % o o
S Sand / % ~0)
ER L .M H R 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] i Bank: Height Angle Deg
VH EX £ Protection: Roots %, Root Depth ft
(circle one) p ' Vegetation %
*Material: Silt’/Clay Sand / Gravel Cobble - %____
L. M H , , i
"VH - EX b Depth .5 ft
(circle one) oo
%CJ ¢ )
ER L M H Bank: Height Angle _—— ~% > Deg
VH EX ' Protectio %, RootDepth /I ft
(circle one) Vegetatio o i
‘Material. WC  Sand / Gravel %’
Impacts: Outfall(OT), Bank Erosion(ER), Impacted buffer(IB), Utilities in channel(UT), crossing(SC), Cha
) modification(CM), Trash in stream(TR), other
Severity: 1=minor, 2=moderate, 3=severe <
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) ’x, A
Page 2 of 3 V 1.4 October 2011



U Cont.
REACH ID:I ;. STREAM: DATE/TIME NITIA{.J

("J /
INFO:

Flood Plain Dynamics

Connection: [] Poor [ Fair Vegetation: ‘[] Forest [] Shrub/Saplin {1 Tall grasses [] Turficrops
Habitat: [ Poor [J Fair Encroachment: [] Poor []Fair [ Good
Suspended Algae (phytoplankton) abundance
Moderate [] Abundant T None noticeable (water basically clear)

Moderate [ Abundant [] Moderate (water slightly green tinted)
Moderate [] Abundant [0 Abundant (water appears green)

Aquatic Plants In Stream:

Submerged: -[] None Sparse [] Moderate [] Abundant
Emergent: -None Sparse [] Moderate [J Abundant
Floating: ‘¥l None [dSparse [ Moderate [ Abundant

Life Wildlife/Livestock In or,Around Stream
sh [ISnails [COMacroinvertebrates éattle [1Beaver "E/Qee.—
, and tag with a waypoint(s) (Wpt) ID)
mpacted Buffers(IB):r 3 Wpt

[OTrash(TR): 1 2 3 Wpt
Cutilities(UT): 1 2 3 Wpt

1 2 3 Wpt

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

ncised (degrading) [ Channelized [ Bed Scour [J sediment Deposition

Widening Aggrading [] Bank Failure [ Culvert Scour (upstream / downstream / top)

Bank scour [ Slope failure [J None le channel)
Channel Dimensions (faci
Lt bank Ht: () Wetted Width Riffle/Run
Rt bank Ht.___ &~ (ft) Bankfull Width TOB Pool Depth
nel Stability:

Lt Bank: Angle degrees Rt Bank: Angle degrees
LtBank Vegetation protection: % cover RtBank Vegetation protection % cover
LtBank Erosion Hazard: L M H VH EX (circle one) RtBank Erosion Hazard: L M H VH EX (circle one)
Length Lt Bank Affected: Length Rt Bank Affected:
Wpt(s):

Reach Accessibility For Restorati
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. access limited. sensitive areas to get to stream Access by foot/ATV only.

5 3 2 1

Notes: (biggest problem(s) you see in suﬁrey_;gach')/

n Esank stabilization
Outfall stabilization
[Jchannel modification []PS investigation
[ Culvert rehab. [ other

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 U

REAC&P% . ﬂ) % STREAM: DATEd'/I' . S IN
7 -
U~

REACH START LA |)\\ \73 L) . REACH END
LAT:

Weather — Antecedent (24-h) Rainin past 72-h: y/n  Weather — Current conditions
[CIHeavy rain D\?&fdy rain [_JShowers [JClear/sunny [JHeavy rain [ ]Steady rain []JShowers [JClear/sunny

[ IMostly cloudy [XIPartly cloudy [OMostly cloudy artly cloudy
nnial [] Intermittent [] Ephemeral [ ] Tidal [] Spring Mixture of origins [] Glacial

Coldwater [] Coolwater [_] Warmwater Order ] Montane non-glacial) [ ] Swamp/bog [_] Other
Hydrology
Flow: [] High X Moderate [] Low [] None
Base Flow as %C  nel Width: [ ]0-25% /&5_0—75% [J25-50% [175-100% Flows Measured: Yes
Stream Gradient: (>25ft/mi) [] Moderate (10-24 ft/mi) Low (<10 ft/mi) ~Slope: ft/mi
Sinuosity: [ ] High  Moderate [ ] Low
Channel Morphology System: Step/Pool Pool (circle)

ERifﬂe 40 %\D(Run A r~2 % &[Pool ;;)?; % [] Steps %

Dominant Substrate

[ISiltclay (fine or slick) Cobble (2.5-10") 5 ,tPe"”s ; Waf-; ) UlLeaf Packs
. n eposition naercut ban
EZand (|ggtt1y)2 5 ggo(l;lger 5:10 ) Saquatic Plants Vegetation
ravel (0.1-2.5) ed Roc Habitat Quality: [JPoor [JFair [ optimal
Land use Local Watershed NPS Polfution
% [] Urban % [ Industrial Storm Water
Row Crops % [] Urban/Sub-Urban Storm Water ] Row crops
] Hay % [] Industrial % [] Sub-Urban % [] Cattle [] Other ] No evidence
Riparian Buffer
Vegetation Type [ F O [Jshrub/Sapling %  HerbsiGrasses 1O % [ TurfiCrops ___ %
Riparian Width: []<10 ft 1-25 50ft )
[CIMostly shaded (275% coverage) shaded (225% coverage)
[CHalfway shaded (=50% coverage) Unshared (<25% coverage)
Water Quality Observations
Oders Noted: Water Surface Appearance:
‘%{ormalmone [[] sewage [ ] Anaerobic [ slick Sheen [] Globs
Petroleum [] Chemical [] Fishy [] Other [ Flecks one [] Other

Turbidity/Water Clarity:

(] Slightly turbid (] Turbid

[] Stained [] Other
Sediment Deposits EiNone ] 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



Reach

Impact
LD.'

5l
o

mnan

I.D.

ER
ER
ER
ER

ER

Impacts:

5

Coordinates
(Lat/ Long) or
‘Wavpoint

Coordinates
(Lat/Long) or
Waypoint

(OT), Bank Erosion(ER), Impacted

USA ct Data Detail Sheet
Date: Initials:
A5y
Restoration
Opportunity
(1-3)° ‘
Somp T (as h \~ Areg
1.5 5 Accesy {pan R B
5 /% - o) h 8¢
Bank Rest. for
Lth. (ft) Opp.
(1-3)°
L H 7 JEND Bank: Height Angle 0 Deg
VH Yamy,, ©)  Protectin: %, Root Depth /4y _ft
(circle one) S = % A
E‘ Silt'C d/G  Co 9% 1o
L M E HY Bank: Height Angle
VH f‘éb\ Protection: %, Root Depth ft
(circleone) %
- Sand / Gravel Cobble) % 2=
L M (H/ Bank: Helght—" ft, Angle_ " Deg
VH EX Protection: Roots %, RootDepth ___ ft
(circle one) Vegetation %
“Material: Silt/Clay Sand / Gravel Cobble - %
L M H Height ft, Angle Deg
VH EX Protection: Roots _%, Root Depth ft
(circle one) Vegetation %
*Material; Silt/Clay Sand / Gravel Cobble - %
L M H Bank: Height ft, Angle Deg
VH EX Protection. Roots _%, Root Depth ft
(circle one) Vegetation %

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

*Material: Silt/Clay Sand / Gravel Cobble - %
B), Utilities in channel(UT), Stream crossing(SC),
472,35

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

Page 2 of 3
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REACH ID: STREAM:
MR \
P = a 02 AR
OTHER INFO:
Flood Plain
Connection: Poor [ Fair
Habitat: Poor [ Fair

Periphyton (attached algae):

DYOA o <

USA Cont.

D?»T?ITIM INITTﬂ

Encroachment: [] Poor [ Fair Good
Suspended Algae (phytoplankton) abundance:

Vegetation: =Y Forest [] Shrub/SapIifg &Tall grasses [] Turf/crops

Filamentous: None []Sparse [ 1M derate [ Abundant ] None noticeable (water basically clear)
Prostrate: [ None [] Sparse %M derate [] Abundant [(J Moderate (water slightly green tinted)
Floating: gNone (] Sparse M derate [] Abundant [] Abundant (water appears green)
Aquatic In Stream
Submerged [ Sparse []Moderate [] Abundant
Emergent: None Sparse []Moderate [] Abundant
Floating: None []Sparse []Moderate [ Abundant
Life Around Stream (evidence of)
[Jsnails sh [IMacroinvertebrates attle [JBeaver r  Other Nt~y \e§
Reach Impacts: (circle impact level 1=minor, , 3=major, and tag witha G (Wpt) ID)
B 23
2 3 wpt (TR) 23
3 Wpt Utilities(UT): 1 2 3 Wpt
1 2 3 Wpt [other 1 2 3 Wpt

Notes:

If of these impacts are significant use back of

Channel Dynamics:
[ Incised (degrading)

idening N~ v/
[] Headcutting

Channel Dimensions (facing downstream):

Lt bank Ht:
Rt bank Ht:

Channel Stability:
Lt Bank: Angle degrees
LtBank Vegetation protection:

Length Lt Bank Affected
Wpt(s):

Good: Open area in public ownership.

Easy stream channel access by vehiclg” “Stre
5 4

Notes (biggest problem(s) you see m‘survey reach) 2
‘{i.(/:u TN [\ *\”( (( v bl o ( L2

B Cm e '\[_;u‘(\\ N af

Place sketch of reach on back of page.

4 .
oA

(ft) Bankfull Depth

(fty Bankfull Width ()

% cover
LtBank Erosion Hazard: L M H VH EX (circle one)

ir: Forested or developed near
m. Vehicle access limited.

[] Bed Scour
[] Bank Failure
[ Slope failure

2) for detailed description

[] Sediment Deposition
[] Culvert Scour (upstream / downstream / top)
] None (natural stabile channel)

>

(ft)y Wetted Width: (fty  Riffle/Run Depth (ft)
TOB Width: () Pool Depth
Rt Bank: Angle degrees

% cover

RtBank Vegetation protection
M H VH EX (circle one)

RtBank Erosion Hazard: L
Length Rt Bank Affected
Wpt(s):

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:

iparian reforestation EBank stabilization
[JStormwater retrofit  [[JOutfall stabilization
[JChannel modification [JPS investigation
O Culvert rehab. [J other

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

Page 3 of 3
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Appendix D

Non-Point Source Matrix
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Appendix E

WIM Modeling



F\(\o\\ w \an\LS hS U\\'\P«U(‘Q\ roads O‘ \@1))4

This table summarizes the pollutant loads and runoff volumes from Uncontrolled pollutant sources, including both the Primary Sources and Secondary Sources included in the "Sources” tab The
purple cells summarize loads from each broad category of sources Note that, while the summary table presents only the Tolal Surface Water loads, this table also breaks out the difference between
loads during storm events (i e , Lhe Storm Load) and the loads accuring during dry weather conditions (i e , the Non-Stormwaler Load)

Source Loads
Primary Sources

Runoff Volume (acre-

TN (Ibivear} TP {Iblvear) TSS (Ib/vear) Fecal Coliform (billion/vear) feet/vear
LDR (<1dufacre} 1 38 70782
MODR (1-4 du/acre) 5 813 1513
HDR (>4 du/acre) ) 4]
Multifamily 0 0 0
0 a )
0 4]
0 0 o]
a
o 0
0 0
Commercial 0 0 0
0 0 4] 4]
4] o
0 0 1] 1]
0
Roadwav 79910
0 [} o]
0
0 o] o 0
0 0
induslrial [} 0 0 0
) 0
0 t
0 0 (
0
0 a
s} o 0
o]
o
Rural 1 3 177 500 A9
Q
[ 1] 0 0
4] [1]
o] o 0 0
4]
o) o
0 0 0
0
0 0 0
Open Water 81 0
Active Conslruction 0 0 0
Total Surface Water Primary Source Load 28.193 2,989 1.040.363 230.736 1. 3
Primary Source Storm Load 15.117 2170 948. 736 1.573
Primary Source Non-Stormwater Load 13. 76 819 92,097 0 0

Secondary Sources
Secondary Load to Surface Waters

OSDSs - Surface 34 229
SS0s a
CSOs b} o a
lllicit Connections
Channel Erosion 25 1 BOO QDO 0 a
Hobbv Farms/Livestock 0
Marinas 0 a
Road Sanding 0 o] 0
Point Source Discharaes o}
Total Surface Water Secondary Source Surface Load 2.554 1.2¢ 1,800 229 369 0
Secondary Source Storm Load 2,20 1.260 1.800.000 0
Secondary Source Non-Stormwater Load 34 [ 2: 369 0
to
OSDSs- Subsurface 382 ] 0 0
Total Groundwater Load 8 0 0 0

wtm 2013 - Lee Creek - JC-1



I'tus table summarizes the pollutant loads and runoff volumes from Uncontrolfled pollutanl sources, including both the Primary Sources and Secondary Sources included in the "Sources" tab The
purple cells summarize loads from each broad category of sources Note that, while the summary table presents only the Total Surface Waler loads, lhis table also breaks out the difference between
loads during storm events (i e , the Storm Load) and the loads occuring during dry weather conditions (i e , lhe Non-Stormwater Load)

Primary Sources
Runoff Volume (acre-

TN (Ibivear) TP (Ib/vear) TSS (Ib/vear) Fecal Coliform fbillion/veari feet/vear)
MDR 1-4 du/acre) 147 22 a
HDR >4 du/acre) 0
Multifamilv n 4]
0 0
0 4] 0
0 a 0 o]
0 o
0 0
0
e 0
0 4]
a o
g a 0 a
1] 4]
58 29 194
0 J
0
Q a
0 1]
0 1] 0 0 0
0 0
1] o
4] 0
a
Forest 3378 168 B840 20 661 2280
Q0 0 0 0
0 0 0 ] 0
a 0
0 0
Rural 24 950 3 21 536 712
0
0 0
o 4] 0 ]
o 0 [y o 0
0 0 0
o o
a 0
0
0 0
Qoen Water 5 1 [o] ]
0 V] 1]
Total Surface Water Primary Source Load 71.780 7.863 606 1 3
Primarv Source Storm Load 38. 94 570 806.691 3.963
Primary Source Non-Stormwater Load 33.586 2152 223.124 [} 0

Secondary Sources
Secondary Load to Surface Waters

0SD  Surface 81 ‘
SSOs °
CSOs 0 o
0 0
¢ )57 2 129 2 898 000 0 0
Hahhv F arms/Livestock 0 0
Marinas 0 a

=]
Q

Point Source Discharaes

Total Surface Water Secondary Source Surface Load 2,042 2,898.543 874 0
Secondarv Source Storm Load 4.057 2.029 2.89 1.000
Source 543 874 0
Load to
Total Groundwater Load 906 20 0 0 0

wtm 2013 - Lee Creek - LLC-1



This table summarizes the pollutant loads and runoff volumes from Uncontrolied poilutant sources, including both the Primary Sources and Secondary Sources included in the "Sources” tab The
purple cells summarize loads from each broad category of sources Note lhat, while the summary lable presents only the Total Surface Water loads, this table also breaks out lhe difference between
loads during slorm events (i e , the Slorm Load) and the loads occuring during dry weather conditions (i e , the Non-Stormwater Load)

Source Loads (Without Practices)
Primary Sources

Runott Volume {acre-

TN iib/ivear) TP {Ib/vear TSK fthivear) Fecal Coliform {billionivear) feet/vear)
LDR (<1du/acre} 10 534 300 48 241 1 850
MDR (1-4 du/acre) 7 15 14 538 59
HDR (>4 dufacre) 0 o 0
Multifamily a
0 a 4]
4] 0 0
0 0
a 0 0
) 0 ]
] 0
Commercial 0 0 0
4] 0
a o J
4] ¢}
0 4]
Roadwav 96 839 0 537
0 1]
0 [¢] 0
0
0 [ o
Industrial o]
] o
0 0 ]
0 4]
4] [¢]
Forest 186 12 255 ' 440
0 0 o
0
0 0 1]
o 0 o
Rural 2 8 1280 700 499 473 2
) 0
0
o
0
0 a
o} 0 0
0 b}
0 0 0
0 a
Open Water 4019 157 4]
Active Construction o] 0
Total Surface Water Primarv Source Load 227. 79 8.350.389 1.706.544 14.447
Primary Source Storm Load 121129 16.711 7.609.575 1.7 544 14417
Primary Source Non-Stormwater Load 106.049 8. 314 0 0
Secondary Sources
Load to Surface
SS0s ] o] a
CSOs 0 n
lllicit Connections
Channel Erosion 5048 2 000 0
Hobbv Farms/Livestock 0 0
Marinas o 0 ¢}
Road Sanding 0 0
Poinl Source Discharaes 0 4]
Total Surface Water Secondary Source Surface Load 5.416 2.585 3. 449 3, 0
Secondary Source Storm Load 5. 3.606.000 0 (]
Secondary Source Non-Stormwater Load 387 61 2 49 3 45 0
to
OSDSs- Subsurface 4081 an 0
Total Groundwater Load 4,081 90 0 0 0

wtm 2013 - Lee Creek - LLC-2



This table summarizes the pollulant loads and runoff volumes from Uncontrofled pollutant sources, including both the Primary Sources and Secondary Sources included in the "Sources" tab The
ourple cells summarize loads from each broad category of sources Nole that, while the summary table presents only the Total Surface Water loads, (his lable aiso breaks out the difference between
oads during storm events (i e , the Storm Load) and the loads occuring during dry weather conditions (i e , lhe Non-Stormwaler Load)

Source
Primary Sources
Runoff Volume (acre-
TN (Ib/vear} TP (Ib/vear) TSS (Ibivearl Fecal Coliform (bitlionivear) feetivear)
LDR (<1dufacre) € 1384 218 706 40¢ 839 1, 1486
13 397 5
HDR (>4 du/acre)
Multifamilv 0 0 o
0 1] 0
0
0 0 0
) 0 0
1] 0 0
0 n
Commercial o] 0
0 o] 0 o
0
0 1]
v 0 0
Roadway 123 R17
0 0 0
4] 0
f [s] 0 o
0 0 0
Industrial 0 n
0 0 o] 0
0
a 0 s} 4]
] 0
Forest R4 5 160 630 019 7 560
4] 0 4]
o
0 0 0
o
Rural 34 882 295 737 1092
1] o
0 ] 0
0 o 1]
0 0
0 [} 0
0 4]
4] 0 0
4] 0
0 1]
Ooen Waler 2 103 0
Active Canstruction 0 [a]
Total Surface Water Primary Source Load 178.692 17.464 7.083.883 13,223 11.038
Primary Source Storm Load 95.624 12,21 1.346.223 11.038
Primary Source Non-Stormwater Load a3 4.743 600.846 0 0
Secondary Sources
to
OSDSs - Surface 811 135 E 05
SS0s 4] o
CSOs 0 [} 0
{llicit Connections 0 0
Channel Frasion 7 3 3 4 5 534 000 0
Hobby Farms/Liveslock 8 4 144 0 0
Marinas 0 0
Road Sandina 0 t a a
Paoint Source Discharaes n 0
Total Surface Water Secondarv Source Surface Load 8 2 4153 5.539.405 40.385 (
Secondary Source Storm Load 8.612 4.018 5.534 000 31, 0
Secondary Source Non-Stormwater Load 811 136 5.405 8.705 0
Secondary Load to Groundwater
OSDSs- Subsurface 9 198 a
Total Groundwater Load 9, 199 0 ) 0
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This table summarizes the pollutant loads and runoff volumes from Uncontrolled pollutant sources, including bolh the Primary Sources and Secondary Sources included in the "Sources" tab The
purple cells summarize loads from each broad category of sources Note that, while lhe summary lable presents only the Total Surface Waler foads, this table also breaks out the difference between
loads during storm events (i e , the Storm Load) and the loads occuring during dry weather conditions (i e , the Non-Stormwater Load)

MDR (1-4 du/acre)

HOR (>4 du/acre)
Multifamilvy

Commercial

Roadwav

Industrial

Farest

Rural

Open Waler
Aclive Construclion
Total Surface Water Primarv Source Load
Primary Source Storm Load
Primary Source Non-Stormwater Load

econdary Load to Surface Waters
OSDSs - Surface
SS0s
CS0Os
lllicit Connectlions
Channel Erosion
Hobby Farms/Livestack
Marinas
Road Sandina
Point Source Discharaes
Total Surface Water Secondary Source Surface Load
Secondary Source Storm Load
Source
Load to G

Total Groundwater Load

Secondary Sources

10,133
9.794

3,760

Sources
TN {lbfvear) TP {Ib/vear)
0
0
0
0 0
0
0 0
o
]
0
0
0 0
30
0
0 0
0
0 o
0
n
24. 10
0 a
0
0 0
0
0
0 0
0
0 0
0
0
35 277 1378
0
485.792 48.2 1
269,784 34,997
216.008 13.224

4897

0
4,954

56

83
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Source Loads (Without Practices)

TSS (Ibiveant

o

D oo

718

oo

1)

12 004 890
4]

286 200

(==}

o

0
427 180

16, 641
14.540.422
141 219

o

69 000

[AAA

0
6.998.266
6,99¢ D00

Fecal Coliform (hillinnivear)

o

[=]

o

=]

0

0
0
1 440 599

0

1118208

0
0

(=N ~]

3.357.868
3.357.868
Q

3634

Runoff Volume ({acre-
feet/vear}
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This table summarizes the pollutant loads and runoff volumes from Uncontrotled pollutant sources, including both the Primary Sources and Secondary Sources included in the "Sources” tab The
ourple cells summarize loads from each broad category of sources Note that, while the summary table presents only lhe Tolal Surface Water loads, this table also breaks out the difference between
oads during storm events (i e , the Storm Load) and the loads occuring during dry weather condilions (i e , lhe Non-Stormwater Load)

Source
Primary Sources
Runoff Volume (acre-
TN {Iblveart TP (Ib/vear) TSS (Ibivear} Fecal Coliform (billion/vear) feetivear)
4 100 083 186 177
HDR (>4 du/acre) 4] 0 4]
Multifamily 0 o 0
0
0 0 a
o) 4]
0 1]
0 o] 4]
0 4]
Commercial o o 4]
0
0 Q
1} 4] 0
0 0 h]
Roadwayv 22 148 845 n
0 a
4] a
n 0
1} 0
Industrial ) o] o]
) 0 0
0 [1} 0
0 0
0 )
Forest 260 345 991 3 37
0 0
0 aQ 4]
) 4] 0
0 4]
Rural 21 546 3279 46
0 ) )
4 g
0 a
Q [s] 1]
0 Q o
0 o] 0
a 0
0 [y ]
0 )
Open Water 4 a
Active Construction Q o] o]
Total Surface Water Primary Source Load 98.408 9.724 3.606.535 716.968 5.
Primarv Source Storm Load 51.594 327 369 968 5.230
Primary Source Non-Stormwater Load 4€ 2,714 335.166 0 0
Secondary Sources
OSDSs - Surface 331 85 2 208 3
SSOs 0 0 0
CS0s o] o
llicit Conneclions o] 0
Channel Erosion 1 1 000 0 0
Hobby Farms/Livestock 0 190 0BO 4]
Marinas 0 0 [al
Road Sandina 0 0
Point Source Discharaes [¢] 0
Total Surface Water Secondarv Source Surface Load 8 16 2, 3 1.788.208 193.636 0
Secondary Source Storm Load 7.684 2114 1.786.000 180.080
Secondary Source Non-Stormwater Load 331 2 8 3 0
Secondary Load to Groundwater
OSDSs- Subsurface a 0 a
Total Groundwater Load 3, 81 ] 0 0
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This table summarizes the poliutant loads and runoff volumes from Uncontrolfled pollutant sources, including both the Fnimary Sources and Secondary Sources included In the "Sources” tab The
surple cells summarize loads from each broad category of sources Note that, while the summary table presents only the Total Surface Water loads, this table atso breaks out the difference between
oads during storm evenls (i e , the Storm Load) and the loads occuring during dry wealher conditions (i e , the Non-Stormwater Load)

Primary Sources

Runoff Volume (acre-

TN (Ibfvear) TP (Ibiveari TS5 (Ibivear) Fecal Coliform fbillion/vear feet/vear)
LDR (<1du/acre) 534 B4 452 83t
MDR (1-4 du/acre) bl 10 1
HDR (>4 du/acre) 0 o] 0
Multifamily 0 o]
0 o]
) 4]
)] bl
0 0 o v
0 o
4] o 0
Commercial n [4]
0 t
0 g 0
s) a
0 0 0
Roadway 55 28 1A3
0 n [} 0
o 0
] n
0 o
Industrial 4] 0
a 0
0 4]
o] 0 0
a o) 0
Foresl A3 2 640 256 037 28 92
0 4] 0
0
1] 0 0
o 0
Rural 14 982 2 0 127 123 434
0 0 0
0
0 0 0
0 0
0 o 0 »)
0 0
[} 0 0
0 o
0 ¢
Open Water 18 5 580 o]
Active Construction 1]
Total Surface Water Primary Source Load 72.628 7.137 2.734.328 189 4.077
Primary Source Storm Load 38. 67 513 2,488.894 643,188 4.077
Primary Source Non-Stormwater Load 162 1.964 246.934 [1] 0

Secondary Sources

to
OSDSs - Surface 217 38 Z 332 0
880s 0 0 o]
CSOs [s] 0
Hlicit Connections 0 0 1]
Channel Erosion 2 3704 000
Hobby Farms/Livestock 0 0 C
Marinas 0 0
Road Sandina 0 Qg o
Point Source Discharaes n 0 o
Total Surface Water Secondarv Source Surface Load 54 3 2,629 3.705.448 2.332
Secondary Source Storm Load 5.186 2.593 3.70 .000 0 o
Secondary Source Non-Stormwater Load 2 36 1.448 2,332 [}
econdary Load to Groundwater
OSDSs- Subsurface 53 0
Total Groundwater Load 2 53 0 ( 0

wim 2013 - Lee Creek - MFC-1-road test



and runoff volumes from Uncontrolled sources, the tab The
cells summarize loads from each broad category of sources Nole that, while the summary lable presents only the Total Surface Waler loads, this table also breaks out lhe difference between
during storm events (i e , the Storm Load) and the loads occuring during dry weather conditions (i e , the Non-Stormwater Load)

Loads

Prima Sources
Runoft volume [acre-

TN fib/vear) TP (Ibivear) TSS fIbfvear) Fecal Coliform fhillion/vear) feetivear)
LDR (<1du/acre) 5731 846 1a3 a7 1
MDR (1-4 du/acre) 779 1M 3z 137
HDR (>4 du/acre) 4] ) 0
Multifamilv 0 a
0 0 a
0 0
0 o]
0 0
a o] 0
0 0
Commercial 0 [s]
0 Q 0
0 4]
o 0
0 o
Roadwav 112 0 312
0 o o]
o]
0 [s]
0 1] o0
Industrial 0 0 0
0 0
0 1] 0
0 0 o
0 0
Forest 17 3. 1 584 660 190 159 2
0 a o]
0 0 0
0 4]
0 0 0
Rural a3 300 1152
0 0 ]
0 0 0 n
Q a
0 4 0
a 4]
o] 0
0 4] o
0
0 0 0
Open Water 4 18 4 960
Total Surface Water Primarv Source Load 79.717 9.234 2 183 5.145
Primary Source Storm Load 43 6.774 2.601.827 753.085 5.
Primary Source Non-Stormwater Load 36.343 2.460 0

Secondary Sources
Secondary Load to Surface Waters

OSDSs - Surface 1 7 12 08 o]
SS80s 0 0
C80s o o
lllicit Connections 0 0
Channel Erosion 1140 570 814 000 o
Hobbv Farms/Livestock
Marinas 0 0
Road Sandina 0 4] ]
Paint Source Discharoaes 1]
Total Surface Water Secondary Source Surface Load 4.418 1.116 821.457 91. 18 0
Secondary Source Storm Load 3.300 ) )00 79.200 0
Secondary Source Non-Stormwater Load 1.118 186 7.457 12.008
Secondary Load to Groundwater
OSDSs- Subsurface 122 5 2 a
Total Groundwater Load 12.425 275 ] 0 0
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to Surface Water
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the praclices already in place in the Existing Conditions So, for example, an improvement to an existing education program would include only the additional load reduction achieved by
the program The purple cells summarize the total load reduction from all practices, while the grey cells report the benefits of individual practices Note that, while the summary table presents
the Total Surface Water loads, this table also breaks out the reduclions from loads during storm events (i e , the Storm Load) and the loads occuring during dry weather condilions (i e , the Non-
Load) In some cases, a negative load reduction may be reported. This represents an increase in load, which would occur if a program or practice was made /ess effective in the fulure

OS8DS Proarams Surface
Channel Proiection
Point Source Reduction
Total Surface Water Reduction
Storm Load Reduction
Non-Storm Load Reduction
Reductions to Groundwater Loads
Urban Land
0OSDSs
Total Groundwater Load Reduction
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| s 1able summanzes the Net poliutant load and runoff reductions achieved by practices included in the "Future Practices" tab The reductions presented in this table include only lhe benefits
beyond the practices already in place in the Existing Conditions  So, for example, an improvement to an existing education program would include only lhe additional foad reduction achieved by
improving the program The purple cells summarize the total load reduction from all practices, while the grey cells report the benefits of individual practices Note that, while the summary lable presents
only the Total Surface Water loads, this table also breaks out the reductions from loads during storm events (i e , the Storm Load) and the loads occuring during dry wealher conditions (i e , the Non-
Stormwater Load) In some cases, a negative load reduction may be reporied This represents an increase in load, which would occur if a program or practice was made less effective in the future

condition

Runoff Reduction (acre-
TN (Ibsivear) TP (Ibsivear) TSS (Ibs/vear fHiur)

Reductions to Su
Lawn Cara Fdueation Surfaca

Street Sweenina - Sandina
Structural Stormwater Management Practices
Riparian Buffers
Catch Basin Cleanouts

CSO Rebair/ Abatemant
SSO Repair/ Ab it
OSDS Programs - Surface

Channel Protection
Point Source Reduction
Total Surface Water Reduction
Storm Load Reduction
Non-Storm Load Reduction
Reductions to Groundwater Loads
Urban Land
OSDSs
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This table summarizes the Net poliutant load and runoff reductions achieved by practices included in the "Future Practices” tab The reductions presented in this table include only the benefits
beyond the practices already in place in the Existing Conditions So, for example, an improvement to an existing education program would include only the additional foad reduction achieved by
improving the program The purple cells summarize the total load reduction from all practices, while the grey cells report the benefits of individual practices Note that, while the summary table presents
only the Total Surface Water loads, this table also breaks out the reductions from loads during storm events (i e , the Storm Load) and the loads occuring during dry weather conditions (i e , the Non-
Stormwater Load) In some cases, a negative load reduction may be reported This represents an increase in load, which would occur if a program or practice was made Jess effective in the future
condition

Net Be
TN tIbsivear) TP (lhsivaar TSS (Ibs/vear) Bacteria {billion/vear! ftivri
Reductions to Surface Water Loads
Lawn Care Education Surface

Pet Waste Education
Erosion and Sedimeni Conirol

Urban
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Reductions to Surface

Storm Load Reduction
Non-Storm Load Reduction
Reductions to Groundwater Loads
Urban Land
0SDSs
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the praclices already in place in the Existing Conditions  So, for exampie, an improvement to an existing education program would include only the additional load reduction achieved by
the program The purple cells summarize the total load reduction from all practices, while the grey cells report the benefits of individual practices Note that, while the summary table presents
the Total Surface Water loads, this lable also breaks out the reduclions from loads during slorm events (i e , the Storm Load) and the loads occuring during dry weather conditions (i e , the Non-
Load) In some cases, a negative Joad reduction may be reporled This represents an increase in load, which would oceur if a program or practice was made /ess effective in the future

to
Lawn Care Educalion Surface
Pet Waste Educalion
Erosion and Sediment Contro!
Streat Sweepina

Marina Purr
Urban
Redevelooment

Load Reduction
Non-Storm Load Reduction
Reductions to Groundwater Loads
Urban Land

Total Groundwater Load Reduction
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uctions to

Storm Load Reduction
Reductions to Groundwater Loads

Urban Land
OSDSs
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the Existing Conditions So, for example,  improvement to an existing education program would include only the additional load reduction achieved by
summanze lhe total load reduction from  practices, while the grey cells report the benefits of individual practices Note that, while the summary iable presents
the Total Surface Water loads, this table also breaks out the reductions from loads during storm evenls (i e the Storm Load) and the loads occunng during dry weather conditions (i e , the Non-
Load) In some cases, a negative load reduction may be reported This represents an increase in load, which would occur if a program or practice was made Jess effeclive in the fulure

Lawn Care Education Surface
Pet Waste Education
Erosion and Sediment Control
Street Sweepino
Street Sweepina Sandina
Structural Stormwater Manaaemant Praclices

Channel Protection

Total Surface Water Reduction
Storm Load Reduction
Non-Storm Load Reduction
Reductions to Groundwater Loads
Urban Land
0OSDSs
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