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Department of Energy

Office of Science

ORNL Site Office
P.O. Box 2008
Oak Ridge, Tennessee 37831-6269

April 27, 2024

Mr. Vojin Janjic

Tennessee Department of Environment and Conservation
Division of Water Resources

William R. Snodgrass Tennessee Tower

312 Rosa L. Parks Avenue, 11th Floor

Nashville, Tennessee 37219

Dear Mr. Janjic:

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT
WATER QUALITY PROTECTION PLAN (WQPP) ANNUAL DATA AND
EVALUATION REPORT

Oak Ridge National Laboratory's (ORNL) NPDES permit includes a requirement for ORNL to
implement a WQPP. ORNL's WQPP includes best management practices, environmental
monitoring, and investigation activities aimed at detecting and abating water quality and/or
biological community impairments in the streams that drain the ORNL site. Results from these
activities are required to be evaluated and summarized in an annual report. Enclosed is the 2023
WQPP Annual Data and Evaluation Report.

If there are any questions or additional information required, please contact Walt Doty at
DotyTW@ornl.gov.

Sincerely,
, O P——
/

Johnny O. Moore, Manager
ORNL Site Office
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Water Quality Protection Plan

Data and Evaluation Report-2023

A. Components of Water Quality Protection Plan

In 2019, the U.S. Department of Energy (DOE) Oak Ridge National Laboratory (ORNL) National
Pollutant Discharge Elimination System Permit (NPDES) required an update to the 2008 ORNL
Water Quality Protection Plan (WQPP). This update was submitted to the Tennessee Department of
Environment and Conservation (TDEC) in February 2020 and its components are as follows in
Table 1. Since the required 2020 update, significant plan changes have been included in the
subsequent annual WQPP reports. Due to more recent NPDES permit modifications, all references
to radiological monitoring have been removed from this section.

NPDES
Permit
Section

IV.A

IV.B

IV.C

IV.D

IV.E

IV.F

Table 1. Components of WQPP

Title

Components of Water Quality
Protection Plan

Deadlines and Format for
Submittals of the Division

Aquatic Communities of the White
Oak Creek Watershed

Mercury in the White Oak Creek
Watershed

Polychlorinated Biphenyls in the
White Oak Creek Watershed

Facility Monitoring Activities

Description

Synopsis of each section.

Section IV.B provides the frequency and description of
the reports that are submitted on a reoccurring basis.
Section IV.C addresses the following items: bioassessment
monitoring, fish population and community studies, and
application of the EPA’s stressor identification process.
Section IV.D addresses the following items: investigation
of mercury sources and abatement methods, mercury
sampling in the water column and aquatic life
bioaccumulation.

Section IV.E addresses the following items: investigation
of PCB sources and abatement methods, PCB sampling in
the water column and aquatic life bioaccumulation.

Section IV.F addresses the following items: industrial and
construction storm water pollution prevention, chlorine
control strategies, cooling tower discharges, and whole
effluent toxicity testing of outfalls.
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Oak Ridge National Laboratory Water Quality Program

The DOE ORNL NPDES permit (TN0002941) was modified in February 2023. In June 2023, DOE
submitted the ORNL NPDES permit renewal application to TDEC. The February 2023 modified
NPDES permit includes requirements for discharging wastewaters from the two ORNL wastewater
treatment facilities (the sewage treatment plant and the process waste treatment complex) and
from more than 150 category outfalls (these are outfalls with non-process wastewaters such as
cooling water, various condensates, sump discharges, and/or storm water components). The
permit also requires the continued development and implementation of a WQPP in order to
“efficiently utilize the facility’s financial resources to measure its environmental impacts.” Rather
than prescribing rigid monitoring schedules, the ORNL WQPP is intended to be flexible and focuses
on significant findings/impacts to the environment. The ORNL WQPP is implemented utilizing an
adaptive management approach (Figure 1) whereby results of investigations are routinely
evaluated and strategies for achieving goals are modified based on those evaluations. The goals
established for the ORNL WQPP at this time are to meet the requirements of the NPDES permit,
improve the quality of aquatic resources on the ORNL site, prevent further impacts to aquatic
resources from current activities, identify the stressors that contribute to impairment of aquatic
resources, use available resources efficiently, and communicate outcomes with decision makers
and stakeholders.

The ORNL WQPP was first developed by DOE and approved by TDEC in 2008 with monitoring
initiated in 2009. Periodic revisions to the WQPP have been submitted to TDEC since that time. The
first ORNL WQPP incorporated several different site-wide monitoring plans that had been required
under previous NPDES permits including a biological monitoring and abatement plan (BMAP), a
chlorine control strategy (CCS), a storm water pollution prevention plan, a non-storm water best
management practices plan, and the radiological monitoring plan. Combining multiple monitoring
and reporting efforts into one has proven more efficient for DOE. As NPDES permit and other
regulatory requirements have changed, so has the ORNL WQPP content.

In order to prioritize the stressors and/or contaminant sources that may be of greatest concern to
water quality and to define conceptual models that would guide any special investigations, the
ORNL WQPP strategy was developed using the Environmental Protection Agency’s (EPA) Stressor
Identification Guidance Document (EPA 2000). Figure 2 summarizes that process. The process
involves three major steps for identifying the cause of any impairment:

1. List candidate causes of impairment (based on historical data and a working conceptual
model);

2. Analyze the evidence (using both case study and outside data); and

3. Characterize the causes.

The first two steps of the stressor identification process were initiated in 2009, focusing first on
mercury impairment (Figure 2) and then on polychlorinated biphenyl (PCB) impairment because at
the time the mercury and PCB concentrations in fish from White Oak Creek (WOC) were at or near
human health risk thresholds (e.g., EPA ambient water quality criteria [AWQCs] and TDEC fish
advisory limits). The sources of mercury to biota in the WOC watershed are mostly understood,
providing a good basis from which to define an appropriate conceptual model for mercury
contamination in WOC. A list of potential causes of PCB contamination was also developed. The
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mercury and PCB water quality concerns at DOE ORNL are predominantly from past legacy site
contamination currently being remediated under a separate regulatory driver, the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA).

After potential causes were listed and the available evidence of mercury and PCB contamination in
the WOC watershed was analyzed, additional investigations were initiated to characterize other
causes of impairment. Special investigations were designed to examine specific source areas and to
revise the conceptual model of the major contributors of impairment in the WOC watershed.

Since 2009, monitoring and investigation data collected under the ORNL WQPP have been analyzed,
interpreted, reported, and compared with past results at least annually (per existing NPDES permit
requirements). The significant findings of the ORNL WQPP monitoring and investigations are also
reported annually in the Annual Site Environmental Report. The annual WQPP report provides an
assessment of ORNL’s receiving-stream watersheds and the impact of ongoing efforts to protect and
restore those watersheds, as well as guides other efforts in improving the water quality in the
watershed. As the ORNL WQPP monitoring, investigation, data analysis, and reporting has evolved
since 2009, so has the corresponding timing of the ORNL WQPP Report. However, the detailed
presentation of results of the annual monitoring and investigation included in the ORNL WQPP
Report might be more effectively presented if only submitted to TDEC every 2 to 3 years, instead of
on an annual basis as is required by the February 2023 modified NPDES permit. A longer period of
data trending and analysis could prove to be more beneficial by helping to identify patterns, predict
future trends, and develop effective strategies for planning and implementing additional studies
and/or mitigation projects using adaptive management processes. When the WQPP first began, a
presentation of WQPP actions and findings was delivered to TDEC in the non-report years. This
presentation component may be a useful tool for collaborating with TDEC on WQPP activities
without preparing a detailed data report each year. Therefore, DOE requests TDEC consider this
ORNL WQPP report submission schedule modification when drafting the renewed NPDES permit.
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Regulators Public

The public comments on regulatory
and industry actions through public
meetings and reviews of regulatory

documents (public review period for
draft ORNL NPDES permit).

TDEC implements the Clean Water
Act with EPA review. TDEC issues
the NPDES Permit to ORNL,

galjtgding a WQPP requirement in Goals for CWA compliance for
i ORNL are described in the ORNL

—

NPDES Permit.

Specific monitoring and
assessment actions are defined in
the ORNL WQPP, and will be
refined annually with decision-
maker and regulatory involvement.

Monitoring and investigatory

data are analyzed and reported

in the annual WQPP report.

Results can lead to specific

abatement or remedial actions, =

or further monitoring and 5"
7]

investigation to define next i
steps. £

o

ss9ssy g
azlajoeley

Prioritize X
Sampling is prioritized using the
Short-term investigation is stressor identification process: list
conducted concurrent with core candidate causes, and analyze the
program to determine, or better evidence (using data from core
characterize, the cause ofa program as well as outside).
specific impairment. Mercury and PCB contamination

has been identified as high priority
for further investigation.

Adapted from the US Environmental Protection Agency (EPA) stressor guidance document (EPA 2000). CWA = Clean
Woater Act, NPDES = National Pollutant Discharge Elimination System, ORNL = Oak Ridge National Laboratory, PCB
= polychlorinated biphenyl, TDEC = Tennessee Department of Environment and Conservation, WQPP = Water
Quality Protection Plan

Figure 1. Diagram of the adaptive management framework with stepwise planning specific to the
ORNL WQPP.
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Impairment

What is the cause of elevated mercury concentrations in White Oak Creek fish?

| |

Stressor Identification

List potential causes/stressors

1

Analyze potential stressors

B

Characterize most probable causes

Strength of
evidence

l Identify probable cause

Management action: eliminate or mitigate stressors,
monitor results/ recovery

1

sa20.d a)jela) ‘ejep alnboy

Eliminate Diagnose

031 0} Hodal ddOM
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=&

Fish in White Oak Creek are below 0.3 mg/kg mercury concentration

Modified from Figure 1-1 in the US Environmental Protection Agency stressor guidance document (EPA 2000).
TDEC = Tennessee Department of Environment and Conservation, WQPP = water quality protection plan

Figure 2. Application of stressor identification guidance to address mercury impairment in the White
Oak Creek watershed.
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B. Deadlines and Format for Submittals to the Division

The ORNL WQPP Report is being submitted to satisfy annual reporting requirements listed in Table
2, which includes all reporting deadlines related to ORNL WQPP monitoring activities as required
by the ORNL NPDES Permit.

Table 2. Submittal Deadlines for Reports — NPDES Permit

Narrative .Co.ndlhon Schedule Date Schedul.e Event Description
Description Description

The facility shall submit
an annual report which
summarizes the
sampling data for the
previous reporting
period (12 months). The
facility shall allow
access to the OREIS
data accounts by TDEC
staff that needs to
process that sampling
data
Submittal of Current Submitted February
WQPP Plan 2020
The Nutrient Study
report was submitted on
February 1, 2022. This
submittal fulfilled the
commitments made in
the Nutrient Study
Proposal prepared in
accordance with the
2019 NPDES Permit
requirement under Part
1, which was submitted
to TDEC on February 1,
2021.

Reporting Schedule 01-MAY-24 Annual Report

One-time Submittal Requirement Met

Submittal of proposal

One-time Submittal Requirement Met .
for nutrient study

Raw data sheets for the instream bioassessments are provided in Appendix 1 and 2 of this ORNL
WQPP Annual Report.

Planned changes to the ORNL WQPP monitoring activities are reported in the ORNL WQPP Annual
Report on May 1st, unless otherwise required by NPDES Permit (Table 2).
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C. Aquatic Communities of the White Oak Creek Watershed

1. Introduction

Fish and benthic macroinvertebrate community structures are commonly used for biomonitoring
studies in freshwater ecosystems because their life histories, abundances, and diversity allow for
the detection of a broad spectrum of responses to environmental stress on relevant spatial and
temporal scales. These same characteristics also make studies of these aquatic organisms useful for
evaluating the ecological response to human-induced changes in their environment, such as
changes in effluent discharges, thermal loading, and sedimentation either from the addition of a
pollutant or the reduction or elimination of a pollutant via pollution abatement or remediation.

The close association of benthic macroinvertebrates with stream sediments, their relative
immobility, and their sensitivity to changes in water quality make the study of these organisms a
sensitive tool for evaluating the condition of a body of water. Fish communities include several
trophic levels and species that are at or near the end of food chains and can therefore integrate the
direct effects of water quality, as well as the indirect effects that water quality and habitat changes
have on primary producers (periphyton) and primary consumers (benthic invertebrates) that fish
use for food. In addition, fish spend their entire life cycles in aquatic habitats and are therefore
more susceptible to changes in flow and connectivity. Furthermore, statements about the condition
of the fish communities are easily understood by the general public.

Monitoring of the fish and benthic macroinvertebrate communities was initiated under the ORNL
BMAP in 1986 to determine if the effluent limits established at ORNL protect and maintain the
designated uses of WOC and its major tributaries, including the growth and propagation of fish and
aquatic life. Studies of the fish and benthic macroinvertebrate communities in WOC watershed have
effectively been used for assessing and documenting existing ecological conditions and changes in
ecological conditions following completion of major abatement actions (e.g., chlorine reduction).
Significantly altered or depauperate fish and macroinvertebrate communities have been found in
WOC and its tributaries, though improvements in the communities have been documented for First
Creek, Fifth Creek, Melton Branch, and WOC since 1986. Recent data continue to indicate mild to
moderate impacts within and downstream of the main ORNL Campus.

The primary objectives of the Aquatic Communities monitoring task for the ORNL WQPP Annual
Report, required by the NPDES permit, are to monitor the condition of the fish and benthic
macroinvertebrate communities of the streams in the WOC watershed and to evaluate the response
of the fish and macroinvertebrates to abatement actions. These objectives will also help meet the
overall BMAP objective of determining whether the classified uses of the streams (i.e., growth and
propagation of fish and aquatic life as well as recreation and irrigation) are being protected.
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2. Sample Locations and Frequency

Table 3. Frequency and location of biological community and bioaccumulation sampling sites in the
White Oak Creek watershed

Community Studies Bioaccumulation
. Macroinvertebrates . Largemouth Sto.neroller
Site! ORNL TDEC Fish Sunfish Bass Minnows Total
Protocols  Protocols Hg/PCB Hg/PCB Hg/PCB/ Hg
Metals
WCK 6.8 X X X X
WCK 4.4 X
WCK 4.1 X
WCK 3.9 X X X X X
WCK 3.4 X X
WCK 2.9 X
WCK 2.3 X X X X X
WCK 1.5 X2 X2 X
FFK 1.0 X X
FFK 0.2 X X X
FCK 0.8 X X
FCK 0.1 X X X
MEK 1.4 X
MEK 0.6 X2 X2 X2 X2 X
Frequency Annual® Annual4 Biannual® Annual® Annual? Annual? 6x/yr

1 WCK = White Oak Creek kilometer; WCK 1.5 = White Oak Lake; FFK = Fifth Creek kilometer; FCK = First Creek
kilometer; MEK = Melton Branch kilometer. Reference sites used by BMAP not listed here include locations in
Walker Branch (WBK 1.0), Ish Creek (ISK 1.0), Mill Branch (MBK 1.6), Brushy Fork (BFK 7.6), and Hinds
Creek (HCK 20.6).

2 Funded by the DOE Oak Ridge Environmental Management (OREM) Water Resources Restoration Program (WRRP).

3 Samples collected in spring.

4 Samples collected during low flow, high temperature conditions (August or September).

5 Fish sampling at FFK 1.0 is annual in spring.
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Figure 3. WQPP Monitoring Locations
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3. Bioaccumulation Studies

The bioaccumulation task for BMAP addresses two NPDES permit requirements at ORNL: (1)
evaluate whether mercury at the site is contributing to a stream at a level that will adversely affect
fish and other aquatic life or that will violate the recreational criteria and (2) monitor the status of
PCB contamination in fish tissue in the WOC watershed. Concentrations of mercury in fish in the
WOC watershed are monitored annually and are evaluated relative to the EPA AWQC of 0.3 pg/g in
fish fillets, a concentration considered to be protective of human health and the environment.
Concentrations of PCBs in fish fillets are also monitored annually and are evaluated relative to the
TDEC fish advisory limit of 1 ug/g.

Bioaccumulation in Fish

Mean sunfish fillet concentrations in WOC stream sections have remained below the
EPA-recommended fish-based mercury AWQC of 0.3 ug/g for a decade (Figure 4). Mean mercury
concentrations in redbreast sunfish fillets collected from all stream sections in WOC averaged
between 0.18 and 0.20 pg/g in 2023, which is similar to concentrations seen in 2022. Green sunfish
(Lepomis cyanellus) were collected as an alternative to redbreast sunfish at WCK 3.9 in 2023, due to
challenges in locating the latter. Mercury concentrations in green sunfish were similar to
concentrations seen in redbreast sunfish in WOC stream over the past few years, averaging 0.21
ug/gin 2023. The overall downward trend in mercury concentrations in fish in this stream from
2007-2023 has been attributed to the decreases in aqueous mercury concentrations seen as a result
of the treatment of a mercury-contaminated sump in 2007 (Mathews et al. 2013). Mercury
concentrations in bluegill collected from WCK 1.5 remained similar to recent years, averaging 0.10
ug/g (Figure 4). Mean mercury concentrations in largemouth bass increased slightly from 0.29 pg/g
in 2022 to 0.35 pg/gin 2023, a little above AWQC but remained lower than the past 15 years.
Mercury concentrations in largemouth bass from WCK 1.5 remain higher than those in sunfish
collected in stream sections of WOC because they feed at a higher trophic level and potentially
because the habitat at that site is conducive to mercury methylation.

In 2023, PCB concentrations (defined as the sum of Aroclors 1248, 1254, and 1260) in fish collected
throughout the WOC watershed remained within historical ranges at all stream sites, averaging
below 0.4 pg/g (Figure 5). While these concentrations are above concentrations seen in fish
collected from reference sites off the Oak Ridge Reservation (ORR), there are no federal guidelines
for fish advisories for PCBs. PCB advisories may consider either acute, chronic non-cancer, or
chronic cancer health risk, which leads to a wide range of difference across states (Cleary et al.,
2021). Most recently the water quality criterion has been used to calculate the fish tissue
concentration triggering impairment and a total maximum daily load (TDEC 2007); this
concentration is 0.02 pg/g in fish fillets (TDEC 2010 a,b,c). The average PCB concentrations in fish
in WOC (and across the Oak Ridge Reservation) exceed this conservative guideline (Figure 5), but
recent work has shown that PCB concentrations have generally been declining in WOC sites at rates
of up to ~1%/year through natural attenuation (Matson et al., 2022). Work to mitigate sources of
PCBs within ORNL facilities (Section E) may increase these attenuation rates.
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Figure 4. Mean mercury concentrations in muscle tissue of sunfish and bass sampled from the White
Oak Creek watershed, 1998-2023

C-5



Water Quality Protection Plan Data and Evaluation Report-2023

7 -
] —@— WCK 3.9 Green sunfish
6 i —0— WCK 3.9 Redbreast
1 WCK 2.9 Redbreast
] WCK 2.3 Redbreast
5 ] —— WCK 1.5 Largemouth bass
E WCK 1.5 Bluegill
) ] T
\ 1 —
E
n ] T
pay _
s Tl
5 |
— 3
9 i .
5 |
'— m
5 _ 1
1 ==
{ = \I/‘ L 5
] 75 TZ 5 3
0 T T T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
Notes:

1. Mean total PCB concentrations (X standard error, N = 6) found in fish fillets.

2. TDEC fish advisory PCB limit = 1 ug/g
Acronyms: PCB = polychlorinated biphenyl WCK = White Oak Creek kilometer

Figure 5. Mean total PCB concentrations in fish sampled from the White Oak Creek watershed, 1998
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4, Benthic Macroinvertebrate Communities

Monitoring of benthic macroinvertebrate communities in WOC, First Creek, and Fifth Creek
continued in 2023. Additionally, monitoring of the macroinvertebrate community in lower Melton
Branch (Melton Branch kilometer [MEK] 0.6) continued under the DOE Oak Ridge Environmental
Management (OREM) Water Resources Restoration Program (WRRP). Benthic macroinvertebrate
samples are collected annually following TDEC protocols (since 2009), and protocols developed by
ORNL staff (since 1987). The protocols developed by ORNL staff provide a long-term record (37
years) of spatial and temporal trends in invertebrate communities from which the effectiveness of
pollution abatement and remedial actions taken at ORNL can be evaluated. The ORNL protocols also
provide quantitative results that can be used to statistically evaluate changes in trends relative to
historical conditions. The TDEC protocols provide a qualitative estimate of the condition of a
macroinvertebrate community relative to a state-defined reference condition. Laboratory bench
sheets and stream surveys can be found in Appendix 1 and 2.

General trends in the results of ORNL protocols indicated significant recovery in benthic
macroinvertebrate communities since 1987, but community characteristics suggest that ecological
impairment remains (Figure 6-Figure 8). Total taxonomic richness (i.e., the number of different
species per sample) and richness of the pollution-intolerant taxa (i.e., the number of different
mayfly, stonefly, and caddisfly species per sample or Ephemeroptera, Plecoptera, and Trichoptera
[EPT] taxa richness) continued to be lower at downstream sites relative to respective upstream
reference sites.

In lower First Creek (First Creek kilometer [FCK] 0.1), total taxa richness increased gradually in the
1990s and 2000s but was then lower for four years beginning in 2014 (Figure 6). Total taxa
richness then increased at FCK 0.1 from 2018 to 2023, reaching values that were previously
observed prior to 2014. Similarly, the number of pollution-intolerant EPT taxa decreased in 2012,
and in 2014, EPT taxa richness was the lowest it had been since the early 1990s (Figure 6). After
2021 values being the highest in the past 10 years, EPT taxa richness values in 2022 and 2023 fell
to pre-2018 levels. In upper First Creek (FCK 0.8), which serves as a reference for FCK 0.1, total taxa
richness and EPT taxa richness declined for three consecutive years, from 2015 to 2017, before
rebounding in 2018. Since 2018, total taxa richness and EPT taxa richness at FCK 0.8 both increased
and have returned to pre-2015 levels (Figure 6). Low EPT taxa richness values observed over a 6-
year period (2012 to 2017) at FCK 0.1 were mirrored only in some years at FCK 0.8 (i.e., EPT taxa
richness was low at both sites in 2013, 2016, and 2017). This suggests that while climate or
hydrological change may have influenced conditions within the entire stream (both FCK 0.1 and
FCK 0.8), a more localized change may have also occurred in lower First Creek. If a change has
occurred, it is not known whether it is related to a change in chemical conditions (e.g., change in
water quality or the possible presence of a toxicant), physical conditions (e.g., unstable substrate,
increased frequency of high discharge events), or natural variation. The increases in EPT taxa
richness at both sites in 2023, while slight, suggest the potential for improving conditions, though
further monitoring is necessary to determine whether the previously mentioned decline was due to
an acute or a longer-term impact to the system.

Total taxa richness at Fifth Creek kilometer (FFK) 0.2 increased in the late 1980s and early 1990s,
and then reached a fairly consistent level until exhibiting a large decrease between 2007 and 2008
(Figure 7), suggesting that conditions changed at the site during this time. Total taxa richness
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returned to pre-decline levels over a period of about five years. Taxa richness decreased again over
a four-year period (2018 to 2021) but increased slightly in 2022 and 2023 (Figure 7). EPT taxa
richness at FFK 0.2 increased slowly from the late 1980s to early 2000s before decreasing for
several years (~2003-2011). From 2011-2018, EPT taxa remained steady at around five EPT
taxa/sample, but decreased in 2019 and remained low in 2020 and 2021 (three EPT taxa/sample),
before increasing in 2022 (five EPT taxa/sample). In 2023, EPT taxa richness increased again to the
highest value seen since 2002 (seven EPT taxa/sample). It is not known whether this increase will
persist in future years or whether it instead reflects interannual variation in invertebrate
community composition. Total and EPT richness values at FFK 1.0 (which serves as a reference for
FFK 0.2) increased in 2023 compared to 2022 and have consistently remained higher than at FFK
0.2 since sampling began in 1987.

Invertebrate metric values for WCK 2.3 and WCK 3.9 continued to remain within the ranges of
values found since the late 1990s and early 2000s, although total taxa richness and EPT taxa
richness were lower at WCK 2.3 and WCK 3.9 over the past eight to nine years (Figure 8). As with
FCK 0.1 and FFK 0.2, the total taxa richness and EPT taxa richness at WCK 2.3 and WCK 3.9
continued to be notably lower than at reference sites (WCK 6.8 and WBK 1.0). Neither total nor EPT
taxa richness at WCK 3.9 have rebounded following large decline that began in 2015 and while
increased richness values were observed in 2021, these values have since stabilized at a lower level
in 2022 and 2023. We do not currently know the cause of the initial decline in 2015 or what has
prevented the subsequent recovery, though as is the case in First Creek, changes in the chemical
and physical conditions at WCK 3.9 may be contributing to these observed patterns. Since 2001
(except for one sampling event in 1987), Walker Branch has served as an additional reference site
for WOC mainstem sites downstream of Bethel Valley Road (Figure 8). Comparisons of WCK 6.8 to
WBK 1.0 show that communities in WCK 6.8 represent ideal reference conditions. Additionally, the
comparison of Walker Branch to downstream sites in WOC show that these WOC communities
remain impaired.

Macroinvertebrate metrics for Melton Branch (MEK 0.6) suggested that total taxa and EPT taxa
richness continued to be similar to the WBK 1.0 reference site in 2023, but lower than WCK 6.8
(Figure 8). However, other invertebrate community metrics at MEK 0.6 potentially sensitive to
more specific types of pollutants, such as the density of pollution-intolerant and pollution-tolerant
species (not shown), continued to fluctuate annually between comparable values and values below
those of the reference sites. For the past eight years (2016-2023), EPT density was generally lower
in MEK 0.6 than in WCK 6.8 and WBK 1.0 while the density of pollution-tolerant species
(oligochaetes and chironomids) was higher in MEK 0.6 than those two reference sites.
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Figure 6. Benthic macroinvertebrate communities in First Creek (FCK 0.1 and 0.8): (top) total

taxonomic richness (mean number of all taxa/sample * confidence interval) and (bottom) taxonomic

richness of the pollution-intolerant taxa, Ephemeroptera, Plecoptera, and Trichoptera (EPT) (mean

number of EPT taxa/sample  confidence interval), April sampling periods, 1987-2023; FCK 0.8
serves as a reference site.
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Figure 7. Benthic macroinvertebrate communities in Fifth Creek (FFK 0.2 and 1.0): (top) total
taxonomic richness (mean number of all taxa/sample * confidence interval) and (bottom) taxonomic
richness of the pollution-intolerant taxa, Ephemeroptera, Plecoptera, and Trichoptera (EPT) (mean
number of EPT taxa/sample  confidence interval), April sampling periods, 1987-2023; FFK 1.0
serves as a reference site.
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Acronyms: WCK = White Oak Creek kilometer; MEK = Melton Branch kilometer; WBK = Walker Branch kilometer;
Cl = confidence interval

Figure 8. Benthic macroinvertebrate communities in Walker Branch (WBK 1.0), Melton Branch (MEK
0.6), and White Oak Creek (WCK 6.8, 3.9, and 2.3): (top) total taxonomic richness (mean number of
all taxa/sample * confidence interval) and (bottom) taxonomic richness of the pollution-intolerant
taxa, Ephemeroptera, Plecoptera, and Trichoptera (EPT) (mean number of EPT taxa/sample *
confidence interval), April sampling periods, 1987—2023; WCK 6.8 and WBK 1.0 serve as reference
sites.

Based on TDEC protocols (TDEC 2021), scores for the Tennessee Macroinvertebrate Index (TMI) in
2023 rated the invertebrate communities at the reference site, WCK 6.8, and MEK 0.6 as at or above
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biocriteria guidelines, while scores from FCK 0.1, FFK 0.2, WCK 2.3, and WCK 3.9 were below these
guidelines (Figure 9, Table 4). Of the four sites below the biocriteria threshold, scores improved at
two sites from 2022 to 2023 (WCK 3.9 and FFK 0.2), remained the same at one site (FCK 0.1), and
declined at one site (WCK 2.3).

Low TMI scores in FCK 0.1, FFK 0.2, WCK 2.3, and WCK 3.9 were primarily due to low values for
%EPT and EPT taxa richness (Table 4). However, all these sites had low percentages of oligochaetes
and chironomids (worms and non-biting midges) and thus received high scores for this category
(Table 4). WCK 6.8 received the highest attainable scores for all categories except for total taxa
richness (Table 4).

404 .
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o 35+
UL; ] =160
X
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Note: The black horizontal line shows the threshold for Tennessee Macroinvertebrate Index (TMI) scores; values above
the threshold represent passing scores while those below do not.

Acronyms: FCK = First Creek kilometer, FFK = Fifth Creek kilometer, MEK = Melton Branch kilometer,

WCK = White Oak Creek kilometer

Figure 9. Temporal trends in Tennessee Department of Environment and Conservation (TDEC)
Macroinvertebrate Scores for White Oak Creek watershed streams (FCK 0.1; FFK 0.2; MEK 0.6; and
WCK 6.8, 3.9, and 2.3), August sampling periods, 2009-2023. Samples that exceeded or failed to

meet the minimum number of invertebrates are indicated by large or small point sizes, respectively.
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Table 4. Tennessee Macroinvertebrate Index (TMI) metric values, metric scores, and index scores for White Oak Creek, First Creek, Fifth Creek,
and Melton Branch, August 30, 2023

Metric values Metric scores TMI¢
e Taxa  EPT  oepT %0C NCBI %Cling yorv X EPTouepT op0c NCBI %cCling (orn
WCK 2.3 26 5 29 224 53 44.8 53.6 4 2 4 6 4 4 4 28
WCK 39 14 3 374 129 5.1 12.3 38 2 0 4 6 4 0] 4 20
WCK 6.8 29 14 55.6 3.7 2.9 76.6 13.1 4 6 6 6 6 6 6 40 [pass]
FCK 0.1 12 1 0 3.5 5.8 257 19.3 2 0 0] 6 4 2 6 20
FFK 0.2 14 6 227 3.2 5.2 28.6 53.2 2 2 2 6 4 2 2 20
MEK 0.6 28 10 31.4 3.3 4.5 44.8 36.2 4 4 4 6 6 4 4 32 [pass]

9TMI metric calculations and scoring and index calculations are based on Tennessee Department of Environment and Conservation (TDEC) protocols for
Ecoregion 67f: Tennessee Department of Environment and Conservation, 2021, Quality System Standard Operating Procedures for Macroinvertebrate Stream
Surveys, TDEC Division of Water Pollution Control, Nashville, Tennessee. Available

bTaxa rich = Taxa richness; EPT rich = taxa richness of Ephemeroptera, Plecoptera, and Trichoptera (mayflies, stoneflies, and caddisflies); %EPT = EPT
abundance excluding Cheumatopsyche spp.; %OC = percent abundance of oligochaetes (worms) and chironomids (nonbiting midges); NCBI = North Carolina
Biotic Index; %Cling = percent abundance of taxa that build fixed retreats or otherwise attach to substrate surfaces in flowing water; %TN Nuttol. = percent
abundance of nutrient-tolerant organisms.

‘WCK = White Oak Creek kilometer; FCK = First Creek kilometer; FFK = Fifth Creek kilometer; MEK = Melton Branch kilometer.

9TMI = Tennessee Macroinvertebrate Index score. TMI is the total index score and higher index scores indicate higher quality conditions. A score of > 32 is
considered to pass biocriteria guidelines.
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5. Fish Communities

Monitoring of the fish communities in WOC and its major tributaries continued in 2023. Fish
community surveys were conducted at 11 sites in the WOC watershed, including 5 sites in the main
channel, 2 sites in First Creek, 2 sites in Fifth Creek, and 2 sites in Melton Branch. Reference streams
located on the ORR or within the city of Oak Ridge (Brushy Fork {historical}, Hinds Creek, Ish Creek,
and Mill Branch) were also sampled as reference sites for comparison.

In the WOC watershed, the fish community continued to be slightly degraded in 2023 compared
with communities in reference streams. Sites closest to outfalls within the ORNL campus had lower
species richness (number of species) (Figure 10), and fewer pollution-sensitive species than a
slightly larger reference site (Hinds Creek) and more closely resembled values found in a smaller
reference reach (Mill Branch). WOC sites also had more pollution-tolerant species and elevated
densities (number of fish per square meter) and biomass of pollution-tolerant species compared
with reference streams (Table 5 and Table 7). Likewise, tributary sites (First Creek, Fifth Creek, and
Melton Branch) also exhibited higher densities of pollution-tolerant fish species compared to a
reference site (Ish Creek). Seasonal fluctuations in diversity and density are expected and may
explain some of the variability seen at these sites. However, the combination of these factors often
indicates degraded water quality and/or habitat conditions. Overall, the fish communities in both
WOC and tributary sites adjacent to and downstream of ORNL outfalls continued to be negatively
affected by ORNL effluent in 2023 relative to reference streams and upstream sites.

25 -
20 -
SITE
]
S -0 BFK7.6
(o
v 15+ O~ HCK 20.6
k]
a O~ MBK 1.6
2
= -@= MEK 0.6
=]
Z -@- WCK 3.9
5 =
0 -
Acronyms:

BFK = Brushy Fork kilometer, MEK = Melton Branch kilometer, MBK = Mill Branch kilometer,
WCK = White Oak Creek kilometer, HCK = Hinds Creek kilometer

Figure 10. Fish species richness (number of species) in upper White Oak Creek and lower Melton
Branch compared with two reference streams, Brushy Fork and Mill Branch, 1985-2023. Access to
Brushy Fork was limited in spring 2022 and in 2023 and no samples were collected at those times.
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Table 5. Fish species richness, density (fish/m2), and biomass (g fish/m?2; in parentheses) in White Oak
Creek and reference sites (Mill Branch, and Hinds Creek), March - April 2023.

Sites®
Species WCK WCK WCK WCK WCK MBK HCK
2.3 3.4 3.9 4.4 6.8 1.6 20.6
Minnows
Largescale stoneroller <0.01  0.90 2.05 1.09 0.01 0.02 0.44
Campostoma oligolepis (0.02) (4.37) (3.03) (1.27) (0.03) (0.02) (4.35)
Bigeye shiner - - - = - - 0.01
Hybopsis amblops (0.02)
Striped shiner 0.38 0.81 0.76 0.06 - 0.04 0.34
Luxilus chrysocephalus (2.34)  (2.98) (2.92) (0.48) (0.17)  (1.73)
Scarlet shiner 0.01 - - - - - -
Lythrurus fasciolaris (0.02)
Tennessee dace - - - - - <0.01 -
Chrosomus tennesseensis (0.01)
Bluntnose minnow - - - - - - 0.04
Pimephales notatus (0.14)
Western blacknose dace = 0.07 0.28 0.89 1.14 0.18 0.09
Rhinichthys obtusus (0.21)  (0.73) (0.69) (2.41) (0.29)  (0.21)
Creek chub = - - 0.02 0.05 0.06 <0.01
Semotilus atromaculatus (0.14) (0.35) (0.41) (0.02)
Suckers
White sucker - - - - = - <0.01
Catostomus commersonii (0.01)
Northern hogsucker 0.01 0.02 0.08 - - = 0.02
Hypentelium nigricans (0.10) (0.31) (0.37) (2.03)
Black redhorse - - = - = - <0.01
Moxostoma duquesnei (0.11)
Catfishes
Yellow bullhead <0.01 - - - - - -
Ameirus natalis (0.02)
Livebearers
Western mosquitofish 0.02 0.05 0.01 0.01 - - <0.01
Gambusia affinis (0.02)  (0.03) (<0.01) (0.01) (<0.01)
Sculpins
Banded sculpin - = o - 0.37 - 0.28
Cottus carolinae (1.21) (1.15)
Sunfishes
Redbreast sunfish 0.01 - - - = 0.01 <0.01
Lepomis auritus (0.36) (0.29) (0.01)
Green sunfish 0.02 0.09 0.04 0.01 - <0.01  <0.01
Lepomis cyanellus (0.15)  (0.77)  (0.60)  (0.45) (0.21)  (0.08)
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Table 5. Fish species richness, density (fish/m2), and biomass (g fish/m?2; in parentheses) in White Oak
Creek and reference sites (Mill Branch, and Hinds Creek), March - April 2023 (continued).

Sites®
Species WCK WCK WCK WCK WCK MBK HCK
2.3 3.4 3.9 4.4 6.8 1.6 20.6
Warmouth sunfish 0.05 - - - - - -
Lepomis gulosus (0.61)
Bluegill 0.05 0.01 0.13 0.09 - 0.06 0.01
Lepomis macrochirus (0.51)  (0.02) (0.65) (0.83) (0.73)  (0.05)
Redear sunfish 0.01 - 0.01 - - - -
Lepomis microlophus (0.12) (0.06)
Largemouth bass 0.01 <0.01 0.01 - - - <0.01
Micropterus salmoides (0.79) (0.03) (0.18) (0.16)
Perches
Greenside darter - - - - - - 0.01
Etheostoma blenniodes (0.05)
Blueside darter - - - = - - 0.01
Etheostoma jessiae (0.02)
Stripetail darter 0.04 0.08 0.11 0.07 - 0.06 0.06
Etheostoma kennicotti (0.05) (0.09) (0.14)  (0.14) (0.08)  (0.06)
Redline darter - - 5 - - - 0.03
Etheostoma rufilineatum (0.04)
Snubnose darter 0.17 0.23 0.11 - = = 0.11
Etheostoma simoterum (0.20) (0.31) (0.17) (0.15)
Logperch 0.02 - - - - - -
Percina caproides (0.10)
TOTAL
Species richness 15 10 11 8 4 9 20
Density 0.80 2.27 3.59 2.24 1.57 0.42 1.45
Biomass 5.41 9.14 8.86 4.01 3.99 2.40 10.40

TWCK = White Oak Creek kilometer, MBK = Mill Branch kilometer, HCK = Hinds Creek kilometer.
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Table 6. Fish species richness, density (fish/m2), and biomass (g fish/m?2; in parentheses) in First
Creek, Fifth Creek, Melton Branch and a reference site (Ish Creek), May 2023.

Sitese
Species FCKO.1 FCKO0.8 FFKO.2 FFK1.0 MEKO.6 MEK1.4 ISK1.0
Minnows
Largescale stoneroller 0.04 0.01 0.06 - 0.95 0.30 0.12
Campostoma oligolepis (0.07) (0.02) (1.00) (1.96)  (0.97) (0.36)
Striped shiner 0.08 - - - 1.37 0.35 0.28
Luxilus chrysocephalus (0.46) (3.27) (0.96) (1.64)
Western blacknose dace 0.26 1.56 2.29 3.11 0.92 0.85 0.15
Rhinichthys obtusus (0.76) (1.43) (4.00) 326  (1.57) (1.38) (0.44)
Creek chub c = - - 0.15 0.04 0.14
Semotilus atromaculatus (0.47) (0.09) (0.78)
Catfishes
Yellow bullhead - - - - - - 0.02
Ameiurus natalis (0.19)
Sculpins
Banded sculpin s 0.11 - 0.12 - - 0.04
Cottus carolinae (0.45) (0.98) (0.44)
Sunfishes
Redbreast sunfish - - - - 0.12 0.04 0.05
Lepomis auritus (2.13) (1.29) (0.36)
Green sunfish 0.23 - - - - - 0.02
Lepomis cyanellus (1.55) (0.19)
Bluegill - - - - = - <0.01
Lepomis macrochirus (0.04)
Perches
Stripetail darter - 5 - - 0.30 0.01 -
Etheostoma kennicotti (0.30) (0.01)
Snubnose darter 0.04 - - . 0.24 - 0.01
Etheostoma simoterum (0.07) (0.19) (0.03)
TOTAL
Species richness 5 3 2 2 7 6 9
Density 0.65 1.69 2.35 3.23 4.05 1.58 0.84
Biomass 2.91 1.90 5.00 4.25 9.90 4.71 4.47

9FCK = First Creek kilometer, FFK = Fifth Creek kilometer, MEK = Melton Branch kilometer, ISK = Ish Creek kilometer.
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Table 7. Fish species richness, density (fish/m2), and biomass (g fish/m?2; in parentheses) in White Oak
Creek and reference sites (Mill Branch, and Hinds Creek), September - November 2023.

Sitese
Species WCK WCK WCK WCK WCK MBK HCK
2.3 3.4 3.9 4.4 6.8 1.6 20.6
Lampreys
American brook lamprey - - o - - - 0.01
Lampetra appendix (0.06)
Minnows
Largescale stoneroller 0.08 0.96 1.75 0.92 - 0.05 2.12
Campostoma oligolepis (0.37)  (3.43)  (1.64)  (1.48) (0.34)  (10.25)
Striped shiner 0.01 1.09 0.83 0.33 . 0.04 0.23
Luxilus chrysocephalus (0.17)  (2.20) (4.32) (2.61) (0.23)  (0.82)
Bigeye chub - c = - - - 0.06
Hybopsis amblops (0.171)
Scarlet shiner 0.16 - - - - - 0.03
Lythrurus fasciolaris (0.13) (0.01)
Bluntnose minnow - - = = = - 0.02
Pimephales notatus (0.04)
Western blacknose dace - 0.04 0.36 0.73 1.35 0.18 0.13
Rhinichthys obtusus (0.11)  (0.69) (1.45) (2.45) (0.29)  (0.23)
Creek chub : - 0.01 0.05 0.11 0.05 0.03
Semotilus atromaculatus (0.02) (1.06) (0.59) (0.37)  (0.08)
Suckers
White sucker - - = = = - 0.02
Catostomus commersonii (0.05)
Northern hogsucker 0.01 0.04 0.02 - = = 0.06
Hypentelium nigricans (0.04) (0.87) (0.02) (0.96)
Black redhorse - = o - - - 0.02
Moxostoma duquesnei (0.25)
Livebearers
Western mosquitofish 0.08 0.13 0.03 0.15 - - -
Gambusia affinis (0.05) (0.07) (0.02)  (0.03)
Sculpins
Banded sculpin = - - - 0.33 - 0.53
Cottus carolinae (1.18) (1.43)
Sunfishes
Rock bass - = o - - - 0.01
Ambloplites rupestris (0.47)
Redbreast sunfish 0.03 - - = - <0.01 -
Lepomis auritus (0.49) (0.11)
Green sunfish 0.03 0.28 0.09 - - <0.01 <0.01
Lepomis cyanellus (0.16) (0.82) (1.14) (0.12)  (0.11)
W armouth 0.02 - - - - - -
Lepomis gulosus (0.39)
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Table 7. Fish species richness, density (fish/m2), and biomass (g fish/m?2; in parentheses) in White Oak
Creek and reference sites (Mill Branch, and Hinds Creek), September - November 2023 (continued).

Sitese
Species WCK WCK WCK WCK WCK MBK HCK
2.3 3.4 3.9 4.4 6.8 1.6 20.6
Bluegill 0.06 0.03 0.17 0.09 - 002  0.02
Lepomis macrochirus (0.81) (0.18) (0.94) (0.76) (0.44)  (0.09)
Longear sunfish - - - - - - <0.01
Lepomis megalotus (0.02)
Redear sunfish 0.01 - 0.01 0.05 - = o
Lepomis microlophus (0.05) (0.01) (0.11)
Hybrid sunfish - - - - - - <0.01
(0.02)
Spotted bass - - - - - 0.02 -
Micropterus punctulatus (0.26)
Largemouth bass 0.01 - - - - - 0.01
Micropterus salmoides (0.07) (0.07)
Perches
Greenside darter - - - - - - 0.02
Etheostoma blenniodes (0.07)
Blueside darter - - - - - - 0.04
Etheostoma jessiae (0.07)
Stripetail darter 0.02 0.09 0.11 0.01 - 004  0.09
Etheostoma kennicotti (0.03) (0.10) (0.17) (0.02) (0.04) (0.09)
Redline darter - - - - - - 0.03
Etheostoma rufilineatum (0.04)
Snubnose darter 0.03 0.48 0.10 = = = 0.19
Etheostoma simoterum (0.24) (0.47) (0.16) (0.20)
Logperch 0.02 - - - - - -
Percina caproides (0.18)
TOTAL
Species richness 14 9 11 8 3 9 20
Density 0.84 3.14 3.48 2.33 1.79 0.39 3.64
Biomass 3.17 8.24 9.31 7.53 4.22 2.21 15.49

aWCK = White Oak Creek kilometer, MBK = Mill Branch kilometer, HCK = Hinds Creek kilometer.
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Table 8. Fish species richness, density (fish/m2), and biomass (g fish/m?2; in parentheses) in First
Creek, Fifth Creek, Melton Branch and a reference site (Ish Creek), October - November 2023.

Sitese
Species FCKO.1 FCKO0.8 FFKO.2 MEKO0.6 MEK1.4 ISK1.0
Minnows
Largescale stoneroller 0.29 - 0.17 0.12 0.34 0.05
Campostoma oligolepis (0.37) (1.31)  (0.31) (0.78)  (0.12)
Striped shiner 0.05 - - 1.47 0.90 0.61
Luxilus chrysocephalus (0.45) (2.31) (1.89) (1.99)
Bluntnose minnow - - = = - 0.06
Pimephales notatus (0.17)
Western blacknose dace 0.42 2.01 2.83 0.80 1.29 0.15
Rhinichthys obtusus (0.63) (1.32) (5.60) (0.87)  (1.14)  (0.47)
Creek chub 0.01 - - 0.14 0.44 0.08
Semotilus atromaculatus (0.02) (0.65) (1.56) (0.76)
Catfishes
Yellow bullhead _ - - - - 0.14
Ameiurus natalis (1.02)
Sculpins
Banded sculpin - 0.16 0.02 - = 0.05
Cottus carolinae (0.63) (0.10) (0.44)
Sunfishes
Redbreast sunfish - - . 0.04 0.01 0.42
Lepomis auritus (0.35) (0.14) (3.29)
Green sunfish 0.03 - = = - 0.12
Lepomis cyanellus (0.24) (1.79)
Bluegill 0.02 - - o - 0.01
Lepomis macrochirus (0.09) (0.03)
Spotted bass - - = - - 0.01
Micropterus punctulatus (0.07)
Perches
Stripetail darter - - = 0.12 0.01 -
Etheostoma kennicotti (0.10) (0.01)
Snubnose darter 0.06 . - 0.13 - 0.01
Etheostoma simoterum (0.10) (0.09) (0.02)
TOTAL
Species richness 7 2 3 7 6 12
Density 0.87 2.17 3.02 2.82 2.99 1.68
Biomass 1.90 1.95 7.02 4.68 5.51 10.17

aFCK = First Creek kilometer, FFK = Fifth Creek kilometer, MEK = Melton Branch kilometer, ISK = Ish

Creek kilometer.
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A project to introduce fish species that were not found in the WOC watershed but that exist in
similar systems on the ORR and that may have historically existed in WOC was initiated in 2008
with the stocking of seven such native species. Continuing reproduction has been noted for five of
the species initially stocked, and several species have expanded their ranges downstream and even
upstream from initial introduction sites to establish new reproducing populations (Figure 11). In
general, introduced species have had more difficulty establishing populations at upstream sites in
both WOC and Melton Branch. This is likely due to numerous structures located within the
watershed that act as barriers to upstream fish migration. One exception to the apparent difficulty
of expansion is the striped shiner (Luxilus chrysocephalus), which has expanded into upper Melton
Branch, upper WOC, and lower First Creek. Introductions to supplement the small populations of
those fish species at some locations were continued at sites within the watershed in 2019. At that
time, an additional species, scarlet shiner (Lythrurus fasciolaris), was introduced into lower WOC
where it continues to exist and is showing signs of continued reproduction. Some species appear
less abundant such as rock bass (Ambloplites rupestris) however, this species does not occur in
large densities throughout its range and values observed in community surveys are consistent with
other locations on the ORR. Bluntnose minnows (Pimephales notatus) were present in the lower
end of WOC before introductions began and have been observed in White Oak Lake (WOL) but
reproducing populations seem to be unable to establish in the more stream-like portions of the
watershed at this time.

The introductions have enhanced species richness at almost all sample locations within the
watershed and indicate the capacity of this watershed to support increased fish diversity of some
species. These populations still seem to be limited by impassible barriers such as dams, weirs, and
culverts, and by limited access to source populations further downstream in the Clinch River below
WOL.
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Note: A log10 transformation was used to aid in visualizing differences in fish densities between sites and survey periods. Black cells indicate that no introduced fish were
captured during a survey where other resident fish were captured. White cells indicate that no fish (introduced or resident) were captured during a survey.

Figure 11. Density of seven native fish species introduced into the White Oak Creek watershed from 2007-2023.
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D. Mercury in the White Oak Creek Watershed

The DOE mission-driven research activities that took place at ORNL from the 1950s-1960s were
focused on using mercury for pilot-scale isotope separation work that predominantly took place in
Buildings 3503, 3592, 4501, and 4505. As a result, most of the legacy mercury contamination on-
site has been found in underground piping, infrastructure, soil, groundwater, stormwater runoff,
and surface water at ORNL in the general area of these buildings. Since that time, two of the
buildings, Buildings 3503 and 3592, have been removed, though much of the underground
infrastructure (e.g., various utility piping) from the buildings remains in place. Buildings 4501 and
4505 are still in active service today, even though the mercury research work undertaken in those
buildings stopped decades ago. All of these buildings where known legacy mercury research took
place are located just north of WOC, with Buildings 4501 and 4505 located just east of Fifth Creek
and Building 3503 and 3592 footprints located just west of Fifth Creek, in the Central part of ORNL
main campus. Just west of these buildings, and just north of WOC, there were a pair of settling
ponds used for holding process wastewaters from these legacy mercury research buildings that
have also been removed. The flows captured by the settling ponds were re-routed to the PWTC/X12
for treatment in the 1990s. This area of ORNL campus, near where the ponds used to be, is another
area of focus for legacy mercury monitoring in the WOC watershed. Figure 12 depicts these areas of
ORNL main campus with known legacy mercury contamination along with the point source
locations that are currently being monitored for mercury as a part of the NPDES permit WQPP
requirements.

Today, legacy mercury at ORNL continues to be remediated and monitored as a part of the CERCLA
processes. DOE also performs additional legacy mercury monitoring/reporting which at this time is
required by the NPDES permit WQPP requirements. Since mercury is an ecological and water
quality stressor, the existing mercury investigation and characterization done as a part of WQPP
helps to better inform stakeholders on management decisions. Therefore, mercury remains a
priority for WQPP investigation. This additional legacy mercury surface water monitoring required
by the WQPP both in-stream and at point sources and non-point sources at ORNL is summarized in
the rest of this section.
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Figure 12. Treatment Plant and other Point Source Outfalls Monitored for Mercury at ORNL - 2023

1. Mercury in Ambient Water

In-stream ambient mercury monitoring has been required at ORNL under NPDES permits since
1986. However, since that time the physical locations and types of sampling done as a part of the in-
stream monitoring efforts has changed. In the most recent NPDES permit WQPP Mercury in the
White Oak Creek Watershed section, in-stream mercury monitoring was required to be coordinated
with point source outfall monitoring at both of the on-site ORNL wastewater treatment facilities
(STP/X01 and PWTC/X12). This in-stream ambient mercury monitoring data is presented here in
this section and is also uploaded periodically throughout the year into the Oak Ridge
Environmental Information System (OREIS).

Aqueous in-stream mercury monitoring in the WOC watershed continued in 2023 with quarterly
sampling at three in-stream sites throughout the WOC watershed: WCK 1.5, WCK 3.4, and WCK 4.4.
The aqueous in-stream mercury monitoring was done at these three locations using 24-hr-
composite samples. The results of the in-stream 2023 sampling efforts are shown in Figure 13.
Samples collected for this in-stream monitoring effort tend to be most representative of seasonal-
base flow conditions (dry weather, clear flow), since historical sampling results show that mercury
concentrations are typically higher under these conditions yielding a more conservative estimate of
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mercury concentration in-stream. The 24-hr-composite sample results of in-stream mercury
monitoring tend to be a more accurate representation of the data over time.
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Figure 13. In-stream 24-Hr-Composite Sample Results for Mercury at ORNL - 2023

Historically, ORNL used grab samples for in-stream monitoring prior to the NPDES permit WQPP
requirement to “coordinate the in-stream mercury sampling with the wastewater treatment plant
mercury sampling”. Both the historical mercury grab sample results and the 24-hr-composite
mercury sampling results at these in-stream monitoring sites coordinated with the wastewater
treatment plant monitoring required by the NPDES permit from 2023 are depicted in Figure 14.
This in-stream data is now being coordinated with the wastewater treatment plant sampling and is
also submitted quarterly to TDEC in the monthly DMRs, as required by the NPDES permit, as well as
is loaded into OREIS periodically throughout the year. The wastewater treatment plant mercury
sampling is discussed in later in Section 2 - Water Quality Protection Plan Mercury Monitoring -
Treatment Plants.
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Figure 14. In-stream Grab and 24-Hr-Composite Total Mercury Unfiltered Sample Results - NPDES
Permit ORNL 2009 - 2023

Figure 14 depicts in-stream mercury sampling results indicating a slight decreasing trend in
aqueous mercury concentrations from 2009 to the present. However, the higher than typical in-
stream mercury grab sample result (627 ng/L) obtained in 2011 at WCK 1.5 is believed to be
associated with structural improvement work done on the berm of White Oak Dam (WOD) that
took place around that same time frame of sampling, causing a greater than normal concentration
of suspended solids in the sample. In addition, the other outlier data point from more recent in-
stream 24-hr-composite mercury sampling (810 ng/L) taken in 2022 at WCK 1.5 also had a much
higher than usual suspended solids concentrations in the sample. It is thought that the disturbance
of water/sediment matrices at WCK 1.5 near/at the time of sampling events coupled with the
mercury being more particle-bound is the cause of the increased mercury measurements in both
these incidents.

Additional in-stream grab samples are also taken and analyzed for mercury using different
analytical methods at other in-stream locations in the WOC watershed (see WQPP Section C -
Aquatic Communities in the WOC Watershed Table 3) at different time intervals throughout the
year, though these results are initiated from the bioaccumulation study. These additional mercury
grab sample monitoring results required by the bioaccumulation study are presented in Figure 15
and are also uploaded throughout the year into OREIS.

In 2023, 24-hr-composite aqueous mercury concentrations were all below WQC at all ambient (in-
stream) sites that were monitored (Figure 13). Also, this was the case at all of the other in-stream
ambient mercury monitoring sites where mercury grab samples were taken as well during 2023.
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The only in-stream locations where both mercury grab samples and 24-hr-composite mercury
samples were taken, evaluated, and can be compared with one another in 2023 is at WCK 1.5 and
WCK 3.4, and the average ambient mercury concentrations measured were similar. At WCK 1.5 the
in-stream 24-hr-composite average ambient mercury concentration in 2023 was 19.3 ng/L,
compared with the in-stream grab sample average aqueous mercury concentration of 27.44 ng/L.
In addition, at WCK 3.4 the in-stream 24-hr-composite average ambient mercury concentration in
2023 was 10.3 ng/L, compared with the in-stream grab sample average ambient mercury
concentration of 13.60 ng/L.
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Figure 15. Total aqueous mercury concentrations from grab samples taken at sites in WOC
downstream from ORNL associated with the bioaccumulation study, 1998-2023

2. Water Quality Protection Plan Mercury Monitoring — Treatment Plants

The Sewage Treatment Plant (STP) and the Process Waste Treatment Complex (PWTC) outfall
numbers (X01 and X12, respectively) are monitored for mercury quarterly and reported to TDEC in
the monthly DMRs, as required by the NPDES permit and also are loaded into OREIS. Twenty-four-
hour composite samples are taken at both locations and flows are also recorded.
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Concentrations of mercury in discharges from STP/Outfall X01 averaged 2.0 ng/L in 2023, while
PWTC/Outfall X12 mercury concentrations averaged 48.75 ng/L. The STP/Outfall X01 trends in
total mercury concentration from 2009 - 2023 are shown in Figure 16. In addition, Figure 17
depicts trends in PWTC/X12 total mercury concentrations from 2009 through 2023.
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Figure 16. Total Mercury Concentration (HgT) at STP/Outfall X01, 2012-2023
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Figure 17. Total Mercury Concentration (HgT) at PWTC/Outfall X12, 2009-2023
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As previously mentioned, dry weather 24-hr-composite sampling is done quarterly at the two
treatment plant outfalls (STP/X01 and PWTC/X12) and is required to be coordinated with mercury
sampling at in-stream locations. The three instream ambient mercury sampling locations in 2023
were: WCK 4.4 (upstream of the two treatment plant outfalls); WCK 3.4 (at the 7500 Bridge
monitoring station which is downstream ORNL central campus and both wastewater-treatment-
plant outfalls); and WCK1.5/X15 (at WOD). This data is presented in detail in Figure 18 below.
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Figure 18. Coordination of Treatment Plant Sampling with In-Stream Sampling Sites at ORNL — 2023

3. Legacy Mercury Outfall Point Source and Non-Point Source Monitoring

Legacy mercury contamination since the 1950’s exists throughout ORNL in various environmental
media, including surface water and stormwater runoff, as well as being found in various
infrastructure, and is being monitored and remediated under CERCLA. However, as a part of the
NPDES permit WQPP mercury requirements, a review of mercury sources is to be conducted in
addition to mercury monitoring of point source outfalls and non-point source runoff at ORNL. This
additional legacy mercury investigation focuses on the handful of outfalls located in known legacy
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mercury contaminated areas in the central part of ORNL main campus and is undertaken in order to
help to better delineate mercury sources on-site, as well as to potentially help identify and
prioritize future abatement actions in these locations.

In 2023, point source dry weather mercury monitoring was undertaken as a part of the NPDES
permit WQPP requirements. The focus area of this investigation was predominantly along WOC and
portions of Fifth Creek at the following Outfalls: 207, 211, 265, 304, and 363 (Figure 12). In past
years, much of the point source mercury monitoring done under the WQPP has focused on Outfalls
207 and 211, which generally have been the outfall locations at ORNL with the highest historical
mercury concentrations recorded, and this continued to be the case in 2023. Discharged water
volumes (and therefore mercury fluxes) from Outfall 211 are typically higher than those from
Outfall 207, and again in 2023 this was true. Figure 19 and Figure 21 show trends in dry weather
mercury sampling from Outfalls 207 and 211. Also in 2023, point source mercury monitoring was
performed at Outfalls 265, 304, and 363; these outfalls have shown mercury discharges of interest
in the past likely due to the prevalence of mercury used historically in nearby buildings and from
other legacy mercury sources in these areas. However, in 2023 Outfall 265 had no dry weather flow
recorded and the dry weather mercury concentrations at Outfalls 304 and 363 were low. In 2023,
the average ambient mercury concentrations at Outfall 304 were 4.94 ng/L and 45.3 ng/L at Outfall
363.

Non-point source mercury monitoring was also undertaken in 2023 as required by the NPDES
permit WQPP mercury requirements. Semi-annual wet weather sampling at Outfalls 207, 211, 265,
304, and 363 was completed. Trends in wet weather unfiltered (more conservative) mercury
sampling results at Outfalls 207 and 211 are presented in Figure 20 and Figure 22 below. In
addition, the average wet weather unfiltered mercury sampling results in 2023 were approximately
8.25 ng/L at Outfall 265, 8.65 ng/L at Outfall 304, and 21.85 ng/L at Outfall 363.
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Figure 19. Outfall 211 Dry-Weather flowrate, Total Mercury Concentration (unfiltered), and Flux 2017-
2023
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Figure 20. Outfall 211 Wet-Weather Flowrate, Total Mercury Concentration (unfiltered), and Flux 2017-
2023

D-9



Water Quality Protection Plan Data and Evaluation Report-2023

2000 12

1800 | e
1600 1
1400 |
1200 |

1000

o
Flow {gpm)

800

600

Flux (mg/day), Concentration (ng/L)

o—e g —e—8 o-o—a o— o
Jan-15 Jan-16 Jan-17 Jan-18 Jan-19 Jan-20 Jan-21 Jan-22 Jan-23 Jan-24

Dry-Weather Sample Date, 207

~®—HgT (ng/L) =®=Flux HgT (mg/day) ———Flow (gpm, Total)

Figure 21. Outfall 207 Dry-Weather Flowrate, Total Mercury Concentration (unfiltered), and Flux 2016-
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Figure 22. Outfall 207 Wet-Weather Flowrate, Total Mercury Concentration (unfiltered), and Flux 2015-
2023

Since a water leak nearby Outfall 265 was fixed in September 2014, there has been minimal dry
weather flows sampled at this outfall. In addition, subsequent monitoring since this water utility
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isolation confirms that Outfall 265 is no longer a significant source of mercury to Fifth Creek and
WOC. However, flows and mercury concentrations could change once the Translational Research
Capability construction project is completed. Due to the persistence of elemental mercury, its
volatility, and the complexity of its interactions in piping and soil, mercury continues to be
monitored and assessed at the outfalls mentioned in this section. Therefore, Outfalls 207, 211, 265,
304, and 363 will continue to be part of the WQPP mercury monitoring point source and non-point
source program in 2024. In addition, with all of the redevelopment activities taking place at ORNL
on main campus concurrently with the beginning of deactivation and demolition associated with
legacy CERCLA remediation efforts, additional point source outfalls and non-point sources will be
considered for future mercury monitoring under WQPP.
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E. Polychlorinated Biphenyls in the White Oak Creek Watershed

PCBs are a family of chlorinated aromatic hydrocarbons that have been extensively used in
electrical equipment, such as transformers and capacitors, because of their dielectric properties,
chemical stability, and fire resistance. PCBs have also been used in industry as fluids for heat
transfer systems, fire retardants, and plasticizers. There have been known PCB releases in soil,
sediment, surface water, stormwater, and wastes at ORNL due to legacy use and contamination
since the 1940s. In addition, there has been historical use of PCBs on-site at ORNL in various pre-
1980 building materials, past and present-day oil-filled electrical equipment, past application of
waste oil to roads, and from legacy spills in the environment. Over time, it has become known that
PCBs can be harmful due to their persistent nature in the environment. Because PCBs are relatively
insoluble in water and highly soluble in lipids, they can accumulate in body fats of humans and
animals. For this reason, PCBs are closely monitored and studied in surface waters, stormwater,
and biota at ORNL since the 1980’s under various regulatory drivers. In general, all legacy PCB
remediation efforts at ORNL are regulated and carried out under CERCLA.

Surface water monitoring in the WOC watershed located on-site at ORNL has historically shown
that PCBs have been below method report limits in surface water using EPA-approved analytical
methods. However, at the same time the water samples were evaluated, the PCB fish tissue
concentrations in largemouth bass in WOL also showed that PCBs were bioaccumulating in fish at
levels of concern which were above TDEC and EPA fish tissue targets. These PCB concentrations in
fish tissue confirmed elevated PCB exposures from groundwater or surface water, but because the
fish are mobile, source identification was not possible.

Because EPA-approved methods for detecting PCBs in water have historically proven to lack the
sensitivity needed to quantify PCBs in WOC waters, ORNL has met the NPDES permit requirements
for monitoring PCBs in the water column by utilizing passive sampling devices called semi-
permeable membrane devices (SPMDs). SPMDs are thin plastic sleeves filled with oil in which PCBs
are soluble. Because SPMDs are deployed at a given site for 4 weeks and have a high affinity for
PCBs, in addition to overcoming the limitations associated with relatively high quantitation levels of
water analytical methods, they allow for a time-integrated semiquantitative index of the relative
PCB concentrations in the water column (compared to a “snapshot” value that would be obtained
from a conventional surface water grab sample). The semi-quantitative data obtained from these
SPMD devices makes them a useful tool for tracking down potential PCB sources in the WOC
watershed.

The original objective of the PCB WQPP requirements highlighted in the 2008 NPDES permit were
to identify the stream reaches, outfalls, or sediment areas that were contributing to elevated PCB
levels in the watershed. The original PCB SPMD deployment/sampling effort is shown in Figure 23.
Over the past 13 years, ORNL’s PCB monitoring efforts using SPMDs have identified upper parts of
First Creek as a source of PCBs to the WOC watershed, particularly in the storm drain network
leading to Outfall 250. The locations of elevated PCBs at ORNL in the WOC watershed have not
changed even after repeated SPMD deployment/monitoring efforts throughout the site in these
same locations over the years. The most recent PCB monitoring was done in 2022 where SPMDs
were again deployed throughout the WOC watershed and in the streams leading to WOC, repeating
the original deployments done in 2009 and 2010 (Figure 23) in order to determine whether there
have been any changes in PCB sources to the watershed. Forage fish were also collected at three
sites in First Creek to examine PCB exposure to biota in the stream. The 2022 SPMD deployment
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data showed very similar spatial patterns when compared to the original deployments in 2009 and
2010. First Creek, again, had the highest concentrations of PCBs in SPMD sampling devices (Figure
24). The Outfall 250 storm drain network, particularly the location at 250-19, consistently remains
the greatest contributor of PCBs to the First Creek watershed. PCB concentrations in forage fish in
First Creek decrease with downstream distance from this outfall. While SPMDs are semi-
quantitative, allowing for a relative assessment of PCB sources to the stream, the overall
concentrations in the SPMDs were comparable to those in previous years, suggesting that there
have been no major changes in aqueous PCB concentrations in this watershed over the past decade.
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Figure 23. Locations of monitoring points for First Creek source investigation, 2022
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Figure 24. Total PCB content (ug) in semipermeable membrane devices deployed throughout the White
Oak Creek watershed. Also shown are PCB concentrations in composites (n=3) of whole-body forage
fish collected at sites in First Creek.

Due to the consistent PCB results yielded from the SPMDs year after year all throughout the WOC
watershed, with the greatest concentrations of PCBs found particularly in the Outfall 250 storm
drain network, ORNL decided to undertake a closed-circuit television (CCTV) investigation of the
Outfall 250 storm drain system in 2023 which is currently underway. The upper reaches of the
Outfall 250 storm drain network are right underneath the area where Building 2000 and Building
2001 were demolished. Both buildings had known sources of PCBs used in their building materials
(exterior paint), though it is not known exactly if this is predominantly the sole source of PCBs in
this area. Results from the CCTV investigation will be evaluated once the study is completed, and
any significant findings will be presented in the 2024 WQPP.
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F. Facility Monitoring Activities
1. Stormwater Surveillance and Construction Activities

Discharges of stormwater from ORNL are carried by an extensive storm drain piping system, as
well as through channels, ditches, swales, and similar structures. Stormwater outfalls at ORNL are
permitted under ORNL NPDES Permit No. TN0002941. Storm water drainage areas at ORNL are
inspected twice per year as directed by the NPDES Permit WQPP requirements. In addition,
construction sites at ORNL with greater than 1 acre of land disturbance are required to obtain
coverage under the Tennessee General NPDES Permit for Storm Water Discharges Associated with
Construction Activity (TN CGP). As required by the TN CGP, Level 1 certified erosion and
sedimentation control (E&SC) inspectors perform the E&SC inspections during construction
activities. Additionally, ORNL requires construction projects that are performed by subcontractors
and disturb less than 1 acre to have Level 1 certified E&SC inspectors perform inspections. ORNL
has a Best Management Practices (BMP) plan that identifies how to minimize impacts to
stormwater at ORNL. This document is currently in the process of being reviewed and updated.

Land use within stormwater drainage areas at ORNL is typical of office/industrial /research settings
with surface features that include laboratories, support facilities, paved areas, and grassy lawns. In
addition, ORNL employs an extensive safety materials management system which includes proper
tracking, handling, and storage of materials to ensure the potential to impact stormwater is
minimal. More importantly, ORNL has numerous regulations that are being followed for materials
handling, waste management, storage, and disposal that help ensure minimal stormwater risk.
Outdoor materials storage areas can be located temporarily in many places at ORNL, but most
activity involving the movement and storage of outdoor material takes place in the 7000 area,
which is located on the east end of the ORNL site and where most of the craft and maintenance
shops are located. Smaller outdoor storage areas are located throughout the facility in and around
loading docks and material delivery areas at laboratory and office buildings. The types of materials
stored outside, as noted in field inspections, include finished metal items (pipes and parts);
equipment awaiting use, disposal, or repair; aging infrastructure; and construction equipment and
material.

There are very few pollutants from current ORNL research laboratory operations present or
expected to be present in stormwater discharges apart from on-going construction, grounds
maintenance, and utility operations. Even though ORNL is an active cleanup site with legacy
contamination, regulated both under CERCLA and the Atomic Energy Act (for radiological
constituents), legacy pollutants found in ORNL stormwater have been historically minimal.
Therefore, monitoring of stormwater sources will continue to be performed through the NPDES
permit WQPP required semi-annual drainage area inspections and construction site inspections,
while other new or emerging contaminants of concern may be investigated through the WQPP
adaptive management process.

2. Total Residual Oxidants Control Strategy

Potable water at ORNL comes from the City of Oak Ridge Department of Public Works water
treatment plant and distribution system. ORNL uses potable water for drinking, in sanitary systems,
for housekeeping, in numerous research processes, and in once-through cooling and recirculating
cooling systems located all throughout the site. The City of Oak Ridge currently utilizes chlorine as a
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final disinfectant prior to discharge of potable water throughout their water distribution system
network. Some residual chlorine remains in the water distribution system potable water (and even
the used water) at ORNL at levels which can be potentially toxic to fish or other aquatic life if the
potable/used waters are discharged into surface waters. This is especially true in those surface
waters with low flows and low volume which are similar to those located in the WOC watershed at
ORNL. Typically, any residual chlorine that may be present in sanitary wastewaters routed for
treatment at the STP is consumed in reactions with other substances within the collection system
and treatment processes. In addition, any residual chlorine in process wastewaters routed to the
PWTC for treatment is removed during treatment by the final activated carbon filtration process.

Currently as required by the NPDES permit, DOE is required to monitor TRO levels at twelve
different in-stream locations twice a month. These in-stream TRO monitoring results are submitted
to TDEC in the monthly DMR, as well as are uploaded periodically to OREIS. In addition to the in-
stream TRO monitoring undertaken on-site, DOE also began implementing a strategy to monitor
and control residual oxidant from point sources into surface waters at ORNL under the NPDES
permit required WQPP Total Residual Oxidants (TRO) Control Strategy, also known as the Chlorine
Control Strategy (CCS). As a part of this strategy, DOE regularly monitors oxidant levels at point
source outfalls with known potential chlorine /bromine sources. DOE’s NPDES Permit established
an action level of 1.2 grams per day (g/day) of TRO loading for outfalls monitored as a part of this
control strategy. If the action level is exceeded at an outfall, an investigation into the root cause of
the elevated TRO levels is required, as well as removal/treatment of TRO sources to reduce oxidant
loading to below action levels.

Cooling tower discharges are monitored as a part of this strategy at ORNL since they have the
potential to be larger sources of residual chlorine/bromine. Chlorine- and bromine-based chemicals
are typically added to supply water to control bacterial growth in cooling towers. Chlorine and
bromine residuals may remain in the blowdown water from cooling towers if they are not
evaporated or are not consumed by bacterial growth. As the cooling towers lose water by
evaporation, higher conductivity (caused by an increase in the concentration of minerals) triggers a
blowdown, resulting in a discharge that may contain residual chlorine and bromine. Therefore,
cooling tower point source discharges at ORNL are treated using a form of dechlorination to ensure
residual oxidant levels are less than the action level. Historically, a combination of sodium sulfite
tablet feeders and/or liquid dechlorinators have been used to help reduce the potential of TRO in
cooling tower discharges at ORNL. In some cases, pretreatment systems have been installed in
order to enhance the effectiveness of the primary dechlorination tablet feeders. These additional
potassium sulfite and sodium bisulfite pretreatment TRO reduction solutions have been included in
multiple cooling tower locations at ORNL. Some cooling tower outfalls are also equipped with a
secondary tablet feeder at the outfall itself.

In 2023, TRO continued to be monitored at those outfalls with known potential residual
chlorine/bromine sources. TRO was monitored more frequently (twice a month) at those outfalls
that receive either cooling tower discharges or once-through cooling water discharges. Less
frequent monitoring was also conducted at other outfalls relative to their potential to contribute
oxidant load to the receiving water (such as semi-monthly, monthly, quarterly, or semi-annually if
flow was present). Frequencies of monitoring are evaluated and modified as oxidant loads, as well
as potential chlorine/bromine sources, change at a particular outfall. In 2023, 388 TRO
measurements were taken in twenty-five point-source locations as a part of the CCS at ORNL. In
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addition to the point source monitoring, 288 semi-monthly in-stream measurements were also
taken as required by the TRO in-stream monitoring required by the NPDES permit. Although TRO
was detected on nineteen occasions during point-source outfall monitoring in 2023, no TRO was
detected at any of the twelve in-stream monitoring locations (Table 9).

Table 9. Overview of 2023 Chlorine Control Strategy

Chlorine Control Monitoring Summary Count
TRO Sampling Events 676
TRO Non-Detects 604
Instream TRO Exceedances 0
Outfall TRO Detects 19
Outfall Action Level TRO Exceedances 19

TRO Monitoring Results and Corrective Actions

There are many activities that take place at ORNL in response to point-source TRO monitoring and
may include source investigations, source elimination, addition of pretreatment dechlorination
systems, emergency repairs, and dechlorination system adjustments (summarized in Table 10). In
addition to the point source outfall TRO monitoring done as a part of this program, non-process
waters just upstream of dechlorination boxes are also checked periodically in key locations to
assess oxidant loads in drainage systems. This is to ensure the dechlorinators are working as
designed. Inspections of tablet feeders are also conducted under this program multiple times a
week to ensure that the sodium sulfite tablet feeders are refilled, in good condition, and that any
fouled tablets are removed for disposal. In addition, as a Stormwater BMP, DOE proactively
dechlorinates any potential residual chlorine/bromine sources or leaks on-site prior to discharge in
the WOC watershed to reduce risk of harm to aquatic life and the environment.

A summary of the 2023 TRO outfall monitoring detections greater than 1.2 g/day are listed in Table
10. TRO loads in the table are calculated using the TRO grab sample and instantaneous flow
reading. On-going investigations and actions taken in response to TRO monitoring in 2023 are
briefly described below.

Outfall 014 - Outfall 014 discharges cooling tower blowdown from cooling towers 4510 and 4521.
In order to better identify the sources of any potential TRO detections, these towers are now being
monitored separately, prior to their confluence at Outfall 014. In 2021, a liquid potassium sulfite
pretreatment dechlorinator was also added to both tower discharges to help improve TRO levels.
There have been no action level TRO detections since the installation of this additional
pretreatment dechlorination system.

Outfall 210 - A liquid sodium bisulfite dechlorinator located inside Building 4508 is used to treat
potential residual chlorine/bromine discharges to Outfall 210. The liquid dechlorinator treats once-
through cooling water from instrumentation that cannot use the recirculating cooling water system.
In 2023, TRO was detected at Outfall 210 on several occasions resulting from an ongoing sodium
bisulfite liquid feed pump failure. Therefore, Outfall 210 was principally dechlorinated with tablets

F-3



Water Quality Protection Plan Data and Evaluation Report-2023

and a more robust tablet dechlorination method has since been deployed in the Qutfall 210
drainage system until the liquid dechlorinator feed pump can be repaired. Repairs of the liquid
dechlorinator are expected to take place in 2024.

Outfall 211 - Outfall 211 is monitored under CCS due to having a source of residual
chlorine/bromine (once-through cooling water). Outfall 211 receives cooling water from multiple
small sources. Two dechlorinator boxes have been installed in a weir located at the point where
outfall 211 discharges to WOC. Each box is designed to treat chlorinated discharges at flow rates up
to 50 gpm. In 2023, flows ranged from 35 to 65 gpm and TRO levels ranged from 0.3 to 2.5 mg/L
TRO upstream of the dechlorinator. However, in 2023 there was one TRO exceedance at Outfall 211
downstream of the dechlorinator. TRO was measured at 0.4 mg/L in 45 gpm of flow, resulting in
approximately a load of 98 grams of oxidant. During this sampling event, TRO was also measured at
0.8 mg/L in the pipe upstream of the dechlorinator, which is an indication that the exceedance was
caused by degraded or depleted sodium sulfite tablets in the dechlorinator box. Therefore,
dechlorination box system adjustments were made at this outfall.

Outfall 227 - OQutfall 227 receives cooling tower blowdown discharges from multiple cooling
towers in Buildings 5600 and 5511. There were no TRO exceedances at Outfall 227 in 2023.
Primary dechlorination occurs inside Building 5600, and a secondary dechlorination box has been
installed at the outfall prior to discharge into WOC which is continually utilized as backup
dechlorinator. Combined use of two dechlorination boxes enables approximately 4 mg/L TRO to be
removed before cooling tower discharges enter the creek. In order to better pinpoint
dechlorination device issues, TRO is typically monitored both upstream and downstream of
secondary dechlorination at Outfall 227. Monitoring results from 2023 indicate that TRO discharges
could have exceeded the action level at the outfall on six instances without the use of secondary
dechlorination at this location.

Outfall 231 - Outfall 231 is also monitored under this program and in 2023 TRO was detected twice
from an unknown source. The detections did not appear to coincide with other field parameters
checked from the samples; for example, one detection occurred at 120 gpm of flow while the other
occurred at 20 gpm. Therefore, Outfall 231 will continue to be monitored and be dechlorinated with
tablets until the source can be identified and eliminated. Investigation of the Outfall 231 residual
TRO source is on-going.

Outfall 267 - Outfall 267 typically discharges non-chlorinated condensates and stormwater to Fifth
Creek and is also monitored under this program. In 2023, TRO was detected at this outfall during
each quarterly sample event. There was a known potable water leak in the area that was identified
as a potential source of chlorine to the storm drainage system/Outfall 267 in late 2023, however
the TRO persisted at the outfall even after the line was repaired. Building 3144 has a storm drain
connection that is currently being investigated as a potential source of TRO. Therefore, Outfall 267
is being dechlorinated with tablets until the source of the residual chlorine is identified and
removed.

Outfall 314 - Cooling tower blowdown to Outfall 314 is dechlorinated with sodium sulfite tablets
from the dechlorinator box located at the discharge pipe from the 6018 cooling tower. All other
routine wastewater loads with potential oxidants have been eliminated from this drainage network,
resulting in the removal of the liquid dechlorination system that previously treated discharges to
Outfall 314.In 2023, TRO was detected 3 times at outfall 314. One instance is believed to be related
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to degraded sodium sulfite tablets that were ineffective in treating the cooling tower discharges and
the tablets were replaced. The other two occasions were investigated and found to be related to a
one-time sump pumping of basement waters from Building 6000 that has since stopped.

Outfall 363 - Outfall 363 receives discharges from multiple cooling towers. Historical data have
shown that residual oxidants tend to remain in discharges even after primary dechlorination at the
tower/building sources. Therefore since 2017, additional sodium sulfite tablet bags have been
placed at the Outfall 363 discharge for use as a secondary dechlorination device. In 2023,
monitoring efforts upstream and downstream of secondary treatment identified seven instances
when primary dechlorination would have been insufficient. However, on two occasions in 2023
there were TRO detections exceeding the action level and it was found during investigation that the
dechlorination tablets were degraded/depleted and dechlorination tablet system adjustments were
made.
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Outfall

210
210
210
210
210
210
210

211

231
231

267
267
267
267
314

314

314

363

363
Acronyms:

Date

3/16/2023
4/21/2023
6/29/2023
7/24/2032
9/18/2023
11/27/2023
12/7/2023

7/24/2023

11/27/2023
12/22/2023

1/6/2023
5/17/2023
8/21/2023
10/16,/2023

1/6/2023

1/27/2023

5/26/2023

7/10/2023

8/21/2023

TRO
(mg/L)

2.2
2.0
0.3
1.8
0.3
1.7
1.2

0.4

(IPS)
0.1

0.1
1.2
0.1
0.8
0.1

0.7

0.3

1.5

1.6

Flow
(gpm)

40
25
25
15
20
45
35

45

120
20
25

15
45

20

20

20

Table 10. Total residual oxidant mitigation summary - 2023

Load
(g/day)

477.51
269.82
36.52
147.18
30.53
417.00
228.94

98.12

850.35
7.63

13.63
18.81
2.73
67.05
24.53

76.31

1.64

163.53

173.34

Receiving
Stream

WOC
WOC
WOC
WOC
WOC
WOC
WOC

WOC

WOC
WOC

FFK
FFK
FFK
FFK

Wele

WOC

WOC

FFK

FFK

Downstream

Water
Kilometer

WCK 4.1
WCK 4.1
WCK 4.1
WCK 4.1
WCK 4.1
WCK 4.1
WCK 4.1

WCK 4.4

WCK 4.4
WCK 4.4

FFK 0.1
FFK 0.1
FFK 0.1
FFK 0.1
WCK 4.4

WCK 4.4

WCK 4.4

FFK 0.1

FFK 0.1

Downstream
Instream .
Monitoring Source/Notes/Actions
Point
X18
X18
Once-through cooling liquid dechlorination system was
X18 . . . N
X18 inoperable in 2023 due to pump failure. Dechlorination
X18 was facilitated with sodium sulfite tablets until pump can
X18 be put back into service.
X18
Once-through cooling water is present in this drainage
X22 network. Flows are dechlorinated at the end of the pipe
with tablets.
X25
X25 Sodium sulfite tablets were placed in a bucket at outfall.
X20
X20 Source unknown but suspected as coming from drainage in
%20 Bldg. 3144.
X20
X26 Foundation sump pumping of chlorinated water which was
X26 redirected and dechlorinated with tablets.
%26 Cooling tower tablet dechlorination failure. Tablets were
replaced.
Cooling tower blowdown dechlorination system failure.
X20 . o P
Sodium sulfite tablets were placed at the end of pipe.
X20

FFK = Fifth Creek Kilometer, TRO = Total Residual Oxidant, WCK = White Oak Creek Kilometer, WOC = White Oak Creek
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3. Cooling Tower Temperature Effects on Ecological Communities

The NPDES permit WQPP requirements for Cooling Tower Temperature Effects on Ecological
Communities are to monitor temperature relative to TDEC’s water quality criteria for the
protection of fish and aquatic life and to document quantities of cooling water chemicals relative to
toxicity from safety data sheets (SDS). Table 11 and Figure 25 depict the outfalls with cooling tower
system discharges at ORNL, their locations, and the nearest in-stream sampling points. Table 11
also includes the proposed locations for cooling tower systems under construction.

Table 11. Cooling Tower Discharges at ORNL.

Receiving Ovutfalls with Cooling

Tributary Tower Discharges Cooling Towers Instream Sampling Point (s)
wocC 014 4510/4521 Cooling Towers X23 Downstream
wocC 204 2539 LLLW Evaporator X28
wocC 227 5600/5511 Cooling Towers X23
WOoC 231 5800/0OLCF5 Cooling Towers X23

MB 281 7902 (HFIR) Up/Downstream 281
wocC 314 6018 Cooling Tower Upstream 314/X23

Fifth Creek 363 5300/5309 Cooling Towers Up/Downstream 363
wocC 435 8913 (SNS)* 435IMP1
WoC 732 (under construction) New Tower System for SIPRC Project WCK 5.2 /Upstream 314

Fifth Creek 265 (under construction) New Tower System for TRC Project X19

*Note: The SNS cooling tower discharges are included in this assessment, however their discharge is monitored above
a retention basin at 435IMP1. They do not contribute as directly to WOC stream temperatures.

Acronyms: WOC = White Oak Creek, MB = Melton Branch, 435 IMP1 = Outfall 435 Internal Monitoring Point,
OLCF5 = Oak Ridge Leadership Computing Facility; HFIR = High Flux Isotope Reactor; SNS = Spallation Neutron
Source; LLLW = Low Level Liquid Waste

F-7



Water Quality Protection Plan

Data and Evaluation Report-2023

=

N
0 007" 001 5etre Vat,, 0.3 Mmi
@ < T o ®
2 ew\)//:/%\auozy 435IMP
o
‘ e P e
T"g Melfon
;L Hill Lake
o
204
@®
Xx28
o
281
0 0.25 0.5 1 Mi Hational:GiEBgFaphic, Eii, Garmin, HERE, UNEP-WCMC, LSGS,
T L Luw 1 1 SN HASA, ESA, MET], NREAN, GEBEO, NOAA, increment P Corp:
® Cooling Tower Instream Stream [ Building Footprint
Outfall Monitoring Surface Water Contour 20ft

Figure 25. Cooling Tower Outfalls and Corresponding In-stream Sampling Locations

While it is recognized that cooling tower blowdown discharges will elevate the temperatures of the
receiving waters, the NPDES permit WQPP requirements are that these discharges should not
change the temperature of the receiving water by more than 3°C relative to an upstream control
point (at ORNL, this control point is generally just upstream of the discharge). Additionally, the
discharge should not cause the temperature of the receiving stream to exceed 30.5°C and the
maximum rate of temperature change due to the discharge alone in the stream should not exceed
2°C per hour. Figure 26 - Figure 28 depict the various results of the quarterly instream temperature
monitoring changes at those outfalls that have significant cooling tower discharges at ORNL.
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Instream Temperature Changes
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Note: Temperature samples are taken twice per sampling event, so each event has two calculated temperature differences.

Figure 26. Calculated differences in temperatures from upstream and downstream of the outfalls
receiving cooling tower discharges compared to the 3°C limit
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Water Quality Protection Plan

In-Stream Tempertaures Downstream of Cooling Tower Outfalls
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Note: There was no flow from Outfall 014 in the January 2023 sample.
Figure 27. Downstream temperatures from outfalls that receive cooling tower discharges compared to
the 30.5°C limit
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Figure 28. Calculated in-stream temperature rate of change downstream of monitored outfalls
compared to the 2°C/hour limit
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In-stream temperature impacts in 2023 from cooling tower blowdown discharges have been within
the requirements noted in the NPDES permit for nearly all of the major cooling tower outfalls
monitored at ORNL. As shown in Figure 26 - Figure 28, the temperature impacts of cooling tower
discharge at outfalls 014, 227, 231, 314, and 363 have been minimal and within the required
ranges: within 3°C change in temperature in-stream, below 30.5°C in-stream, and maintaining the
rate of temperature change below 2°C/hr. However, Outfall 281 challenged the in-stream
temperature change limits on a few occasions in 2023.

Outfall 281 discharges cooling tower blowdown from the High Flux Isotope Reactor (HFIR) complex
to a tributary of Melton Branch. This tributary of Melton Branch has historically low baseflows,
such that most flow is from the outfall non-process wastewater. The temperature trends at outfall
281 in 2023 resemble historical monitoring and various operational and engineering changes have
been explored and implemented to moderate the temperature of the effluent discharged to the
stream from this outfall. Extensive operational changes were undertaken in the past to reduce the
temperature of the effluent discharged through Outfall 281, such as taking the cooling tower
blowdown from the “cool” side of the tower (i.e., the return side) instead of the warmer supply
water side. This change has proven effective in keeping the downstream temperature below 30.5°C,
as well as maintaining the rate of temperature change below 2°C/hr. Additionally, the cooling tower
blowdown line has also been equipped with a heat exchanger to assist in lowering blowdown
temperatures in the warmer months. Also, the flow path for blowdown discharges has been
lengthened and widened to provide additional dispersal for cooling the discharges before they
reach the tributary.

Despite these operational and engineering changes, the cooling tower discharge temperatures still
resulted in a slightly greater than 3°C change in temperature in-stream during the cooler months of
2023. Although downstream temperatures taken from Outfall 281 were under 30.5°C and rate of
temperature change did not exceed 2°C/hour, Outfall 281 did exhibit the highest rate of change in
between upstream and downstream temperatures among all the monitored outfalls. These trends
in 2023 are attributed to the high flowrate of blowdown relative to the lower baseflow of the
Melton Branch tributary and the extremely dry weather during sampling time. If these trends
persist at this location, additional measures to cool the cooling tower discharges during low
baseflow periods may be explored.

The NPDES permit WQPP section on Cooling Tower Temperature Effects on Ecological
Communities also requires that cooling tower water chemicals be documented relative to the
toxicity in the SDS. Therefore, ORNL’s cooling tower operators and engineers annually review and
supply estimated dosing information for each cooling tower complex and current SDS’s for each
chemical used in the cooling towers. Appendix 3 describes the changes in these chemicals from the
past year, as well as provides the chemical dosing and the toxicity information extracted directly
from the SDS forms.
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4, Whole Effluent Toxicity Outfall Monitoring

In accordance with the requirements of the DOE ORNL NPDES Permit Part 1.A Effluent Limitations
and Monitoring Requirements and Part III.E Biomonitoring Requirements/Chronic sections, annual
toxicity testing was performed in 2023 at both the Sewage Treatment Plant (Outfall X01) and the
Process Waste Treatment Complex (Outfall X12) discharges and results are discussed below.

The chronic toxicity of effluent from the ORNL Sewage Treatment Plant (Outfall X0I) was evaluated
through 7-day chronic toxicity tests performed on June 21-28, 2023. Tests were conducted with
fathead minnow larvae (Pimephales promelas) and water fleas (Ceriodaphnia dubia) on three
separate 24-hour flow-proportional composite samples of effluent. There were no reductions in
fecundity (water fleas) or growth (fathead minnows) greater than or equal to 25 percent compared
to the control. The ORNL permit states that toxicity will be demonstrated if the IC25 is less than or
equal to the permit limit (44.3%). No toxicity was observed in either water fleas or fathead
minnows.

Table 12. Sewage Treatment Plant/X01 2023 Toxicity Testing Results.

Outfall Test Organism IC25 Result
X01 Fathead minnow >100%
X01 Ceriodaphnia dubia >100%

The chronic toxicity of effluent from the ORNL Process Waste Treatment Complex (Outfall X12) was
evaluated through 7-day chronic toxicity tests performed on June 21-28, 2023. Tests were
conducted with fathead minnow larvae (Pimephales promelas) and water fleas (Ceriodaphnia dubia)
on three separate 24-hour flow-proportional composite samples of the effluent. There were no
reductions in fecundity (water fleas) or growth (fathead minnows) greater than or equal to 25
percent compared to the control. The ORNL permit states that toxicity will be demonstrated if the
IC25 is less than or equal to the permit limit (44.3%). No toxicity was observed in either water fleas
or fathead minnows.

Table 13. Process Wastewater Treatment Complex/X12 2023 Toxicity Testing Results

Outfall Test Organism IC25 Result
X12 Fathead minnow >100%
X12 Ceriodaphnia dubia >100%

In addition, the TDEC Division of Water Resources performed an NPDES Permit Compliance
Evaluation Inspection (CEI) at ORNL on June 23, 2023, and as a part of that inspection included a
supplementary toxicity test at both X01 and X12. This additional toxicity test included both a 3-
Brood daphnia (Ceriodaphnia dubia) Survival and Reproduction Test and a 7-Day fathead minnow
(Pimephales promelas) Larval Survival and Growth Test on effluent from both Qutfall X01 and
Outfall X12. The toxicity test results concluded that both outfalls demonstrated an IC25 of greater
than 100 percent of effluent for both species at both on-site wastewater treatment facilities
(STP/X01 and PWTC/X12), confirming no toxicity in either X01 or X12 discharges.
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5. Additional Monitoring and Investigations Undertaken in 2023 Under WQPP

Periodically, outside of the prescriptive NPDES permit WQPP requirements, DOE does additional
planning, monitoring, and investigation as a part of the adaptive management processes integrated
into the WQPP. These additional efforts have helped DOE maximize complicated operations,
maintenance, and design strategies at ORNL to minimize impacts to the WOC watershed. Ultimately
these additional studies help provide DOE a flexible regulatory arena to help improve the water
quality in the watershed.

The significant findings of the additional monitoring/investigations done in 2023 focused on
copper and selenium studies at point source cooling tower discharges and in-stream locations in
the WOC watershed. Additionally, in-stream nutrient monitoring continued in 2023. A summary of
the results of the additional monitoring is presented in the following sections. The data from these
additional studies is also uploaded at least annually into OREIS.

Copper in Cooling Tower Discharges

Cooling towers are frequently used at ORNL for meeting large cooling demands primarily for
centralized building cooling, computing cooling, and for cooling used for miscellaneous research
activities. Past monitoring and investigations have indicated that cooling tower discharges have
been a source of potential water quality issues in the watershed. In 2007, toxicity tests of water
from the Building 5600 and Building 4510 cooling towers identified reproductive impacts in
Ceriodaphnia. Continued investigation suggested elevated metals may be the cause of this test
results, due to Ceriodaphnia’s sensitivity to metals like copper and zinc. Therefore, additional
metals have been monitored at various cooling tower outfalls and at different in-stream locations
throughout ORNL since 2008.

Analysis of metals in-stream in the WOC watershed suggest cooling tower discharges may
potentially have been a large contributor of elevated copper results in the past due to their large
volume of discharges as well as the copper infrastructure used within the cooling systems.
Considerable collaboration has taken place over the years with cooling tower engineers/designers,
chemists, and environmental compliance staff to explore various operational performance
improvements for blowdown chemicals and dosing of the cooling towers, as well as for
opportunities to enhance cooling tower designs with the goal of reducing impact to the receiving
streams. As a result, several cooling tower chemicals and dosing regimens have changed, and new
cooling tower systems are now designed to eliminate the use of copper components exposed to
water within the tower system.

Copper monitoring at various in-stream locations and cooling tower discharge point source outfalls
continued with quarterly sampling in 2023. In-stream and cooling tower point source dissolved
copper monitoring results from 2020 - 2023 are presented in Figure 29. The monitoring results
listed in the figure are arranged from most upstream to downstream (top to bottom) in the WOC
watershed in order to show the impacts of point source cooling tower discharge on the receiving
stream. Note that Figure 29 does not include an in-stream criteria for toxicity comparison since
both ambient in-stream and point source concentrations are presented. Also, the Outfall 014
samples were taken directly at the discharge boxes of the cooling tower blowdown, instead of at
Outfall 014 in order to better discern the impacts from each cooling tower separately entering this
Outfall. This direct sampling approach of the blowdown tends to result in the higher observed
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concentrations of copper because the blowdown is not mixed with other non-process waters like it
typically would be at the end of an outfall pipe, yielding a more conservative result.

Dissolved Copper (Quarterly Instream and Effluent Locations)
2023 Update

Cu, Dissolved Concentration (mg/L)

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1
435IMP1
Upstream 314 == 6/29/2020
9/23/2020
B4 = 12/10/2020
231 = 2/10/2021
227 3/8/2021
—— m6/17 /2021
014/4510CT 9/27/2021
014/4521CT m12/13/2021
— m3/3/2022
X23 ———
s — m6/21/2022
WCK 4.4 - 9/22/2022
Upstream 363 ? L 3/'I 6/2023
p— u3/29/2023
3603 ——— / /
m6/8/2023
Downstream 363 e— u9/18/2023
Upstream 281 = ®11/13/2023
281 L
Downstream 281 _ﬁ

Note: Detection Limit = 0.00412 mg/L
Acronyms: WCK = White Oak Creek Kilometer; 435IMP1 = Outfall 435 Integrated Monitoring Point; CT = Cooling
Tower

Figure 29. Ambient in-stream and effluent point source copper concentrations in WOC watershed
(2023 values highlighted)

Low in-stream concentrations of dissolved copper continue to be observed throughout the WOC
watershed in 2023. Both in-stream and cooling tower outfall point source dissolved copper
concentrations have been trending downward in recent years, however, there is not a clear
understanding of the exact reason for this.

Dissolved copper concentrations were analyzed at in-stream monitoring locations again in 2023 as
shown in Figure 30. The Tennessee Water Quality Criteria (WQC) was included on the chart for
comparison. The Tennessee WQC for dissolved copper has a Criterion Maximum Criteria (CMC) of
13 ug/L (0.013 mg/L) and a Criterion Continuous Criteria (CCC) of 9 ug/L (0.009 mg/L). However,
for WOC and its tributaries, these values presented in Figure 30 are adjusted for a hardness of 150
mg/L as CaCOs3 as described in TDEC Rule 0400-40-03-.03(3)(g), making the dissolved CMC 19.7
ug/L (0.0197 mg/L) and CCC 12.7 ug/L (0.0127 mg/L).
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Figure 30 arranges the in-stream dissolved copper concentrations from upstream to downstream of
cooling tower discharges at ORNL from 2020 to 2023. The dissolved copper monitoring results
generally show ambient in-stream copper levels well below the WQC in nearly all locations in 2023.
These downward in-stream copper trends were in line with the downward trends from point
source cooling tower discharges seen in Figure 29 in 2023.

Quarterly Instream Copper, Dissolved
2023 Update

0.025
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0.015
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————————————————————————————————— m— 12/13/2021
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Acronyms: WCK = White Oak Creek Kilometer; CCC = Criterion Continous Concentration; CMC = Criterion Maximum
Concentration

Figure 30. Instream dissolved copper concentrations upstream and downstream of cooling tower
discharges, 2020-2023 (2023 values highlighted).

There is one quarterly sample of dissolved copper measured that is just above the CCC (12.7 ug/L)
at the in-stream monitoring point X23, which is immediately downstream of outfall 014. Outfall 014
principally discharges cooling tower blowdown from the Building 4510 and Building 4521 cooling
towers. After investigation, it was determined that the slightly elevated dissolved copper
concentration measured at X23 was predominantly due to hotter and drier weather that took place
in September 2023, resulting in lower creek flows and increased blowdown frequencies from the
cooling towers. According to the National Oceanic & Atmospheric Administration (NOAA 2023)
September 2023 was an abnormally warm, dry month in the region. A combination of the lower
creek flows and the higher volume of cooling tower blowdown discharges that took place during
this month likely resulted in slightly elevated dissolved copper levels at X23, though this did not
actually increase in the amount of copper dissolved in the blowdown. In fact, dissolved copper
concentrations in the Building 4510 and Building 4521 cooling tower blowdown samples remained
relatively steady, if not slightly decreased during the September 2023 sampling event.
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In addition, it appears in Figure 30 that in-stream monitoring station X23 has had elevated
dissolved copper concentrations since 2020 when compared to the other in-stream monitoring
locations throughout the WOC watershed, likely due to its location of being just downstream of
nearly all of the main campus cooling towers.

[t is expected that additional monitoring of metals will continue at selected in-stream and point
source cooling tower discharge outfall locations in order to evaluate the influence of cooling towers
on in-stream metal concentrations in the WOC watershed.

Selenium in Cooling Tower Discharges

Selenium is a metalloid that has been monitored at various locations for over a decade at ORNL.
Throughout these monitoring efforts, selenium has never been present in concentrations that
warrant any additional investigation. However, it has more recently been included in some studies
as a part of the WQPP in 2023 due to slightly elevated in-stream levels found during NPDES permit
application background monitoring efforts in 2022. Since the WQPP has an adaptive management
component, a more aggressive sampling effort was undertaken in 2023 in an attempt to identify
and eventually reduce/eliminate the sources of selenium in the WOC watershed. Therefore,
selenium monitoring at in-stream locations, as well as at point source cooling tower discharges,
was undertaken in 2023 and results are presented in this section.

Quarterly selenium monitoring took place in 2023 at various cooling tower point source locations
throughout the WOC watershed (see Figure 25) and is summarized in Table 14. The 2023 quarterly
grab samples were attempted during cooling tower blowdown events. However, the absence of
blowdown flow during a sampling event may result in a deferred sample for that quarter, as may be
depicted in Figure 31 below. The results of the 2023 point source monitoring appear to confirm the
presence of selenium at those outfalls that have cooling tower discharges.

Table 14. Total Selenium monitoring average quarterly grab sample results at point source locations

in 2023.
Minimum Average Maximum
Location Units . (Chronic) (Acute)
Concentration . .
Concentration  Concentration

Outfall 227 mg/L <0.0031 0.012 0.024
Outfall 231 mg/L <0.0031 0.019 0.028
Outfall 281 mg/L <0.0031 0.005 0.008
Outfall 314 mg/L <0.0031 0.010 0.029
Outfall 363 mg/L <0.0031 0.010 0.026
Cooling Tower 4510 0.030 0.045 0.056

Box (Outfall 014)
Cooling Tower 4521 mg/L 0.024 0.047 0.070

Box (Outfall 014)
Note: the detection limit for these samples is 0.0031 mg/L.

Figure 31 depicts the total selenium values from quarterly grab sampling at both cooling tower
point source effluent discharges and at in-stream sample locations in 2022 - 2023. The monitoring
results listed in the figure are arranged from most upstream to downstream (top to bottom) in the
WOC watershed to show the impacts of point source cooling tower discharge on the receiving

F-16



Water Quality Protection Plan Data and Evaluation Report-2023

stream. The results start from up-to-downstream locations in WOC (435IMP1 to WCK 4.4), then
Fifth Creek (up and downstream of 363), and then a tributary to Melton Branch (up and
downstream of 281). Note that Figure 31 does not include in-stream water quality criteria for
comparison since both ambient in-stream and point source concentrations are presented. Also, the
Outfall 014 samples were taken directly at the discharge boxes of the cooling tower blowdown
instead of at Outfall 014 in order to better discern the impacts from each cooling tower separately.
This direct sampling approach of the blowdown tends to result in greater concentrations of
selenium because the blowdown is not mixed with other non-process waters like it typically would
be at the end of an outfall pipe, yielding a more conservative result.

Total Selenium (Quarterly Instream and Effluent Locations)

Total selenium (mg/L)
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Figure 31. Total Selenium results measured in quarterly in-stream and at effluent point source
locations on White Oak Creek, Fifth Creek, and a tributary to Melton Branch in 2022 and 2023 (2023
values highlighted).

It appears from Figure 31 that all monitored cooling tower point source outfalls contained slightly
elevated concentrations of selenium when compared to in-stream background concentrations
except for Outfall 281, which discharges cooling tower blowdown from HFIR to a tributary to
Melton Branch. While selenium is detected in-stream at this location, it does not appear to be
influenced by cooling tower blowdown. In fact, the concentrations of selenium remained unchanged
from the up and downstream measurements around Outfall 281. Moreover, Outfall 281 discharges
a considerably lower concentration of selenium than other outfalls that discharge cooling tower
blowdown.
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The elevated point source selenium concentrations seen in Figure 31 at 4510CT and 4521CT, both
cooling towers that discharge to Outfall 014, were expected since the samples were taken directly
at the tower discharge dechlorination boxes not at the outfall discharge to the creek. However,
since these locations are still the highest concentrations of selenium found at any of the point
sources, additional investigation here is warranted.

In addition, there is slightly elevated selenium concentrations at the 435IMP1 monitoring location,
which is located upstream of the stormwater retention pond that receives stormwater discharges
and cooling tower blowdown from the nearby Spallation Neutron Source (SNS) research facility.
Water from this pond travels some distance underground in the stormwater drainage system and
eventually discharges into WOC at point source outfall 435 (near the WOC headwaters). Samples
are taken here instead of directly at the Outfall 435 in order to more accurately represent the SNS
discharges.

Any impact from selenium in cooling tower blowdown is most apparent in-stream at both the WCK
4.4 and X23 in-stream locations. X23 is immediately downstream of Outfall 014, which discharges
blowdown from the 4510/4521 cooling towers and WCK 4.4 is also about 400 feet downstream of
the X23 in-stream location. There are no cooling tower discharges to WOC between these two
points.

Total selenium in Fifth Creek was monitored up and downstream from Outfall 363, which
discharges cooling tower blowdown from the 5300/5309 cooling towers. Elevated selenium was
not observed in Fifth Creek during the 2023 monitoring effort, but total selenium appears to
increase slightly throughout the year at the Outfall 363 discharge.
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Figure 32. Total selenium measured quarterly in-stream across White Oak Creek, Fifth Creek, and the
tributary to Melton Branch compared against the CCC and CMC 2022 - 2023.

In-stream total selenium results from quarterly grab sampling in-stream in 2022 - 2023 is depicted
in Figure 32 and compared to both the Tennessee WQC CCC and CMC. The detection limit achieved
in the 2023 samples equaled the CCC (0.0031 mg/L). There were no exceedances of the Tennessee
WQC CMC anywhere in the WOC watershed in 2022 or 2023. However, the X23 in-stream
monitoring location tends to have the highest total selenium concentrations which may be
explained due its proximity to the 4510/4521 cooling towers discharge. The discharges from these
towers also have the highest concentration measured of total selenium during the warmer months
of the year, which may correspond to the greater cooling demand required by these cooling towers
during the warmer months resulting in more frequent blowdown events.

The in-stream total selenium results in WOC (upstream of Outfall 314 to WCK 4.4) saw consistent
exceedances of the CCC in 2023, even at the most upstream location. However, there were no
exceedances of the CCC in Fifth Creek, which receives cooling tower blowdown from the
5300/5309 cooling towers through Outfall 363. Also, the only exceedances of the CCC in the Melton
Branch tributary is present in both the upstream and downstream Outfall 281 samples, which
might mean that the CCC may not be achievable in this stream reach of the WOC watershed.

Even though there has recently been some elevated in-stream selenium concentrations identified in
recent investigations, TDEC Rule 0400-40-03-.03(3)(g)(3) states that for selenium, “The numeric
water criteria for selenium are applicable for all purposes, but for water quality assessment, fish
tissue values may be used to confirm or refute impacts to aquatic life in accordance with and
using the values from EPA’s Final Criterion: Aquatic Life Ambient Water Quality Criterion for Selenium
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- Freshwater (June 30, 2016).” The fish tissue criteria from EPA’s final criterion are reproduced
below (Table 15):

Table 15. EPA Freshwater Fish Tissue Criteria for selenium [expressed as mg/kg of dry weight (dw)]

Egg-Ovary Whole Body Muscle
(mg/kg dw) (mg/kg dw) (mg/kg dw)
15.1 8.5 11.3

As a part of the extensive BMAP efforts that have taken place at ORNL for many years, forage fish
are collected annually in the WOC watershed in order to evaluate exposure to trace elements,
including selenium. Largescale stonerollers (Campostoma oligolepis) are common forage fish in east
Tennessee. They are abundant, short-lived, and relatively sedentary and are therefore used as
biosentinels to monitor short term changes in contaminant exposure at a given site. They are also
important prey items for larger fish, and so serve as an indicator of wildlife exposure and risk.
Thirty individual stonerollers of similar size and weight are collected and separated into three 10-
fish samples which were each homogenized for analysis. Tissues are analyzed by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) on a wet weight basis. Table 16 shows selenium
concentrations (ug/g) in stonerollers collected at in-stream location WCK 3.9 (downstream of the
major cooling tower blowdown loads on WOC) from 2018-2023. During this time period, average
estimated dry weight selenium concentrations in whole body fish ranged between 1.72 - 3.35 ug/g,
well below the EPA whole body criterion for selenium of 8.5 ug/g.

Table 16. Selenium concentrations in whole-body composites of largescale stonerollers collected at

WCK 3.9.
MaX|mum Avg. Tissue E.St' Est. Avg.
. Tissue Conc. Maximum .

Year Units Conc. (wet . Tissue Conc.

(wet weight) Tissue Conc. (dry weight)

weight) g (dry weight) y welg

2018 ug/g 0.42 0.41 2.10 2.05
2019 ug/g 0.35 0.34 1.75 1.72
2020 ug/g 0.46 0.43 2.30 2.15
2021 ug/g 0.65 0.60 3.25 3.00
2022 ug/g 0.48 0.45 2.40 2.27
2023 ug/g 0.83 0.67 4.15 3.35

Note: Samples were analyzed and reported on a wet weight basis. For comparison with the EPA tissue criterion for Se, dry
weight concentrations were estimated by multiplying the wet weight values by a factor of 5 (based on an assumed 80% tissue
moisture content). mg/kg = ug/g.

The general trend of elevated total selenium in cooling tower blowdown point-source outfalls, as
well as in downstream in-stream monitoring locations, suggests that cooling towers may be the
principal contributor of selenium to the WOC watershed. Treatment chemicals used in the cooling
towers may therefore be the potential source of the elevated selenium and it is probable that
different chemical treatments used in the different cooling towers might explain the difference in
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selenium concentrations observed at these different locations. Investigation into the differences in
cooling tower treatment chemicals, as well as cooling tower point source and in-stream monitoring
of selenium is expected to continue in 2024.
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Nutrient Monitoring

Nutrients have been routinely monitored at various ambient in-stream and effluent/point source
locations in both dry and wet-weather conditions since 2012 as a part of the WQPP. Additionally,
nutrient monitoring has supported numerous projects and initiatives for various purposes. In
2020/2021, a Nutrient Study was conducted to fulfill previous NPDES permit requirements and
was submitted to TDEC in 2022. Furthermore, additional point source monitoring was conducted at
the existing STP (Outfall X01) to aid in developing design criteria for the new STP currently under
construction. Quarterly nutrient monitoring continued in 2023 at various in-stream monitoring
sites to maintain a background dataset for supporting the NPDES permit application. Annual
average and long-term average concentrations for nitrate/nitrite and phosphorus at in-stream
monitoring locations are presented in Figure 33 - Figure 36. On all figures, reference concentration
values from the TDEC publication, “Development of Regionally Based Interpretations of Tennessee’s
Narrative Nutrient Criterion” (Tennessee’s Plan for Nutrient Criteria Development, Rev. Sept 2019,
TN Dept. of Environment and Conservation, Watershed Planning Unit, Division of Water Resources)
are shown for comparison (depicted as dashed lines). The reference values are the 90th percentile
of the data set for wadeable reference streams in level IV ecoregion 67f.

Annual average dry weather concentrations for nitrate/nitrite and phosphorus at in-stream WOC
watershed monitoring stations for 2012 to 2023 are depicted in Figure 33 and Figure 34,
respectively. These figures depict increasing nutrient concentrations from upstream (WCK 6.8 -
reference site) to downstream (WCK 3.4 - below both treatment facility’s effluent discharges and
downstream of the main ORNL campus), as expected due to the presence of numerous operations
and research facilities with non-process wastewater and industrial stormwater discharges. Higher
concentrations of both nutrients are observed at WCK 3.4. In calculating the average
concentrations, the detection levels were used for those individual values that were below the
detection level from the laboratory. When the laboratory identified a result as an estimate, the
estimated value was used.
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Figure 33. Average annual nitrate + nitrite concentrations at in-stream locations in the White Oak
Creek watershed
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Figure 34. Average annual total phosphorus (TP) concentrations at in-stream locations in the White
Oak Creek watershed.

F-23



Water Quality Protection Plan Data and Evaluation Report-2023

The May 2021 total phosphorus concentration at the WCK 5.2 in-stream monitoring site depicted in
Figure 34 which resulted in a higher than typical annual average is believed to be an outlier based
on its location. WCK 5.2 is some distance downstream of the drainage from the east end of the
ORNL campus where numerous craft facilities are located, but upstream of the central ORNL

facility. Investigations conducted at the time did not identify any possible cause of this unusually
high value.

Long-term average concentrations of nitrate/nitrite and phosphorus are also presented in Figure
35 and Figure 36, respectively. As depicted in Figure 35, the long-term average nitrate/nitrite
concentrations are below the reference criteria at all sites except WCK 3.4, the most downstream
monitoring site, where nitrogen contributions from the STP are significant. Planned upgrades to the
STP facility are expected to improve nitrogen contributions upon completion in 2024 /2025.
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Acronym: WCK = White Oak Creek Kilometer
Note: Grab samples collected quarterly (Q). Period of record for locations WCK 4.1, WCK
4.4: Q2 2020-Q4 2023. Period of record for all other locations: Q2 2012-Q4 2023

Figure 35. Long-term average nitrate + nitrite concentrations from quarterly grab samples at instream
locations on White Oak Creek

Long-term average phosphorus concentrations shown in Figure 36 are generally above the
reference criteria at nearly all in-stream locations, suggesting that reference criteria determined for
the sub-ecoregion may not be appropriate or achievable for the WOC watershed. However,
phosphates used in several cooling tower systems throughout ORNL, as well as phosphorus from
the STP effluent, do contribute to these elevated concentrations. Planned upgrades to the STP
facility are expected to improve phosphorus contributions to the watershed.
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Figure 36. Long-term average total phosphorus concentrations from quarterly grab samples at in-
stream locations on White Oak Creek

Reduction of nutrients in the WOC watershed is anticipated after the completion of STP upgrades.
Re-evaluation of nutrient contributions may occur as part of the on-going investigations of
impairment to the WOC watershed, particularly if benthic macroinvertebrate studies indicate
nutrients as a potential contributor to impairment. In-stream nutrient monitoring will continue
quarterly within WOC and its tributaries in 2024.
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Appendix 1. Benthic Macroinvertebrate Laboratory Bench Sheets
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h YOV Pvn 4 1N ‘/ Jo) c'/
TaAN Y TArS /1 - o1 7 /
(L oromadao oY |2 12
Plecoptera
Trichoptera
yeuoys YCL%S / O [
(NN VNN ol 7
Other Taxa
(L mMmavys ZZ o 22X
Q llﬂht‘ LIM# Ll | O yae)
£ i /< o |/
Coleoptera
asen /OIS 2610 |F6
nos heryycki 1210 |17
St duolmis 2 o | &
Column 2 total |22 / /Q\g
Column 1 total [0 | O | (DA [Total sample number 22 Yoy 25

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number
{no.).

Entered Date: / /3 O/J 0249 Entered By: ﬂ H
Checked Date: 2/ /5524 ~ Checked By: B 4
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:

FCko.l 3 )12]2023

Total Number of Organisms __ 5 = s Total Number of Taxa /s

Proportion of Pans Checked [p ggj/m)

QC / Sorting:
Checked by: _ W $4) Date: _/2/$ /2023
Sorting efficiency

(Sorting efoZ;iency = Number in check vial (Ck. No.) ) Number originally sorted {No.) H 100)
a9
(390% Sample passes or < 90% sample fails)

Action taken:

QC / Taxonomy:

Checked by: Date:
Qriginal identification Verification identification
Subsampled? Yes Explain:

No X

R R R R R R N R I R I I I I R I I I R R N N R N N R R R R TR R R N R R R N R R R R R R R R R R R R R R N R R RN N R T N T T T Y

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

2Number of organisms in QA check vial.
bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the

check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number
{no.).

Page _ | of
Project Name: Sorted by: Date Started: Date Finished: Hours: :
oewlL BmAL BWM__ fifaps  9/njrera 3
Stream Name; [Taxonomist: Date Started: Date Finished: Hours: :
Cist Cuecell wlw Kisoaz  fefrors 5T
Site Name: Rep No.: Date: Chain-of-Custody umber: Number of Coptainers: §
FCK O X 4/(3]205-3 FCog-0423 =/ YA
Taxon Number Ck. no.2 Total no.?, Taxon - Number ;Ck.no.? Total no.? -
Ephemeroptera Odonata ' 5
Thceuntrell F 1O ¥ Sl bt albijld 7 [ O | 7 :
FBaoXiS Y10 ¥ 4 ! ~
[ SYevacyron A 1O 2 :
. p_hle_kwa[es /6l o | /&
1 n%:) la s | O s Diptera R &
v O Vhecled 1inae o |/ + 1
<Zdunypod el =2 / A
O a Xrnagier 1221 2 1o -2
Simulivm / O P :
Aptochea 2| o |2 -
L hsyaow i Aad gm#w) / 1| /7 +
“|Plecopter; z
T_;,P_cﬁm 221 /1 1 23
= / o /
2via 4 1o il E
[Trichgptera E
L el ye entyopus /2 [ :
Ol o5y che sl o S =
- Regphyla g™ KXo | X :
Gladep Somia /| o / -
X = o = Other Taxa 12 S e
0) s4ochaota 2 | K126 0
Elimin 3> o 128+ =
QG MYy S U2 | o /2 E
tales 2 1O = E
L yepul 2| O | R - =
T orbe/lyiA /1O / z
.[Coleoptera =
1 Optipervvs . (C | O 75 -
¢ _herrick >l o2 E
Wit [ 1o 17
los birlas / 1) /
Q00
. Column 2 total 554 /D o? /0
Column 1 total {|O ! 11 Total sample number 3/0 | /! 32/

R it e b rrea bbb b e b b e bl iees

Entered Date: /% // [0/ j dj} Entered By: V/ 6(/
Checked Date: 2/21/2+24 Checked By: 8

Fhtverrpitireaiiits




IR TR NI I A

BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
FCKH.8 / 4/13/ 202 3
Total Number of Organisms 32 [ _ Total Number of Taxa 3 O

Proportion of Pans Checked 32[27‘/
QC / Sorting:
Checked by: !QSM) Date: }Z / 19-02\3

Sorting efficiency

{Sorting effg:'ency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)
A _

(390% Sample passes or < 90% sample fails)

Action taken:

QC / Taxonomy:
Checked by: Date:
Original identification Verification identification

Subsampled? Yes Explain: , =
No )l =

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page |} of |
Project Name: Sorted by: Date Started: Date Finished: Hours:
MR N BMAJO RM 57'/'7;/2@3 8//*/,/2623 o
Stream Name: Taxonomist:  Date Started: Date Finished: Hours:
List Creek WSW _ Rflefrrs  w/2f f2023 [
Site Name: Reﬁ No.: Date: Chain-of—Custody'Number: Number of Containers:
FCKO.3 Y1) 2023 | Froy-o04ya3s -a v
Taxon Number !Ck. no_a‘;Total no.b Taxon Number  Ck.no.? Total no.?
_|[Ephemeroptera Odonata
- 2 d e} 4 <
L Ade ella /S / /b
(‘:.\r-\ d 'S ?!'2 ! é ’?/
I swdv< [la e W) +
;‘ 1%5, nhoto~ 2 o =/ __|piptera
v Simu /'(IV\ ? D? // ]
O vo/ e s, (o 2 >
A un e ; 16 Q. Q o 9
h}%dgnam/k}«z" /5 / /7
A 1yt rsr b 3 O 3
(b ccbngrisdue Coupes) 2 lo 2
{Plecoptera ) Fxouda lm@roh de” /1 o y A
Rl via L["I o) 5, é oL j/l /3 / o /
Nt Pevle O l / )
Tl euc > lo |8
-Trichoptera _
< K Waco la / Qo /
JCWeunls t poyche 4 1O 4
thevide n7e / oo /
FMallicontrepes [ | O /
! Other Taxa
Q lisocts ? 2 (A
Tt belloria o/ /1
BCammaves o r A=y
Elrmigz T2 160 152 ]
[ayonia Sevticanis! [/ o l__
Mo Mewd en A NG) /]
_|Coleoptera
1OpYresev vus /ST T 1Tb
(/1\//705 Nevrick, (o | O &
. L5 ,_? ) 2
1 Mieyoey llzepus / ) /
L Eedapti T 2 1le | .8
Column 2 total Zg 011D 36/0
Column 1 total | 27, 3 14| ITotal sample number 463113 143!

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date:?/;’ I/ 2022 criered By: wéﬁ)
Checked Date: 2/21/2024  Checked By: 8 1
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:

FCLh S 2 9/12/202.3

Total Number of Organisms '_-[3 l Total Number of Taxa = /

:Proportion of Pans Checked _3 ) /2 w

{QC / Sorting:
Checked by: Wﬁﬁ ) Date: _ 8//4/2023

i Sorting efficiency

i {Sorti ‘/eg}:iency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)
(4]

(390% Sample passes or < 90% sample fails)

Action taken:

QC / Taxonhomy:

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:

No X

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of
Prolect Name Sorted by: Date Started: Date Finished: Hours:
L g mAP By S s 5 /lafoons
Stream Na Taxonomist: Date Started: Date Finished: Hours:
Fies? CHe K Wshn) [2)14/2003  12)21)2023 /0
Site Name: Rep No.: Date: Chain-of-Custody Number: Number of C‘::)’aainers:
ReKOR 3 /) 3/2053 FCo¥ ~04R3 -3 | [V
Taxon Number Ck no.? Total no.? Taxon { Number Ck.no.a]‘Total no.p
Ephemeroptera Odonata .
Tobreghlehiades G 7 170 1S{cgamphds gl 91 O 7
Qf{'(’n*h‘e///\ / /|l & re I 7
1 IOOL\’?/L' W) 74
i R/) AA | D Rt
T Plaud :lm /8 o /X __ [Diptera
MacreClerfiym /|l / [ Simylivm (2 | 3 15
i 12«/\ 2 e | 2 Wy rovew e e (mp@\ / / ~
0 N VYoo o/ad (riaa, /o1 F 1 /3
T n ol r4ed v | 3| 4 ]
T EEAGCEES-=
Plecoptera
N L L “‘\fb\ /g 2 /V
172 /o pecia 41 (1o |4/
'f@n&épf}k /| O /
{Trichoptera
1 £hvace . () / /
JCWeymdXe poy (A0 1210 /2
Dl rons medestz 9 1o | 9
Holylien Y7951 a0 P
/ v Other Taxa { ‘
O] fsschopde ol /0 1 /5
A mmaris Hoed| > (R
ﬁ/lﬂ? /31 49‘ O 4/2 -
Alm lonia _Serviovuis 2 D | 2 -
LYreeus 2 O | A
+|Coleoptera
PDertinsenyviUs 33 o 33
: ghenig 'hern'dgi 9 o <9
Stenelws d 1o [ 9
Column 2 total G2 12D [ 9/<L
Column 1 total 191 S~ | 19{y [Total sampie number SB83 125 | Lod

aNumber of organisms in QA check vial.
"Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 1/3/2 03\'( Entered By: (M5 n)
Checked Date: 2/21 / 202y Checked By. gHf
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.:

Date:

y/)?/202 3

FCKO-¥ 3

Total Number of Organisms

Total Number of Taxa o?{?’

Proportion of Pans Checked _5 VY /6 n/

IQC / Sorting: ")
Checked by: __ (0%

Sorting efficiency

(Sortilzlg eff(;ciency = Number in check
(o /0

(290% Sample passes or < 90% sampl

Action taken:

Date: J 1/0(202 3

vial (Ck. No.) ) Number originally sorted (No.) H 100)

e fails)

QC / Taxonomy:
Checked by:
QOriginal identification

Date:
Verification identification

Subsampled? Yes
No

Explain:

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of
Project Name: Sorted by: Date Started: Date Finished: Hours:
AN 5% [T Q2023 G023 4
Stream Name: / Taxonomijst: Date Started: Date Finished; Hours:
FrEd (e i (et Y11)2028 /22202 Y  §
Site Name: Rep No.: Date: Chain-of-Custody Number: Number of :i?ainers:
FEK 0.& / v/ 2/2e3 FFO3 -0y 23 -/ [V
Taxon Number 'Ck no. a Total no.b Taxon { Number Ck.no.? Total no.t
Ephemeroptera Odonata
L’SMJ\ 1D e =2 9
LSdenacron 7l o
| EpWemene Ik 3 1 1.2
UA st s / o /
Diptera
(/hr}”(}v!am//?u.? (ﬁu&d 2, / S -
(\\/-MM)(/AA//)’I(«—O / qﬁ‘ & s/
T Uy TALS; 7 \ /(| O /
Alodpla stz /1O /
ntoclia [ 1O an
Plecoptera
. [richoptera 4
RN NISY PR, RIVANS .%
o’/ 5 2 O
- L\Iﬂ.@ \Wersa, /. () /
Y0580 S0noa [ O /
Ol on us A (&) /_1Other Taxa _
/ 4 0 } .4/)/-ha£9z 2210 122
CL12S (RA| O Az
oa mbayes Z D ya
|Coleoptera
Sl enelwics 5 (p
" O{]ﬁh’o-fow 2% yl | o v/
Column 2 total 204 | 3 20 7
Column 1 total /D, 15 /OT [Total sample number 3/0 VIRV

aNumber of organisms in QA check vial.

"Total number of organisms corrected for number in check vial. This number is derived by multiplying the

check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.}.

Entered Date: / 2 ’“/ M‘A"f Entered By: W

Checked Date: 2/2) /2024 Checked By: B

: [ et ettt ittt s Is I it
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
FEKO. A y, /12 /200.3

Total Number of Organisms _3/» __ |Total Number of Taxa 19

Proportion of Pans Checked 3 zéi’\)
4
QC / Sorting: ;
Checked by: __{J }é@ Date: _ 9/ ﬁ)f)’)« 32

Sorting efficiency
(Sorting efficiency = Number in check vial (Ck. No.} ) Number originally sorted (No.) H 100)
W’/

(390% Sample passes or < 90% sample fails) g
Actiontaken. 4=

QC / Taxonomy: =

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:
No i

General comments: e
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BENTHIC MACROINVERTEBRATE LABO

\TORY BENCH SHEET (FRONT)

Page of
Project Name: Sorted by: Date Started: Date Finished: Hours:
o X NL PDYV“ZHD £w (3/0)2023 j2ftefa> I
Stream Name: Taxonomist: Date Started: Date Finished: Hours:
FiLUn C¢ee,{C Wsw (f22/2004 [/23/r0a Yy 3
Site Name: EFK Rep No.: Date: , Chain-of-Custody Number: Number off/o?tainers:
CEktrB 0.2 2 4/12/0022 | FF0A-0y25 -2 [ V)
Taxon Number'[(;k_ n’o_al Total no.? Taxon Number ;Ck.no.? Total no.?
|Ephemeroptera Odonata
I Stewnacvon £ / fon
L E 2 o> | 2
Elu cylo iohp[/a /| © Vd
Diptera
A Tocha [ | & /
Ovdhae 449 PVl Qo | 3 23
Clacvoomin sl & | 506
TANY TR VSN Tlo | 9
Plecoptera
- {Trichoptera ,
A mouwm'(‘ofﬁ/V/L\D / o /
Other Taxa 4
0]\34,«&41#»\ 13 [ | 79 -
L 1 cous (2310 1?2
éd‘ % s . 1D /
Aravieh fuva So werb}u )
-[Coleoptera . _
1 Qaliosevvy§ 191 1 | RO
SWNeuvelmes / | O /
Column 2 total / 5F7 L/ /3
Column 1 total 2] A | 35  [Total sample number 190 LT

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

) W
Entered Date: |/23 / 20 Entered By: w#
Checked Date: 2 /5) /5524 Checked By: BH

FEFYIEEREIEIFIEEEEYIEIEEEILS
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

TR B33l F i1 i bEPi34:riEiiii:iiEi3qi

Sorting efficiency
(Sortingéff‘i/cioe/ncy = Number in check vial (Ck. No.) ) Number originaily sorted (No.) H 100)
24

Site Name: Rep No.: Date: . ‘
FFK 0.2 2 Y//#/202 3
Total Number of Organisms __/ 7 le ~ [Total Number of Taxa /
Proportion of Pans Checked _$ ¥ /4y
QC / Sorting: ») 4 :
Checked by: _j1)§ Date: (/4 /2023

(390% Sample passes or < 90% sample fails)
Action taken:

QC / Taxonomy:

FIREERYLEEEEIVLEcREEIERIELEEGLE

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:
No
General comments:
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BENTHIC MACROINVERTEBRATE

BORATORY BENCH SHEET (FRONT)

Page [ of &
Prolect Name Sorted by: Date Started: Date Finished: Hours:
L BmAP M 12/2 /2055 __)2/2/2023 Y
Stream Name. Taxonomist:  Date S/t_arted: Date Finished: Hours:
Er L Lyeek T4 , ([23)202 [f25/o084Y T
Site Name: Rep No.: Date: Chain-of-Custody Number: ’Number of Copfainers:
FFKO.2. 3 Y/12022 | £F02-0423-3 WZ
' Taxon %Numbe’r‘(;k_/no_a[Total no.?; Taxon | Number | Ck.no.? Total no.p
Ephemethera Odonata
[ BapXcs 41 |l o 4]
T Ephewerells le | O (2
LUAL YN lo | O &
flaud 1 1S S 1o |
Diptera
OV"Hf\éL'/ﬂo(nﬂ‘tﬂ (P S 1 [RR-
hivortomey < | O <
Ol rendmiAad /Ollﬂw) 71 D ferd
A Tocha =R N) =
He rt rad (8 maa /Lo |/
Plecoptera
Leochrm [ 1o |/
Trichoptera
1 (5 {peopgorra 0 / /
Clhouwalppe yol o 4& D vE
Vgt T [ 1o 7
B NAYIIZN [ ol 7
iOther Taxa
Ly eeus p 201 O {96 -
O)aoc lla | O Ll |
4 ‘A«-c 4 7L €4 / (@) Z
Ne Aa_ / o1 /
V2,7 % cciales /[ O 7 -
(oZp boa pritec /o /
Coleoptera N .
tO P inseris L lo [&53
S en olmec S | ol s
Column 2 total SA1S 1A 7%
Column 1 total H ;L j [78’ Total sample number 1—/87 Y Vi

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: //}f / )ﬂa‘/ Entered Byt b H

Checked Date: 3/21/202§ Checked By: BH

IR R




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.:

FEKO. 2 3

Date:

/12/205. 3

Total Number of Organisms __4 5 ¢

Total Number of Taxa

Proportion of Pans Checked _ 4/ /3 N

QC / Sorting:
Checked by: Idzs é] 2
Sorting efficiency

Action taken:

(390% Sample passes or < 90% sample fails)

Date: _ 12/ 2 [24).;

(Sorting efficiency = Number in check vial {Ck. No.) ) Number originally sorted (No.) H 100)

QC / Taxonomy:

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:
No

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page /[ of »
Project Name; Sorted by: Date Started: Date Finished: Hours:
Gyl pmAP DU _s)icfeors vl )20z 4
Stream Name: Taxonomjst. Date Started: Date Finished: Hours:
Fidlh CyeeK WS jafarfogaz  1/s)20a4 %
Site Name: Rep No.: Date: Chaig_-of-Custody Nuniber: Number of Containers:
EFEIK 10 / Y/12/20232 | FF0- 0423 ~! | V)&
' Taxon i Numbér (Ck. no.2 Total no.b| Taxon Number | Ck.no.? ' Total no.?
|Ephemeroptera Odonata
Yiavd  pos q 3 =
LT Ephgwmerella A+l O | 2AIF
=L [ 1O [ (2
L H.bve phlebmdeg [>F1 0 a2
- ACGJa‘{’[.(‘# ”A / () / Diptera ’ “
R phttes /sl o /s 1Simulyvm [/ /8 T
Y AFevpouss / o / O\/\l-ho[l,y!,‘.‘nd 2512 |27 |
1 Euvyls gho ll4 ALY [ (=7 anypPocl  wul L | / (& T
7 T C I fropomn o / / o
%hV?’Zl/5jh(‘ 3' / 3 2 :
; 1/00 7. . 4 N / 0 / -
{Plecoptera, (e a0, A, P ( owal) S| D S‘_\__~
1l evuctva [YA e | 148 | fsevdo [immophli? S|l = T
1 ~7a lnpeyla ) / 2 4
LHerlds g 1> v
1 ‘mg))n e muve 2 A -3
|Trichoptera
Polyreatvenis [0 lo /D
. ﬂ/m or “uﬂa K &) =2
T Ohvbteychia 2o | 2
N Choywalnpgsy by Sl ol s
TN esphylay” 7 [ D /___|Other Taxa
L Zlavla baphila D1l o | 2 1] veévs Gz 1 7 1 9T
J\N \\Iﬂ.To Vova modestz | 1R | O /3 Hydvachn,f i o / [T
r 1izac. 3o |\F
L, L0 r / o / —+
_|Coleoptera
: 22 10O |22
/0| O /0
/4 /D) /[
A 1D |
_ Column 2 total (99 | 1] K05
Column 1 total 212 116 | 322 Irotal sample number SOL |2] | SPF

aNumber of organisms in QA check vial.
*Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: / f/’}(ﬁ*‘/ Entered By: 82

Checked Date: 2/21/202* Checked By: BN
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
EFKI-0 / 9/)2/ 2023
Total Number of Organisms _ 354 7 Total Number of Taxa 3%

Proportion of Pans Checked 5 b4 Z ﬁ"\/

QC / Sorting:

Checked by: [Alé W Date:

Sorting efficiency

290
(390% Sample passes or < 90% sample fails)
Action taken:

5/ 2003

(Sorting efficiency = Number in check vial {Ck. No.} ) Number originally sorted (No.) H 100)

QC / Taxonomy:

No Z

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:

General comments:

i
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of
Prolect Name Sorted by: Date Started: Date Finished: Hours:
L BiM AY R §//0/2024 7//o 2024
Stream Name Taxonomist: chxte étarted Date Fmished Hours
Aoty Creek WS W Y5)a02d  cpslosy L
Site Name: Rep No.: Date: Chain-of-Custody /Nimber: Number of CEontainers:
EEK 10 2 4/ 3[2023 EF[0- D4R 3~ 2 [Vy
Taxon Number Ck no.2 Total no.? Taxon Number ! Ck no.2 | Total no.?
Ephemeroptera Odonata
tEohewervélla 31O SHA
4 U broghle b ipde € AW /5
1 Bapstas 2/ 1O S/
1D iphetar 201 O 20
Diptera .
7 0()) / (@) /]
LI PP, Er A,
/a aAyfock 1 el . Y o ‘Y
P 5y ) sz ) y40) A 170
Ta Y Tudstr1s, 30| o |30 -
Ch Voo midue Cpupaed | G | O ?
Plecoptera Simol L v ! /s 1o /S
Toallppe,la (0 (&) /o | tkeuds (.mnolﬂ‘/ulg / /) /
Y A pin powmove 3 o |2 A ch & L1 o /
L Y Yo Hupg le | O lo
+Llfuc ISl o | j2]
Trichoptera
eovhyla X 2 1o 112
pa[!/{‘fn‘l‘(/gdu_ﬂ. /1O //
, L (&) 4
MJC VOVM Poadeste. | D3 | o |29
1 vetrichis /0 lo /o Other Taxa
10 hevmatn Paychy (3 10 /81 Laveous 2+ / 25
vitep T la { S / O )isorbaste 4 A |24
Y peva [ 1o / Dy Avaclnmgdi = 2 1o 2
(FevV 1SS 14 2 | O =2
Twvhe e )& 2 | D |2
Coleoptera
ONtvosevivs Xl o [ 2
+ AA ck/vﬁ/faj bocols r 4 | © Y
Column 2 total ol 4/ ; 0? L/X
Column 1 total 2901 0n | 230 motal sample number R 7 | (o2

2Number of organisms in QA check vial,
bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the

check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 1/’ 7/‘9

Entered By:

AH

Checked Date: 2/21 /2024 Checked By: BH

b b TR EIIFEERRIBYIPIEFEIYIEIEEIEPI IR

dbrrbbpi e bbbt R bEELIIEEEEEELLIES

FritritEibeEiiit

RN R SRR R R R

IS0 R R 22020
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
FEK 1.0 o 7//2/202 2

Total Number of Organisms __ (X &5  |Total Number of Taxa 32
Proportion of Pans Checked 2Y/27

s i b b b B4 3l i b E 4 e i b E b e e B A e e i b E At i

QC / Sorting: :
Checked by: lgsﬁ) Date: B //¢/2024 :
Sorting efficiency
(Sorting efficieg):y = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100) :

a9 7o
(390% Sample passes or < 90% sample fails) :
Action taken: E

QC / Taxonomy: z
Checked by: Date: ;

Original identification Verification identification :

Subsampled? Yes Explain:

No !é

iGeneral comments:

jos

o
e
s
-
pres
s
-
o

e

s




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

PR bt b i i i b b EtEE I b i e bbb P byt iEge

Page of |
Pro;ect Name: Sorted by; | Date Started: Date Finished: Hours:
WL BMAP DPNUDBH  8/w/zer3 S/132025 &
Stream Name: Taxonomist: Date Started: Date Finished: Hours:
h Creek WS /Jgfead  1/f5/202d
S:te Name Rep No.: Date Chain-of-Custody Number: ‘Nimber of Containers:
FEK 1O 91/ /2033 FF16-64d3 -3 vy
Taxon Number zCk. no_mTotal no.° Taxon { Number | Ck.no.2 Total no.P
Ephemeroptera Odonata
Bad *l( l ? A f /
erﬁ A 33 | © 2
| aud L IO o yAeo)
e 5 | & S
Na A | O 2___|Diptera
Herstora o) / /
Seomul o 22| o | 32X
Ovmocdaddival %L__ZQ PR
T nylod 1y (9 | O / 7
Cly drsmarms b / S A
T4 u J{‘/Lﬂ/‘;/ﬂ ’ /4 | = /6
|Plecoptera AW 3 ) 2 4+
: 221 b | (36 éhnm/mmm(gx (ﬂWme) = | o |2 T
] Ns \ 235 / Lf’ O LY
A7 lagerla 25 1o XS
‘ @\ni Ao wuva 10 ol
~[Trichoptera
AL DI+V~S !, [ [ A
AL ebphy lax <+ O 1 2
| 5 o 2 O 2
PLwe tglffv ¢ S 10 |5
caghilfal / 1o /___lOther Taxa
L O0clhvotevehia =3 S 13 { rceve 01 & | Y5
_(‘olnss’n_mma ENIR<Y N O [rs0choels 34 | ¥ 128 +
Tulhelliyia / 1.3 g -
Ao g / ), /7
Newer 124 ol | O | 2 A
PP AT [/ | O /
I/Z\ Chh’v@'{ 1A / O / 7
-[Coleoptera
\ﬂ%ﬁmgfw 22 | 2 179
B crppria o2 O 2
Column 2 total e A2 1 19¢
Column 1 total 4@ i YT ITotal sample number S 134 Vs
aNumber of organisms in QA check vial. ) 6,’)

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 1/7/ 2024 Eqtered By: 1'05“)
Checked Date: 2./21 /2024 Checked By: B4
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name:

FFK /O

Rep No.:

Date:
"7// / }I/joa 3

Total Number of Organisms __ (7 42

Total Number of Taxa

3.3

Proportion of Pans Checked Y)Y /0 w

QC / Sorting:
Checked by: K k& I

Sorting efficiency
(Sorting efficiency = Number in check vial (Ck. No.} ) Number originally sorted {No.) H 100)
&5

Action taken:

Date: ) // /2024

(390% Sample passes or < 90% sample fails)

QC / Taxonhomy:
Checked by:

Original identification

Date:
Verification identification

Subsampled?

Yes

No__ X

Explain:

General comments:

P

F N I S U AT A A B A

FE PP i LEEbEY R 44

IR R R R R N R R R R R R R N R N N S N R S N I A A IS B I O I A ST U ARSI O S RIS

ISR ]

R b bi it bbb bbb bbb EELY
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THPdEEebbibidest
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(iR EitiRiREEiiiiiRi R0 Rtttz niiiiin:




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)
Page | of

Project Name: Sorted by: Date Started: Date Finished: Hours: f
OR L BMAL BHR 8/23/2023 g/>i/20» X % :
Stream Name: Taxonomist:  Date Started: Date Finished: Hours: :
Wedley Bravch Wsi/ 2f2/2004 __ 2/13/202¢ |4
Site Name: Rep No.: Date: Chain-of-Custody Number: Number ‘o/f):ontainers: -
WBK 10 [ 4/12/202 3 Wz 10-0423-/ Vs
Taxon Number Ck. no_aiTotal no.b Taxon Number ! Ck.no.? Total no.P E
Ephemeroptera IOdonata ) §
+ Ba s Z 10 173 1Slloonyshs albidlc | F 5 2 4
= Plavad fog Lo 1O ¥y 797 4 e
+ Hobreplileloisdes lo | O (o :
* Sdoueheme QO = E
Diptera z

Smulivm 93 [ 14 T E

Ol roviom s dag lﬂuv’aa) / ) Vil | E

D i Xxa r’ Ve = < E

Ce Vm&oﬂoam[gla_q V4 ) T g

Clie 1.8 2 1A 2 T

Ovidtoclp A, ngs $3 | / |59 :

Plecoptera Zany poa ving L2 1O £ E
1L ovetya 3531 2 | 353 Ol royiomin, 3210 |22+ =
-+ 9 |l ol 9 —Z2nyTalsni L | O 475K BN
1 Hey plope ¢ la S 1O s~ 4 E
T ! 7174-% / £ / :
T _Ectoptuve Xa uliyres / | o / E
Trichoptera E
A ylectvone wmodeste | & [ O | & :
rAldodayla ¥ / o /. :
+ R oy contrug T lol s :
had ‘Ph ! yvedintroge< 3 Patn =2 ;
Y lia\&\f 2 1o 2 Other Taxa f . =
T elvaras dnde +Flo |2 Ol1cq0chasie S 1O 18 =
Luge dhverce ‘ o | / Geitnwaves 293l o 2932+ =
dlayatviches [ | o / Elvwaie, [ o | /R T =
Coleoptera E
T O psevius 2% | | |24 :
TR chy fa b rzoler 3 1O 2 =
T ’/ K 40!’)"[_é1 / oo / %
47 ativscolus 7 1lo | 7 e

v LctopriAa / O / E
+ Soublms / O\l / =
Column 2 total 4S9 1 2 1997 E

Column 1 total <26 | 3 $AE  [Total sample number jolY \ s | /p]g =
aNumber of organisms in QA check vial. =

*Total number of organisms corrected for number in check vial. This humber is derived by multiplying the z

z:het;k vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number E

no.). =

Entered Date:z/ / '// 2024 Entered By: 8 /9 %

Checked Date:2/2//2024  Checked By: B}

'''''

S S




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.:

WwBKI.O

1 20 3

Total Number of Organisms __[019G

Total Number of Taxa ilﬁ

Proportion of Pans Checked SZ 42 n

QC / Sorting:
Checked by: __[A)5 &

Sorting efficiency

Action taken:

Date: & /29 /2023

{Sorting ffi?cigpcy = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)
(2]

(390% Sample passes or < 90% sample fails)

QC / Taxonomy:
Checked by:
Original identification

Date:
Verification identification

Subsampled? Yes

No_—z

Explain:

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

(no.).

Page | of :

Project Name: Sorted by: Date Started: Date Finished: Hours: ;
AXNL  BmAY RH x—‘/ao/:gs £/30/2023 X 2.5
Stream Name: Taxono ist:  Date Started: Date Finished: Hours: E
Wo\kor Branch W 2/afomd o)zl b
Site Name: Rep No.: Date: Chain-of-Custody Number f\lurﬂber of Ejﬂtamers: 5
WK 1.0 2 {)13 [202-3 Wb 10~ 0423 -2 | Vs
Taxon ‘;Nun(ber Ck. no_a*Total no.? Taxon ‘Number'Ck no.2!Total no.b E
Ephemeroptera N Odonata ‘ ;
by uh\omnhlpbmrleﬁ > VA 9 Sdylogomphos A}bn‘ﬂlﬂo_{ / () A E
T Bae Xis 1O 2 ST T :
- D\ 1A i bran$ / o [ z
T Hlavd1tus lo| O (7 g
Diptera E

YA T PP RO, SO S 4 -

LAy fod 1y 0 /S 1O Vim0

) Vo1 7+~ | O A z

ANy 4aysmn; / [ 1 /2 + -

waq) ['ove x| O 5 T E

, Howmovrodvowria (o | [/ + =
Plecoptera C hiven “ / o) 4 T E
72 ov e Rl 1 | 22 E
T f23 l |2y :
T RaoplpgeS la DO o, e
—~ A -.€\('\ W emova /o / :
Trichoptera ;
T Brachytentyes 21O 2 :
T Rlava doglhila AL 0O | 2 s
T getovia Motz | D | o | 2 E
+ 3/3 Yicemiropus q 1O Y =
L\ /2e SaVeyse L (@) /___[Other Taxa =
b ma lAia [ 1O / 24w WA Vs S| /1§81 =

+ Lrapetus / (&) / £lim a , Sl o0 /2 e
v 1 Campalidsg L O | 2 =+ =
Coleoptera "g
T Anelylasos hiowle | 2 6 [ 2 :
+ Dulimnidx latiuseelvs! 3 | O 2 e
"(')zo‘lnmer]/us (210 /2 B
r ﬂefhnv; herncky [ | & / =
Column 2 total Iol)f J,L / 3 0 E

Column 1 total [9l, 12 [418 irotal sample number 22d | 4 |22 =
aNumber of organisms in QA check vial. - x

bTotal number of organisms corrected for number in check vial. This humber is derived by multiplying the z

check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number i’

.....

Entered Date: </ q/a024 Entered By: 8 H E
Checked Date: A/ 21 / 2024 Ghecked By: BH' :

.....

1if




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name; Rep No.: Date:
WK 1 2 4/13/202 2

Total Number of Organisms __ 328 Total Number of Taxa __.30
Proportion of Pans Checked _|Y /] n

A
QC / Sorting: )
Checked by: _UWJ$t) Date: _§ /30 /2023

Sorting efficiency
(Sortingg‘ffj{iegfy = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)
b

b b1t i BB il i b EddiiabEliiiibiiaidls

i bpdyiicib byt idi:iiibibiiiie:

(390% Sample passes or < 30% sample fails)
Action taken:

IR TN E RN

QC / Taxonomy: :

Checked by: Date: :
Original identification Verification identification E
Subsampled? Yes Explain: -

biiibiiti

No d

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page | of /
Project Name: Sorted by: Date Started: Date Finished: Hours:
ok WL RMAFP B 8/30f2023  S/)/2s23 K 5
Stream Name: Taxonomist: Date Started: Date Finished: Hours:
Wa ke Brecnch w4 /192024 _2/1Y[2024
Site Name: Rep No.: Date: Chain-of-Custody Nurhber: umfber of Containers:
WRK 1.0 3 4/12[2023 | weio-04 33-3 [V 1&0
Taxon ‘,Numb’er‘Ck_ no.ai Total no.?, Taxon Number[(;k_m)_a Total no.P
Ephemeroptera Odonata 1
F R s A3 1O o dics Sy 030wy Ak g [DiSdl o NG =2
1 Plavdhog 42 o K] 77’ d
14 bk y o 4
vephie lhiod eg %) ) >
! Dintera .
' (/\ n‘/‘rmnmfc!«.ﬂ Cﬂm«a\ i / 0
Smglivm 07 [# 1o | /v
Oy Hreelad inof Slo [ B
—TAnypod ) s 92 o |9
O hfiovamns /(3 o | /5
TaAny; s & | £ HF2
Plecoptera L\ e llea / (@) /
RS /oY 1 3 ljoF
N\ Fallepeorla yAZY/ 2| (9 %
'_Amoo_um_egum 2 | o | 2
Trichoptera s
T B yechy cenlros y/ARVs) //
Divlecbaoma mod otz 2| O =%~
B Hv'f Veen "‘raﬂuq ;Z o | 2
1+ Oclavo v Yeh 4 2o |3
Other Taxa
F:// r 2 { ‘32 / 33 _
O i ocbhecz S lols
Catmmiares (Y0 o 1 /70
em i /l 1o [/
Ty be llaria / O £
Coleoptera
1O ptisser/Js 2 | 1o
1 vces birolsr /[ | O £
<+ : 17 : z Sl o | X
L Ee [ LA . 4 o Y
- j@elg)lbnu( Neyylcks Sl o | s
Column 2 total NS | S/
Column 1 total HY¢ | S [ Y{O Motal sample number %’0 // <& /

*Number of organisms in QA check vial.
®Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: ‘7// y/? 02‘? Entered By:ﬂ/
Checked Date:ol/2//. 2024 Checked By: B¥
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: - Rep.No.: Date:
AR 9/13) 2523

Total Number of Organisms

b1

Total Number of Taxa p? 7

Proportion of Pans Checked Y [:3 n

-

Checked by:
Sorting efficiency

1QC / Sorting: wgw

[{>]

Action taken:

Date: _ G / 4[)023

{Sorting eﬁgc'ency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)

(390%l Sémple passes or < 90% sample fails)

QC / Taxonomy:
Checked by:
Original identification

Date:
Verification identification

Subsampled? Yes

No__

Explain:

General comments:

Ghsdadsidbiiidcairis i rbEiadicciriz e

s by b ddii:bbddii:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page | of | ‘
Project Name: Sorted by: Date Started: Date Finished: Hours:
2u 22027 (2 )N[2003 ¢
Stream Name: Taxonomist:  Date Started: Date Finished: Hours:
\-U\f\;jr\o Dol C,\/Pek 14] 202 2/20/2024 /Y
Site Name: Rep No.: Date; Chain-of-Custody Number: Number of Coptainers:
w2 | 4)12)2023  |wea> -04R3-7 i
Taxon Number’.ck. no.2 Total no.b; Taxon Number !Ck.no.? Total no.?
Ephem?roptera Odonata
i W!S 3% A |35
1+ (ot nis ] svM 1 9 Pl
Mﬁ(f& g{er’l‘c'\)m v o s
Eyvylophelle / [©) /
- 7 ns / 5] / Dipj;‘e'a .
Ly Aay (pugwe) | 34 | 2 | ST
Oy dscled /igaol ? Y2137 1506
ANy Pock i yu R = 0 ~ -
_S;;E;L{\ 1 3 AR ‘;;‘ (;7 ﬁ/ (29 O -
Ay tavsiny 23 | /§ 1925
C ovtaXopne ) . 2 O =2
P.ljeijcl_oetef Hewe Edirgw, « /1o | 7 A
L PINOM Y 2 | O 7
B ‘ L ol 7
1 Al Oc'a.aTarlua ‘// o V/
| Z= ﬁze rla yab)
T 748 fa}ajlpy/wj / O /
Trichpptera
'”C_/\ﬁuw}byﬂ;;rlqo / ) /
Other Taxa ,
/\/le’?& £\ X q [ =2
Olidocha 5 |/ )
Pras. hyvra Soweryh, /O /7
Nepnev1-en 7 /o /
L wrevus f o ST
Physe /s / 10 /
Hy A vaclhn ol = [0 |2
Coleoptera _ /
1STene [me 28 1217490
TOtosery/ D3 N 34 | |55
v _Yophonvs ) hevr zk | (o D 2,
_ng_dtmfln - 2 5 13
Cotumn 2 total % 0{0 (p / 8 lp 3—
Column 1 total 19D | 9 1199  [Total sample number 76 1o /06¢

aNumber of organisms in QA check vial.
®Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

{no.).

¢
Entered Date: '2/ 2 / a624 Entered By:
Checked Date: 2/21/2024

Checked By:

et
8H
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i i PP E3L:ib PPl

BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date;

Wee 2.2 / y/12)200.3
Total Number of Organisms __/06 (o , |Total Number of Taxa _ 2 7
Proportion of Pans Checked 3V {{2/‘/

QC / Sorting:
Checked by: __ W44/ Date: (2 /)1 /2023

Sorting efficiency :

ER R A A A A A N A S O S O AT SRS I SN AR AT SN S S O A )

(Sorting eﬁqiciegcy = Number in check vial {Ck. No.) ) Number originally sorted (No.) H 100) g

D /o :

(390% Samble passes or < 90% sample fails) E

Action taken: :

QC / Taxonomy: ;
Checked by: Date: E
Original identification Verification identification
Subsampled? Yes Explain: ;
No E

General comments:

FrRbbbbEEEREEbbEERREEE s bbb e bbb
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of 1\
Project Name: Sorted by: Date Started: Date Finished: Hours:
aewe BMmAY KM I2f))223  12[13)a0sy o
Stream Name: Taxonomist: Date Started: Date Finished; Hours:
White Ok Creell m)Sﬁ 2/20)202 2/z0)2024 2/2//2023 (O
Site Name: Rep No.: Date: Chain-of-Custody Number: ’Number of Containers:
Wek 2-3 2 0Y/1 ?/;lo}_z weas-oyfr3 -2 _/ 1A
- Taxon Numberbk no. al Total no.?; Taxon Number |Ck.no.2 | Total no.P
gpkemeroptera Odonata
Caowis 9D [ Wi
’ s X1 T O Pl
1 [ 1O /
1T _Fuvy m9l/\1 “A T lo S
Holdradale es. / laD) /__|Diptera
T acta e Tatpm 4 o ¢ T vongw du«g [/U/Ae) 2 3 1|28
1 Poavalepto phleloa =2 1O 2 7—1 P / o0 /-
1 EUnor .mﬂ A3 | J, | Jdsv
ANy gad 1 e 3 =2 <
C hithaowming 49 Vi yAS
—TA Uy 1AL (R 122 | /5
Plecoptera H.p W0 yerAvom a " DO Ky
'i%r_\fsiz / o / (e m‘!‘azmmzdaﬂ / (@) /
] .wo‘n}nhﬂomu\/"’\ / o /
Trichoptera
T DUM{\é.,of/v &l / D /[
Other Taxa
Newmevisa 18) / /
Aligrvoniia secyicormis =2 o =<
L l% 3 A (‘/ D 'é/
) I/<0Q A-&# 8 (@) S
ghg("/o,ru/a\ Vudm/)?eL 210 |3
yeella =2 S 1.3
Coleoptera | .
Stenelm:s > lOols
1LOD 650 Vus 2 | o | R
b vra ;7/4 2 y 1o 7]
Column 2 total Srﬁ;z 45 s 72;
Column 1 total PRS { | 24 [Total sample number (D | 4 ?0 Cﬂ

aNumber of organisms in QA check vial.
"Total number of organisms corrected for number in check vial. This number is derived by multiplying the

check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date; 2-21-2Y4
Checked Date: 2-21-24

Entered By: 8vandon Hawbrick
Checked By: Brandsn Hambrick
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.:
WLk 2.3 2

Date:

4/ /;2/) /2.3

Total Number of Organisms _30 (p

Total Number of Taxa o< 2

Proportion of Pans Checked Q Y/ /N
7

QC / Sorting:
Checked by: _ QS L)

Sorting efficiency

Q) %/

Action taken:

Date: 'QZ 13/2023%

(Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)

{390% Sample passes or < 90% sample fails)

QC / Taxonomy:
Checked by:
Original identification

Date:
Verification identification

Subsampled? Yes
No

Explain:

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page | of |
Project Name: Sorted by: Date Started: Date Finished: Hours:
Ayl AMAPL ém (3032073 _[2])]2033
Stream Name: Taxonomist: Date Started: Daté Finished: Hours:
Wh te Onk Croek 220604 zppoy X
Site Name: Rep No.: Date: Chain-of-Custody Number: Nufnber of Containers:
WeKa-3 3 4/[¥/20232 Wea3-o423-3 /L
Taxon 1Nun’1ber Ck. no.2 Total no.? Taxon { Number |Ck.no.?|Total no.?
‘ Ephemeroptera lOdonata ,
J B s 7 I 12 TS locomphos albhshlos | 7 | O 1 7
L Coonig | s81 / <9 |Arag ” /1o /
P 1A 2SI 1.2 <
3 a(Ck Y v / @) /
Diptera -
Clare W /S /] o+
Ovtnaelodiin HAs3 | 3 lasrer
74 11240 Lo / = 2
Ollede\OV’Ll}:l{' 31/ 318 +
AUy TA/5 M /| & | /637
Colatoposony: o2 | O |2 -
Y*Ple optera 4
Tﬁw\ aolnmemum / o /
. Trichoptera -
Klayecadhils I 1617
ther Taxa - e
HM dia o) / /
Q 20 barvs [ | O /T
INTYE S 1O 13 +
Olsachack g 1o | 9
D |/ [/
KAl | R
R e A
Column 2 total %3 /5 "_/7&
Column 1 total 29 2 | B2 [Total sample number SCR|1 /8580

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the

check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 5 ?9/ 2024 Entered By: wsuo
Checked Date: / A 1/; 824 Checked By: WS«



BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
Wek 2.3 2 ‘7://9//)0)3
Total Number of Organisms _5 & 0 Total Number of Taxa _ =< |

Proportion of Pans Checked ‘/ZZ:{ )4/

QC / Sorting:
Checked by: A S/ Date: _L-;ZZ,;@S

Sorting efficiency

(Sortinﬁefficoiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)
(390% Sample passes or < 90% sample fails)

Action taken:

QC / Taxonomy:

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:
No

'General comments:




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of
Pro;ect Name Sorted by: Date Started: Date Finished: Hours:
o¥kwL M A Km 12//8/2003  12/)8)2025 3
Stream Name: Taxonomist: Date Started: Date Finished: Hours:
While Dol Creek WD tfsofamd (fatfaad <
Site Name: Rep No.: Date: Cham-of-Custod;l(lumber Nurfiber of (;cféainers:
welk 39 / 4/12[202.3 we29-04A3-/ | V1& -
Taxon Nuntber !C’k no.2 Total no. Taxon Number  Ck.no.2 | Total no.P B
Ephemeroptera Odonata
Raa L3 A0 | O | AO :
_ﬂ@w) 1405 Vi /) / :
Diptera g
C)\RH/LO clodiivae %3 = 70 E
Ay, XL 4 / S - :
—ﬁn yIAL S W /" Z 7 o - -
Clhbengm, ol € 4”441\ 7| o | I :
vl e = (&) S - %
Plecoptera g
TA YLUO/\\WPMUWL / ) / E
Trichoptera
~_CJAE_\);¢_~§2@5}LLLQ g 1 4 152
Other, Taxa , E
Nowa fbﬂ(g < 17 A -
Torbe larria P o g
Neyoviea, 4 1O | ¢
Alizpch Lo | -
Li¥eews =21 0 po g
Fevryss,a / 1 o /
Pl onvotova 2 o | 12
Coleoptera
1Ok nse /s 2010 |20
Noemp[mi's > o | &
Column 2 total Y 19 1/53
Column 1 total Q¢ ) [O\ [Total sample number A4A 118 lass

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number
(no.).

Entered Date: //3//,102‘( Entered By: w3
Checked Date: | / 3) /,uq Checked By: w/ w
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:

WL 3.9 [ 4/13)2023
Total Number of Organisms _2.55 Total Number of Taxa 2
Proportion of Pans Checked lz / [N

7

1QC / Sorting:
Checked by: _| A)g W Date: [ 2//9/262 53
Sorting efficiency

(Sorting efficg;ncy = Number in check vial {Ck. No.) ) Number originaily sorted (No.) H 100)
L Wo X/

(390% Sa'mple passes or < 90% sample fails)

Action taken:

QC / Taxonomy:

Checked by: Date:
QOriginal identification Verification identification
Subsampled? Yes Explain:

No (

General comments:

Gy b p b3 i i p i 44 il Eiidt i baei4iiseiai
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BENTHIC MACROINVERTEBRATE BORAT RY BENCH SHEET (FRONT)

Page
Project Name: Sort d by: Date Started: Date Finished: Hours:
OXNL AMA P i I/—Vl 12/15/2003  ja /14 /2043 A
Stream Name: Taxonomist: Date Started: Date Finished: Hours:
Kde Oak C reek Wisw/ 2/ij20aq /) f202 Y s
Site Name: Rep No.: Date: Chain-of-Custody Ndmber: Number of Copntainers:
(WK 3.9 A //9‘ 2025 W¢za-0423 -4 [V 7k
Taxon ‘ Number 'Ck no.a Total no. Taxon Number |Ck.no.2|Total no.?
) Ephemer;optera Odonata
T HherXs 345 / S
wavomidat, /ﬁufu\ )74 / [2
Lo me mA Yoy i / /
Tizvla / o /
YA P 1349 1 // | /SOT
Ol rovomma /12 1O /(S _F
ﬁm}wsm; 4 1 9 & F
Plecoptera uliuin / D /-
Trichoptera .
Cleumeto psyde 3¢ 32
 Wenvmaldia / o /
Other Taxa ,
Qlisachacts /3 o 1/3
Litrous |, / 10O /
0 ma / | O /b
Hevvoceva 4 1O 1T ¢
: [Coleoptera ] _
{ SYeyelmes 7 1 7 13
1 _Eotiotevves 210 lox
%Fheﬂggj herrick, 2 A 9
Column 2 total [¥8 1 Z A03
Column 1 total {00 3 {02 [Total sample number 2% 120 | 308

aNumber of organisms in QA check vial.

*Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.}.

Entered Dateol / l/l o L(

Entered By: V\) 5k)
Checked Date: 2 /)2/)0)4 Checked By: (,.y

IR N N R ]
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

PEP i v i b i b3 diiip i diiiipiiliii

Site Name: Rep No.: Date:

WX 2.9 2 y /I ;L//zoxg
Total Number of Organisms __ % O¥ Total Number of Taxa _ / ’-7»

Proportion of Pans Checked g’é)’ 127’\}
4
QC / Sorting: )
Checked by: |Q51_/,2 Date: |/ 222;0}3

Sorting efficiency
(Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100) E

IR R R R R R R R E R R E R R R R Y

Al :

{390% Sample passes or < 90% sample fails) f

Action taken: z

QC [/ Taxonomy: §

Checked by: . Date: :

Original identification Verification identification g
Subsampled? Yes Explain:

No

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page | of
Pro;ect Name: Sorted by: Date Started: Date Finished: Hours:
Wite Onk Cueell omil $MAY| 2 |2/20/2003 _ [3[20) 3025 2
Stream Name: Taxonomist: Date Started: Date Finfshed; Hours:
nite 0eK Cuesk Wit fifaad  2f5j2aY 3
Site Name: Rep No.: Date: Chain-of-Custody ‘Number: Numtl)s,)' of Containers:
Wek33 3 df13/3023 | Weaq- 423> Iyiide (o7 11 £ef)
Taxon | Number Ck. no.a Total no.? Taxon Number |Ck.no.? Total no.?
Ephemleroptera Odonata
i h. 353 [0 l i A ja / &) /
Q:__c_&‘z.o NnANA / oo 4 M/ocnmnbw le/’f&VlU( / ) /
Diptera
(Ll/u\mwom 1dug COUWUL) s / &
Simolyowm / A V4
?’)dehédaﬂunuﬁ gy ! £53
0 [A Y ordy (\/I N & O 2
—TAdny tavsin / ) /
Rutorba & O =
Plecoptera
Trichoptera
{Cheuwatn psycls J3 o [ZF
Other Taxa .
(law bavug | g 1O |12
O ig ocl e o An £ 1o £
Coleoptera
Optiesevvog < o | s
1S3 enelimis / 1O /
Column 2 total b A~ + ~/ (/
Column 1 total 44 i Y  [Total sample number /11 ¥ { [ﬁ

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number
(no.).

Entered Date: 2/ § / 202"{ Entered By: W
Checked Date: 2/21/2024 Checked By: B}
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Tt b b bbbt it bib i bbbt bt tcoibitbitritbbbAtoitbi

Site Name: Rep No.: Date:
wek %29 3 (’/// %T/ 2023
Total Number of Organisms [19 Total Number of Taxa

Proportion of Pans Checked _2Y (U’\/
=

QC / Sorting:
Checked by: [“St«) Date: [% [20/2623
Sorting efficiency

{Sorting eofficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)
0/
(390% Sarr'lple passes or < 90% sample fails)

Action taken:

{QC / Taxonomy:

IR R R R R I N N I N N N N I N T T e

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:
No

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page / of
Pro;ect Name Sorted by: Date Started: Date Finished: Hours:
L._sma¥ BH 2/13/202s ___§)21/2023  L.F
Stream Name k Taxonomist: Date Started: Date Finished: Hours:
whide 0alK Oree WS 2 ¥ 2/rnd 2
Site Name: Rep No.: Date: Chain-of-Custody Number: Number ofic-:féainers:
WC K. ! ‘///Q 2043 WeLE-0423 -/ [y
Taxon Number Ck. no.2 Total no.? Taxon Number | Ck.no.? | Total no.?
Ephemeroptera IOdonata
T Qlavd ifes o 3 -+
+ Avo:(eﬂ-oﬂ/\’fbm IR 0 Y
- ghemera / ) /
+ Oyvdn /5 o I %) =
+ 2lla SEl O £ # |Diptera
+ l:nlw.merf /A TI1O IS Cob ymaoan Aa g (Vulme) 0 / [
T Blae X % 39 O 2o Ovdlsed una.O P e / 2S5
1 H-Alo,/vo le@ ad-es 2310 23 "Zlyim 1 el < Ol s
L Euyylephe/l 2 / (Ao s 34 /1 o )24
. Lyom o B ) 5 TAnytarer na 4o 2
D i3/ [ | o /
Plecoptera 7 pilla / o) /
Leyctra Jg 4 1 g2 Stwmulivim > | O &
wolhine Muye () 2
T4 Y s pevia H o 24
E w e | H<a . / &) /
- Revaneveia /1O /
Trichoptera
1 A (6 / (/
L Nidle Brone mod ot ] ®) 2
L Ndeoghyla v /0| O /0
1 folyrdatvape ¢ 210 | 2
occo fowma < | © | &  lotherTaxa
4 Olhevmats 07(V(L.o =3 | O 3 ﬂ !, ‘m(}/&kﬂ)& 3 / A
- fa i lotre =2 | O | X 1 e z4 1 /7 | 35
aps Fos [ | O / L 1ycous 9 o P
o Ao / o / ¢ ZZ_I%M,YX / o /
Coleoptera
1Oy tresevvvs . LY /[ 125
’ henys hevvicky /2 2 /Y
S¥eune (s 2 al 9
1 sul bicalov / o /
Column 2 total /07” ///
Column 1 total 213113 < 30 [Total sample number drg | ]3| 44/

aNumber of organisms in QA check vial.
bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: }/ ?‘/ 202Y Entered By: (/J/
Checked Date: 2,/21/262% Checked By: Bh‘

IR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R N R R R R R R R R R R R R R R R R R R N R R R R R R RN R R IR TR
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
WK -8 f y/12/2023
Total Number of Organisms b Total Number of Taxa ‘/0

Proportion of Pans Checked 5‘2 ZQ )’\)

QC / Sorting:
Checked by: !Qﬁw Date: 8[ 9/4 2043

Sorting efficiency

{Sorting eff‘gﬁiency = Number in check vial (Ck. No.) ) Number originally sorted {No.) H 100)
Q (o /o

(390% Sample passes or < 90% sample fails)

Action taken:

i b v d 34 ::EEERLaiiiipPE

QC / Taxonomy:

Checked by: Date:
Original identification Verification identification
Subsampled? Yes Explain:

No X

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

aNumber of organisms in QA check vial.

"Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number
(no.).

Entered By: ﬁ //

Entered Date/z/ 37/”"’M‘

Checked Date: 2/21/2624  Checked By: B#

Page [ of

Project Name: Sorted by: Date Started:  Date Finished: Hours: :
QR WL AWAP B 5)p] 7025 &/28/2023 (a8
Stream Name: k Taxonomist. Date Started: Date Fidished; Hours: g
Ok Oall Crree s &/ p?7777,£4¢1/ L8/ 9
Site Name: Rep No.: Date: Chain-of-Custody Nimber: Number of Gonjainers: E
Wk 68 2 4/(3/3003 CLE 0423 ~a LV/
Taxon Nurhber iEk. no.2 Total no.? Taxon Number | Ck.no.? Total no.? :

Ephemeroptera Odonata %
_]-_u_fmm <9 / [7%))
T Sdeunacvon 2 o |2
Ephereve [ln RKlol "o
Zisowvy (g / O / :

T lamoMebmdes 110 /_2___IDiptera _ :
1 RasXig & | O 5 Ovnochod (iviee S / | &
§ 04-0 o)n\ b1z 4101 Y |—Z7aunyped unad (| O / =
4 v S 1Ol s Clhhi#ovnomiy o) > 2 :
TAUYTaLE 1 ¢ oS o 1% E

‘ = I‘VA Dlow A o), 2 E

Plecoptera §
) 2uctva (L9 |O k7 :
moh N emoy= / o / E
'TZU]/a,ﬂ/r/A /[ | © / :
Trichoptera 5 E
1Clne uwrato sy ho 2 0 T X -
40 pe /s S O < E
TR i s ol s
s, {atrle /L o / =
5 v ceurepus <L 1D ‘Y __lother Taxa E
ClA (o vra / o / Lirceus 7 1o Y E
E L e 239 | o s g E

/4 4 / -

H1lo | A

151 ) 2
| Oulimn; iTivseolos) / O / :
Optinsecyvs JERNE) /3
cUotfpor 14 AR / :

! Column 2 total Q 0 l /p / f

Column 1 total 2221 ] 723 (Total sample number A2 2 2B 2 =
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
WeK -8 ol /(22023

Total Number of Organisms 2 fI Total Number of Taxa 3 /
Proportion of Pans Checked 5;'20 n

QC / Sorting:
Checked by: _M__LUSU Date: 0 /2// 2023

Sorting efficiency
(Sorting &fﬁéieozy = Number in check vial (Ck. No.) ) Number originaily sorted (No.) H 100)

FE Pl i b B P B i i deiibibiiiibEEbili

(390% Sarhple passes or < 90% sample fails)
Action taken:

QC / Taxonomy:
Checked by: Date:
Original identification Verification identification

fi4ii4biE34id
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Biibiidiig
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PEbidestt

ftivdpdrdiratbetydee

Subsampled? Yes Explain:
No

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of
Pro;ect N Sorted by: Date Started: Date Finished: Hours:
(NL_BMAP WAH 3612003 303 /0
Stream Na Taxonomist:  Date Started: Date Finished: Hours:
Wide Oak Creek WED olehed  o)bad 26
Sxte Na Rep No.: Date: Chain-of-Custody "Number: Number of Containers:
nk(o 8 3 Y/]2/2622 WeL8-64YR3 -4 1V /a./(
Taxon ' Nurhber [Ck. no.® Total no.? Taxon | Number | Ck.no.? Total no.?
Ephemeroptera I0Odonata
~'ﬁcw+m 790 [ £ | ive [ Slocom aflus g 1o o
: rephle biodes B s [ g5 7 7
1 =Sadveha I3 1o 173
1T A vs SA 1O S 2
_ﬁ%\/rila 23 | o 3?‘ Diptera
Rdotrs S| o | s E.—E_tmnom;&,e /0uﬂu§ 9 / 1. /0
! (A 4. / o 7 Q]M'\I /;uv—-\ /?b ,;-7 /?K
OvHnselad:nag S22 1o [ -
7T any o, nil 42 |/ | 43 -
Cl g gier, 2 2 1o | /3 -
Farghssin: 2l s S/}
Plecoptera 521@1 A =2 (@) 2
T VA YR 1 4 | Y60 [5 [ XA 4 /O /
T4l pevia FH O 1RYZ | T,opvla & ey |2
‘ ] vya A2 1o 129
(OO VI OUV 14 Lf o q
)of.w la ¢ o A
Trichoptera
+ Q\n\mrm\/\ la /4 / /<
- Arets /| o /
i (o | O 7
3 1o |2
N a2eIVs bl O & Other Taxa ;

Y nnrJPS [ | O / Nli4ac s 1O 32
voachyte m'}/‘df /Y O LY %{mz w1diK /z O /|
vl erane  medesis 2|l [2 Uy ceus SE O | 58
d AP ?[L o) et P

Newe 4 1o ¥
av roled / | o /
/12y p//g via, =2 O =2
Coleoptera 1G.04N06. SOy (OVYMIS = o =
WX T XSV IR 29 [ | .50 J
tBuchyvtarec bicalor 1A 1O /=
*—1/14 Cvhey lipepug 2 o |2
1S emalnr s’ 1o (L
v ia S 1D |2
Sephenvs hervick, | S| O [ s _
4 Column 2 total 5 (5?"’ §- f‘/z
Column 1 total Hor |1 11 [] ITotal sample number 16Y4 | )4 /bl D

aNumber of organisms in QA check vial.
bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 2// A/ 202

Entered By: W 5

Checked Date: 2/21/202%  Checked By: BH
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.:
Wwekl. 8 3

Date:
v/13 /2823

Total Number of Organisms /6§ O

Total Number of Taxa gy

Proportion of Pans Checked ‘j Vgg W}

QC / Sorting:
Checked by: UOSM)
Sorting efficiency

/ o S

Action taken:

Date: O A%/26323
{Sortin effigiency = Number in check vial {Ck. No.) ) Number originally sorted (No.) H 100)

(390% Sampie passes or < 90% sample fails)

QC / Taxonomy:
Checked by:
Original identification

Date:
Verification identification

Subsampled? Yes

No X

Explain:

General comments:
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BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page [ of ¢
Project Name: Sorted by Date Started: Date Finished: Hours:
OL N L lzyﬂ AVO _mM 2/10/2023  |2/238/2023 4
Stream Name: [Taxonomist: Date Started: Date Finished: Hours:
Ciis bresk W) __olayfenry  S)1Yord F
Site Name: Rep No.: Date: Chain-of-Custody ‘Number: NumBer of Contajners:
FeKO.| '5'/3 /20‘*3 FCo%-0823-7T Vs
Taxon Number | Ck. no. al Total no.? Taxon Number ! Ck.no.?2 Total no.p
Ephemeroptera Odonata )
b%/)%m,lhg_fs a Ho:’s;jm’uc =S 1=
Diptera
,P[),\[ﬁeo((’um ! S T
hqiae apra 2 -
Plecoptera N7
, V7T
«JTrichoptera , .
" D guims Aonzs o s 2
] 7
Other Taxa
(La wmavyus Ll =
Flimea A
LAINO CEN A /-
[Fevv\VSSra [ 1
vmby colida e =
\Coleo tera | .
Jteno (m, € S
V Qetveser ol YD
) ﬁ,ﬂtﬂnut Neorvcler 2
Column 2 total / L/K
Column 1 total $ l[ Total sample number n 2

aNumber of organisms in QA check vial.
bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

{no.).

Entered Date: 3//‘//)03«"( Entered By: U)}/Q
Checked Date: 2 //,//”aq Checked Byw; A0



BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
FCKONT l ‘5’/30//,2023
Total Number of Organisms Total Number of Taxa

Proportion of Pans Checked

QC / Sorting:
Checked by: Date:

Sorting efficiency
(Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)

(390% Sample passes or < 90% sample fails)
Action taken:

QC / Taxonomy:
Checked by: Date:
Original identification Verification identification

Subsampled? Eis 2 Exn7l_ai3:E(, ﬂmm/{A €06 ¢

Cell¢ /;ch

General comments:




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of
Project Name: Sorted by: Date Started: Date Finished: Hours:
(‘) N L— QMM Rm 12/26/2023 12/20/2023 3
Stream Name: Taxonomist: Date Started: Date Finished: Hours:
Creel WS 2/zypad  3fiifuad %
Site Name. Rep No.: Date: Cham-of—Custody/ Number: “ Number of Containers:
FRLOAT | ¥/30/2023 | FF02~0%23-T 1 vieh
' Taxon | Number Ck.'no.2 Total no.b Taxon Number | Ck.no.? [ Total no.?
Epheme:;optera Odonata . "
‘ < o | 1 S lnsampns &lbrstylug VAR
Y=Levigcvom Y AN
"m‘r o]
Diptera
An "'\nf,//lA / -
Syviul iy (o

A

Nien Cv )(‘a'I‘DTnU§

Plecoptera
\Tr‘choptera .
» \%MF%M (o (o
v LLv o\./ﬂk VCL\! ]
iOther Taxa ,
L'J\V(MS Vb ~}
L.U'm bb”:'c’ull’p(u (_/) e
Coleoptera,
ene [mis o
: )—004-1‘056\1%/“5 yy
IColumn 2 total < S
Column 1 total j(l{ Total sample number 2200

aNumber of organisms in QA check vial.

bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 3/ /L//) o4 ? Entered By: 8 H
Checked Date: 3/,://143(/ Checked By: Lo.f L)



BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date;

EFKD. AT / §/30/2023

Total Number of Organisms ‘23 Q Total Number of Taxa / L/

Proportion of Pans Checked

1QC / Sorting:
Checked by: Date:
Sorting efficiency

(Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)

(390% Sample passes or < 90% sample fails)
Action taken:

QC / Taxohomy:

Checked by: Date:
Original identification Verification identification
Subsampled? Yes X Explain:

No Tﬂ/’::c//a{ﬂcols /&;.»6
9% cells ﬂ'ekeﬂ

General comments:




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page | of
Project Name: Sorted by: Date Started: Date Finished: Hours:
aywl. B wAf 2. 12/2\/2023 _ 12/2i/2023 4
Stream Name: Taxonomist: Date Started: Date Finished: Hours:
Wiile Ouk Cocek Wcw)  2fpafead 3flyja0xd 8
Site Name: Rep No.: Date: Chain-of-Custody umber: Numbe} of Congainers:
Wk 3T / £/36/505.2 Wea3-0¢22-T %
Taxon Number 'ék_ no.aiTotal no.? Taxon Number Ck.no.a}Total no.b
Epheme‘roptera Odonata
\a $ (s AV“’I 1A o] -
§ T i
\\ ) ni§ ;‘5~
Diptera s
Chm muda_pzfd) 7 +
/Ua]al esmvm 7
Conclhapelopia S T
atavdia 7 2
Cw/ﬂ Weono v / +
fevetend ipes / T
[Plecoptera ARy o d P o
\ e (| Coicdtogus /Orthneladics 2 1
\Trichoptera
(U n ouwreto psy g /
Other Taxa .
Ca.mf_mm(z[u / T
( avbiculy p/uw:neﬁ L0 T
14Y0YI14 _SeyrlCovue [ £ T
tors ST
Nia {1' / T
Branchiges Sowerybs 2 T
Memert eq /1
JColeoptera TuvbiLicrdol 3 T
‘\S MDIMUJ Ll Luowherevls T T
<L P A 70
- &3 ﬂ/‘)& 2
Column 2 total 7y
Column 1 total jl\ otal sample number ] ?3

aNumber of organisms in QA check vial.

"Total number of organisms corrected for number in check vial. This humber is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

{no.).

Entered Date: 2.23-24

Entered By: B4H

Checked Date: 3 //l//) paY Checked By: 'ou $e)



BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:

| WekKR.3T / ¥/30/2023

Total Number of Organisms ___ / §.3 Total Number of Taxa __ <2 (¢

Proportion of Pans Checked

1QC / Sorting:
Checked by: Date:

Sorting efficiency
{Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)

(390% Sample passes or < 90% sample fails)
Action taken:

QC / Taxonomy:
Checked by: Date:
Original identification Verification identification
Subsampled? Yes___ X Explain:
No_ TYQEC Pro 7(ow/5 S0A42%
Cells prekecd

General comments:




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page _( of |
Project Name Sorted by: Date Started: Date Finished: Hours:
(j") Q V\) M P\)D fm 12/22/2623 12/22/2023 4
Stream Name: Taxonomist:  Date Started: Date Finished: Hours:
WA e Qg (yee k WSV /b2y 3//&// o2y »
Site Name Rep No.: Date: Chain-of-Custody Number: fNunfber of ainers:
K3 9T / /20/,,70013 WC19~08223 -7 'f %U
Taxon Number Ck no.2 Total no. Taxon Number ! Ck.no.? Total no.?
Ephemeroptera Odonata
§YYE K 1755
Diptera
Byl 7+
Polyge /u m /-
it ny Fal503 /
Ov Woc 1d$ 7 1
Plecoptera
\Trichoptera .
JChtvmats psyehp 23 N
Hydvepsy tEp /
/ V=7 -
Other Taxa ,
[abambans &
LUV LAVEa , /& T
Udvhwu/q Wumines /8 T
lrgrovim Sepericorns /
‘—UMY{(U L /AT
Coleoptera
+ S‘-Lﬁnpjm < q
Yvos S
Column 2 total o2
Column 1 total nmy Total sample number J¢ 3

aNumber of organisms in QA check vial.

®Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number {Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: % / I ‘//)-62
Checked Date: 3/ /L,/)O)

3

Entered By: (,O{L\)
Checked By: W4

W



BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date;

wWek 2.9 77 / 5/39,41023

Total Number of Organisms _/ /[, 3 Total Number of Taxa / 4

Proportion of Pans Checked

QC / Sorting:
Checked by: Date:

Sorting efficiency
(Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted {No.) H 100)

(390% Sample passes or < 90% sample fails)
Action taken:

QC / Taxonomy:

Checked by: Daté:
IOriginal identification Verification identification

Subsampled? ;zs+ EXPIai?:TZQ £ A ﬁaé 20
of ¥ cells //Zkéop

General comments:




BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (FRONT)

Page of | ‘
Project Name: Sorted by: Date Started:  Date Finished: Hours:
alwl AW H\O Rm 12/23 /2023 12/23/2023 3
Stream Name: { Taxonomist: Date Started: Date Finished: Hours:
o e Ok Creelc W) f23/uad  2f2yfoany @
Site Name: Rep No.: Date: Chain-of-Custody Number: Number of Confainers:
Wek 3T | §/30 /2023 | we LY~ O¥23-7 LV & X
Taxon Number' Ck. no.2 Total no.® Taxon Number |Ck.no.2|Total no.?
Ephemeroptera (Odonata
%;guarm\n o) 5%;1._02523:#7&/} Albl'ﬂtlvlbf VA
\\\,’ Sony b 7
A E]D emerells [
Dipiera , -
lué;w {I?ﬂ}fdlﬂhl % A=
M| U ;?_ 4
LA, —:;
1Yy sSlopelbpia <
fFavawmety icde nemus / —+
Plecoptera
N Lene 59
Fallageila 1%
Swe | F pa]
, A_Xoan LAY /
Trichoptera |
I N iplectsova modects K206
M yde daNersa [
Y@/ Sy the o
LY/ ontrefos /
Ny Kogey I’.L'\Q &2 |Other Taxa
§ vachphia / Lireeus ST 7
Q [lhsebsowma 2 |1 Ca rvS < 4
s liim ’ﬁ , / 6/ R
Combriculidas /A
Colgoptera
£ el tavent sz lov 20
I tosoy 'A% 4
1 Steunolm. s, ] pe;
A henvs_ hertick, b
S Zllal VAN /
| Column 2 total 2 -+
Column 1 total ] 3—? Total sample number | 21 o

aNumber of organisms in QA check vial.
bTotal number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 5/ / ‘// 2024 Entered By: s e
Checked Date: 3 /,4/,0;q Checked By: 54



BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:

Wekl, 87 / s/20/202 72

7 /
Total Number of Organisms __2 / 7 Total Number of Taxa ;Qﬁ

Proportion of Pans Checked

QC / Sorting:
Checked by: Date:
Sorting efficiency

(Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)

(390% Sample passes or < 90% sample faiis)
Action taken:

QC / Taxonomy:

Checked by: Date:
Original identification Verification identification
Subsampled? Yes )'d Explain:
No TDﬁC //p faco/S B ové

DR cells ﬂ'ekej

General comments:




BENTHIC MACROINVERTEBRATE

I7ABORA ORY BENCH SHEET (FRONT)

Page of
Project Name: Sorted by: Date Started: Date Finished: Hours:
WY Z \ﬁ ‘ Rn Sf22/6as  a)273/2023 3
Stre me: Taxonomist:  Date Started: Date Finished: Hours:
{ e'ﬁ‘m« B ranch Ws 2/24/202Y 3))Y/[200¢ F
Site Name: Rep No.: Date: Chain-of-Custody Number: ___ Number of Containers:
MEKD. LT 5/ 30/2023 MEDL -0 A3 -7 [Vie ()
Taxon Number c{(_ no.2 Total no.t Taxon Number | Ck.no.2 | Total no.P
Ephemeroptera i0donata
TZ sopychia 25 Avaia . po N
T Bag +13 {23 . ji}ﬂ%an#ﬁ.&[éli’fy/us /
T» -~ K
{MZ%\V‘!(UM 2
Diptera,
An [ clha ¥ -
At icogoson Vs |
Polypodi|hm, _ =
(‘;@WCJ&KLFQ loyia R
[
Plecoptera
+loy 2
TVevlesia 2
Trichoptera ,
T Noowale g5yt 91
O lpiwig yral 7 o
1 oste q
N yire 4 / T
4 Other Taxa - ] ,
'A}né‘/a"n:_;; ‘paffl'njv'ﬂ 2 =
Ay . _SerrieVny ¥
L révs 3
(am ba yus = -
(avyd, Cotnotus <
Covlor L mines ’2' ‘
) ! (4 /T
Coleoptera Lleurocers 2
o cp /VS I | Luwhvico\vdés =
43 %nelps , V8
+ 4n1’h|/,)lﬂ/"a.{ ~b|’£d,e\/‘ /
1TT< 24 v / ydo)
b
Column 2 total _ 27
Column 1 total | f?—l Total sample number 2 ‘ D

aNumber of organisms in QA check vial.
*Total number of organisms corrected for number in check vial. This number is derived by multiplying the
check vial number (Ck. no.) by the proportion of pans checked during sorting QA, and then adding to number

(no.).

Entered Date: 3/ / ‘//)O;‘q Entered By: lzt)éh)
Checked Date: 3/ 1y /}ogt-{ Checked By: )5 W)



BENTHIC MACROINVERTEBRATE LABORATORY BENCH SHEET (BACK)

Site Name: Rep No.: Date:
MEKD T b’ %/30/202 2

Total Number of Organisms _2 /O Total Numberof Taxa __ 2049

Proportion of Pans Checked

QC / Sorting:
Checked by: Date:
Sorting efficiency

(Sorting efficiency = Number in check vial (Ck. No.) ) Number originally sorted (No.) H 100)

(390% Sample passes or < 90% sample fails)
Action taken:

QC / Taxonomy:

Checked by: Date:
Original identification Verification identification
Subsampled? Yes X Explain: %a /
No TPSC prerecels
N/

/) "'6 7?’[%’//)'//(2

General comments:
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DWR-WPP-01-QSSOP-Macroinvert-082918

Department of Division of Water Resources

TN Environment & QSSOP for Macroinvertebrate Stream Surveys
H Revision 7

Conservation Effective Date: December 28, 2021

STREAM SURVEY INFORMATION (see protocol E for detailed information and BSERT for Completing E-Form)

DWR Station ID: " - samplers: N W 0S 4+ 1 \eM
Monitoring Location Name: WC X /.4 Date: %-3C -2 Time: )34 0
Monitoring Location: Organization: Drainage Area:
County: Ecoregion: u/s ECO:
Latitude: HUC: WS Grp:
Longitude: WBID: Field Log #:

Project Name: [] Watershed [1303(d) []Antideg [ ECO [JFECO Other:

Project ID: TN&;?/
Activity Type: Sample [ QCSample [ Habitat [ QC habitat [ QCID

Sample Status: [Collected [Seasonally Dry CIFrequently Dry [CNo Channel
CIToo Deep (Not Wadeable) [IToo Deep (Temporary) [IPermanent Barrier [Fenced
OLandowner Denial: CTemporary Barrier [JPosted Plan to revisit? CYes CINo

Flow Conditions: OODry [disolated Pools [Stagnant OlLow [OModerate [OHigh OBankful CFlooding

Chemicals/Bacteria: EZINone ORoutine  CINutrie OMetals [OE. coli OOrganics OOther
Field Parameters: Meter(s) Used: \,Bl P([ Q

>

pH (su) 9.0 Dissolved Oxygen % q6.9

Conductivity (umhos) Y73. 7 [ uq0.3] Turbidity iNFe)-(TINL ) .80

Temperature (C°) 934 TDS (mg/L) 3 L il

Dissolved Oxygen (ppm = mg/L) % % Flow (cfs) NS SC 7
Meter Problems? / -

Photos Taken? [ No MYes: Description:

Previous 48 hours precipitation: COUnknown [INone [ISlight [Moderate [Heavy [Flooding
Air Temperature (°F)

Physical Characteristics & Light Penetration:

Gradient (sample reach): OOFlat [Cllow [IModerate [CIHigh  [CICascades

Average Stream Width: CIVery Small (<1.5yd) OSmall (1.5-3yd) COMed. (3-10yd) CLarge (10-25yd) OVery Large
(>25yd)

Maximum Stream Depth: OShallow (<0.3yd) CMedium (0.3-0.6yd) [CIDeep (0.6 —1yd) [IVery Deep(>1yd)

% Canopy Cover Estimated for Reach: % & Woud e %

% Canopy Cover Measured (mid-reach): _| _u/s+ | d/s+ ) LDB+ __| RDB= Total/384*100 U“[{).\0"lo
Channel Characteristics:

Bank Height: (yd.) High Water Mark: (yd.)

Bank Slope LDB: [IDeeply incised [OBluff/Wall CUndercut [Sloughing [ISteep terrain  CIGentle Slope

Bank Slope RDB: [IDeeply incised [Bluff/Wall CUndercut [Sloughing [ISteep terrain  OGentle Slope

Manmade Modification: CINone CIRip-Rap Cd0Cement ClGabions ClChannelized CIDam CDredging CIBridge CIATV

Stream Characteristics:

Sediment Deposits: CINone [Slight [CModerate [ClExcessive [IBlanket

Sediment Type: OONone [Sand [OSilt OMud [OClay [OSludge [OMn Precipitant [IOrange Flocculent

Turbidity: CIClear [Slightly Turbid OMuddy [OMilky OTannic OPlanktonic Algae [Dyed

Foam/Surface Sheen: CO0None [INutrient [Surfactant [Bacteria

Algae: OONone OSlight OModerate CDHigh CIChoking  Type: [IDiatoms CIGreen CIFilamentous CIBlue-green
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DWR-WPP-01-QSSOP-Macroinvert-082918
Department of Division of Water Resources
TN Environment & QSSOP for Macroinvertebrate Stream Surveys
. Revision 7
Conservation Effective Date: December 28, 2021

TDEC-DWR Stream Suryey Field Sheet (Back)

| DWR Station ID: \N(A(/L?Q Date: rE\f/'f/:)[)fz/JAssessors: N (_)m e

Dominate Substrate:'(Mo're than 25%) Select up to 4 T%A\/
Riffle Run Pool
O Boulders (>10”) O Boulders (>10”) O Boulders (>10”)
O Cobble (2.5-10”) O Cobble (2.5-10”) O Cobble (2.5-10”)
O Gravel (0.1-2.5”) O Gravel (0.1-2.5”) O Gravel (0.1-2.5”)
O Bedrock O Bedrock O Bedrock
O Sand O Sand O Sand
O Silt (not gritty) O Silt (not gritty) O Silt (not gritty)
O Clay (Slick) O Clay (Slick) O Clay (Slick)
Surrounding Land Uses (list additional land uses under comments)
O  Forest O  Grazing O Stormwater O STP/WWTP O Construction
O  Wetland O  Row Crops O  Urban O Industry O Impoundment
O  Park O CAFO/Dairy O  Commercial 0O Mining/Dredging 0O ATV/OHV
O Hay/Fields O  Logging O  Residential O Road/Hwy/RR O  Golf Course
Observed Human Disturbance to Stream: Blank (not observed) S (Slight) M (Moderate) H (High)
Riparian Loss Logging Industry ATV/OHV
Channelization Urban Mining/ Dredging Golf Course
Active Grazing Commercial Road/Hwy/RR Garbage/Trash
Row Crops Residential Construction Landfill
CAFO/Dairy STP/WWTP Impoundment Water Withdrawal

Other Stream Information and Stressors: 5.y Jeoeles W/ ree banele ne ¥

Stream Sketch: (include road name or landmark, flow direction, reach distance, distance from bridge or road,
sampling points, tributaries, outfalls, livestock access, riparian, potential impacts, north arrow, immediate land use,
buildings, etc.) Use additional sheet if necessary.
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Departient of

Environment &
Conservation

DWR-WPP-01-QSSOP-Macroinv
Division of Water Resources

ert-082918

QSSOP for Macromvertebrate Stream Surveys

Revision 7
Effective Date December 28, 202

1

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (FRONT)
See Protocol E for detailed deseriptions and rank imformation). See BSERT for instructions op completing e-form)

DWR Station ID:

Habitat Assessment By: N ~Jlﬂ(}£

Monitoring Location Name V\)(ML@

Date: }) AV ]

[ Time: YU

v

Monitoring Location

Field Log Number: -] N

A HT |

1. Epifaunal

has natwal stable habitat

covers 40-70% of stream

HUC | WS Group. Ecolegion T OC. O Duplicate O Consensus
Optimal Suboptimal Marginal Poor
Ovet 70% of strteam reach Natural stable habitat Natural stable habitat Less than 20% stable

covers 20 -40% of stream

habitat, lack of habitat 1s

SCORE i

\

15 14 13 12611/
6

Substrate/ Available | surtable for colonization by | reach Three ot more teach ot only 1-2 productive | obvious, substrate unstable
Cover fish and/or productive habitats present | habitats present (If near o1 lacking
macroinvertebrates Fouror | (If nea 70% and mote than | 40% and mote than 2 go to
more productive habitats aie | 3 go to optimal ) suboptimal )
present
20 19 18 17 16 10 9 8 7 5 4 3 2 1

Comments

2.Embeddedness of
Riffles

)

ravel, cobblé, and boulders
0-25% surrounded by fine
sediment Layeting of
cobble provides diversity of
niche space If near 25%

Wt banies U0
Gravel, cobble and
boulders 25-50%
surrounded by fine
sediment Niches in bottom

layets of cobble

ry

Gravel, cobble, and boulder

s are 50-75% sutrounded by
fine sediment Niche space

in middle layers of cobble 1s
starting to fill with fine

Gravel, cobble, and
boulders are more than
75% surrounded by fine
sediment Niche space 1s

reduced to a smgle lar)-:eQr}%(

3. Velocity/ Depth
Regime

All fowr velocity/depth v
regimes ptesent (slow-deep,
slow»shallow,\‘fast-deep,x

Only 3 of the 4 regimes
present (1if fast-shallow 1s
missing score lower) If

drop to suboptimal 1f 1iffle compromised Ifnear 50% | sediment 1s absent AN
not layered cobble & uffles not layered 050
f\h\i % cobble drop to ma{ﬂmfﬁi
SCORE\ \/ V<120 19 18 17 16 [15 14 13 (¥ 1|10 9 8 7 6 5 4 3 21
Comments Qe peauarins Wond

Only 2 of the 4 habitat
regimes present (if fast-
shallow or slow-shallow ate

Domunated by 1
velocity/depth regime
Others regimes too small or

15

fast-shallow) )( slow-deep missing score missing, score low) mfrequent to support
15 aquatic populations
—7 AN
SCORE [ 20 19 18 17 16 |15 14 13 12 11[10 9 87 J6 5 4 3 2 1
N
Comments U’ [ \ N V- \) , m
Sedinfent deposition affécts | Sediment deposition Sediment deposition affects | Heavy deposits of fine
4. Sediment less than 5% of stream affects 5-30% of stream 30-50% of stteam bottom material, increased bat
Deposition bottom n quiet areas New | bottom Shght deposition | Sediment deposits at development, mote than
deposition on 1slands and n pool or slow areas obstruction, constiictions 50% of the bottom
point bars 1s absent or Some new deposition on and bends Moderate pool changing fiequently, pools
minimal 1slands and pont bars deposition almost absent due to
Move to marginal if build- substantial sediment
up approaches 30% deposition
7 p app o AN p
SCORE / 20 19 18 17 16 14 13 12 1110 9 8({% /6 [5 4 3 2 1
l <

Comments

5. Channel Flow

reaches base of both
lower banks and streambed

Y
;

Water covers = 75% of
streambed or 25% of

Water covers 25-75% of
stteambed and/or

Very little water in channel
and mostly present as

Status. 1s covered by water productive habutat 1s productive habitat 1s mostly | standing pools Luttle o1 no
throughout reach Minimal exposed exposed ptoductive habatat due to
productive habitat 1s lack of water

VAVAN sxposed
SCORE  “/A ) 15 14 13 12 1110 9 8 7 6 |5 4 3 2 1

Comments

2019 18 17 16
\

ShmpLd (e-that uoiid e w ARl E faer pOAcivent-uas not preserti-
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epaiurient of

DWR-WPP-01-QSSOP-Macroinvert-082918
Division of Water Resources

QSSOP for Macromnvertebrate Stream Surveys
Revision 7

Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE 1 TO HIGH GRADIENT STREAMS (BACK)

DWR Station ID \M V / o P

Date é ‘_’ t ) L Assessorqu ;m“)ﬁ

Optimal

Suboptimal

Marginal Poor

6. Channel Alteration

ara)

Channelization, dredging
rock removal, 4-wheel or
hvestock activity (past or
present) absent o1 minimal,
natural meander pattern
NO artificial structures in
reach Upstieam or
downstream structures do
| nef affect reach

Channelization, diedging 4-
wheel or livestock activity
up to 40% Channel has
stabilized If laiger 1each,

channelization 1s histotic and

stable Artificial structures
in o1 out of teach do not
affect natuial flow patterns

Over 80% of reach
channelized, dredged or
affected by 4-wheeleis ot
livestock Instream
habitat greatly altered or
temoved Artificial
structures have greatly
affected flow pattern

Channelization, dredging
4-wheel or livestock
activity 40-80% (o1 less
that has not stabilized )
Attificial structures 1n o1
out of teach may have
shight affect,

SCORE

V%

20) 19 18 17 16

15 14 13 12 11

10 5 4 3 2

Comments

7. Frequency of re-
oxygenation zones. Use
frequency of 11ffle ot
bends for category

\

Occunience of re-
oxygenation zones
elatively fiequent, ratio of
distance between aieas
divided by average stieam

Occurience of re-
oxygenation zones
infiequent, distance between
ateas divided by average
stieam width 1s 7 - 15

Occasional 1e-
oxygenation atea The
distance between ateas
divided by avetage
stteam width 1s over 15

Generally all flat watet or
flat bedrock, little
opportunity for te-
oxygenation Distance
between ateas divided by

8. Bank Stability (scoie
each bank)

Detetmine left or 11ght
side by facing

e10s1on or bank failure
absent or mummal, hittle
potential for future
problems <5% of bank

Rank by quality width <7.1 and up to 25 average stream width
i >25 N
SCORE | 20 19 18 17 16 15 14 13 12 11 10 9 8§ 7 615 4 3 2 (1
Comments v ' W17 e \ VNG A
Banks stable, evidence of Moderatelystable, Moderately unstable, 30- | Unstable, many eroded

infrequent, small areas of
erosion mostly healed over
5-30% of bank m reach has
areas of erosion If

60 % of bank in reach
has ateas of eroston, high
etoston potential during
floods, If apptoaching

area, raw aieas frequent
along straight sections
and bends, obvious bank
sloughing, 60-100% of

Comments

9. Vegetative
Protective

(scote each bank)
includes vegetation fiom
top of bank to base of
bank Determine left o1

coveted by undistutbed
vegetation All 4 classes
(matuie trees, undeistory
trees, shiubs, groundcover)
ate tepresented and allowed
to grow natuwally All

Mote than 90% of the bank |

70-90% of the bank coveled

downstream affected approaching 30% score 60% score poor 1f banks | bank has erostonal scats
mat ginal if@anks steep steep

SCORE ' (LB) LeftBank 10 9 8 ) 6 5 4 3 2 1 0

SCORE (/) (RB) nght Bank 10 9 8 7 5 4 3 2 0

(a6 /)
'v

by undisturbed vegetation
One class may not be well
tepresented. Distuption
evident but not effecting full
plant grtowth Non-natives
ate tare (< 30%)

Less than 50% of the
bank covered by
undistutbed vegetation ot
mote than 2 classes are
not well represented o
most vegetation has been
cropped Non-native

50-70% of the bank
coveted by undisturbed
vegetation Two classes
of vegetation may not be
well tepresented Non-
nattve vegetation may be
common (30-50%)

10. Riparian

Average width of 1ijatian
zone > 18 meters Unpaved

1ight side by facing plants are native vegetation may domnate
downstiegm /A > 50%)

SCORE L) (LB) LeftBank 10 9 [[8) 7 6 5 4 3 2 1 0
SCORE K (RB) Right Bank 10 9 L8/ 7 6 5 4 3 2 1 0
Comments W~ UNTNE

Avetage width of 1ipatian
zone 12-18 meters Score

Average width of
ripartan zone 6-11

Average width of riparian
zone <6 metets Score

Total Sc 04‘

Desctibe: /() CLU@\(

199 | Page

Zomparison to Ecoregion Guidelines (cuicle):
If scote 1s below guidelines , result of (citcle) Natural Conditions o1 Human Disturbance

Vegetative Zone Width | footpaths may scoie 9 if hmgh1f areas < 18 meters ate | metets Scote high if high if areas less than 6

(score each bank.) Zone | run-off potental is small or are mimmally ateas less than 12 metets | metets ate small or are

begins at top of bank neghgible distutbed are small ot are mimmally disturbed
A minimally disturbed

SCORE |V_(LB) Left Bank [ 10\ 9 8 7 6 5 4 3 2 1 0

SCORE {{ /(RB) Right Bank [ 10/ 9 8 7 6 5 4 3 2 1 0

Comments \_/

ABOVE or

Wum)w N St cie i ation



DWR-WPP-01-QSSOP-Macroinvert-082918

Department of Division of Water Resources

TN Environment & QSSOP for Macroinvertebrate Stream Surveys
. Revision 7

Conservation Effective Date: December 28, 2021

STREAM SURVEY INFORMATION (see protocol E for detailed information and BSERT for Completing E-Form)

DWR Station ID: \J L k 3.9 samplers: \ ) )OYUD < 71, Aext™
Monitoring Location Name: Date: §¥.350-27 Time: )45¢
Monitoring Location: Organization: Drainage Area:
County: Ecoregion: u/s ECO:
Latitude: HUC: WS Grp:
Longitude: WBID: Field Log #:

Project Name: [] Watershed [1303(d) [JAntideg [JECO [IFECO Other:

Project ID: TNP
Activity Type: B Sample [ QCSample [OHabitat [ QChabitat [ QCID

Sample Status: MCollected [dSeasonally Dry  OFrequently Dry [CINo Channel
OToo Deep (Not Wadeable) [IToo Deep (Temporary) [Permanent Barrier [IFenced
OLandowner Denial: OTemporary Barrier [dPosted Plan to revisit? CYes CINo

Flow Conditions: CIDry [lisolated Pools [Stagnant [OlLow [OModerate [CHigh OBankful CFlooding

Chemicals/Bacteria: [@None [Routine _ CINu @t OMetals OE. coli OOrganics [COther
Field Parameters: Meter(s) Used: S\ (O

pH (su) 3y S) Dissolved Oxygen % g7 5?

Conductivity (umhos) Y757 [50 437] Turbidity (NTU)YHIL 2,63

Temperature (C°) 90 i) TDS (mg/L) S

Dissolved Oxygen (ppm = mg/L) .04 Flow (cfs) W< S
Meter Problems? /

Photos Taken? [ No Mes: Description:

Previous 48 hours precipitation: CDUnknown [INone [Slight [IModerate [CIHeavy [OFlooding
Air Temperature (°F)

Physical Characteristics & Light Penetration:
Gradient (sample reach): OOFlat [Cllow [Moderate [CHigh  [ICascades
Average Stream Width: CVery Small (<1.5yd) CSmall (1.5-3yd) COMed. (3-10yd) ClLarge (10-25yd) CVery Large
(>25yd)
Maximum Stream Depth: CIShallow (<0.3yd) [CMedium (0.3-0.6yd) [IDeep (0.6 —1yd) [Very Deep(>1yd)
% Canopy Cover Estimated for Reach: % EANNGE oY
% Canopy Cover Measured (mid-reach): > u/s+ 75 d/s+ < LDB+ _iRDB = Total/384*100 g DY
Channel Characteristics:
Bank Height: (yd.) High Water Mark: (yd.)
Bank Slope LDB: [Deeply incised [OBluff/Wall OUndercut [Sloughing [Steep terrain  [Gentle Slope
Bank Slope RDB: [IDeeply incised [IBluff/Wall CUndercut [Sloughing CISteep terrain [Gentle Slope
Manmade Modification: CONone CIRip-Rap CICement ClGabions ClChannelized ClDam CIDredging C1Bridge CIATV
Stream Characteristics:
Sediment Deposits: CONone [Slight [Moderate [lExcessive [IBlanket
Sediment Type: CONone [OSand [OSilt OMud [OClay [OSludge [OMn Precipitant [OOrange Flocculent
Turbidity: CClear [Slightly Turbid COMuddy [OMilky OTannic [OPlanktonic Algae [IDyed
Foam/Surface Sheen: CDNone [INutrient [Surfactant [Bacteria
Algae: CONone [OSlight OModerate CHigh COChoking  Type: CDiatoms ClGreen CFilamentous CIBlue-green
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DWR-WPP-01-QSSOP-Macroinvert-082918
Department of Division of Water Resources
TN Environment & QSSOP for Macroinvertebrate Stream Surveys
. Revision 7
Conservation Effective Date: December 28, 2021

TDEC-DWR Stream Survey Field Sheet (Back)

[ DWR Station ID: \N(A D] : Date: 3% ) /-5 Assessors: UMO\ X

Dominate Substrate: (More than 25%) Select up to 4 Uj(
Riffle Run Pool
O Boulders (>10”) O Boulders (>10”) O Boulders (>10”)
O Cobble (2.5-10”) O Cobble (2.5-10”) O Cobble (2.5-10™)
O Gravel (0.1-2.5) O Gravel (0.1-2.5”) O Gravel (0.1-2.5”)
O Bedrock O Bedrock O Bedrock
O Sand O Sand O Sand
O Silt (not gritty) O  Silt (not gritty) O Silt (not gritty)
O Clay (Slick) O Clay (Slick) O Clay (Slick)
Surrounding Land Uses (list additional land uses under comments)
O  Forest O Grazing O  Stormwater O STP/WWTP O Construction
O Wetland O  Row Crops O  Urban O Industry O Impoundment
O  Park O CAFO/Dairy 0O  Commercial O Mining/Dredging O ATV/OHV
O  Hay/Fields O  Logging O Residential O Road/Hwy/RR O  Golf Course
Observed Human Disturbance to Stream: Blank (not observed) S (Slight) M (Moderate) H (High)
Riparian Loss Logging Industry ATV/OHV
Channelization Urban Mining/ Dredging Golf Course
Active Grazing Commercial Road/Hwy/RR Garbage/Trash
Row Crops Residential Construction Landfill
CAFO/Dairy STP/WWTP Impoundment Water Withdrawal

Other Stream Information and Stressors: S, % K, e XS @ W/ rec fancele net

Stream Sketch: (include road name or landmark, flow direction, reach distance, distance from bridge or road,
sampling points, tributaries, outfalls, livestock access, riparian, potential impacts, north arrow, 1mmed1ate land use,
buildings, ete. ) Use additional sheet if necessary.
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Depattment of
Environment &
Conservation

DWR-WPP-01-QSSOP-Macromvert-082918

Division of Water Resources

QSSOP for Macroinvertebrate Stream Surveys

Revision 7

Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (FRONT)
See Protocol E for detailed descriptions and rank information). See BSERT for instructions gn completing e-form)

DWR Station ID:

Habitat As

NOW WS

sessment By: l

Monttoring Location Name {1\ A(7) ]

Date: \(-))-")5

| Time: |

Slo

Monitoring Location

Field Log Number: 4 INERE LY

1. Epifaunal

has natuial stable habitat

covers 40-70% of stream

HUC | WS Group Ecoregion. T QC 0 Duplicaté O Consensus
Optimal Suboptimal Margnal Poor
Over 70% of stream reach Natural stable habitat Natutal stable habitat Less than 20% stable

covers 20 -40% of stream

habitat, lack of habutat 1s

Substrate/ Available | suitable for colonization by | teach Thiee or mote teach or only 1-2 productive | obvious, substiate unstable
Cover fish and/ot productive habitats present | habitats present (If neat or lacking
macroinvertebtates Four o1 | (If nea 70% and moie than | 40% and mote than 2 go to
mote productive habitats are | 3 go to optimal ) suboptimal )
1 present /§ \
SCORE i 20 19 18 17 16 [ 15 14 13 12 ((11 Jio 9 8 7 5 4 3 2 1
] 6

Comments

2.Embeddedness of
Riffles

A
u

Wi\

ravel, cobble, and bouldets
0-25% sutrounded by fine
sediment Layering of
cobble provides diversity of
niche space If near 25%
drop to suboptimal if 11ffle
not layered cobble

A oLy

Gravel, cobble and

boulders 25-50%
surrounded by fine

sediment Niches in bottom
layers of cobble
compromised [fnear 50%
& riffles not layered

cobble diop to maxgmal/ A

Guiavel, cobble, and boulder
s are 50-75% surrounded by
fine sediment Niche space
in middle layers of cobble 1s
starting to fill with fine
sediment

Gravel, cobble, and
boulders ate more than
75% surtounded by fine
sediment Niche space 18
reduced to a single layer or
1s absent

i
SCORE |

20 19 18 17 16

15 14 13 12/1

0)9 8 7 6

Comments

3. Velocity/ Depth
Regime

L)
All four velocity/depth
regimes prese‘pt/ (slow-de p;‘/
slow-shallow, fast-deep,
fast-shallow,

nly 3 of the 4 1egimes
present (1f fast-shallow 1s
missing score lower) If
slow-deep missing score

Only 2 of the 4 habitat
regimes present (if fast-
shallow or slow-shallow are
missing, score low)

Dominated by 1
velocity/depth regime
Others regimes too small ot
infiequent to support

5. Channel Flow
Status.

Water reaches base of bot
lower banks and streambed
1s coveted by water

Water covers > 75% of

stteambed or 25% of
productive habitat 1s

1ons,
iO) m\ 15 aquatic populatio
SCORE e 20 19 {8 17 16 |15 14 13 12 11[10 9 8 7 6 5 4 3 2 [
Comments Od\ - N d/\om\ A~
Sediment deposition affects | Sediment deposition Sediment deposition affects | Heavy deposits of fine
4. Sediment less than 5% of stream affects 5-30% of stieam 30-50% of stream bottom material, increased bar
Deposition bottom n quiet areas New | bottom Slight deposition | Sediment depostts at development, more than
deposition on islands and mn pool or slow areas obsttuction, constiictions 50% of the bottom
pont bars 1s absent or Some new deposition on and bends. Moderate pool changing frequently, pools
mimmal 1slands and point bars deposition almost absent due to
Move to margmnal 1f build- substantial sediment
f7 up approaches 30"//0\ deposition
SCORE L 20 19 18 17 16 |15 14 13 {12\ 1110 9 8§ 7 6 5 4 3 2 1
Comments Iiies Q (j ~(

Water covers 25-75% of
streambed and/ot
ptoductive habitat 1s mostly

Very little water in channel
and mostly present as
standing pools Little o1 no

throughout teach Mmimal exposed exposed productive habtat due to
productive habitat 1s lack of watet
1) Vexposed
SCORE [ ' 20/ 19 18 17 16 |15 14 13 12 11|10 9 8 7 6 5 4 3 21

Comments

198 | Page
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Depareent of

Conservation

Environment &

DWR-WPP-01-QSSOP-Macroinvert-082918
Division of Water Resources
QSSOP for Macroinvertebrate Stream Surveys
Revision 7

Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STI\{EAMS (BACK)

DWR Station ID U\,{ A{/)L '

Date é j ) L/Assesso;s N,( l)W}

Optlm al

Suboptimal

Marginal

Poor

6. Channel Alteration

Channehzation, dredging
rock 1temoval, 4-wheel ot
hivestock activity (past ot
ptesent) absent ot minimal;
natutal meandet pattein
NO artificial structutes in
reach Upstieam o1
downstieam stiuctures do

Channelization, dredging 4-
wheel ot livestock activity
up to 40% Channel has
stabilized If laiger teach,
channelization 1s historic and
stable Aitificial stiuctures
n or out of reach do not
affect natural flow patterns

Channelization, diedging
4-wheel or livestock
activity 40-80% (ot less
that has not stabilized )
Arttficial structutes i ot
out of reach may have
slight affect

Ovei 80% of 1each
channelized, dredged or
affected by 4-wheelers o1
livestock Instieam
habitat greatly alteted or
temoved Artificial
structures have greatly
affected flow pattern

7. Frequency of re-
oxygenation zones. Use
fiequency of riffle or
bends for category

Rank by quality

Occutrence of 1e-
oxygenation zones
1elatively frequent; 1atio of
distance between areas
divided by average stieam
width <7 1

Occurtence of re-
oaygenation zones
infiequent, distance between
areas divided by average
stteam width1s 7 - 15

v not affect reach 7\
SCORE D) 20 19 18 17 te6{[15)] 14 13 12 11 10 9 8 7 615 4 3 2 1
Comments N

Occasional re-
oxygenation area The
distance between aieas
divided by average
stteam width 1s over 15
and up to 25

Geneially all flat water or
flat bediock, little
opportunity for re-
oxygenation Distance
between areas divided by
avelage strteam width
>25

L)
>

SCORE

20 19 18 17

16

10 9 8§ 7 6

5 4 3 2 1

Comments

8. Bank Stability (score
each bank)
Determine left or 11ght

N NVHA DS |
Banks stable, evidence of
etosion o1 bank fatlure
absent or mimimal, little
potential for futute

7\
15 14 (3] 12 11

Modeiately stable,
infiequent, small ateas of

erosion mostly healed over
5-30% of bank n 1each has

Moderately unstable, 30-
60 % of bank in teach
has areas of erosion; high
eroston potential during

Unstable, many e1oded
atea, taw areas frequent
along straight sections
and bends, obvious bank

9. Vegetative
Protective

(score each bank)
includes vegetatton fiom

covered by undisturbed
vegetation All 4 classes
(matuie tiees, undetstory
trees, shrubs, gioundcover)

by undisturbed vegetation
One class may not be well
reptesented Distuption
evident but not effecting full

stde by facing problems <5% of bank ateas of etoston If floods, If approaching sloughing, 60-100% of
downstream affected appioaching 30% scote 60% score poor 1f banks | bank has etostonal scars
Ja maiginal if banks steep steep
SCORE __%(LB) LeftBank 10 \9) 8 7 6 5 4 3 2 1 0
SCORE __ {(RB) RightBank . 10 9 8 ) 6 5 4 3 2 1 0
Comments \ A
Mote than 90% of the bank | 70-90% of the bank covered | 50-70% of the bank Less than 50% of the

covered by undisturbed
vegetation Two classes
of vegetation may not be
well1epiesented Non-

bank covered by
undistutbed vegetation o1
mote than 2 classes aie
not well tepiesented ot

Comments

10. Riparian
Vegetative Zone Width
(scote each bank ) Zone

)

Average width of Yiparian
zone > 18 metets Unpaved
footpaths may scote 9 if
tun-off potential 1s

Average width of riptirian
zone 12-18 meters Scote
high if areas < 18 meteis are
small ot are minimally

top of bank to base of ate 1eptesented and allowed | plant gtowth Non-natives native vegetation may be | most vegetation has been
bank Detetmine left ot to giow naturally All ate tare (< 30%) common (30-50%) ctopped Non-native
right side by facing plants ate native vegetation may dominate
downstieamy 77N\ (> 50%)
SCORE _ L(LB) LeftBank 10 9 8 [7 6 5 4 3 2 1 0
SCORE __[(RB) Right Bank 10 9 8 \7/ 6 5 4 3 2 ! 0

) G ¥ N a )

Average width of
ripatian zone 6-11
meters Scoie high if
ateas less than 12 metets

Average width of ripatian
zone <6 meters. Score
high if areas less than 6
metets ate small o1 ate

begins at top of bank negligible disturbed are small ot are minimally distuibed
/(,}S minimally disturbed

SCORE /(LB) LeffBank 10 9 8 7 6 5 4 3 2 1 0

SCORE | (RB) Right Bank 10 9 8 7 6 5 4 3 2 1 0

Comments

Total Score

If scote is below guidelines , tesult of (circle) Natural Conditions or Humnan Distuibance

Desciibe
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DWR-WPP-01-QSSOP-Macroinvert-082918
Department of Division of Water Resources
TN Environment & QSSOP for Macroinvertebrate Stream Surveys
. Revision 7
Conservation Effective Date: December 28, 2021

STREAM SURVEY INFORMATION (see protocol E for detailed infprmation and BSERT for Completing E-Form)

DWR Station ID: samplers: N (IS <71 Y AUUAL
Monitoring Location Name: WL,{’,LQS( Date: % -%()- 26  Time: 1WOA4
Monitoring Location: Organization: Drainage Area:
County: Ecoregion: u/s ECO:

Latitude: HUC: WS Grp:
Longitude: WBID: Field Log #:

Project Name: [] Watershed [1303(d) [ Antideg [ ECO [1FECO Other:

Project ID: TN@/
Activity Type: M Sample [ QCSample [ Habitat [ QC habitat [ QCID

Sample Status: [MCollected [Seasonally Dry  CFrequently Dry [CINo Channel
OToo Deep (Not Wadeable) [Too Deep (Temporary) [Permanent Barrier [Fenced
OLandowner Denial: CTemporary Barrier [dPosted Plan to revisit? ClYes CINo

Flow Conditions: CIDry Fllsolated Pools [Stagnant [OLow [OModerate [OHigh OBankful OFlooding

Field Parameters: Meter(s) Used: YD]BQ

Chemicals/Bacteria: [@None DRouX%. ,\EIN\utrien‘t COMetals [E. coli [Organics [Other
1\

pH (su) v%< Dissolved Oxygen % 4.4

Conductivity (umhos) +pien |se 2Lid. 6 AV e | Turbidity (NFY) =00 1.5

Temperature (C°) ) TDS (mg/L) eS|

Dissolved Oxygen (ppm = mg/L) B 1Y Flow (cfs) l
Meter Problems? /

Photos Taken? [ No Mes: Description:

Previous 48 hours precipitation: CDUnknown [INone [Slight [Moderate [OHeavy [Flooding
Air Temperature (°F)

Physical Characteristics & Light Penetration:

Gradient (sample reach): OFlat [Cllow [IModerate [CHigh  [ClCascades

Average Stream Width: CVery Small (<1.5yd) CISmall (1.5-3yd) COMed. (3-10yd) ClLarge (10-25yd) CIVery Large
(>25yd)

Maximum Stream Depth: CShallow (<0.3yd) [CMedium (0.3-0.6yd) [Deep (0.6 —1yd) [Very Deep(>1lyd)

% Canopy Cover Estimated for Reach: % A0 N

% Canopy Cover Measured (mid-reach): () u/s+ | d/s+ (_) LDB+ _ () RDB= Total/384*100 ('_/M' O
Channel Characteristics: '

Bank Height: (yd.) High Water Mark: (yd.)

Bank Slope LDB: [IDeeply incised [Bluff/Wall [Undercut [Sloughing [Steep terrain  [Gentle Slope

Bank Slope RDB: [IDeeply incised [IBluff/Wall [CUndercut [Sloughing [CISteep terrain [IGentle Slope

Manmade Modification: CINone CIRip-Rap CDCement ClGabions CIChannelized C0Dam CDredging ClBridge CIATV
Stream Characteristics: '

Sediment Deposits: CINone [ISlight [OModerate [lExcessive [IBlanket

Sediment Type: CONone [OSand [OSilt OMud [OClay OSludge OMn Precipitant [dOrange Flocculent

Turbidity: OClear [Slightly Turbid COMuddy [OMilky [OTannic OPlanktonic Algae [CIDyed

Foam/Surface Sheen: CONone [INutrient [OSurfactant [IBacteria

Algae: CINone OSlight OModerate CIHigh CIChoking ~ Type: CIDiatoms ClGreen CIFilamentous C1Blue-green
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DWR-WPP-01-QSSOP-Macroinvert-082918

Department of Division of Water Resources

TN Environment & . QSSOP for Macroinvertebrate Stream Surveys
H Revision 7

Conservation Effective Date: December 28, 2021

TDEC-DWR Stream Survey Field Sheet (Back)

I DWR Station ID: \,\X Y S{ Date:?@-% Assessors: U 18 E\LQL)' + |

Dominate Substrate: (More than 25%) Select up to 4 ' Y,
Riffle Run Pool T@D A'QM
O Boulders (>10”) O Boulders (>10”) O Boulders (>10”)
O Cobble (2.5-10”) O Cobble (2.5-10”) O Cobble (2.5-107)
O Gravel (0.1-2.5”) O Gravel (0.1-2.57) O Gravel (0.1-2.5”)
O Bedrock O Bedrock O Bedrock
O Sand O Sand O Sand
O Silt (not gritty) O Silt (not gritty) O Silt (not gritty)
O Clay (Slick) O Clay (Slick) O Clay (Slick)
Surrounding Land Uses (list additional land uses under comments)
O  Forest O Grazing O  Stormwater O STP/WWTP O  Construction
O Wetland O  Row Crops O  Urban O Industry O Impoundment
O  Park O CAFO/Dairy 0O Commercial O Mining/Dredging O ATV/OHV
O  Hay/Fields O Logging O  Residential O Road/Hwy/RR O  Golf Course
Observed Human Disturbance to Stream: Blank (not observed) S (Slight) M (Moderate) H (High)
Riparian Loss Logging Industry ATV/OHV
Channelization Urban Mining/ Dredging Golf Course
Active Grazing Commercial Road/Hwy/RR Garbage/Trash
Row Crops Residential Construction Landfill
CAFO/Dairy STP/WWTP Impoundment Water Withdrawal

Other Stream Information and Stressors:

Stream Sketch: (include road name or landmark, flow direction, reach distance, distance from bridge or road,
sampling points, tributaries, outfalls, livestock access, riparian, potential impacts, north arrow, immediate land use,
buildings, etc.) Use additional sheet if necessary.
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DWR-WPP-01-QSSOP-Macroivert-082918
Division of Water Resources

g'l’dj tment of & QSSOP for Macromvertebrate Stream Surveys
nvironment Revision 7

Conservation Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (FRONT)
See Protocol E for detaled descnptlons and rank nformation). See BSERT for nstructions Qn completing e-form)

DWR Station ID: Habitat As }essmenL,By NOUIY,
Monitoring Location Name {N/{ Y/\@ V, Date; ) /5 | Time: | H) 1
Monitoring Location Field Log Number: (jLN/‘{iH/)’ [
HUC | WS Gioup Ecoregion [ QC O Duplicate OJ Consensus
Optimal Suboptimal Marginal Poor
Over 70% of stream reach Natural stable habitat Natwal stable habitat Less than 20% stable
1. Epifaunal has natural stable habitat covets 40-70% of stream covets 20 -40% of stteam habutat, lack of habitat 1s
Substrate/ Available | suttable for colonization by | teach Thiee or moie reach or only 1-2 productive | obvious, substiate unstable
Cover fish and/o1 productive habrtats present | habitats present (If near ot lacking
mactomvertebrates Fout or | (If near 70% and more than | 40% and more than 2 go to
more productive habitats are | 3 go to optimal ) suboptimal )
/pféE nt
SCORE  / 20 1 1 1 14 13 12 4 2 1
/"U \Jw 8 17 16 | 15 11 éO 9 8 7 5 3
Comments u g( N ) \ “ T C,M_, S
Gravel, cobble, and boulders | Gravel, cobble and Gravel, cobble, and boulder | Gravel, cobble, and
2.Embeddedness of 0-25% sutrounded by fine boulders 25-50% s are 50-75% surrounded by | boulders are more than
Riffles sediment Layering of surtounded by fine fine sediment Niche space | 75% surrounded by fine
cobble provides diversity of | sediment Niches in bottom | in middle layers of cobble 1s | sediment Niche space 1s
niche space If near 25% layers of cobble starting to fill with fine 1educed to a single layer or
diop to suboptimal if 11ffle comptomised If near 50% | sediment 1s absent
not layered cobble ) & niffles not layered
. ’ cobble diop to marginal
SCORE V120 19 18 17 {16 /]15 14 13 12 1110 9 8§ 71 6 5 4 3 2 1
Comments W) "]\) YW/ O N
All four velocity/depth Only3 of the 4 regimes Only 2 of the 4 habitat Dominated by 1
3. Velocity/ Depth regimes present (slow-deep}| present (if fast-shallow 1s regimes present (if fast- velocity/depth regime
Regime slow-shallow:‘;f/ast-deep, X missing score lower) If shallow or slow-shallow are | Otheis regimes too small or
fast-shallow) slow-deep missing score missing, score low) mfrequent to support
i t 15 N aquatic populations
SCORE i~ 20 19 18 17 16 15 L4 )13 12 1110 9 8 7 6 5 4 3 2 1
Commen's (- i doninany
Sediment deposition affects | Sediment deposition Sediment deposition affects | Heavy deposits of fine
4. Sediment less than 5% of stteam affects 5-30% of stream 30-50% of stream bottom material, increased bar
Deposition bottom n quiet areas New | bottom Shght deposition | Sediment deposits at development, moie than
deposition on 1slands and m pool ot slow areas obsttuction, consttictions 50% of the bottom
point bars is absent or Some new deposition on and bends Moderate pool changing fiequently, pools
minimal 1slands and point bars deposition almost absent due to
Move to marginal 1f build- substantial sediment
up-anproaches 30% deposition
[ 1Smed i Lr\L%L Lﬂ TS " N P
SCORE ' 20 19 18 15 14 13 12{ffuujjo 9 8 7 6 |5 4 3 2 1
Y, a s g T . N ) ) ; 7
Comments ALK n POCHIA Lo\ BE EED S AN i (D in ooLS 0%
Water reaches base of both Watet covers > 75% of Water covers 25-75% of Very little water in channel
5. Channel Flow lower banks and streambed | stteambed o1 25% of streambed and/ot and mostly present as
Status. 1s covered by watet productive habitat 1s productive habitat 1s mostly | standing pools Little or no
throughout teach Mimmal exposed exposed productive habitat due to
productive habitat 1s lack of water
) | 9Rposed
SCORE /A7 po) 19 18 17 16 [15 14 13 12 11|10 9 8 7 6 |5 4 3 2 1
Comments N
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depa trent of

Environment &
Conservation

DWR-WPP-01-QSSOP-Macroinvert-082918

Division of Water Resources

QSSOP for Macroinvertebrate Stream Surveys

Revision 7
Effective Date December 28, 2021

HABITAT ASSFﬁSl\’[]%N”]E FIELD SHEET- MODERATE TO,)EI\IGH GRADIENT STI}EAMS (BACK)

DWR Station ID

VAL

Dateé (/_U/W Assessols ‘H MHJ\S

Optimal

Suboptimal

Marginal

Poor

6. Channel Alteration

10

Channelization, diedging
rock temoval, 4-wheel or
livestock activity (past or
present) absent or mimimal,
natural meander pattern
NO artificial structures m
teach Upstieam o1

wnstream structutes do
/fiotyaffect reach

Channelization, dredging 4-
wheel or livestock activity
up to 40% Channel has
stabilized If larger 1each,

channelization 1s historic and

stable Artificial structures
in ot out of reach do not
affect natural flow patterns

Channelization, diedging
4-wheel o1 livestock
activity 40-80% (or less
that has not stabilized )
Artificial structures in or
out of reach may have
shght affect

Over 80% of reach
channelized, dredged o1
affected by 4-wheelers or
hivestock Instream
habutat greatly altered ot
removed Artificial
structures have greatly
affected flow pattern

SCORE Vi

20/ 19 18 17 16

15 14 13 12 11

109 8§ 7 6

5 4 3 2 1

Comments

7. Frequency of re-
oxygenation zones. Use
fiequency of riffle ot
bends for category

Rank by quality

Occurience of re-
oxygenation zones
relatively fiequent, ratio of
distance between areas
divided by average stteam
width <7 1

Occurrence of re-
oxygenation zones

infiequent; distance between

ateas divided by average
stream width is 7 - 15

Occastonal 1e-
oxygenation area The
distance between areas
divided by average
stream width 1s over 15
and up to 25

Geneally all flat water o1
flat bedrock, little
oppottunity for re-
oxygenation Distance
between areas divided by
average stteam width
>25

8. Bank Stability (scoie
each bank)

Determine left or right
side by facing

downstre%

eroston ot bank failute
absent or minimal, little
potential for futue
problems <5% of bank
affected

mnfiequent, small ateas of
eroston mostly healed ovel
5-30% of bank n reach has
ateas of etosion If
approaching 30% score

J Y P\
SCORE /U 20 ) 18 17 16 [15 14 13 12 11 10 9 8 7 65 4 3 2 1
Comments i
Banks stable, evidence of Modeiately stable; Moderately unstable, 30- | Unstable, many eroded

60 % of bank 1n1each
has areas of erosion; high
etosion potential duting
floods, If approaching
60% scoie poot 1f banks

aiea, 1aw areas frequent
along straight sections
and bends, obvious bank
sloughing, 60-100% of
bank has erosional scais

9. Vegetative
Protective

(scote each bank)
includes vegetation from
top of bank to base of
bank Deteimine left ot

More than 90% of the bank
coveted by undisturbed
vegetation All 4 classes
(matuie trees, understory
tiees, shrubs, groundcover)
are 1epiesented and allowed
to gtow natwally All

70-90% of the bank covered
by undisturbed vegetation
One class may not be well
represented Disruption
evident but not effecting full
plant grtowth Non-natives
are 1ate (< 30%)

A\ mat ginal 1f banks steep steep
SCORE ¢ (LB) LeftBank 10 (9 ) N 7 6 5 4 3 2 1 0
SCORE /™ (RB) Right Bank 10 97 ((8) 7 6 5 4 3 2 1 0
Comments 4 [\ L,

50-70% of the bank
covered by undisturbed
vegetation Two classes
of vegetation may not be
well represented Non-
native vegetation may be
common (30-50%)

Less than 50% of the
bank covered by
undisturbed vegetation ot
mote than 2 classes are
not well represented o1
most vegetation has been
cropped Non-native

(score each bank ) Zone

run-off potential 13

small or are mimmally

11ght side by facing plants are native vegetation may dominate
downstieam P (> 50%)
SCORE_{)(LB) LeftBank 10 9 L8~ 7 6 5 4 3 2 1 0
SCORE “/ (RB) Right Bank 10 9 (8N 7 6 5 4 3 2 1 0
Comments” \_

Avetage width of 11patian Average width of riparian Average width of Average width of ripanian
10. Riparian zone > 18 meters Unpaved | zone 12-18 metets Scoie 1iparian zone 6-11 zone <6 meters. Score
Vegetative Zone Width | footpaths may score 9 1f high if areas < 18 meters ate | meters Scote high if high if areas less than 6

ateas less than 12 meters

metets are small or ate

Total Score

Desctibe.

199 |Page

Compatison to Ecotegion Guidelines (citcle)
If score is below guidelines , result of (citcle): Natural Conditions ot Hum

BOV 1
Distut

begins at top of bank negligible disturbed ate small or ate mimmally distutbed

munimally distuibed N\
SCORE, | (LB) LeftBank 10 9 8 7 6 5 4 3 SN
SCORE] [ ) (RB) Right Bank ({0 9 8 7 6 5 4 3 2 1 0
Comments N/

BELOW




DWR-WPP-01-QSSOP-Macroinvert-082918

Department of Division of Water Resources

TN Environment & QSSOP for Macroinvertebrate Stream Surveys
i Revision 7

Conservation Effective Date: December 28, 2021

STREAM SURVEY INFORMATION (see protocol E for detailed information and BSERT for Completing E-Form)

DWR Station ID: Fyost Ccee K 0. samplers: |\, UU{\()S ft/ru;H’
Monitoring Location Name: Date: %4 -350-/ Time: iH FH
Monitoring Location: Organization: Drainage Area:
County: Ecoregion: u/s ECO:
Latitude: HUC: WS Grp:
Longitude: WBID: Field Log #:

Project Name: [] Watershed [1303(d) [ Antideg [JECO [JFECO Other:

Project ID: TNPR/
Activity Type: ¥1Sample [ QCSample [ Habitat [ QC habitat O QCID

Sample Status: [™Collected [Seasonally Dry  OFrequently Dry CINo Channel
OToo Deep (Not Wadeable) [Too Deep (Temporary) [Permanent Barrier [Fenced
OLandowner Denial: ClTemporary Barrier [IPosted Plan to revisit? ClYes CINo

Flow Conditions: CIDry Hlisolated Pools [Stagnant OlLow [Moderate [High OBankful CFlooding

Chemicals/Bacteria: @None EIRoqtine ONu 'Snt COMetals [E. coli OOrganics [Other
Field Parameters: Meter(s) Used: Q .

pH (su) %06 Dissolved Oxygen % a0. &
Conductivity (umhos) 330-5 [351.177 Turbidity iNToy TNU .17
Temperature (C°) 20,4 TDS (mg/L) N.%%

Dissolved Oxygen (ppm = mg/L) 15 Flow (cfs) (‘)x //

Meter Problems?
Photos Taken? [ No MYes: Description:

Previous 48 hours precipitation: OUnknown [INone [Slight [CIModerate [IHeavy [Flooding
Air Temperature (°F)

Physical Characteristics & Light Penetration:

Gradient (sample reach): OFlat Olow [CModerate [OHigh  [ClCascades

Average Stream Width: CIVery Small (<1.5yd) OSmall (1.5-3yd) COMed. (3-10yd) ClLarge (10-25yd) ClVery Large
(>25yd)

Maximum Stream Depth: OShallow (<0.3yd) [OMedium (0.3-0.6yd) [lDeep (0.6 —1yd) [Very Deep(>1yd)

% Canopy Cover Estimated for Reach: % H’( {)/n L P/ avs o)

% Canopy Cover Measured (mid-reach): __ | u/s+ () d/s+ () LDB+ () RDB= Total/384*100 7]
Channel Characteristics:

Bank Height: (yd.) High Water Mark: (yd.)

Bank Slope LDB: [Deeply incised [OBluff/Wall OUndercut OSloughing [CSteep terrain  ClGentle Slope

Bank Slope RDB: [lDeeply incised [IBluff/Wall CUndercut [Sloughing [Steep terrain [ClGentle Slope

Manmade Modification: CONone CIRip-Rap CdCement CGabions C0Channelized C0Dam CIDredging CIBridge CIATV

Stream Characteristics:

Sediment Deposits: CONone  [Slight [OModerate [Excessive [IBlanket

Sediment Type: CONone [ISand [OSilt OMud [OClay [OSludge [OMn Precipitant [dOrange Flocculent

Turbidity: COClear OSlightly Turbid COMuddy OMilky OTannic COPlanktonic Algae [CDyed

Foam/Surface Sheen: CONone [INutrient [OSurfactant [Bacteria

Algae: CINone OSlight CIModerate COHigh ClChoking  Type: CdDiatoms CIGreen CIFilamentous CIBlue-green
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DWR-WPP-01-QSSOP-Macroinvert-082918

Department of Division of Water Resources

TN Environment & QSSOP for Macroinvertebrate Stream Surveys
Revision 7

Conservation Effective Date: December 28, 2021

TDEC-DWR Stream Survey Field Sheet (Back)

NN 7! T
[DWR Station ID: | ULO,\ Date: X/ [ Assessors: N .()U/U)W(
Dominate Substrate: (More than 25%) Select up to 4 1 J tH/
Riffle Run Pool ’
O Boulders (>10”) O Boulders (>10”) O Boulders (>107)
O Cobble (2.5-10”) O Cobble (2.5-10”) O Cobble (2.5-10”)
O Gravel (0.1-2.5”) O Gravel (0.1-2.57) O Gravel (0.1-2.5”)
O Bedrock O Bedrock O Bedrock
O Sand O Sand O Sand
O Silt (not gritty) O Silt (not gritty) O Silt (not gritty)
O Clay (Slick) O Clay (Slick) O Clay (Slick)
Surrounding Land Uses (list additional land uses under comments)
O  Forest O  Grazing O Stormwater 0O STP/WWTP O  Construction
O  Wetland O  Row Crops O  Urban O Industry O Impoundment
O  Park O CAFO/Dairy O Commercial O Mining/Dredging O ATV/OHV
O  Hay/Fields O Logging O  Residential O Road/Hwy/RR O  Golf Course
Observed Human Disturbance to Stream: Blank (not observed) S (Slight) M (Moderate) H (High)
Riparian Loss Logging Industry ATV/OHV
Channelization Urban Mining/ Dredging Golf Course
Active Grazing Commercial Road/Hwy/RR Garbage/Trash
Row Crops Residential Construction Landfill
CAFO/Dairy STP/WWTP Impoundment Water Withdrawal

Other Stream Information and Stressors:

ks W Cange 1B

Stream Sketch: (include road name or landmark, flow direction, reach distance, distance from bridge or road,
sampling points, tributaries, outfalls, livestock access, riparian, potential impacts, north arrow, immediate land use,
buildings, etc.) Use additional sheet if necessary.
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Deparimient of
Environment &
Conservation

DWR-WPP-01-QSSOP-Macroinvert-082918

Division of Water Resources
QSSOP for Macromvertebrate S
Reviston 7

tream Surveys

Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (FRONT)
See Protocol E for detailed descriptions and rank information). See BSERT for instructions on gcompleting e-form)

DWR Station ID:

Habitat Assessment By: N i (YU,

s 4

Monttoring Location Name {7 A/.4),|
t 1

Date: K-/ [ )/ )75

| Time: {U}/1]

Monitoiing Location

Field Log Number: ]

NS Ho |

Substrate/ Available

suttable for colonization by

reach Three o1 more

reach o1 only 1-2 producttve

HUC | WS Group Ecotegion | QC. O Duplicate [J Consensus
Optimal Suboptimal Marginal Poor
Over 70% of stream reach Natural stable habitat Natural stable habitat Less than 20% stable
1. Epifaunal has natwal stable habitat covers 40-70% of stream covets 20 -40% of strteam habitat, lack of habitat 1s

obvious, substiate unstable

2.Embeddedness of

ravel, cobble, and boulders
0-25% surrounded by fine

Gravel, cobble and
boulders 25-50%

Giravel, cobble, and boulder
s are 50-75% surtounded by

Cover fish and/or productive habritats present | habitats present (If near or lacking

macroinvertebiates Four or | (If near 70% and mote than | 40% and mote than 2 go to

more productive habitats are ,| 3 go to optimal ) suboptimal )

3
\ ( present g‘
/) AN Eé

SCORE Y 20 19 18\@@ 15 14 13 12 11 {10 9 8 7 5 4 3 2 1

cebonted 6
Comments v AL N ) o) \ i f CCU”\\L S Py

Giavel, cobble, and
bouldets are more than

regimes present (slow-deep,

present (if fast-shallow 1s

regimes present (if fast-

Riffles sediment Layering of surtounded by fine fine sediment Niche space | 75% surrounded by fine
cobble provides diversity of | sediment Niches in bottom | in middle layers of cobble 1s | sediment Niche space 1s
niche space If near 25% layers of cobble starting to fill with fine reduced to a single layer ot
drop to suboptimal 1f riffle compromised Ifnear 50% | sediment 1s absent.
not layered cobble & uiftles not layered

i cobble m to marginal
SCORE | 20 19 18 17 16 15@/}13 12 11j10 9 8 7 6 5 4 3 2 1

T INT
Comments 2o :/.\ ix l g ? 2&.: zzﬂ
All fou velocity/dept Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated by 1

3. Velocity/ Depth

velocity/depth tegime

5. Channel Flow

Water reaches base of both
lower banks and streambed

Water covers > 75% of
stteambed o1 25% of

Water covers 25-75% of
stieambed and/or

Regime slow-shallow, fast-deep, missing score lowet) If shallow o1 slow-shallow are | Others regimes too small or
fast-shallow) slow-deep missing scote missing, scote low) nfrequent to support
15 /) aquatic populattons
SCORE 20 19 18 1716 [15 14 13 12 ({11 ] 10 9 8 71 6 5 4 3 2 1
Comments 0 -d0en Wy, <y A0 AW
Sediment deposition affects | Sediment deposition Sediment deposition affects | Heavy deposits of fine
4. Sediment less than 5% of stream affects 5-30% of stieam 30-50% of stteam bottom material, incteased bar
Deposition bottom 1 quiet ateas New | bottom Slight deposition | Sediment deposits at development, more than
deposition on 1slands and 1 pool or slow areas obstruction, constrictions 50% of the bottom
point bars is absent or Some new deposition on and bends Modetate pool changing frequently, pools
mimmal 1slands and point bars deposition almost absent due to
Move to marginal 1f build- substantial sediment
l up approaches 30% deposition
/) y/a
SCORE N 20 19 18 17 16 |15 14 13 12 11|10 9 8 7 /% 5 4 3 2 1
Comments i Y} . "W _

Very little water 1n channel
and mostly present as

198 |Page

Status. 1s coveted by watet productive habitat 1s productive habitat 1s mostly | standing pools Luitle or no
thioughout teach Minimal exposed exposed productive habitat due to
productive habitat 1s lack of water

) ¢y |Exposed
SCORE [ A/ [l20)19 18 17 16 [15 14 13 12 11|10 9 8 7 6 [5 4 3 2 1
Comments ./




Jepag inent of

Conservation

Environment &

DWR-WPP-01-QSSOP-Macromvert-082918
Division of Water Resources
QSSOP for Macroinvertebrate Stream Surveys
Revision 7

Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (BACK)

DWR Station ID ‘\‘ L /l\(/U l

Date é K} L{(j Assessols Iﬂ OIS

Optimal

Suboptimal

Marginal

Poor

6. Channel Alteration

Channelization, dredging
rock removal, 4-wheel or
livestock activity (past ot
present) absent or minimal,
natural meandei pattern
NO artificial structures in
reach Upstieam or
downstieam stiuctutes do
not affect teach

Channelization, diedging 4-
wheel or hivestock activity
up to 40% Channel has
stabilized If larger reach,
channelization 1s histotic and
stable Aatificial structures
in or out of reach do not
affect natural flow patterns

Channelization, diedging
4-wheel or livestock
actvity 40-80% (o1 less
that has not stabtlized.)
Artificial structutes 1n ot
out of reach may have
shight affect

Over 80% of 1each
channelized, dredged ot
affected by 4-wheeleis ot
livestock Instream
habitat greatly alteted ot
removed Artificial
structures have greatly
affected flow pattern

[y

SCORE

20 19 18 17 16

{f15)14 13 12 11
g

10 9 8§ 7 6

5 4 3 2 1

Comments

7. Frequency of re-
oxygenation zones. Use
fiequency of 11ffle ot
bends for category

Occuttence of 1e-
oxygenation zones
relatively frequent, ratio of
distance between areas
divided by average stream

Occurience of re-
oxygenation zones
infiequent, distance between
areas divided by average
stream width is 7 - 15

Occasional re-
oxygenation area The
distance between areas
divided by average
stream width 1s over 15

Generally all flat water or
flat bedrock, hittle
opportunity for 1e-
oxygenation Distance
between areas divided by

8. Bank Stability (score
each bank)
Determine left o1 right

anks stable, evidence of
erosion or bank failuie
absent or minmimal, little
potential for future

Moderately stable,
infrequent, small areas of
eroston mostly healed over
5-30% of bank 1n teach has

Rank by quality width <7 1 and up to 25 avetage stream width

\ 2. 7 ~25
SCORE W/ 120 19 a8, 1716 [15 14 W3 ) 12 11 10 9 8 7 6|5 4 3 2 1
Comments ) I8 VAT STg P %

Moderately unstable, 30-
60 % of bank 1n reach
has areas of etosion, high
eroston potential during

Unstable, many eroded
area, 1aw ateas frequent
along stratght sections
and bends, obvious bank

Protective

(score each bank)
includes vegetation fiom
top of bank to base of
bank Deteimine left or
1ight side by facing

vegetation All 4 classes
(mature tiees, undeistory
trees, shrubs, gtoundcover)
ate represented and allowed
to grow natutally All
plants ate native

One class may not be well
represented Distuption
evident but not effecting full
plant gilowth Non-natives
are raie (< 30%)

side by facing problems <5% of bank areas of etoston If floods, If apptoaching sloughing, 60-100% of
downstream affected approaching 30% scoie 60% scoie poot if banks | bank has erosional scars
- mat ginal 1f banks steep steep

SCORE_-t, (LB) LeftBank 10 9 8 W71) 6 5 4 3 2 1 0
SCORE /4 (RB) Right Bank 10 9 (8N 7T 6 5 4 3 2 1 0
Comments SU ‘ ) 4N A/ (< {f

Mote than 90% of the bank | 70-90% of the bank coveied | 50-70% of the bank Less than 50% of the
9. Vegetative covered by undisturbed by undisturbed vegetation covered by undistutbed bank covered by

vegetation Two classes
of vegetation may not be
well tepresented Non-
native vegetation may be
common (30-50%)

undistutbed vegetation or
more than 2 classes aie
not well represented ot
most vegetation has been
cropped Non-native
vegetation may dominate

downstie /A (> 50%)
SCORE ¥/ (LB) LeftBank 10 9 8 7 6 \ 5 4 3 2 1 0
SCORE [ ,-(RB) Right Bank . 310 9, .. 8 7 6\ 5 4 3 2 I 0
Commen hue N ]

Average width of 1ipatian Average width of ripattan Avetage width of Average width of ripatian
10. Riparian zone > 18 metets Unpaved | zone 12-18 meters Score 11pattan zone 6-11 zone <6 meters Scote
Vegetative Zone Width | footpaths may score 9 if high if areas < 8 metets ate | metets Scote high 1f high 1f ateas less than 6
(scote each bank ) Zone | tun-off potential 1s small o1 are minimally areas less than 12 metets | metets ate small or ate
begins at top of bank neghgible disturbed are small o1 are mimmally distutbed

minimally distmbed <N
SCORE , T (LB) LeftBank 10 9 8 7 6 5 4 3 (2) 1 0
SCORE [ { XRB) 8 7 6 5 4 3 7 0

Commehts

Total Score

If score 1s below guidelines , 1esult of (citcle). Natural Conditions o1 Huma

Describe*

199 |Page

Right Bank /A0 9
k—/

BELOW




DWR-WPP-01-QSSOP-Macroinvert-082918
Department of Division of Water Resources
TN Environment & QSSOP for Macroinvertebrate Stream Surveys
A Revision 7

Conservation Effective Date: December 28, 2021

STREAM SURVEY INFORMATION (see protocol E for detailed information and BSERT for Completing E-Form)

DWR StationID: FEF K O A samplers: \| () Y\()\ %/Y M
Monitoring Location Name: Datﬁ%ﬁa 30-2 Time: | 5727
Monitoring Location: Organization: Drainage Area:
County: Ecoregion: u/s ECO:

Latitude: HUC: WS Grp:
Longitude: WBID: Field Log #:
Project Name: [ Watershed [1303(d) [0 Antideg [ ECO [OFECO Other:

Project ID: TNé?/
Activity Type: [ Sampfe [0 QCSample [ Habitat [ QC habitat [0QCID

Sample Status: [YCollected [Seasonally Dry  CFrequently Dry CINo Channel
OToo Deep (Not Wadeable) [Too Deep (Temporary) [Permanent Barrier [IFenced
CLandowner Denial: ClTemporary Barrier [IPosted Plan to revisit? ClYes CINo

Flow Conditions: CIDry [isolated Pools [Stagnant OlLow [OModerate [OHigh CBankful OFlooding

Chemicals/Bacteria: [@None [IR ‘té'ne CONutrient OMetals [OE. coli [OOrganics [Other
POIRS

Field Parameters: Meter(s) Used:

pH (su) Y Dissolved Oxygen % 454
Conductivity (umhos) 37497 133297 Turbidity (NFH) TH\AN) Y. 62
Temperature (C°) \4. 2 TDS (mg/L) 4s
Dissolved Oxygen (ppm = mg/L) %8 ) Flow (cfs) NB‘\{{) r),

Meter Problems?
Photos Taken? [ No IXIIYes Description:

Previous 48 hours precipitation: CdUnknown [CINone [Slight [CModerate [IHeavy [Flooding
Air Temperature (°F)

Physical Characteristics & Light Penetration:

Gradient (sample reach): CDFlat Ollow [Moderate [OHigh  [CCascades

Average Stream Width: CIVery Small (<1.5yd) CISmall (1.5-3yd) COMed. (3-10yd) ClLarge (10-25yd) ClVery Large
(>25yd)

Maximum Stream Depth: OShallow (<0.3yd) [OMedium (0.3-0.6yd) [IDeep (0.6 —1yd) [OVery Deep(>1yd)

% Canopy Cover Estimated for Reach: % a k)/(b H/ s

% Canopy Cover Measured (mid-reach): Z u/s + Q”d/s 4 () LDB+ _ZﬁRDB = Total/384*100 Y] [.D lo

Channel Characteristics:

Bank Height: (yd.) High Water Mark: (yd.)

Bank Slope LDB: [IDeeply incised [CIBluff/Wall [CUndercut [Sloughing [lSteep terrain  [IGentle Slope

Bank Slope RDB: [IDeeply incised [IBluff/Wall [CUndercut [Sloughing [CISteep terrain ClGentle Slope

Manmade Modification: CINone CIRip-Rap CICement ClGabions CIChannelized C0Dam CDredging CIBridge CIATV

Stream Characteristics:

Sediment Deposits: CONone [Slight [Moderate [JExcessive [lBlanket

Sediment Type: CONone [Sand [OSilt OMud [OClay [OSludge [OMn Precipitant [JOrange Flocculent

Turbidity: COClear [OSlightly Turbid CMuddy [OMilky COTannic OPlanktonic Algae [CIDyed

Foam/Surface Sheen: CONone [ONutrient [OSurfactant [IBacteria

Algae: CINone [Slight COModerate CDHigh CIChoking ~ Type: [ClDiatoms [ClGreen CIFilamentous C1Blue-green
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Department of

Environment &
Conservation

TDEC-DWR Stream /Surve); Field Sheet (Back)

DWR-WPP-01-QSSOP-Macroinvert-082918

Division of Water Resources

QSSOP for Macroinvertebrate Stream Surveys

Revision 7

Effective Date: December 28, 2021

L

% /Aﬁ)'l Z%Assessors: \,\} NN <\T

| DWR Station ID: , /. Date:
Dominate Substrate: (More than 25%) Select up to 4 l d 7*M/
Riffle Run Pool '
O Boulders (>107) O Boulders (>107) O Boulders (>10”)
O Cobble (2.5-10”) O Cobble (2.5-10”) O Cobble (2.5-10”)
O Gravel (0.1-2.5”) O Gravel (0.1-2.5) O Gravel (0.1-2.57)
O Bedrock O Bedrock O Bedrock
O Sand O Sand O Sand
O Silt (not gritty) O Silt (not gritty) O Silt (not gritty)
O Clay (Slick) O Clay (Slick) O Clay (Slick)
Surrounding Land Uses (list additional land uses under comments)
O  Forest O  Grazing O  Stormwater O STP/WWTP O  Construction
O  Wetland O  Row Crops O  Urban O  Industry O  Impoundment
O  Park O CAFO/Dairy O  Commercial O Mining/Dredging O ATV/OHV
O Hay/Fields O  Logging O  Residential O Road/Hwy/RR O  Golf Course
Observed Human Disturbance to Stream: Blank (not observed) S (Slight) M (Moderate) H (High)
Riparian Loss Logging Industry ATV/OHV
Channelization Urban Mining/ Dredging Golf Course
Active Grazing Commercial Road/Hwy/RR Garbage/Trash
Row Crops Residential Construction Landfill
CAFO/Dairy STP/WWTP Impoundment Water Withdrawal

Other Stream Information and Stressors:

S W eClanali e

Stream Sketch: (include road name or landmark, flow direction, reach distance, distance from bridge or road,
sampling points, tributaries, outfalls, livestock access, riparian, potential impacts, north arrow, immediate land use,
buildings, etc.) Use additional sheet if necessary.
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epdrirrent of

Environment &
Conservation

DWR-WPP-01-QSSOP-Macroinvert-082918

Division of Water Resources

QSSOP for Macromvertebrate Stream Surveys

Revision 7

Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (FRONT)
See Protocol E for detailed descriptlons and rank information). See BSERT for instructions op completing e-form)

DWR Station ID:

Monitoting Location Name J/T/ V/U

Habitat Assessment By: N JUY{LD e
Date: 77X )/ [0 ,

] Time: ]Lﬁ/

Monitoring Location

Field Log Number:

NS

HUC | WS Group Ecotegion [QC O'Duplicate O Consensus
Optimal Suboptimal Marginal Poor
Ovet 70% of stream 1each Natural stable habitat Natural stable habitat Less than 20% stable

1. Epifaunal has natural stable habutat covers 40-70% of stieam covers 20 -40% of stream habutat, lack of habtat 1s
Substrate/ Available | suitable for colonization by | reach Three ot more reach o1 only 1-2 productive | obvious, substrate unstable
Cover fish and/or productive habitats present | habitats present (If near ot lacking

macromvertebtates Four ot | (If near 70% and more than | 40% and mote than 2 go to

more productive habitats ate | 3 go to optimal ) suboptimal )

L present f\
SCORE (/ 20 19 18 17 16 |15 14 13 612) 1nmfw 9 8 7 5 4 3 2 1
7 L 6

Comments { UZ E N () S‘ i OUZO

2.Embeddedness of
Riffles

7

Giavel, cobble, and boulders
0-25% sutrounded by fine
sediment Layering of
cobble provides diversity of
niche space If near 25%
drop to suboptimal 1f riffle
not layered cobble

Gravel, cobble and
boulders 25-50%
surrounded by fine
sediment Niches i bottom
layers of cobble
compronised If near 50%
& uiffles not layeted
cobble drop t6n arginal.

Giavel, cobble, and boulder
s are 50-75% surrounded by
fine sediment Niche space
m mddle layets of cobble is
starting to fill with fine
sediment

Gravel, cobble, and
boulders are more than
75% surrounded by fine
sediment Niche space s
reduced to a single layer or
1s absent

SCORE U120 19 18 17 16 115 14 {13 /12 1110 9 8 .7 6 5 4 3 2 1
Comments A i 1 - \ ‘
All four velocity/depth Only 3 of the 4 regimes Only 2 of\the 4 habitat Dominated by 1

3. Velocity/ Depth
Regime

regimes prese \91/(Slow-deep,‘/
slow-shallow; fast-deep,
fast-shallow

present (if fast-shallow 1s
missing score lower) If
slow-deep missing score
15

regimes present (1f fast-
shallow or slow-shallow are
missing, score low)

velocity/depth regime
Others regimes too small or
infiequent to support
aquatic populations

SCORE

1514

9

5 4 3 2 i

Comments

ediment deposition affbcts

Sediment-teposttion

Sediment deposition affects

Heavy deposits of fine

4. Sediment less than 5% of stream affects 5-30% of stream 30-50% of stream bottom. material, increased bat
Deposition bottom m quiet areas New | bottom Shight deposition | Sediment deposits at development, more than

deposition on 1slands and m pool or slow areas obstruction, constrictions 50% of the bottom

point bars 1s absent or Some new deposition on and bends Moderate pool changing fiequently, pools

minimal 1slands and pomt bats deposition almost absent due to

Move to matginal if build- substantial sediment
o .
i { up approaches 30% N deposition

SCORE 1| 20 19 18 17 16 |15 14 13 12 f11J10 9 8 7 6 |5 4 3 2 1
Comments : Z{ WA

5. Channel Flow

S NN |

ater teaches base of both
lower banks and streambed

ater covers > 75% of
stieambed o1 25% of

Water covers 25-75% of
stteambed and/or

Very httle water in channel
and mostly present as

Status. 1s covered by watet productive habitat 15 productive habitat s mostly | standing pools Little o1 no
throughout reach Minimal exposed exposed productive habitat due to
ductive habutat 15 lack of water
) g ([ eXposed
SCORE [ A/ 20/ 19 18 17 16 |15 14 13 12 11{10 9 8 7 6 |5 4 3 2 1
Comments .
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HABITAT ASSESSMENT FIELD SHEET- MODERATEAO HIGH GRADIENT §TREAMS (BACK)

e AN
DWR Station ID \"/E 1‘[/#/ .

Date 5//1 VL2 Assessors___| \};\)Ui’“ M’

Optimal

Suboptimal

Marginal

Poor

6. Channel Alteration

Channelization, diedging
1ock removal, 4-wheel or
livestock activity (past or
present) absent or minimal,
natural meander pattern
NO artificial structures in
teach Upstieam or
downstream structures do

Channelization, diedging 4-
wheel or hvestock activity
up to 40% Channel has
stabilized If larget 1each,
channelization 1s histotic and
stable Autificial stiuctures
1n or out of reach do not
affect natwal flow patterns

Channelization, dredging
4-wheel ot ltvestock
activity 40-80% (o1 less
that has not stabilized )
Artificial structutes in o1
out of 1each may have
shght affect

Over 80% of reach

channelized, dredged ot
affected by 4-wheelers o1

livestock Instream

habitat greatly alteted or

temoved Artificial

structures have greatly
affected flow pattern

7. Frequency of re-
oxygenation zones. Use
fiequency of 11ffle or
bends for categoty

Rank by quality

Occuirence of re-
oxygenation zones
relatively frequent, ratio of
distance between ateas
divided by aveiage stieam
width <7 1

Occutrence of 1e-
oxygenation zones
infiequent, distance between
areas divided by average
stream width1is 7 - 15

Occastonal te-
onygenation area The
distance between areas
divided by average
strteam width 1s over 15
and up to 25

r_ not affect teach N\
SCORE v,/ 20 19 18 17 16 M15) 14 13 12 11 10 9 8 7 6|5 4 3 2 |
Comments -

Generally all flat water o1

flat bedrock, little
oppot tunity for te-

oxygenation Distance
between areas divided by
average stream width

>25

SCORE -

20 19, 18 16

17

11

0 9 .8 7 6

5 4 3 2

1

8. Bank Stability (scote
each bank)
Determine left or right

erosion or bank failure
absent ot minimal, little
potential for future

15 14 {13/ 12

infiequent, small areas of
eroston mostly healed over
5-30% of bank 1n 1each has

60 % of bank 1n reach
has areas of erosion; high
eroston potential during

Comments ‘fgdﬂi h)-’s W ! IE! gl Vl” mi‘m SE ! MSSI a k( (l; &m“g ; l;me. V‘)
Banks stable; evidence of Moderately stable, Moderately unstable, 30- | Unstable, many etoded

atea, raw areas fiequent
along stiaight sections
and bends, obvious bank

side by facing problems <5% of bank ateas of etosion. If floods, If approaching sloughing, 60-100% of

downstream affected apptoaching 30% scote 60% scoie poor if banks | bank has erosional scats
7 " mat ginal if banks stgep steep

SCOREM ,(LB) LeftBank 10 9 8 7 6/ 5 4 3 2 1 0

SCORE™/ (RB) Right Bank 10 9 ) 7, 6 5 4 3 2 1 0

9. Vegetative
Protective

(score each bank)
includes vegetation from
top of bank to base of
bank Detetmine left o1
right side by facing

coveted by undisturbed
vegetation All 4 classes
(matute tiees, undeistory
trees, shrubs, groundcovet)
ate represented and allowed
to grow natutally All
plants ate native

by undisturbed vegetation
One class may not be well
represented Distuption
evident but not effecting full
plant gilowth Non-natives
are 1are (< 30%)

covered by undisturbed
vegetation Two classes
of vegetation may not be
well iepresented Non-
native vegetation may be
common (30-50%)

bank coveted by

Commerfts’) ﬁ'ﬁx‘ !Mmm/“ ﬂ ih‘; Ez“ HEJ‘/\, “‘z 52 n!ﬂe‘ ”n | Wil E’:
Mote than 90% of the bank [770-90% of the bank covete 50-70% of the bank Less than 50% of the

undisturbed vegetation ot
mote than 2 classes are
not well represented ot

most vegetation has

been

ctopped Non-native
vegetation may dominate

10. Riparian

zone > 18 meters Unpaved

zone 12-18 meters Score

riparian zone 6-11

downstlﬁ@l L~ > 50%)
SCORE”_ ) (LB) LeftBank 10 9 8 7 6 (s) 4 3 2 1 0
SCOREf | (RB) Right Bank 10 9 8 7 6 S (4) 3 2 1 0
Comments AN % " %

Average width of tipatian Average width of 1ipatian Average width of Average width of tiparian

zone <6 meters Scoie

ABOVE o1

Total Scote

Compatison to Ecotegion Guidelines (circle):

BELOW

If scote 1s below guidelines , 1esult of (ciicle). Natural Conditions or Human Distutbance

Describe*

199 |Page

Vegetative Zone Width | footpaths may scote 9 1f high 1f areas < 18 meteis ate | metets. Score hugh if high if ateas less than 6

(score each bank ) Zone | run-off potential 1s small ot are minimally ateas less than 12 metets | meters aie small or ate

begins at top of bank negligible disturbed ate small or are mimimally disturbed
‘j/ mimmally djsty bed

SCORE , \ (LB) LeftBank 10 9 8 7 6 5 4/ 3 2 1 0

SCORE [ _(RB) Right Bank 10 9 8 7 6 5 4 3 2 ) 0

Comments &6
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Conservation Effective Date: December 28, 2021

STREAM SURVEY INFORMATION (see protocol E for detailed information and BSERT for Completing E-Form)

DWR Station ID: samplers: \\\JON\OS X[ VCHA—
Monitoring Location Name: MELO(() Date: 9 % l% Time: l%
Monitoring Location: Organization: Drainage Area:
County: Ecoregion: u/s ECO:
Latitude: HUC: WS Grp:
Longitude: WBID: Field Log #:
Project Name: [] Watershed [1303(d) [ Antideg [JECO [JFECO Other:

Project ID: TNPR
Activity Type: IB/Sam,ple O QCSample [ Habitat [0 QChabitat O QCID

Sample Status: [MCollected [OSeasonally Dry  CIFrequently Dry [CINo Channel
CToo Deep (Not Wadeable) [lToo Deep (Temporary) [Permanent Barrier [Fenced
OLandowner Denial: CTemporary Barrier [IPosted Plan to revisit? CYes CINo

Flow Conditions: [1Dry Hlisolated Pools [IStagnant OlLow [OModerate [High OBankful CIFlooding

Chemicals/Bacteria: MNone EIuntine ONutrient OMetals OE. coli OOrganics OOther
Field Parameters: Meter(s) Used: | Agl

pH (su) &FN.75 Dissolved Oxygen % q3. |

Conductivity (umhos) 5770|526 Turbidity (NFU)-{ TR .99

Temperature (C°) A TDS (mg/L) i 2HY

Dissolved Oxygen (ppm = mg/L) 7. 59 Flow (cfs) U
Meter Problems? /

A
Photos Taken? [ No Iﬂées: Description:

Previous 48 hours precipitation: CDUnknown [CINone [Slight [OModerate [IHeavy [OFlooding
Air Temperature (°F)

Physical Characteristics & Light Penetration:

Gradient (sample reach): OOFlat [Clow [Moderate [OHigh  [CCascades

Average Stream Width: COVery Small (<1.5yd) CSmall (1.5-3yd) COMed. (3-10yd) ClLarge (10-25yd) CVery Large
(>25yd)

Maximum Stream Depth: CShallow (<0.3yd) [IMedium (0.3-0.6yd) [IDeep (0.6 —1yd) [CIVery Deep(>1yd)

% Canopy Cover Estimated for Reach: % h’\A} At /

Yy
% Canopy Cover Measured (mid-reach): U u/s+ /A d/s + _Z= LDB+ | RDB= Total/384*100 Zg.“l 1

Channel Characteristics:

Bank Height: (yd.) High Water Mark: (yd.)

Bank Slope LDB: CDeeply incised [OBluff/Wall [OUndercut [OSloughing [Steep terrain  CGentle Slope

Bank Slope RDB: [Deeply incised [IBluff/Wall CUndercut [Sloughing [lSteep terrain [IGentle Slope

Manmade Modification: CONone CIRip-Rap CICement CGabions CDChannelized C0Dam CDredging CBridge CIATV

Stream Characteristics:

Sediment Deposits: CINone [Slight [OModerate [CExcessive [Blanket

Sediment Type: OONone [Sand [OSilt OMud [OClay [OSludge [CIMn Precipitant [JOrange Flocculent

Turbidity: OClear [OSlightly Turbid OMuddy OMilky OTannic [OPlanktonic Algae [IDyed

Foam/Surface Sheen: COINone [INutrient [Surfactant [Bacteria

Algae: CINone OSlight COModerate CIHigh CIChoking  Type: CIDiatoms [ClGreen CIFilamentous CIBlue-green
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TDEC-DWR Stream Survey Field Sheet (Back)

[ DWR Station ID: ML Date: %’&D/B Assessors: }\‘ln 36\/\_05‘

Dominate Substrate: (More than 25%) Select up to 4

Riffle Run Pool

O Boulders (>107) O Boulders (>10”) O Boulders (>10”)

O Cobble (2.5-10”) O Cobble (2.5-10”) O Cobble (2.5-107)

O Gravel (0.1-2.5”) O Gravel (0.1-2.5”) O Gravel (0.1-2.5”)

O Bedrock O Bedrock O Bedrock

O Sand O Sand O Sand

O Silt (not gritty) O Silt (not gritty) O Silt (not gritty)

O Clay (Slick) O Clay (Slick) O Clay (Slick)

Surrounding Land Uses (list additional land uses under comments)
O  Forest O  Grazing O Stormwater 0O STP/WWTP O  Construction
O  Wetland O  Row Crops O  Urban O  Industry O  Impoundment
O  Park O CAFO/Dairy 0O  Commercial O Mining/Dredging O  ATV/OHV
O Hay/Fields O Logging O  Residential O Road/Hwy/RR O  Golf Course
Observed Human Disturbance to Stream: Blank (not observed) S (Slight) M (Moderate) H (High)

Riparian Loss Logging Industry ATV/OHV
Channelization Urban Mining/ Dredging Golf Course
Active Grazing Commercial Road/Hwy/RR Garbage/Trash
Row Crops Residential Construction Landfill
CAFO/Dairy STP/WWTP Impoundment Water Withdrawal
Other Stream Information and Stressors:

4 Wnog v Wﬁﬁ){g\o s

Stream Sketch: (include road name or landmark, flow direction, reach distance, distance from bridge or road,
sampling points, tributaries, outfalls, livestock access, riparian, potential impacts, north arrow, immediate land use,
buildings, etc.) Use additional sheet if necessary.
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Effective Date December 28, 2021

HABITAT ASSESSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (FRONT)
See Protocol E for detailed descriptions and rank information). See BSERT for instructions qn,completing e-form)

DWR Station ID;

HabitagAssessment By: N LYLOS, N

Date: /()7 [Time: V5D

Monitoring Location

Monttoring Location Name WELD,\o

Field Log Number: /I/{\)fC«,LH 01

2.Embeddedness of

0-25% surrounded by fine

HUC. | WS Gioup Ecoregion, QC [ Duplicate O Consensus
Optimal Suboptimal Marginal Poor
Ovet 70% of stream reach Natural stable habitat Natural stable habitat Less than 20% stable
1. Epifaunal has natural stable habitat covers 40-70% of stream covers 20 -40% of stream habitat, lack of habrtat 1s
Substrate/ Available | suitable for colonization by | 1each Thiee or mote 1each or only 1-2 productive | obvious, substiate unstable
Cover fish and/or productive habitats present | habitats present (If near o1 lacking
mactoinvertebrates Four ot | (If near 70% and more than | 40% and moie than 2 go to
mote productive habitats are | 3 go to optimal.) suboptimal.)
present N\
SCORE ‘ \ 20 19 18 &9 16 15 14 13 12 11 |10 9 8 7 5 4 3 2 1
6 .
Comments Y Jad e/ bedege LD, 710
Gravel, cobble, and boulders | Gravel, cobble and Gravel, cobble, and boulder | Gravel, cobble, and

boulders 25-50%

s are 50-75% swrounded by | boulders ate more than

3. Velocity/ Depth
Regime

regiumes prese \)
slow-shallowfast-deep,X_
fast-shallow)/

(slow-deepy/

Riffles sediment Layering of surrounded by fine fine sediment Niche space | 75% surrounded by fine
cobble provides diversity of | sediment Niches in bottom | in middle layers of cobble 1s | sediment Niche space 1s
niche space If near 25% layers of cobble starting to fill with fine reduced to a single layer ot
drop to suboptimal 1f rffle comptomised If nea 50% | sediment 1s absent
not layered cobble & 1iffles not layered

il cobblerop to marginal

SCORE { 20 19 18 17 16 |15 [4\ 13 12 1110 9 8 7 6 5 4 3 2 1

Comments WA o N
All fout velocity/depth Only 3 of the 4 regimes Only 2 of the 4 habitat Dominated by 1

15

present (1f fast-shallow 1s
missing score lower) If
slow-deep missing score

regimes present (1f fast-
shallow o1 slow-shallow aie
missing, score low)

velocity/depth regime
Others regimes too small or
infrequent to support
aquatic populations

/N
SCORE 1°7)

18

17

J7any
16 [15 14 [13])

12 11 5 4 3 2 1

Comments

4, Sediment

Sediment deposttion affects
less than 5% of stream

ediment deposit
affects 5-30% of

on
stream

Sediment deposition affects
30-50% of stream bottom

Heavy deposits of fine
matenal, icreased bar

Deposition bottom m quiet ateas New | bottom Slight deposition | Sediment deposits at development, more than
deposition on 1slands and n pool or slow areas obstiuction, consttictions 50% of the bottom
point bars 1s absent or Some new deposition on and bends. Modeiate pool changing frequently, pools
minimal islands and point bars deposition almost absent due to

Move to marginal if bmld- substantial sediment
0,
- up approaches 30% e A deposition
SCORE 20 19, 18 17 16 |15 14 13 12 11 10 9’,¥ 5 4 3 2 1

Comments

5. Channel Flow

ater 1eaches base of both ™| Water covers >9
lower banks and streambed

streambed or 25% of

8(7)6
< \

Water covers 25-75% of
stteambed and/or

Very little water in channel
and mostly present as

198 |Page

Status. 1s coveted by water ptoductive habitat 1s productive habitat is mostly | standing pools Little o1 no
thtoughout reach Mimimal exposed exposed productive habitat due to
roductive habitat 1s lack of watet
JAVS) eXposed
SCORE ¢ /WJ \[20 )19 18 17 16 [15 14 13 12 11[10 9 8 7 6 [5 4 3 2 1
Comments e’

*
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HABITAT ASS[}SSMENT FIELD SHEET- MODERATE TO HIGH GRADIENT STREAMS (BACK)

DWR Station ID N‘\UMJ W

Date Z)/;/)j )/L’ﬁ ASSEssols l\“( ! 03

Optimal

Suboptimal

Marginal

Poor

6. Channel Alteration

Channelization, dredging
1ock removal, 4-wheel or
livestock activity (past or
present) absent o1 minimal,
natwal meandet pattern
NO artificial structutes in

Channelization, diedging 4-
wheel o1 hivestock activity
up to 40% Channel has
stabilized If largerieach,

channelization is histotic and

stable Aitificial structures

Channelization, diedging
4-wheel o1 ltvestock
activity 40-80% (or less
that has not stabilized )
Artificial structutes 1n or
out of ieach may have

Over 80% of reach
channelized, dredged o1
affected by 4-wheelers or
livestock Instream
habutat greatly altered o
removed Artificial

7. Frequency of re-
oxygenation zones. Use
fiequency of 11ffle o1
bends for category

Occurtence of te-
oxygenation zones
relatively fiequent; ratio of
distance between ateas
divided by avetage stream

Occurtence of 1e-
oaygenation zones

infrequent, distance between

ateas divided by average
stieam width 1s 7 - 15

reach Upstream o1 in ot out of reach do not shght affect structutes have greatly
downstteam structutes do affect natural flow pattetns affected flow pattern
W not affect reach I\
SCORE ./ 20 19 18 17 16 |(Is) 14 13 12 11 (10 9 8 7 6|5 4 3 2 |
Comments N~

Occasional re-
oxygenation atea The
distance between areas
divided by average
stteam width 1s over 15

Genetally all flat water ot
flat bedrock, httle
opportunity for re-
oxygenation Distance
between areas divided by

8. Bank Stability (scoie
each bank)
Determine left o1 right

etoston or bank failuie
absent o minimal, little
potential for future

infiequent, small ateas of
etosion mostly healed over
5-30% of bank 1n reach has

Rank by quality width <7 1 and up to 25 average stream width
Q 7N\ -
SCORE 5 20 19 18 17 16 [15 14 13 12 11 100 9 {817 65 4 3 2 1
Comments DLl ne lond o - oug lou (ohaotg e B Hupor g VG il
Banks stable, evidence of ¥ Modeiately stable, ~ Moderately unstable, 30- | Wnstable, nfhny eroded

60 % of bank 1n reach
has ateas of etosion; high
eroston potential during

aiea, 1aw ateas frequent
along straight sections
and bends, obvious bank

9. Vegetative
Protective

(scote each bank)
includes vegetation from
top of bank to base of
bank Determine left or

covered by undisturbed
vegetation All 4 classes
(mature trees, undetstory
trees, shrubs, groundcovetr)
are 1epresented and allowed
to grow natuially All

by undistuibed vegetation
One class may not be well
represented  Distuption

evident but not effecting full

plant growth Non-natives
are 1ate (< 30%)

side by facing problems <5% of bank areas of eroston. If floods, If apptoaching sloughing, 60-100% of
downstieam affected approaching 30% score 60% score poot 1f banks | bank has etosional scats
marginal if banks steep steep
SCORE_{_(LB) Left Bank 10 9 7 6. 5 4 3 2 1 0
SCORE_[/)(RB) Right Bank 10 9 8 7 (6, 5 4 3 2 1 0
Comments SO | )¢ A 25
Mote than 90% of the bank™’| 70-90% of the Bank covered | 50-70% of the bank Less than 50% of the

coveted by undisturbed
vegetation Two classes
of vegetation may not be
well represented Non-
native vegetatton may be
common (30-50%)

bank covered by
undistutbed vegetation or
mote than 2 classes are
not well reptesented ot
most vegetation has been
ctopped Non-native

10. Riparian
Vegetative Zone Width
(score each bank ) Zone

zone > 18 metets Unpaved
footpaths may scote 9 if
run-off potential 15

zone 12-18 meters Scote

high 1if areas < 18 meteis ate

small o1 ate mimimally

1ight side by facing plants are native vegetation may dominate
downstieafijh N\ (> 50%)
SCORE /) (LB) LeftBank 10 9 [8\ 7 6 5 4 3 2 1 0
SCORE X (RB) Right Bank, 10 9 18] 7 6 5 4 3 2 1 0
Comment$/ B LYo (O q

Avetage width of tipatian Avetage width of riparian Average width of Average width of 1ipatian

ripartan zone 6-11
metets Scote high 1f
areas less than 12 mete1s

zone <6 metets Score
high if areas less than 6
metets ate small o1 are

begins at top of bank neghgible disturbed are small o1 are minimally disturbed.
i an minmmally distutbed
SCORE (M(LB) Left Bank (10) 9 8 6 5 4 3 2 1 0

SCORE™~ [ (RB)

Right Bank " T0

7.
(7)

5 4 3

2 1 0

Total Score

'EOVE}
If score is below guidelines , tesult of (cucle) Natural Conditions or Hum Disturbénce

Describe

199 | Page

Compatison to Ecoregion

Guidelines (ctrcle)

9 8 6
Comments %ﬁv\ﬁ g‘ |dhﬁn in”g‘ﬁl q“ﬁ"g"/

BELOW




Water Quality Protection Plan Data and Evaluation Report-2023

Appendix 3. Cooling Tower Chemical Dosing and Toxicity, 2023

Most ORNL cooling towers discharge to outfalls, and these cooling towers are listed by Outfall
number along with their chemical dosing information provided by updated SDS forms in Table 3A
in Appendix 3.

The form of toxicity information available on SDS forms varies. The updated SDS format usually
gives toxicities for fish: Oncorhynchus mykiss (rainbow trout) and for Pimephales promelas
(fathead minnow), and for aquatic invertebrates Daphnia magna (water flea) and Ceriodaphnia
dubia. Occasionally SDS forms supply toxicity information for a species alternative to rainbow trout
such as bluegill sunfish, which are also included. Occasionally there is no information (NI).
Chemical toxicity effect information terms and abbreviations found on SDS sheets are defined
below:

Lowest Observed Effect Concentration (LOEC) is the lowest tested concentration that is
significantly different from the control.

No Observed Effect Concentration (NOEC) is the highest concentration immediately below
the LOEC which has no statistically significant effect (p < 0.05) compared to a control within
a given exposure period.

Lethal Effect Concentration (LC50 or LD50) is the median concentration that is lethal for
50% of the exposed population.

Median Effective Concentration (EC50) is the median concentration that immobilizes 50 %
of the population.

Cooling Tower Dosing Information Changes in 2023

In 2023, engineering personnel at HFIR reported that Nalco 7408 had been replaced with
CoreChem 40% Sodium Bisulfite for dechlorination purposes in 2012. The change in chemical
product was due to the lower cost of the CoreChem product. An updated SDS was provided and the
dosing information has been updated in Table 3A for Outfall 281.

In 2021, tower 2535 became operational and began discharging to Outfall 204. However, this tower
did not operate in 2023 and is not included in Appendix 3. The nearby 2539 tower did operate in
2023 and chemical dosing information is included in Table 3A.

As once-through cooling loads were eliminated in the 6000-area buildings, the liquid dechlorination
system that dechlorinated those flows and cooling tower blowdown was also removed from service
and the cooling tower was equipped with a box dechlorinator to treat tower blowdown routed to
Outfall 314. Accordingly, the liquid dechlorination chemical has been removed from Outfall 314 in
Table 3A and replaced with DeNora D-Chlor sodium sulfite tablet information.
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Water Quality Protection Plan Data and Evaluation Report-2023

Appendix 3 Table 3A
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2023 Cooling Tower Chemical Dosing

Volume of Water Vol Chemical Chemical Toxicity (SDS):
Ouffall L tion Dischargesto  Tower To::"“;‘s’i“ Summer or Cimu‘:;:d ;h‘::: , Chemical Name  Parameters of Concern (DS Frequency of |n::::: Chemical Feed (ppm)  Contral Rangs (ppm) COHCZE:‘;OH Dischage Rate  Toxicity (SDS): :.’:';' d‘;‘ o : Toxicity (SDS):  Toxicity (SDS): Rainbow Trout (or
Number (waterbody) Cells Winter N 9 & Use listed) Use I PP 'ge (PP ) to Drain (gpm)  Fathead Minnow P Daphnia Magna alternate listed)
(gal) Basin (gal) Frequency (ppm) Dubia
<= 5% sodium 4-chloro-5-
alkylbenzotriazolide and sodium 5-
nd s maintain 1.0 o 2.0 ppm  maintcin 1.0 to 2.0 ppm 96 hr LC50 393.5 48 hr LC50 1414
204 2539 woc 1 1000 S & 1000-1500 €K  cisetdylnmilmibad oo Weekly  molybdenum, pH range  molybdenum, pH range mg/L; 96 hr NOEL NI Tl hEE, OISR A m 5l
Winter Corrosion Inhibitor sodium 4-chloro-7- T A sy Ty NOEL 125 mg/L
alkylbenzotriazolide and sodium 5- g g e e
chloro-6-alkylbenzotriazolide
Summer & .. 12.5-15% Sodium hypochlorite, " 8 oz fotal = 0.25-1.0 48 hr LC50 1.0 )
204 2539 woc 1 1000 1000-1500 Bleach, biocid Routi Weekl 02-1.0 NI NI 48 hr LC50 Bluegill 0.6 mg/L
Winter each, Bloclde 4 67-0.95% Sodium Hydroxide outine eexly ppm free chlorine ppm mg/L " uegill 0.6 mg/
USA BlueBook
- . o, . " o, - i it
o oD R . o Swmmer& 000500 Sodum Sulfile 3% Sodium suffe 65% nert Weeldy 8 por 50 gpm discharge 71962 6-10 fabletsn A A N N 48hr LC50 440 Carassius auratus 96 hr LD50 100
Winter Tablets, Ingredients ditch mag/L mag/L
Dectlorn
5-10% Sodium chlorosulfamate, 7- 48 hr 1050
227 5511 woc 8 30000 Summer 8417 CL49 Biocide | 37eSodium bromosulfamate, and o L 3/day 10 0.5-1.5, as halogen <10 20 48 hr LC508.5 mg/L; 48mg/L;7- 48 hr LC50 4.8mg/L T Blvedil Sunfish 96 hrlC50 3.8
5-10% Sodium hydroxide; pH 13.6 7-day NOEC mg/L
4 dayNOEC > 10
5-10% Sodium chlorosulfamate, 7- Jr—
Sodi .  Bloecill Sunfi
227 5511 woc 8 30000 Winter 8417 QOO SO AR, O o 2/day 10 @55, @l el <10 20 BINSESTly o s piem At el S e OO
5-10% Sodium hydroxide; pH 13.6 7-day NOEC mg/L
dayNOEC > 10
at20C.
227 5511 woc 8 30000 Summer 8417 CL2062 Biocide 20% 2-2-Dibromo-3- Routine 2/week 75 75 <75 20 NI NI 48hr EC50 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
% 2.2-Dibromo-3-
227 5511 woc 8 30000 Winter 8417 L2062 Biocide e ) [Routine 1)/ week 75 75 <75 20 NI NI A2 B 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
227 5511 woc 8 30000 Summer 8417 Quadrasperse "y wiazole; pH 3.8 at 20 C. Roufine Blowdown 100-130 100-130 100-130 20 96hr LC50 48hr LCSO NI NI
L5898 0 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
227 5511 woc 8 30000 Winter 8417 Quadrasperse "y triazole; pH3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 20 96hr LC50 48hr LC50 NI NI
L5898 > 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
Lo o hazardous components isted; ) Equals 8 LG50
227 5511 woc 8 30000 Summer 8417 § oxides of carbon upon Routine Blowdown 51010 51010 <10 20 96hr LC50 87mg/L NI NI
biosurfactant o 600mg/L
decomposition Frequency
) - o hazardous components isted; ) Equals Jr——
227 5511 woc 8 30000 Winter 8417 . oxides of carbon upon Routine Blowdown 51010 51010 <10 20 96hr LC50 87mg/L NI NI
biosurfactant - 600mg/L
decomposition Frequency
De Nora D- Primary 4-
227 5511 woc 8 30000 Summer & 8417 CHLOR, 92.3% Na2503 Routine  column tablet 20 NI NI 48 hr LC50 Goldfish 96 hrLD50 100 mg/L
Winter o o box 440mg/L
5-10% Sodium chiorosulfamate, 7- 48 hr LC50
g 48 hr LC508.5 mg/L; o Sunf
. 13% Sodium bromosulfamate, and . 4.8mg/L; 7- NI; Bluegill Sunfish 96 hrLC50 3.8
227 5600 WO 9 1452 149 Biocid Rout 3/d 10 .5-1.5, as hal <10 34. 7-day NOEC2.5 48 hr LC50 4.8mg/L
6 C 6 0000 Summer 0 CLag Biodde 4 chosider st 196 ROV /day 0.5-1.5, as halogen 6 7l ;)l C el r LC50 4.8mg)/! oL
at20 C. 9 10mg/L
5-10% Sodium chlorosulfamate, 7- 48 hr LC50
0 3 48 hr LC508.5 mg/L; o Sunfi
) . 13% Sodium bromosulfamate, and i 4.8mg)/L; 7- NI; Bluegill Sunfish 96 hrLC50 3.8
227 5600 woc 6 90000 Wint 14520 €L49 Biocid Rout 2/d 10 0.5-1.5, as hal <10 346 7-day NOEC2.5 48 hr LC50 4.8mg/L
inter 10619e  5.10% Sodium hydroxide; pH 13.6  o"® /day ¢ s hatlogen ‘"m " dayNOEC > " mg/ mg/L
at 20 C. S 10mg/L
% 2.2-Dibromo-3-
227 5600 woc 6 90000 Sy 14520 L2062 Biocide 20% 2-2-Dibromo-3. [Routine Pl 75 75 <75 346 N NI 42 BEED 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
% 2.2-Dibromo-3-
227 5600 woc 6 90000 Winter 14520 CL2062 Biocide 20% 2-2-Dibromo-3. Routine 1/week 75 75 <75 346 NI NI 48hr EC50 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
227 5600 woc 6 90000 Summer 14520 Quadrasperse Ty triazole; pH3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 346 96hr LC50 48hr LC50 NI NI
L5898 - 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
227 5600 woc 6 90000 Winter 14520 Quadrasperse "y wiazole; pH 3.8 at 20 C. Roufine Blowdown 100-130 100-130 100-130 346 96hr LC50 48hr LCSO NI NI
L5898 0 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
- o hazardovs components fistec); ) Equals Jr——
227 5600 woc 6 90000 Summer 14520 § oxides of carbon upon Routine Blowdown 51010 51010 <10 346 96hr LC50 87mg/L NI NI
biosurfactant . 600mg/L
decomposition Frequency
Lo no hazardous components listed; Equals 8 LG50
227 5600 woc 6 90000 Winter 14520 § oxides of carbon upon Routine Blowdown 51010 51010 <10 346 96hr LC50 87mg/L ’ NI NI
biosurfactant o 600mg)/L
decomposition Frequency
De Nora D- Primary 4-
227 5600 woc 6 90000 St S 14520 CHLOR, 92.3% Na2503 Routine  column tablet 346 NI NI SBIGRED) Goldfish 96 hrLD50 100 mg/L
Winter 2 e 440mg/L
WOC = White Oak Creek NOEC = No Effect Concentration
MB = Melton Branch NI = No Information

FFK = Fifth Creek



2023 Cooling Tower Chemical Dosing

Oufall location  Dischargesto  Tower Tv"""";"fn Summeror . w‘:"::;’::"""" , Chemical Name  Parameters of Concern (SDS  Frequency of f:e";f‘:' Chemical Feed (ppm)  Control R oom G ih"":""f' . Dischage Rate  Toxicity (SDS): 1:"A ';’ (f‘:s)’ Toxicity (SDS):  Toxicity (SDS): Rainbow Trout (or
Number o Wertocatio (waterbody) Cells  TOWErBASIN g Cireviated Throug & Use listed Use lectio emicalTeec (ppm) - Conirol Range fppm) _ =oncenttallon 1o Drain (gpm)  Fathead Minnow eriodaPinia  paphnia Magna alternate listed)
(gal) Basin (gal) Frequency pp Dubia
5-10% Sodiumchlorosulfamate, 7- 48 hr LC50
© 4 48 hrlC50 8.5mg/L; -
. 13% Sodium bromosulfamate, and i 4.8mg)/L; 7- NI; Bluegill Sunfish 96 hrLC50
231 5800 woc 6 50000 s 11490 €L49 Biocid Rout 3/d 10 0.5-1.5, as hal <10 27.3 7-day NOEC2.5 48 hrlC50 4.8mg/L
ummer 106I9e  5.10% Sodium hydroxide; pH 13.6  o"® /day » s halogen "Ym " dayNOEC > " mg/ 3.8mg/L
at 20C. S 10mg/L
5-10% Sodiumchlorosulfamate, 7- 48 hr LC50
2 48 hrlC50 8.5mg/L; il Sonfi
) . 13% Sodium bromosulfamate, and . 4.8mg)/L; 7- NI; Bluegill Sunfish 96 hrLC50
231 800 w 5 Wint 1149 149 Biocid Rout 2/d 10 .5-1.5, as hal <10 27. 7-day NOEC2.5 48 hrlC50 4.8mg/L
3 5 oc 6 0000 inter 0 CLag Biocide o hydroxider pif 12,6 O /day 0.5-1.5, s halogen 3 71 ;)lc L rLC50 4.8mg)/! Qe
at 20C. 9 10mg/L
% 2-2-Dil -3- 4
231 5800 woc 6 50000 Summer 11490 CL2062 Biocide 20% 2-2-Dibromo-3 Routine 2/week 75 75 <75 27.3 NI NI 8hr EC50 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
% 2.2-Dibromo-3-
231 5800 woc 6 50000 Winter 11490 CL2062 Biocide 2 Routine 1/week 75 75 <75 27.3 NI NI 42 SR 96hr LC50 2.3mg /L
nitrilopropionamide 0.86mg/L
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
231 5800 woc 6 50000 Summer 11490 Quadrasperse "y otriazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 27.3 96hr LC50 48hr LC50 NI NI
L5898 - 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
231 5800 woc 6 50000 Winter 11490 Quadrasperse 5 triazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 27.3 L7 HED 42 HED NI NI
L5898 > 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
o o hazardovs components listec); ) Equals 4B LC50
231 5800 woc 6 50000 Summer 11490 § oxides of carbon upon Routine Blowdown 51010 51010 <10 27.3 96hr LC50 87mg/L NI NI
biosurfactant . 600mg/L
decomposition Frequency
) - o hazardous components isted; ) Equals Jr—
231 5800 woc 6 50000 Winter 11490 . oxides of carbon upon Routine Blowdown 51010 51010 <10 27.3 96hr LC50 87mg/L NI NI
biosurfactant ! 600mg/L
decomposition Frequency
Summer & De Mora D- 4-column tablet
231 5800 woc 6 50000 o 11490 CHLOR, 92.3% Na2503 Routine . 273 48 hrlC50 440mg/L  Goldfish 96 hrlDS0 100mg/L
ner Dechlorination X
Fall 2020 -
10-30% Sulfuric Acid; 1-5% 2- As needed
15660 2 Non-roui 150 ded t 96 hr LC50 48 hr LC50 1708
231 OLCF5 woc 20 74,391 puosy 20,000 CLssec PHosphono-1-2-4-butane ONTOUN, ¢ Needed ppm (as needed to pH7.0 7.5 150 ppm during Blrie rie NI NI
2021 Passivation ; oo 4b Passivation maintain pH 7.0-7.5) rne 2410mg/L mg/L
o2l tricarboxylic acid passivation
Passivation
Fall 2020 -
10-30% Potassium phosphate, . As needed
Non-routi 20-25 96 hr LC50 48 hr LC501048
231 OLCF5 woc 20 74,391 Avgust 20,000 CL1495 tribasic; 5-10 % Tetrapotassium w OO As Needed 100-120 ppm ppm 100-120 ppm during " ’ NI NI
2021 Passivation Orthophosphate ring 1768mg/L mg/L
- pyrophosphate passivation
Passivation
Fall 2020 - 48 hr LC50
5-10% Sodiumchlorosulfamate; 7- . 5 ppm (s needed fo Asneeded 48 hrlC50 8.5mg/L; -
Non-routi 0.3 - 0.7ppm 8mg/L; 7- NI; Bluegill Sunfish 96 hrLC50
231 OLCFs woc 20 74,391 puosy 20,000 Cl49|Biocide 3% Sod m|bromosolfamaie;Sas s e MNAS Ne oclac M mcanainl 0,320 Zppm [ o <10 e 7-day NOEC2.5 48mg/Li7- g hiCs0 4.8mg/L uegill Sunfish 96 hrlC.
2021 ’ . Passivation el Chiorine rng dayNOEC > 3.8mg/L
021 10% Sodium hydroxide Free Chlorine Residual) passivation mg/L
Passivation 10mg/L
Fall 2020 -
7-10 days As needed
L2062 20% 2-2- Dibromo-3- Non-roui 48hr EC50
231 OLCF5 woc 20 74,391 Avgust 20,000 e % bromo on-routine, (after 75 75 <75 NI NI " 96hr LC50 2.3mg)/L
2021 Passivation 0.86mg/L
021 blowdown)
Passivation
Summer & BL1254 Equals 48hr LC50
231 OLCFs woc 20 74,391 " 20,000 e 30-60 % Potassium Sulfite Routine Blowdown 0-28 0-28 <28 200 96h LC50 2333mg/L NI NI
Winter Dechlorination 884mg)/L
Frequency
5-10% Sodiumchlorosulfamate, 7- TBD. Variable
13% Sodium bromosulfamate, and as these new 48 hrlC50= 48 hrlC50=
231 oLCFs woc 20 74,391 s 20,000 €L49 Biocid . Routi 3/d 10 0.5-1.5, as hal <10 NI NI
4 ummer g 106198 5.10% Sodium hydroxide; pH 13.6  o"® /day ¢ s hatlogen towers come 8.5mg/L 4.8mg/L
at 2 online
5-10% Sodiumchlorosulfamate, 7-
13% Sodium bromosulfamate, and 48 hrlC50= 48 hrlC50=
231 OLCFs WO 20 74,391 Wint 20,000 149 Biocid 3 Routi 2/d 10 0.5-1.5, as hal <10 200 NI NI
€ € b inter b CUDE=ED oo St e el 186 /day HESLELEEE 8.5mg/L 4.8mg/L
at20C.
% 2.2.Dil . "
231 OLCF5 woc 20 74,391 Summer 20,000 CL2062 Biocide 20% 2-2-Dibromo Routine 2/week 75 75 <75 200 NI NI Bhr ECS0 96hr LC50 2.3mg/L
lopropionamide 0.86mg/L
% 2.2-Dibromo-3-
231 OLCF5 woc 20 74,391 Winter 20,000 CL2062 Biocide 2 Routine 1/week 75 75 <75 200 NI NI 4T SR 96hr LC50 2.3mg /L
nitrilopropionamide 0.86mg/L
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
231 OLCF5 woc 20 74,391 Summer 20,000 Quadrasperse "y otriazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 200 96hr LC50 48hr LC50 NI NI
L5898 S 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
231 OLCF5 woc 20 74,391 Winter 20,000 Quadrasperse 5 triazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 200 L e Al ey NI NI
L5898 ° 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
cuon no hazardous components listed; Equals 48 LC50
231 oLcFs woc 20 74,391 Summer 20,000 § oxides of carbon upon Routine Blowdown 51010 51010 <10 200 96hr LC50 87mg/L NI NI
biosurfactant . 600mg/L
decomposition Frequency
- no hazardous components listed; Equals Jr—
231 OLCFs woc 20 74,391 Winter 20,000 . oxides of carbon upon Routine Blowdown 51010 51010 <10 200 96hr LC50 87mg/L ’ NI NI
biosurfactant ! 600mg/L
decomposition Frequency

WOC = White Oak Creek
MB = Melton Branch
FFK = Fifth Creek

NOEC = No Effect Concentration
NI = No Information



2023 Cooling Tower Chemical Dosing

Outfall L etion Dischargesto  Tower Tv"""";"fn Summeror . w‘l'":;’::‘"’"“ , Chemical Name  Parameters of Concern (SDS  Frequency of f:e";f‘:' Chemical Feed (ppm)  Control Rango (ppm) G ih"":"‘:" . DischageRate Toxicity (SDS): :"A ';’ (i:?): Toxicity (SDS):  Toxicity (SDS): Rainbow Trout (or
Number ' oWer Locatio (waterbody) Cells  TOWErBASIN g Cireviated Throug & Use listed Use lectio emical Feed (ppm)  Control Range (ppm oneenti™®” ' to Drain (gpm)  Fathead Minnow eriodaPinia  paphnia Magna alternate listed)
(gal) Basin (gal) Frequency ppm Dubia
s & BLI254 Equals 48hr LC50
231 OLCFs woc 20 74,391 e 20,000 =>4 30-60 % Potassium Sulfite Routine Blowdown 0-28 0-28 <28 200 96h LC50 2333mg/L " NI NI
Winter Dechlorination 884mg)/L
Frequenc
-30% Trij T 7o +/-
NALCO 307461, 10-30% Tripotassium phosphe; 1 dye at 95 +/- 3 ppm,
W treutman, 5% Sodium Tolytriazole; .1-1% translates fo phosphate 48 hr NOEC 1,080 1 IR S i 5 [
281 HFIR 7902 MB 4 100,000 Summer 400,000 ol Potassium hydroxide. pH 11.5-13.  Roufine routine at 10-15 ppm. Degrades  10-15 ppm 25125 NI ml/l; 48 hr LC50 NI A i
osion TOC 86,000 mg/L, COD 180,000 outside pH range 6.5- 1994 mg/I g
inhibitor
mg/L. 8.0
10-30% Tripotassium phosphate; 1- dye at 95 +/- 3 ppm,
)T B
NCA\}VC? 3? 4‘5" 5% Sodium Tolytriazole; .1-1% translates to phosphate 48 hr NOEC 1,080 96 hr NOEC 500 ma/ls 96 br 1C50
281 HFIR 7902 MB 4 100,000 Winter 400,000 mrms’;: ':;"Ie Potassium hydroxide. pH 11.5-13.  Routine routine at 10-15 ppm. Degrades 1015 ppm 25-125 NI ml/I; 48 hr LC50 NI " o :g/l' "
rosion, TOC 86,000 mg/L, COD 180,000 outside pH range 6.5- 1994 mg/I 9
inhibitor
mg/L. 80
281 HFIR 7902 MB 4 100,000 Summer 400,000 S“K'Zf‘ :’“‘*"’H pH<1at 25C Routine routine 6.8-7.2 pH (operating) 6.0-9.0 pH 25-125 NI NI NI NI
adjustment
281 HFIR 7902 MB 4 100,000 Winter 400,000 S“':g;;::;"’” pH<1at25C Routine routine 6.8-7.2 pH (operating) 6.0-9.0 pH 25-125 NI NI NI NI
54.2% 1-Bromo-3-Chloro-5,5-
Dimethyl-Hydantoin; 28.9% 1,3 _ </=005ppm 96 hr LC50: 0.71 48hr LC50 1.1
NALCO 7346: Tablet feeder set to mid- 7-day NOEC 0.25
281 HFIR 7902 MB 4 100,000 Summer 400,000 Bchod o Dichloro-5-5-Dimethylhydantoin; ~ Roufine routine h em:"ez’;eo s° ™ total chlorine to 25125 mg/L; 7-day NOEC: ¢V O/IC mg/l; 48 hr NOEC 96 hr LC50 0.5 mg/I
15.9% 1,3-Dichloro-5-Ethyl-5- G letl Outfall 281 0.5 mg/L E 63 mg/l
Methylhydantoin
54.2% 1-Bromo-3-Chloro-5,5-
Dimethyl-Hydantoin; 28.9% 1,3- _ </=005ppm 96 hr LC50: 0.71 48 hr LC50 1.1
281 HFIR 7902 MB 4 100,000 Winter 400,000 NAL;ZTZ:“' Dichloro-5-5-Dimethylhydantoin; ~ Roufine routine Tab'e:::e:;' ;e(')'; ™A otal chlorine to 25125 mg/L; 7-day NOEG: 9% :O/EIC 025 o/l; 48 hr NOEC 96 hr LC50 0.5 mg/I
15.9% 1,3-Dichloro-5-Ethyl-5- 9e 0904 Outfall 281 0.5 mg/L 9 63 mg/
Methylhydantoin
Sodium sulfite
281 HFIR 7902 MB 4 100,000 ﬂ::m:"er 400,000 tablets 92 % sodium sulfite Roufine Roufine n/a n/a NI 25-125 NI NI e "'"l‘ci‘o 440 96 hr LC50 Goldfish 100 mg/I
dechlorination &l
Nalsperse
2 96 hr LC50: > 1000 48 hr LC50 240 48 hr LC50 > 1000
281 HFIR 7902 M8 4 100,000 x/year 400,000 7348.11:Bio  Decomposition fo oxides of carbon Non-routine 1-2/yr 38.2 ppm (15-gal total)  15-gal fotal 25125 " ' " 96 hr LC50 > 1000 mg/!
cleaning . mg/! mg/l mg/!
Dispersant
Nalclean Inhibited 48 hr LC50 7383
60 e acid; b
281 HFIR 7902 MB 4 100,000 s 400,000 HCL 8940.11; 30-60 % hydrochloric acid; (o ine 1-2/yr 10-gal fotal; 2.4 ppm .05 ppm 25-125 NI NI mo/l; 48 he NOEC 0 "LC50 1673 il ol
cleaning corrosive; pH 1.5 NOEC 1296 mg/I
tower walls only 3600 mg/|
Bleach: annual
281 HFIR 7902 MB 4 100,000 'X/Y‘?‘" 400,000 cleaning for algal 12:5% NaClO, sodium (1 utine 1-2/yr 2.4 ppm .05 ppm 25.125 NI NI NI NI
cleaning growth, tower  hypochlorite; corrosive, very foxic
walls only
2x/yeer Biodispersant 96 hr LC50 996 48 hr LC50 1320
281 HFIR 7902 MB 4 100,000 o 400,000  73551; dispersant  10-30% Polyalkylene glycol  Non-routine 1-2/yr 10-gal total 13.7 ppm 25125 mg/l; 7-day NOEC mg/l; 7-day NOEC NI 96 hr LC50 & NOEC > 1000 mg/I
(I and detergent 250 mg/| 125 mg/I
30-60% Straight Run Middle
Distillate; 10-30% Hydrofreated
. Light Distillate (petroleum); 10-30% 96hrLC50190  48hrLC504.32 48 hr LC50 220
281 HFIR 7902 MB 4 100,000 fl’;{’:e:' 400,000 A"';f]";;";":':"" Polypropylene Glycol; 1-5%  Non-routine 1-2/yr 2-gal fotal 25-125 mg/l; 96 hr NOEC  mg/l; 7-day NOEC mg/I; 48 hrs NOEC 96 hr LC50 3('708”://"[% hr NOEC
i
9 Stearic Acid; 1-5% 1-Octanol; 1- 100 mg/L 0.19 - 1.5 mg/L 16 mg/L S
5% Fatty Alkyl Polyglycol; 1-5%
Aliphatic alcohol
o
C°;:Iji”:n’"+“/°/“ 30%-50% Sodium Hydrogen </= 005 ppm
281 HFIR 7902 MB 4 100,000 Summer 400,000 Won /- Sulfite, <1% Sodium Sulfite, <4%  Roufine Routine total chlorine to 25-125 NI NI NI 96 hr LC50 240 ppm Mosquitofish
Sodium Bisulfite .
- Sodium Sulfate Outfall 281
Dechlorination
; -100% Sodi
2x/year Tovfe{)rl:'m :60' Dichl ooy So:hm;\ 10% 96hrlC5007 mg/l g\ cs010p 48 LC5025
281 HFIR 7902 MB 4 100,000 e 400,000 microblocide chloroisocyanurate; 3107 o0 1 outine 12/yr 100-200 Ibs (2.4 ppm) 05 ppm 25.125 (50% active ! mg/! (50% active NI
cleaning alternative to  Sodium Bromide; 1-5% Inorganic o mg/! e
ingredient) ingredient)
bleach for algae salt
-10% Sodi L 7-
15 3“’/0;oflz:iu::::or::;g::zea:d BpEDESmly kD NI; Bluegill Sunfish 96 hrLC50
314 6018 woc 2 18000 Summer 7000 CL49 Biocide o Sodiun o Routine 3/day 10 0.5-1.5, as halogen <10 37 7-day NOEC ~ 4.8mg/L; 7-day 48 hrlC50 4.8mg/L 9
5-10% Sodium hydroxide; pH 13.6 3.8mg/L
2.5mg/L NOEC > 10 mg/L
at 20C.
1531/0im"ff::lmﬂzzeczd 480 LCSO 8.5 mg/L; - 48hv LCSO NI; Bluegill Sunfish 96 hrLC50
314 6018 woc 2 18000 Winter 7000 CL49 Biocide o Sodiun famate, Routine 2/day 10 0.5-1.5, as halogen <10 37 7-day NOEC 48mg/L; 7-day 48 hrlC50 48mg/L | 09
5-10% Sodium hydroxide; pH 13.6 3.8mg/L
2.5mg/L NOEC > 10 mg/L
at 20C.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
314 6018 woc 2 18000 Summer 7000 Quadrasperse 5 riazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 37 L7 HED 42 HEED NI NI
L5898 > 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
314 6018 woc 2 18000 Winter 7000 Quadrasperse 'y otriazole; pH 3.8 at 20C.  Roufine Blowdown 100-130 100-130 100-130 37 96hr LC50 48hr LC50 NI NI
L5898 > 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency

WOC = White Oak Creek
MB = Melton Branch
FFK = Fifth Creek

phosphorus and sulfur.

NOEC = No Effect Concentration
NI = No Information



2023 Cooling Tower Chemical Dosing

Outfall Dischargesto  Tower Tv"""";"f Summeror . w‘l'":;’::‘"’"“ , Chemical Name  Parameters of Concern (SDS  Frequency of f"f";f‘“' Chemical Feed (ppm)  Control Rango (ppm) G Che";'“;' Dischage Rate  Toxicity (SDS): :"A ';’ T’?’j Toxicity (SDS):  Toxicity (SDS): Rainbow Trout (or
Number  ToWertocalion - terbody) Cells  TOWETBASIn g Circulated Throug & Use listed) Use niection emical Feed (ppm)  ConfrolRange (ppm)  _oncenitalon 1, brain (gpm)  Fathead Minnow ' oc"t""'"  Daphnia Magna alternate listed)
(gal) Basin (gal) Frequency ppm) Dubia
De Nora D-
314 6018 woc 2 18000 Summer & 7000 CHLOR, 92.3% Na2503 Rone e e 37 NI NI 48 hrLC50 Goldfish 96 hrlD50 100 mg/L
Winter o box 440mg/L

D

5-10% Sodium chlorosulfamate, 7- 48 hr LC50 8.5 48 hr LC50 4.8

% Sodi ; Bluegill Sunfi
363 5300 FFK 4 30000 Summer 4440 CL49 Biocide | 3% Sodium bromosulfamate, and o 3/day 0 0.5-1.5, as halogen <10 10.6 mg/L; 7-day NOEC mg/L; 7-day NOEC 4 " LC50 48 NI Bluegill Sunfish 96 hr LC50 3.8
5-10% Sodium hydroxide; pH 13.6 s mo/L S Tomat mg/L mg/L
at20 C. > mo o
5-10% Sodium chlorosulfamate, 7-
. - 13% Sodium bromosulfamate, and _ 48 hr LC50 8.5 48 hrLC50 4.8 NI; Bluegill Sunfish 96 hr LC50 3.8
363 5300 FFK 4 30000 Winter 4440 CL49 Biocide " ; Routine 2/day 10 0.5-1.5, as halogen <10 106 mg/L; 7-day NOEC mg/L; 7-day NOEC 48 hr LC504.8 mg/L
5-10% Sodium hydroxide; pH 13.6 5 L 2 o mag/L
at20 C. =0 J
363 5300 FFK 4 30000 Summer 4440 CL2062 Biocide 20% 2-2-Dibromo-3- Routine 2/week 75 75 <75 106 NI NI 48hr EC50 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
20% 2-2-Dibromo-3- 48hr EC50

363 5300 FFK 4 30000 Winter 4440 CL2062 Biocide Routine 1/week 75 75 <75 10.6 NI NI 96hr LC50 2.3mg/L

nitrilopropionamide 0.86mg/L
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
363 5300 FFK 4 30000 Summer 4440 Quadrasperse g otriazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 106 96hr LC50 48hr LC50 NI NI
L5898 S 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
363 5300 FFK 4 30000 Winter 4440 Quadrasperse 5 triazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 106 L7 HED 42 KD NI NI
L5898 > 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
no hazardous components listed; Equels
363 5300 FFK 4 30000 Summer 4440 _caol oxides of carbon upon Routine Blowdown 51010 51010 <10 106 96hr LC50 87mg/L 48hr LC50 NI NI
biosurfactant decomposition = acute health 600mg/L
Frequency
hazard
no hazardous components listed; —
363 5300 FFK 4 30000 Winter 4440 | Eum IS TS Routine Blowdown 51010 51010 <10 106 96hr LC50 87mg/L 42 K NI NI
biosurfactant decomposition = acute health 600mg/L
Frequency
hazard
De Nora D-
- )44
363 5300 FFK 4 30000 Summer & 4440 CHLOR 92.3% Na2503 Routine  2-column tablet NI NI 48 hr LC50440 Goldfish 96hr LD50 100mg,/L
Winter e box mg/L
5-10% Sodium chiorosulfamate, 7-
2 48hrlC50 8.5mg/L; 48 hr LC50 -
% Sodi X
363 5309 FFK 8 80000 Summer 13000 L9 Biocide |57 Sodium bromosulfamate, and p 3/day 10 0.5-1.5, as halogen <10 77eoch(d S oy NOEC25  4.8mg/L;7-day 48hrLC5048 mg/L ' Bluegill Sunfish 96hr LC5O
5-10% Sodium hydroxide; ph13.6 towers) 3.8mg/L
mg/L NOEC > 10mg/L
at20C.
5-10% Sodium chlorosulfamate, 7-
° . 48 hrlC50 8.5mg/L; 48 hr LC50 -
9 X
363 5309 FFK 8 80000 Winter 13000 CL49 Biocide |70 Sodium bromosulfamate, and o 2/day 0 0.5-1.5, as halogen <10 77each(4 S oy NOEC25  4.8mg/L; 7-day 48 hrLC5048 mg/L 7 Bluegill Sunfish 96hr LC5O
5-10% Sodium hydroxide; ph13.6 towers) 3.8mg/L
mg/L NOEC > 10mg/L
at20 C.
% 2.2-Dibromo-3-
363 5309 FFK 8 80000 Sy 13000 L2062 Biocide B BRI Routine P 75 75 <75 o/ D NI NI 42 BEED 96hr LC50 2.3mg/L
nitrilopropionamide towers) 0.86mg/L
% 2-2-Dibromo-3-
363 5309 FFK 8 80000 Winter 13000 CL2062 Biocide 20% 2-2-Dibromo-3. Routine 1/week 75 75 <75 7.7 each (4 NI NI 48hr EC50 96hr LC50 2.3mg/L
nitrilopropionamide towers) 0.86mg/L
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
363 5309 FFK 8 80000 Summer 13000 Quadrasperse Ty triazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 R/ CEDE) 96hr LC50 48hr LC50 NI NI
L5898 - towers) 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
363 5309 FFK 8 80000 Winter 13000 Quadrasperse "y triazole; pH 3.8 at 20 C. Routine Blowdown 100-130 100-130 100-130 7.7 each (4 96hr LC50 48hr LC50 NI NI
L5898 ° towers) 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
no hazardous components listed; Equals
363 5309 FFK 8 80000 Summer 13000 S oxides of carbon upon Routine Blowdown 51010 51010 <10 77each (4 oy 1c50 87mg/L 48T LCSO NI NI
biosurfactant . towers) 600mg/L
decomposition Frequency
no hazardous components listed; Equals
cL401 7.7 each (4 48hr LC50
363 5309 FFK 8 80000 Winter 13000 § oxides of carbon upon Routine Blowdown 51010 51010 <10 each (4 o6 LC50 87mg /L ’ N NI
biosurfactant L towers) 600mg/L
decomposition Frequency
De Nora D-
363 5309 FFK 8 gooop  Summer& 13000 CHLOR, 92.3% Na2503 Gl e 77 N NI NI Dl IR Goldfish 96hr LD50 100mg/L
Winter o box towers) mg/L
Dechlorination
5-10% Sodium chlorosulfamate, 7- 48 hr LC50
. 48 hr LC508.5 mg/L;
. 13% Sodium bromosulfamate, and " 4.8mg)/L; 7- NI; Bluegill Sunfish 96 hrLC50
014 4510 woc 2 70,000 s 14400 CL49 Biocid Routi 3/d <10 5, as hal <10 245 7-day NOEC2.5 48 hrlC50 4.8mg/L
vmmer rocide 5-10% Sodium hydroxide; pH outine /day s halogen 4 " dayNOEC > " mg/ 3.8mg/L
13.6at 20 C. ™. 10mg/L
5-10% Sodium chlorosulfamate, 7- 48 hr LC50
2 48 hr LC508.5 mg/L;
) L 13% Sodium bromosulfamate, and . 4.8mg)/L; 7- NI; Bluegill Sunfish 96 hrLC50
014 4510 woc 2 70000 Wint 14400 CL49 Biocid Routi 2/d <10 0.5-1.5, as hal <10 245 7-day NOEC2.5 48 hrlC50 4.8mg/L
nter rocide 5-10% Sodium hydroxide; pH outine et CEEILEY &7 n dayNOEC > " mg/ 3.8mg/L
13.6at 20 C. me, 10mg/L
014 4510 woc 2 70000 Summer 14400 CL2062 Biocide 20% 2-2-Dibromo 3 Routine 2/week 75 75 <75 245 NI NI 48hr EC50 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
014 4510 woc 2 70000 Winter 14400 L2062 Biocide B AR 3 Routine e 75 75 <75 245 N NI A2 B 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
WOC = White Oak Creek NOEC = No Effect Concentration
MB = Melton Branch NI = No Information

FFK = Fifth Creek



2023 Cooling Tower Chemical Dosing

Outfall L etion Dischargesto  Tower Tv"""";"fn Summeror . w‘l'":;’::‘"’"“ , Chemical Name  Parameters of Concern (SDS  Frequency of f:e";f‘:' Chemical Feed (ppm)  Control Rango (ppm) G ih"":"‘:" . DischageRate Toxicity (SDS): 1:"A ';’ (i:?): Toxicity (SDS):  Toxicity (SDS): Rainbow Trout (or
Number ' oWer Locatio (waterbody) Cells  TOWErBASIN g Cireviated Throug & Use listed Use lectio emical Feec (ppm)  Confrol Range (ppm) toncentiallon 4, brain (gpm)  Fathead Minnow eriodaPinia  paphnia Magna alternate listed)
(gal) Basin (gal) Frequency ppm Dubia
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
014 4510 woc 2 70000 Summer 14400 Quadrasperse "y wiazole; pH 3.8 at 20 C. Roufine Blowdown 100-130 100-130 100-130 245 96hr LC50 48hr LCSO NI NI
L5898 0 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
014 4510 woc 2 70000 Winter 14400 Quadrasperse g tiazole; pH 3.8 at20C.  Routine Bl 100-130 100-130 100-130 245 Gy Hes0 48hr LC50 NI NI
L5898 > 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
o No hazardous components listed; Equals B LG50
014 4510 woc 2 70000 Summer 14400 § oxides of carbon upon Routine Blowdown 51010 51010 <10 245 96hr LC50 87mg/L ’ NI NI
biosurfactant o 600mg/L
decomposition Frequency
) - No hazardous componens isted; ) Equals Jr——
014 4510 woc 2 70000 Winter 14400 . oxides of carbon upon Routine Blowdown 51010 51010 <10 245 96hr LC50 87mg/L NI NI
biosurfactant L 600mg/L
decomposition Frequency
Summer & BLI254 Equals 48hr LC50
014 4510 woc 2 70000 " 14400 24 30-60 % Potassium Sulfite Routine Blowdown 0-28 028 <28 245 96h LC50 2333mg)/L NI NI
Winter Dechlorination 884mg)/L
Frequency
Summer & De Mora D- 4-column tablet
014 4510 woc 2 70000 Wi 14400 CHLOR, 92.3% Na2503 Routine . 245 NI NI 48 hrlC50 440mg/L  Goldfish 96 hrlD50 100mg/L
inter ox
Dechiora
0% Sodi A
731;/5., S;dmr: chloro:ﬂfam'me, 7d 48 hr LC508.5 /s :g hr ;lcs7o
. s Sodium bromosulfamate, an " 8mg/L; 7- -
W 4 4 5, < . - . X .
014 4521 oc 2 7000 Summer 800 L9 Biodde e vdroxer ph ROV 3/day 10 5, as halogen 10 8.2 7. daymN(/)lECZ 5 dayNOEC s 4BNACS0 48mg/L Blusgil Sunfish 96 hrLC50 3.8ma/L
13.6at 20 C. 9 10mg/L
_10% Sodi :
St micsonsngy, A
W Wi ioci ° 0 i < X g ! . i ! ill Sunfi .
014 4521 oc 2 47000 inter 4800 L9 Biodde 1 vdroxer o ROV 2/day 10 10 82 7. duymN(/)lEC2 5 dayNOEC s 4BMLC0 48mg/L Blusgil Sunfish 96 hrLC50 38ma/L
13.6at 20 C. = 10mg/L
% 2.2-Dil .
014 4521 woc 2 47000 Summer 4800 CL2062 Biocide 20% 2-2-Dibromo 3 Routine 2/week 75 75 <75 8.2 NI NI 48hr EC50 96hr LC50 2.3mg/L
nitrilopropionamide 0.86mg/L
% 2.2.Dil n
014 4521 woc 2 47000 Winter 4800 L2062 Biocide 20% 2-2-Dibromo 3 [Reutine i) een 75 75 <75 82 N NI 42 BED 96hr LC50 2.3mg /L
nitrilopropionamide 0.86mg/L
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
014 4521 woc 2 47000 Summer 4800 Quadrasperse "y wiazole; pH 3.8 at 20 C. Roufine Blowdown 100-130 100-130 100-130 8.2 96hr LC50 48hr LCSO NI NI
L5898 0 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
3-7% of 2-PHosphono-1,2,4-
butane tricarboxylic acid; 1-5 % of Equals
014 4521 woc 2 47000 Winter 4800 Quadrasperse g triazole; pH 3.8 at20C.  Routine Bl 100-130 100-130 100-130 8.2 Gy Hex0 48hr LC50 NI NI
L5898 > 2739mg/L 1786mg/L
Decomposes fo oxides of Frequency
phosphorus and sulfur.
Lo o hazardous components isted; ) Equals 8 LG50
014 4521 woc 2 47000 Summer 4800 § oxides of carbon upon Routine Blowdown 51010 51010 <10 8.2 96hr LC50 87mg/L N NI
biosurfactant o 600mg/L
decomposition Frequency
) - o hazardous components isted; ) Equals Jr——
014 4521 woc 2 47000 Winter 4800 . oxides of carbon upon Routine Blowdown 51010 51010 <10 8.2 96hr LC50 87mg/L NI NI
biosurfactant . 600mg/L
decomposition Frequency
s & De Nora D- 4-column tablet
014 4521 woc 2 47000 ‘i;xzr 4800 CHLOR, 92.3% Na2503 Routine ~co U:;x able 8.2 NI NI 48 hrlC50 440mg/L  Goldfish 96 hrLD50 100mg/L
Dechlorr
ic acid: -98 % ic acid: pH < i ini
435NTT 8913 (CNDW)  WOC (SNS Pond) 2 28800 Sy 14,400 5“':;’;55"’:‘2’“"’” BIEBARTECEDET @ o @it 450, 8.0 pH NA 70 70 NI NI NI Gambusia “‘“""':;7“’ hrs LC50 42
435INTI 8913 (CNDW)  WOC (SNS Pond) 2 28800 Winter 7,200 Sulfuric acid: pH  93-98 % sulfuric acid: pH <l at o Continuous 450, 8.0 pH NA 70 70 NI NI NI Gambusia affinis 96 hr LC50 42
adjustment 25¢C mg/|
54.2% 1 Bromo-3-Chloro-5,5-
48 hr LC50 and
Dimethyl-Hydantoin; 28.9% 1,3 96 hr LC50 071
435NTI 8913 (CNDW)  WOC (SNS Pond) 2 28800 Summer 14400 Lo o 1515 Dimethylhy clantoins I Rovrine Continuous 0.2-0.4 02 70 70 ey NeEe 7 NEES O B ) mlh40 96 hr LC50 0.5 mg/I
biocide > mg/! hr NOEC: 0.63 mg/!
15.9% 1,3-Dichloro-5-Ethyl-5- 0.50 mg/! 7-day
- 48 hrs
Methylhydantoin
54.2% 1 Bromo-3-Chloro-5,5-
4 48 hr LC50 and
Dimethyl-Hydantoin; 28.9% 1,3- 96 hr LC50 0.71
435NT1 8913 (CNDW)  WOC (SNS Pond) 2 28800 Winter 7200 NALCO 7346: 1 hloro-5,5-Dimethylhydantoin;  Routine Continuous 0.2:0.4 01 70 70 mg/l; 7-day NOEC 7~y NOEC: 0.25 EC50: 1.1 mg/l; 48 96 hr LC50 0.5 mg/I
biocide > mg/l hr NOEC: 0.63 mg/I
15.9% 1,3-Dichloro-5-Ethyl-5- 0.50 mg/1 7-day e
Methylhydantoin
- % i
AL Dxchloffxslgoa/nu?:z:rg 10% BRI epngn  AOITBIEDES
435NTI 8913 (CNDW) WOC (SNSPond) 2 28800 Summer 14400 Towerbrom 960: ‘ 2 919% onroutine  As needed 1 02 70 70 (50% active : mg/! (50% active NI
oo Sodium Bromide; 1-5% Inorganic o0 mg/| o
biocide p ingredient) ingredient)
sal
NALCO DTch\o“:::)T;l(cma/r:‘u?:z?';‘ 10% 96hriC5007ma/l gy 1501 0p 485025
435NT1 8913 (CNDW)  WOC (SNS Pond) 2 28800 Winter 7200 Towerbrom 960 ‘ < 919%  onroutine  As needed 1 01 70 70 (50% active ! mg/! (50% active NI
o Sodium Bromide; 1-5% Inorganic N . mg/| f i
biocide p ingredient) ingredient)
sa
1-5% Phosphoric acid; 1-5%
NALCO 3DT231: 96 hr NOEC 1800 48 hr LOEC 1800
NS " b
435INTI 8913 (CNDW)  WOC (SNS Pond) 2 28800 Summer 14400 coetmer | s At 18 P S Routine Continuous 115 15 70 70 mg/l; LC50 2387  mg/l; 48 hr LC50 NI 96 hr NOEC 500 mg/1; 96 hr LC50

WOC = White Oak Creek
MB = Melton Branch
FFK = Fifth Creek

0% 27 aromatic amine. Evolves oxides of
deposit inhibitor
carbon.

mg/L

2208 mg/|

758 mg/|

NOEC = No Effect Concentration
NI = No Information



2023 Cooling Tower Chemical Dosing

Oufall location  Dischargesto  Tower Tv"""";"fn Summeror . w‘l'":;’::‘"’"“ , Chemical Name  Parameters of Concern (SDS  Frequency of f:e";f‘:' Chemical Feed (ppm)  Control R oom G ih"":"‘:" . Dischage Rate  Toxicity (SDS): :"A ';’ (i:s)’ Toxicity (SDS):  Toxicity (SDS): Rainbow Trout (or
Number o Wertocatio (waterbody) Cells  TOWErBASIN g Cireviated Throug & Use listed Use lectio emicalTeec (ppm) - Conirol Range fppm) _ =oncenttallon 1o Drain (gpm)  Fathead Minnow eriodaPinia  paphnia Magna alternate listed)
(gal) Basin (gal) Frequency ppm Dubia
1-5% Phosphoric acid; 1-5%
NALCO 3DT231: 96 hr NOEC 1800 48 hr LOEC 1800
o " X
435INT1 8913 (CNDW)  WOC (SNS Pond) 2 28800 Winter 7200 corrosion and  Sulfuric Acid; 1-5 % Substituted Routine Continuous 15 15 70 70 mg/l; LC50 2387 mg/l; 48 hr LC50 NI 96 hr NOEC 500 mg/1; 96 hr LC50
100 9NC aromatic amine. Evolves oxides of 758 mg/|
deposit inhibitor mg/L 2208 mg/|
carbon.
48 hr NOEC 250
mg/L; 48 hr LC50
NALCO 7408: 7-day and 96 hr  7-day NOEC 250
435NT1 8913 (CNDW)  WOC (SNS Pond) 2 28800 Summer 14400 CO 7408: 3 004, Sodium Bisulfite, corrosive  Routine Continuous 05-1.0 05-1.0 70 70 ay and 96 hr lay NOEC 250 119 g/l active 96 hr LC50 > 100 mg/|
dechlorination NOEC 250 mg/| mg/l
substance vs 275
mg/| product
48 hr NOEC 250
mg/L; 48 hr LC50
435INT1 8913 (CNDW)  WOC (SNS Pond) 2 28800 Winter 7200 NALCO 7408: 3 00/, Sodium Bisulfite, corrosive  Routine Continuous 0.5-1.0 0.5-1.0 70 70 7-day and 96 hr - 7-day NOEC 250 o7 1 ccive 96 hr LC50 > 100 mg/I
dechlorination NOEC 250 mg/! mg/!
substance vs 275
mg/| product
30-60% Straight Run Middle
Distillate; 10-30% Hydrotreated
NALCO 71p5  Liaht Distlate (petroleum);10-30% ! 96hrNOEC 100 7-day NOECO19 - o0\ oo
435NTI 8913 (CNDW) WOC (SNS Pond) 2 28800 Summer 14400 B o Polvpropylene Glycol; 1-5%  Non-routine s needed 2 2 70 70 mg/L; 96 hr LC50 1.5 mg/L; 48 hr L 96 hr NOEC <78 mg/L
vs: foam ontrel sy aric Acid; 1-5% 1-Octanol; 1- 190 mg/! LC50= 4.32 mg/| e
5% Fatty Alkyl Polyglycol; 1-5%
Aliphatic alcohol
30-60% Straight Run Middle
Distillate; 10-30% Hydrotreated
o 10300 g .
) NALCO 71ps  Uiaht Disilate (petroleu);10-30% ) 96hrNOEC 100 7-day NOECO19- o0\ oo
435NTI 8913 (CNDW)  WOC (SNS Pond) 2 28800 Winter 7200 blos foomn vommol _ PoIYPIOPYlene Glycol; 1:5%  Non-routine  As needed 2 2 70 70 mg/L; 96 hr LC50 1.5 mg/L; 48 hr /L 96 hr NOEC <78 mg/L
: Stearic Acid; 1-5% 1-Octanol; 1- 190 mg/! LC50= 4.32 mg/| 9
5% Fatty Alkyl Polyglycol; 1-5%
Aliphatic alcohol
ic acid: -98 % i < i ini
435NTT SNS8913(TW) WOC (SNS Pond) 2 36240 UMMTE 0500 gpm EEBEEDE BB ATREII V@ pon @itz 450, 8.0 pH 450, 8.0 pH NA 70 NI NI NI Gambusia affinis 96 hr LC50 42
Winter adjustment mg/I|
54.2% 1 Bromo-3-Chloro-5,5-
48 hr LC50 and
Dimethyl-Hydantoin; 28.9% 1,3 96 hr LC50 071
NALCO 7346: 7-day NOEC; 0.25 EC50: 1.1 mg/l; 48
435INTI SNS8913(TW) WOC (SNS Pond) 2 36240 Summer 9000 gpm - Dichloro-5,5-Dimethylhydantoin;  Roufine Continuous 0.2:04 02:04 02 70 mg/l; 7-day NOEC "¢ mo/t; 96 hr LC50 0.5 mg/I
biocide : mg/l hr NOEC: 0.63 mg/I
15.9% 1,3-Dichloro-5-Ethyl-5- 0.50 mg/1 7-day
. 48 hrs
Methylhydantoin
54.2% 1 Bromo-3-Chloro-5,5-
b 48 hr LC50 and
Dimethyl-Hydantoin; 28.9% 1,3 96 hr LC50 071
435NTT SNS 8913 (TW) WOC (SNS Pond) 2 36240 Winter 9000 gpm NALCO 73461 1y 1oro-5,5-Dimethylhydantoln;  Roufine @itz 0.2-0.4 02-04 01 70 i ety e, 7/ WeES®AS et 1L syl 45 96 hr LC50 0.5 mg/I
biocide : mg/l hr NOEC: 0.63 mg/!
15.9% 1,3-Dichloro-5-Ethyl-5- 0.50 mg/! 7-day
- 48 hrs
Methylhydantoin
-100% Sodi
NALCO ~60-100% Sodium 96 hr LC50 0.7 mg/I 48 hrs LC50 2.5
Dichloroisocyanurate; 5-10% ! 48 hr LC50 1.02 -
435INTI SNS8913(TW) WOC (SNS Pond) 2 36240 Summer 9000 gpm  Towerbrom 960: ‘ © _ Non-routine  As needed 1 ! 02 70 (50% a mg/! (50% active NI
o Sodium Bromide; 1-5% Inorganic : N mg/I f i
biocide o ingredient) ingredient)
NALCO o, SN EEID 96 hr LC50 0.7 mg/I 48 hrs LC50 2.5
) Dichloroisocyanurate; 5-10% ! - 48 hr LC50 1.02 -
435INTI SNS8913(TW) WOC (SNSPond) 2 36240 Winter 9000 gpm  Towerbrom 960: - 3 _ Non-routine  As needed 1 ! 01 70 (50% active ma/! (50% active NI
P Sodium Bromide; 1-5% Inorganic A 3 mg/I A 3
biocide o ingredient) ingredient)
1-5% Phosphoric acid; 1-5%
NALCO 3DT231: 7o Phe < " 96 hr NOEC 1800 48 hr LOEC 1800
435INT1 SNS 8913 (TW)  WOC (SNS Pond) 2 36240 Summer 9000 gpm corrosion and  SUfuric Acid; 1-5 % Substituted Routine Continuous 15 15 15 70 mg/l; LC50 2387 mg/I; 48 hr LC50 NI 96 hr NOEC 500 mg/I; 96 hr LC50
>0 °7¢ " aromatic amine. Evolves oxides of 758 mg/|
deposit inhibitor mg/L 2208 mg/|
carbon.
1-5% Phosphoric acid; 1-5%
NALCO 3DT231: 7o Phe < " 96 hr NOEC 1800 48 hr LOEC 1800
435NTT SNS8913(TW) WOC (SNS Pond) 2 36240 Winter 9000 gpm Cretmard oAt IS S o @it 1s 15 1s 70 mg/l; LC50 2387 mg/l; 48 hr LC50 NI 2l NETEE Sy [ 80 [ e
$1on OG- omatic amine. Evolves oxides of 758 mg/|
deposit inhibitor mg/L 2208 mg/|
carbon.
48 hr NOEC 250
mg/L; 48 hr LC50
435INTI SNS 8913 (TW)  WOC (SNS Pond) 2 36240 Summer 9000 gpm NALCO 7408: 5 (0. Soctium Bisulfite, corrosive  Routine Continuous 0.5-1.0 05-1.0 05-1.0 70 7-day and 96 hr 7-day NOEC 250 70" 1 cchve 96 hr LC50 > 100 mg/I
dechlorination NOEC 250 mg/! mg/!
substance vs 275
mg/| product
48 hr NOEC 250
_ mg/L; 48 hr LC50
435INTI SNS 8913 (TW)  WOC (SNS Pond) 2 36240 Winter 9000 gpm NALCO 7408: 5 100/, Sodtium Bisulfite, corrosive  Routine Continuous 0.5-1.0 0.5-1.0 0.5-1.0 70 vty Bl 7Aeny NEEE2E) e 96 hr LC50 > 100 mg /I
dechlorination NOEC 250 mg/| mg/l
substance vs 275
mg/| product
30-60% Straight Run Middle
Distillate; 10-30% Hydrotreated
NALCO 71ps  Liaht Disilate (petroleu);10-30% ) 96hrNOEC 100 7-day NOECO19- o0\ oo
435NT1 SNS8913(TW) WOC (SNS Pond) 2 36240 Summer 9000 gpm Polypropylene Glycol; 1-5%  Non-routine  As needed 2 2 2 70 mg/L; 96 hr LC50 1.5 mg/L; 48 hr 96 hr NOEC <78 mg/L

WOC = White Oak Creek
MB = Melton Branch
FFK = Fifth Creek

Plus: foam control

Stearic Acid; 1-5% 1-Octanol; 1-
5% Fatty Alkyl Polyglycol; 1-5%
Aliphatic alcohol

190 mg/!

LC50= 4.32 mg/I

ma/L

NOEC = No Effect Concentration
NI = No Information



2023 Cooling Tower Chemical Dosing

. Volume of Water Volume Ry Chemical - .
P?:r:::lelr Tower Location '?:::‘:":’::;)" T;’:,’,:’ Tower Basin s";'l‘i""‘fe’,"' Circulated Through c"“'":;'s:"’"‘e P"""“”“"‘"‘s’:;°“‘°'" (sbs F""":j"':" injection  Chemical Feed (ppm)  Control Range (ppm) Toxicity (:I"););:':'I';:‘;:’) Trout (or
(gal) Basin (gal) Frequency
30-60% Straight Run Middle
Distillate; 10-30% Hydrotreated
NALCO 71p5 _ light Distilate (petroleum);10-30% 96 hr NOEC 100 7-day NOEC 0.19 -
435INT1 SNS 8913 (TW) WOC (SNS Pond) 2 36240 Winter 9000 gpm Polypropylene Glycol; 1-5%  Non-routine  As needed 2 96 hr NOEC <78 mg/L

Plus: foam control e 1-5% 1-Octanol; 1-

5% Fatty Ayl Polyglycol; 1-5%
Aliphatic alcohol

WOC = White Oak Creek
MB = Melton Branch
FFK = Fifth Creek

NOEC = No Effect Concentration
NI = No Information
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