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EXECUTIVE SUMMARY

Overview

For 10 years, Vulcan Construction Materials, LLC (Vulcan) and the Arkansas
Department of Environmental Quality (ADEQ), with input from the US Environmental
Protection Agency (EPA), have been working together to develop a Use Attainability Analysis
(UAA). The UAA supports (a) a change in the total dissolved solids (TDS) and sulfate water
quality criteria for an unnamed tributary (UT) from Vulcan’s Outfall 001 to its confluence with
Brushy Creek and for a segment of Brushy Creek from its confluence with the UT to its
confluence with Stennitt Creek; (b) a removal of the designated, but not existing, domestic water
supply (DWS) use designation from those same stream segments; and (c) a change in the sulfate
water quality criterion for a segment of Stennitt Creek from its confluence with Brushy Creek to
its confluence with Spring River.

Vulcan’s Outfall 001 discharges groundwater and stormwater pumped from the quarry pit
of its facility in Black Rock, Arkansas, under National Pollutant Discharge Elimination System
(NPDES) Permit No. AR0046922. Sulfate and TDS concentrations from Outfall 001 add to the
sulfate and TDS concentrations which exceed regulatory levels set forth in Arkansas Pollution
Control and Ecology (APCEC) Regulation No. 2 (APCEC 2017) in the UT, Brushy Creek, and
Stennitt Creek. The ionic composition of the water discharged through Outfall 001 is the result of
the natural geology of the region and quarry activities that expose pyritic rock. The source of the
TDS and sulfate is water that is exposed to pyritic rock on the walls of the quarry pit.

This UAA evaluates the feasibility of alternative discharge locations as well as several
treatment options (wetlands, distillation, reverse osmosis [RO], etc.) as means to meet the current
TDS and sulfate water quality criteria in the UT, Brushy Creek and Stennitt Creek. The
evaluation demonstrates that none of these alternatives is technically or economically feasible.
Beginning in 2008, Vulcan commissioned FTN Associates Ltd. (FTN) to evaluate the feasibility
of developing site-specific TDS and sulfate criteria for the receiving streams in accordance with
§2.308 and §2.306 of APCEC Regulation No. 2 and Title 40 Code of Federal Regulations (CFR),

Part 131.11. These regulations allow the development of site-specific criteria using scientifically
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defensible methods that fully protect and maintain existing uses. This UAA establishes that the
TDS and sulfate concentrations resulting from the Vulcan discharge support the existing and
attainable designated uses in the affected stream segments. Therefore, the site-specific criteria
proposed herein based on water quality that results from the current Vulcan discharge are

justified.

Attainment of Designated Uses

Primary and Secondary Contact Recreation, Industrial Water Supply, and

Agricultural Water Supply

Sections 11.2 through 11.6 of this report document that the existing TDS and sulfate
concentrations resulting from the Outfall 001 discharge support attainment of primary and
secondary contact recreation, industrial water supply, and agricultural water supply designated

uses in Brushy Creek, Stennitt Creek and the UT.

Domestic Water Supply

Mass balance water quality modeling of potential downstream TDS and sulfate
concentrations based on 7Q10 flows' indicated potential exceedance of the secondary drinking
water values for TDS (500 mg/L), but not for sulfate (250 mg/L), in both Brushy Creek and
Stennitt Creek. However, the DWS use was removed from Stennitt Creek for the reach of
Stennitt Creek downstream of the mouth of Brushy Creek in 1999 as part of a previously
approved UAA and Third-Party Rulemaking. (APCEC 2017). Removal of the DWS use in
Brushy Creek would require mass balance computations based on harmonic mean flows?.
Additionally, mass balance computations based on harmonic mean flows is required for Stennitt
Creek below Brushy Creek since DWS use was previously removed.

In 2010, Vulcan conducted an analysis of the attainability of the DWS designated use in
the UT and Brushy Creek. This evaluation (Section 11.6) concluded that due to the lack of
sufficient flow, it is unlikely that the DWS designated use is attainable, even with the added

! ADEQ policy requires the use of 7Q10 flows for the evaluation of domestic water supply use attainment.
2 ADEQ policy requires the use of harmonic mean flows for the development of site-specific dissolved minerals
criteria.
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Vulcan flow. Furthermore, DWS is not an existing use in either the UT or Brushy Creek: neither
stream segment is currently used as a domestic water supply; and the Arkansas Department of
Health (ADH) does not list either waterbody as a current or planned drinking water source.
Accordingly, per 40 CFR 131.10(g)(2)° removal of the DWS designated use is appropriate for
the UT and for the reach of Brushy Creek from its confluence with the UT inflow to its

confluence with Stennitt Creek.

Aquatic Life

Attainment of the aquatic life designated use of biological integrity was determined per
Section 5 of ADEQ (2018) and attainment of designated uses per APCEC (2017). The
assessment also included modified field sampling protocols and field experiments designed in
close cooperation with ADEQ to control for potential confounding between water quality and
habitat quality.

Sections 4 through 9 of this UAA provide the results of that assessment, which

demonstrate the following:

1. The aquatic life use is supported for both communities in Brushy Creek downstream of
the inflow from the UT and in Stennitt Creek downstream of the mouth of Brushy Creek.

2. Evaluation of key and indicator fish species documents support of aquatic life designated
uses per §2.302(F)(3) of APCEC (2017).

3 States may remove a designated use that is not an existing use if the State conducts a use attainability analysis that
demonstrates attaining the use is not feasible because. “Natural, ephemeral, intermittent or low flow conditions or
water levels prevent the attainment of the use, unless these conditions can be compensated for by the discharge of
sufficient volume of effluent discharges...” 40 CFR 131.10(g)(2)

il
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3. Aquatic life use support is also documented for those segments of Brushy and Stennitt
Creeks which are not influenced by the Vulcan discharge or other point sources. This
conclusion of aquatic life use support for Brushy Creek (i.e., based on the results of the
instream evaluation) is consistent with ADEQ assessment procedures from analysis of
instream data (ADEQ 2018) and reflects the integrated response of the benthic
macroinvertebrate community to long-term exposure to the Vulcan discharge.
Experiments using artificial substrates conducted in Brushy Creek showed some
upstream to downstream differences in macroinvertebrate communities that colonized the
artificial substrates, however the artificial substrate results only reflect a deployment
period that occurred during the low-flow season when upstream to downstream
differences in TDS/sulfate due to the discharge are expected to be greatest, i.e., a
short-term effect.

The results of this analysis demonstrate that the Vulcan discharge supports all existing

and attainable uses.

Criteria Development

Domestic Water Supply

ADEQ policy requires the use of 7Q10 flows when evaluating mineral concentrations for
DWS protection. Accordingly, mass balance computations were initially carried out for 7Q10
flow conditions to calculate proposed TDS and sulfate criteria for the protection of aquatic life
using TDS and sulfate concentrations of Outfall 001 (95" percentile) and upstream
concentrations from recent monitoring. However, these calculations indicated potential
exceedance of the secondary drinking water standard for TDS (500 mg/L) in Brushy Creek and
the UT. DWS is not an existing or attainable use in Brushy Creek or the UT. Therefore, this
proposal includes removal of the DWS as allowed by 40 CFR 131.10(g)(2) and supported in
Section 11.6. In the absence of the DWS use, site-specific dissolved minerals criteria are
developed from mass balance computations based on harmonic mean flows rather than 7Q10
flows. Additional mass balance computations were carried out for harmonic mean flow

conditions to develop proposed TDS and sulfate criteria for protection on aquatic life.

v
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Aquatic Life

Most prior studies for site-specific mineral criteria in Arkansas have utilized a set
percentile of observed or predicted (based on mass balance modeling) instream concentrations,
usually the 95th percentile, for a 5-year period. This approach has been questioned on the
grounds that the resulting value is not derived directly from evidence that the aquatic life use is
supported. Additionally, justifying proposed criteria on the basis of the 95th percentile
potentially varies significantly depending on the period of record chosen. In light of these
questions, Vulcan explored five methods for criteria development (discussed in detail in

Section 10.2):

1. Criteria based on development of a “tolerance benchmark™ for specific
conductance (conductivity) for the existing benthic communities using XC95
values of macroinvertebrate taxa present in the reference location and selection of
appropriate TDS/sulfate to conductivity ratios based on Hem (1985);

2. Criteria based on development of a “tolerance benchmark™ for conductivity for
the existing benthic communities using XC95 values of macroinvertebrate taxa
present in the reference location and use of established relationships of Ozark
Highlands ecoregion TDS/sulfate to conductivity (EPA 2016);

3. Criteria based on the background-to-criterion (B-C) model (Cormier et al. 2018)
using conductivity measured in Clear Creek during the fall 2016 sampling as the
background conductivity model input;

4. Criteria based on the background-to-criterion (B-C) model (Cormier et al. 2018)
using Ozark Highlands ecoregion background conductivity (EPA 2016) as the
model input; and

5. Criteria based on EPA’s (2016) development of a “tolerance benchmark™ for
conductivity using XC95 values of macroinvertebrate taxa collected in the region
during selected studies and use of established relationships of Ozark Highlands
ecoregion conductivity and TDS.

An initial review of method 5 determined that the method was unfavorable for criteria
development. This method was dismissed from further evaluation because the EPA (2016)
determined that the sample size was too small with respect to the number of locations with paired
water chemistry and biology (193) and the number of total taxa with XC95 values (27). The

approach was considered a screening estimate and would have provided greater confidence in the
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tolerance benchmark if sample sizes were 400-500 for the study region or if there were 90 or
more genera with XC95 values.

Analyses of methods 1-4 identified method 1 as the preferred method; therefore, this
study proposes criteria for Brushy Creek based on method 1: development of a “tolerance
benchmark” for conductivity for the existing benthic communities using XC95 values of
macroinvertebrate taxa present in the reference location (Clear Creek) and the use of empirically
derived translators (conductivity to TDS and conductivity to sulfate ratios) based on Hem (1985).
For purposes of this analysis, a “tolerance benchmark™ is a conductivity value that protects 95%
of the existing taxa. Site-specific TDS and sulfate criteria for Brushy Creek were derived from
the tolerance benchmark by converting conductivity to TDS and sulfate concentrations using the
conductivity to TDS and sulfate ratios. Mass balance computations using the Brushy Creek
criteria, background TDS and sulfate concentrations, and critical flows (harmonic mean) were
then used to derive: (1) TDS and sulfate concentrations from Outfall 001 that support the TDS
and sulfate criteria in the UT and Brushy Creek; and (2) a sulfate criterion in Stennitt Creek
consistent with the sulfate criterion in Brushy Creek. Note that this mass balance computation

(harmonic mean) differs from that used for the DWS evaluation (7Q10) in the following ways:

1. The Brushy Creek TDS and sulfate concentrations are the criteria values based on
the tolerance benchmark analysis as opposed to the 95™ percentile values from the
outfall;

2. Criteria for the UT are based on outfall concentrations that support the tolerance

benchmark-based criteria in Brushy Creek, and

3. Mass balance computations to estimate TDS and sulfate concentrations in Stennitt
Creek and Spring River are based on harmonic mean flows in Brushy Creek,
Stennitt Creek, and Spring River and the tolerance benchmark-based criteria in
Brushy Creek.

The proposed site-specific sulfate and TDS criteria for the protection of aquatic life are

provided in Table 10.10, which is reproduced as Table ES.1 below.

Vi
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Table ES.1.  Summary of existing and proposed criteria for waterbodies downstream of Vulcan
Outfall 001.
Existing (mg/L) Proposed (mg/L)
Stream Segment Sulfate| TDS |Chloride| Sulfate TDS Chloride

Unnamed tributary from Outfall 001

e oo Wit‘gBmshy Crock 227 | 240 | 17.3 260 725 No change
Brushy Creek from confluence with

unnamed tributary to confluence with | 22.7 | 240 17.3 126 549 No change
Stennitt Creek

Stennitt Creek from confluence with

Brushy Creek to confluence with 22,7 |456*% | 173 433 No change| No change
Spring River

Spring River downstream of 30 290 20 No change | No change| No change
confluence with Stennitt Creek

*Site-specific values based on previous (1999) UAA and rulemaking, which included removal of the domestic water supply

designated use.

Conclusions and Recommendations

The conclusions and recommendations of studies conducted from 2008 through 2016 are

as follows:

1. Most treatment alternatives for reducing TDS and sulfate concentrations in
Outfall 001 to ecoregion values (e.g. distillation, wetlands) are technically
infeasible;

2. Although RO treatment is technically feasible, its implementation is cost
prohibitive and would result in the quarry operation becoming not economically
viable. In addition, RO treatment would involve waste disposal issues with
associated environmental impacts which further increases costs.

3. Building a pipeline to another stream with greater assimilative capacity (e.g.
Spring River), is technically feasible, like RO treatment, but is not an
economically feasible option for permit compliance for the quarry operation;

4. The existing discharge supports industrial and agricultural water supply uses as

well as primary and secondary contact recreation;

The DWS use for the UT and Brushy Creek is not an existing or attainable use nor
does the ADH have current or future plans for using either as a public water
supply. Accordingly, this study recommends removal of this use due to the levels
of the dissolved minerals proposed;

Water quality in Bushy Creek and Stennitt Creek supports aquatic life uses based
on ADEQ’s 2018 assessment methodology;

vii
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TDS and sulfate recommended criteria are (a) 725 and 260 mg/L, respectively for
the unnamed tributary from Outfall 001 to the confluence with Brushy creek and
(b) 549 and 126 mg/L, respectively for Brushy Creek from the confluence with
the unnamed tributary to the confluence with Stennitt Creek.

The sulfate recommended criterion is 43.3 for Stennitt Creek from the confluence
with Brushy Creek to the confluence with the Spring River.

The recommended criteria (Table ES.1) are based on the preferred methodology,
i.e., based on the Clear Creek (reference) macroinvertebrate community tolerance
values from published field studies using EPA methodology and a conservative
assumption regarding the relationship between conductivity and dissolved
minerals in the receiving streams.

The recommended TDS criterion is an intermediate value in the range of values
calculated by the methods considered in this study and all methods are considered
appropriate for criteria development to support the aquatic life use.

The recommended criteria are consistent with existing effluent and instream
concentrations which “support” fish and benthic macroinvertebrate communities.

viii
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1.0 INTRODUCTION

1.1 History

In 1996, Vulcan Construction Materials, LLC (Vulcan) purchased the Black Rock
limestone quarry facility in Lawrence County, Arkansas (Figure 1.1). In 1998, the Arkansas
Department of Pollution Control & Ecology (now named the Arkansas Department of
Environmental Quality [ADEQ)]) issued a renewal National Pollutant Discharge Elimination
System (NPDES) permit for the facility with limits for chemical oxygen demand (COD), total
suspended solids (TSS), pH, turbidity, and oil & grease (O&G). The renewal permit also
included a monitor and report requirement for total dissolved solids (TDS). TDS is commonly
found in drainage from quarries located in carbonate (dolomite) formations such as that found at
the Black Rock facility.

The 2004 NPDES renewal permit included 500 mg/L monthly average and 750 mg/L
daily maximum TDS limits with a 3-year compliance schedule. When it became clear that
Vulcan could not consistently meet the TDS monthly average permit limit, Vulcan began
working with ADEQ to find a solution. It was jointly decided that Vulcan would enter into a
Consent Administrative Order (CAO)* with ADEQ that called for Vulcan to perform a use
attainability analysis (UAA) and then file a third-party rulemaking with the Arkansas Pollution
Control & Ecology Commission (APCEC) to change the TDS water quality values for Brushy
Creek and remove the designated, but not existing, domestic water supply (DWS) use
designation from Brushy Creek and the unnamed tributary (UT). The CAO provided a 750 mg/L

monthly average TDS limit until such time as the third-party rulemaking was final and effective.

4 In the Matter of Vulcan Construction Materials, LLC, Black Rock Quarry, LIS -08-109 (2008).
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FTN Associates, Ltd. (FTN) prepared the UAA Study Plan in 2008. Following comment
by ADEQ and revision and resubmittal of the study plan to include dry weather seasonal aquatic
toxicity sampling, FTN conducted the study and submitted a draft UAA to ADEQ in June 2009
and a revised draft UAA in July incorporating the changes requested by ADEQ. In August 2009,
the US Environmental Protection Agency (EPA) provided technical comments on the revised
draft UAA in which EPA requested additional data and additional alternatives analyses. A
meeting with EPA, ADEQ, Vulcan, and FTN in late October 2009 resulted in the submittal in
November 2009 of an agreed-upon outline of proposed additional work to include upstream and
downstream diversity testing in the fall of 2009 and the summer of 2010 as well as the gathering
of sulfate data from the effluent and development of a site-specific sulfate value.

In September 2011, FTN submitted a revised UAA report (hereinafter referred to as “The
Original UAA Report) to ADEQ. At ADEQ’s request, Vulcan then submitted to ADEQ a
summary of the alternatives reviewed in the UAA and an analysis of five other alternatives (land
application, chemical treatment, dilution of effluent, cessation of discharge, and
conditional/restricted discharge), concluding that none were technically or economically viable
options for the facility. In January 2013, ADEQ notified Vulcan that it could not support
modification of the TDS and sulfate water quality standards and removal of the DWS use
designation because it believed that more information was needed as to the confounding effects
of upstream and downstream habitat differences and the analysis of any available alternatives.

In June 2015 Vulcan and ADEQ agreed to an amended CAO? under which (a) Vulcan
would supplement The Original UAA Report to support site-specific TDS and sulfate criteria
development followed by a third-party rulemaking; and (b) the 750 mg/L monthly average TDS
limit would remain in effect until April 1, 2020, unless APCEC or EPA disapproved the
third-party rulemaking or ADEQ determined that Vulcan was not diligently pursuing the site-
specific criteria development. During the summer and fall of 2015, Vulcan and FTN conducted a
supplemental study (First Supplemental Study), which was designed in cooperation with ADEQ.
That study is described more fully in Section 1.5.2. A Second Supplemental Study, designed in

5 In the Matter of Vulcan Construction Materials, LLC, Black Rock Quarry, LIS -08-109-001 (2015).
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cooperation with ADEQ and EPA Region VI staff, was conducted in the fall of 2016. The
Second Supplemental Study is described more fully in Section 1.5.3.

1.2  Facility Description

The Black Rock facility discharges from Outfall 001 to a farm stock pond (at the request
of the landowner), thence by an overflow weir to a drainage ditch (the UT), thence to Brushy
Creek, thence to Stennitt Creek (Figure 1.2). Stennitt Creek flows into the Spring River, which
APCEC has designated as a trout stream, an Extraordinary Resource Water, and an Ecologically
Sensitive Waterbody (APCEC 2017). The project area is located within the Ozark Highlands
ecoregion (APCEC 2017).

1.3 Regulatory Background

When Vulcan acquired the Black Rock limestone quarry facility in 1996, a Phase 1
environmental site assessment (ESA) revealed that the previous owner had an NPDES permit
under which elevated levels of TDS were reported in the discharge monitoring reports (DMRs).
The ESA concluded that the discharged TDS levels were considered common for a quarry in a
carbonate (dolomite) formation.

The current NPDES permit issued to Vulcan (effective March 31, 2015) contains
discharge limitations for chemical oxygen demand (COD), total suspended solids (TSS), TDSS,
0&G, and pH (Table 1.1). Currently there is no discharge limitation for sulfate. However, the
facility is subject to the requirements of §2.511(B) of APCEC Regulation No. 2 regarding
ecoregion reference values for dissolved minerals. Per §2.511(B), instream concentrations of
sulfate exceeding 22.7 mg/L in the Ozark Highlands ecoregion represent a “significant
modification” of water quality as compared to the value for sulfate’ (APCEC 2017). Sulfate
concentrations measured as part of a study in 2010 indicate that downstream sulfate
concentrations exceed 22.7 mg/L and are therefore a “significant modification value”. See

Table 1.2.

% The 750 mg/L monthly average TDS limit is a part of the terms and conditions of the 2015 CAO.
7 Per §2.511(B), the “significant modification” value for sulfate (22.7 mg/L) is calculated by multiplying the ecoregion
reference value for sulfate (17 mg/L) by one-third and adding the product to the ecoregion reference value for sulfate.
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Table 1.1 Current NPDES permit discharge limits for Outfall 001.

October 4, 2018

Discharge Limitations
Mass Concentration
(Ibs/day) (mg/L)

Effluent Monthly Daily Sampling
Parameter Average Maximum Monthly Average | Daily Maximum Frequency
COD 320.3 480.4 50 75 Once per month
TSS 128.1 192.2 20 30 Once per month
TDS 3,202.6 4,803.8 500 750 Once per month
0&G 64.1 96.1 10 15 Once per month
pH N/A N/A Min 6 su Max 9 su Once per month

Table 1.2. Applicable Arkansas water quality standards, minerals values, and designated

uses for the Vulcan receiving streams.

Ecoregion Reference Values &
Applicable Criteria for Dissolved
Minerals
Chloride Sulfate TDS
(mg/L) (mg/L) (mg/L) Designated Uses
. 13 @ 17@ 240 @ Primary ar}d secqndary contgct recreation;
Unnamed tributary 250 ® 250 ® 500 ® domestic, industrial, and agricultural water
supply; seasonal Ozark Highlands fishery
13 @ 17@ 240 @ Primary ar}d secqndary contgct recreation;
Brushy Creek 250 ® 250 ® 500 ® domestic, industrial, and agricultural water
supply; seasonal Ozark Highlands fishery
Stenitt Creck above B |7 a0 v, and ageuttral water
(b) (b) (b) > >
Brushy Creek 250 250 500 supply; perennial Ozark Highlands fishery
. Primary and secondary contact recreation;
]S;;ns?lltt ((;r r;eli( below 13@ 17® 456 © |industrial and agricultural water supply;
Y perennial Ozark Highlands fishery
Sprine River below Primary and secondary contact recreation;
S?ennfigt t Creek 20@ 30 @ 290 @ |industrial and agricultural water supply;
perennial Ozark Highlands fishery
13 @ 17@ 240 @ Primary ar}d secqndary contgct recreation;
Clear Creek 250 ® 250 ® 500 ® domestic, industrial, and agricultural water
supply; seasonal Ozark Highlands fishery
Significant modification
of naturally occurring 17.3 22.7 255 NA
level®
Notes:

(a)  Ecoregion value per §2.511.
(b)  Secondary drinking water standard based on domestic water supply designated use.
(c)  Site-specific values based on previous UAA (1999) and third-party rulemaking, which included removal of domestic water supply designated use.

(d)  Site-specific criteria per §2.511(A) of Regulation No. 2 (APCEC 2017).
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1.4 Purpose of This UAA

40 CFR 131.11 provides for the establishment of numeric water quality criteria based on
Section 304(a) guidance modified to reflect site-specific conditions or other scientifically
defensible methods. This UAA provides the results, analyses, and conclusions of the First
Supplemental Study and the Second Supplemental Study conducted in 2015 and 2016 and the
appropriate results from The Original UAA Study demonstrating that the TDS and sulfate
concentrations in the receiving streams resulting from the Vulcan discharge support attainment
of the aquatic life use for the receiving waters. Accordingly, this UAA proposes site-specific
criteria for TDS and sulfate in the UT and Brushy Creek and a site-specific sulfate criterion in
Stennitt Creek that protects all existing and attainable designated uses including aquatic life. This
UAA also demonstrates that the DWS designated use is not an existing or an attainable use in the
UT and Brushy Creek. The evaluation of other alternatives for permit compliance establishes that

the available alternatives are either not technically feasible or not economically feasible for the

quarry.

1.4.1 Original UAA Report

On September 12, 2011, Vulcan submitted to ADEQ a UAA study on Brushy Creek
(FTN 2011) that was conducted during 2010. That report (provided in Appendix A) concluded
that the existing water quality (in particular TDS and sulfate) downstream of Vulcan supported
the aquatic life designated use set forth in the applicable APCEC Regulation No. 2. This
conclusion was the basis for proposed site-specific criteria for TDS and sulfate that reflected the
existing conditions supporting the designated use. However, in its review, ADEQ noted that the
potential effects of water quality on the benthic macroinvertebrate community were confounded
with habitat differences between upstream and downstream locations and requested additional

supporting data.
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1.5 Biological and Water Quality Studies

1.5.1 First Supplemental Study

During the summer and fall of 2015, Vulcan and FTN conducted a supplemental study to
address ADEQ’s concerns regarding confounded results from the original study. The study was
designed in cooperation with ADEQ staff with the following parameters to minimize

confounding the effects of habitat and water quality on biological assessments:

1. Subdivision of upstream and downstream fish sampling reaches to include similar
habitat types,
2. Performance of a detailed analysis of habitat, particularly substrate, and

Deployment of artificial substrates for benthic macroinvertebrate colonization in
riffle habitats.

The study also included instream sampling of the benthic macroinvertebrate community

per ADEQ sampling protocol (see Section 2).

1.5.2 Second Supplemental Study
A second supplemental study, designed in cooperation with ADEQ and EPA Region VI
staff, was conducted in the fall of 2016 to update biological habitat and water quality data in the

reference location (Clear Creek) and Stennitt Creek.

1.5.2.1 Reference Location (Clear Creek)

Based on discussions with ADEQ staff, it was agreed that the results from the fish and
instream benthic macroinvertebrate sampling of Brushy Creek from the First Supplemental
Study (conducted in the summer and fall of 2015) could be directly compared to the results from
the fish and instream benthic macroinvertebrate sampling of the reference stream (Clear Creek)
from the Second Supplemental Study (conducted in the fall of 2016).

Fish and macroinvertebrate communities at the reference location were sampled in the
same way as for Brushy Creek in the First Supplemental Study, i.e., through subdividing
upstream and downstream fish sampling reaches to include similar habitat types, completing a

detailed analysis of habitat (particularly substrate), and instream sampling of the benthic
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macroinvertebrate community per ADEQ sampling protocol. No artificial substrates were
deployed at the reference location during the Second Supplemental Study.

Sampling methods and data analysis are described in more detail in Section 2 of this
UAA.

1.5.2.2 Stennitt Creek

Sampling in Stennitt Creek was undertaken to address potential changes in aquatic life
communities from TDS and sulfate entering from Brushy Creek. The Original UAA Study
included biological sample collection in Stennitt Creek upstream of the mouth of Brushy Creek.
However, due to lack of access, the reach downstream of the mouth of Brushy Creek was not
sampled. One purpose of the Second Supplemental Study was to obtain biological data upstream
and downstream of the Brushy Creek inflow. Site reconnaissance indicated that only very limited
portions of the habitat in the upstream and downstream reaches of Stennitt Creek were amenable
to fish sampling. Dense emergent vegetation, which cannot be sampled efficiently with either
seines or backpack electro-fishing gear, dominated both reaches. The only portions of the
reaches that could be sampled efficiently were small, shallow, silt-bottomed pools, which would
be expected to hold limited numbers and diversity of fish. This information was communicated
to staff at EPA Region VI and the ADEQ Planning Division, who agreed that representative fish
samples probably could not be obtained in the relevant reaches of Stennitt Creek. Accordingly,
ADEQ, EPA Region VI staff, FTN and Vulcan agreed that sampling the benthic
macroinvertebrate community using a targeted habitat approach and artificial substrates would
provide adequate information for assessing the aquatic life designated use. A sampling approach
was developed with agency input, which, in lieu of fish sampling, involved macroinvertebrate
sampling of selected major habitats (emergent vegetation, silt/sand-bottom pools) and
deployment of artificial substrates (Hester-Dendy) in reaches of Stennitt Creek upstream and

downstream of the mouth of Brushy Creek.
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1.6 Background Information

1.6.1 Vulcan Discharge

Effluent from Vulcan originates from groundwater and stormwater pumped from the
quarry pit. Figure 1.3 shows the drainage route from the outfall to Brushy Creek. The quarry
sump collects stormwater and groundwater, which are pumped through a pipe that runs up the
quarry wall. The pipe splits via a valve to either discharge off the property or add makeup water
to the wash ponds (Figure 1.3). The makeup water and wash ponds system is a closed-loop
system. The quarry sump pump has a capacity of 800 gallons per minute (gpm) and is sometimes
turned on and off manually, but it normally operates by a level float. The pump typically
operates approximately 8 hours per day, or more during wet weather, with minimal or no
discharge during dry conditions. Water from the wash ponds does not discharge off the property.

Once the water leaves Outfall 001, it flows to a downstream landowner’s stock watering
pond (at the landowner’s request). Water exits the pond though an overflow and travels down a
natural pasture drainage feature (the UT) across the farm property to Brushy Creek. The
permitted Vulcan property boundary is indicated in Figure 1.3.

1.6.2 Watersheds and Receiving Streams

The receiving waters are listed in the NPDES permit as “an unnamed tributary of Brushy
Creek, thence to Brushy Creek, thence to Stennitt Creek, thence to the Spring River, thence to
the Black River, thence to the White River in Segment 4H of the White River Basin.” Both
Brushy Creek and Stennitt Creek are within the Ozark Highlands ecoregion (Plate OH-4,
APCEC 2017). Applicable Arkansas water quality standards and dissolved minerals ecoregion
values (APCEC 2017) are provided in Table 1.2. Brushy Creek originates immediately west of
the Black Rock Quarry (Lawrence County, Arkansas) and flows east and northeast for
approximately 1.8 miles to its confluence with Stennitt Creek (Figure 1.2). The total watershed
for Brushy Creek is 3.79 square miles (USGS 2012). Stennitt Creek originates west of the Black
Rock Quarry and has a watershed area of 10.1 square miles at its confluence with Brushy Creek

(USGS 2012) and 15.8 square miles at the Spring River.
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1.6.3 lonic Composition of the Discharge and Receiving Streams

Calcium, magnesium and bicarbonate are the dominant ions in Outfall 001and Brushy
Creek upstream of the influence of Outfall 001 with additional sulfate in Outfall 001 (Table 1.3).
Table 1.3 also includes monitoring data from October 14, 2015, through December 7, 2016,
which shows that recent TDS, chloride, sulfate, and hardness concentrations are similar to the
levels observed during previous monitoring. Therefore, the ionic makeup of the outfall and
receiving stream has changed little if any since the original study.

These monitoring data from Outfall 001 encompass three complete years and include
periods of unusually wet (spring of 2009) and dry (summer and fall of 2010) weather and are
therefore representative of the range of TDS and sulfate concentrations likely to occur at

Outfall 001 and Brushy Creek.

Table 1.3. Comparison of ionic strength and composition between Outfall 001 and Brushy
Creek upstream of the unnamed tributary.

Sampling Outfall 001 Brushy Creek Upstream (BC-0)

Period Parameter Min | Mean Max N Min Mean Max N

Total Alkalinity* | 150 199 240 10 220 260 290 4

Bicarbonate* 180 239 288 10 264 312 348 4

Calcium 62 73.3 85 10 55 61 66 4

Magnesium 40 47.3 54 10 30 35 38 4

February 29,2009 | pgassium 1.7 | 275 | 46 10 1.4 1.5 1.7 4
through -

March 21, 2011 Sodium 2.8 3.87 5.9 10 1.8 2.4 2.8 4

TDS 327 482 618 23 240 305 340 4

Chloride 5.4 8.58 13 10 3.8 5.8 9.9 4

Sulfate 72.4 135 200 22 7.9 13.0 17 4

Hardness* 320 378 432 10 261 297 321 4

TDS 361 470 594 7 288 319 374 7

October 14, 2015 Chloride 01 | 92 20 7 0.1 3.6 10 7

through
December 7, 2016 Sulfate 98.1 117 131 7 5.0 5.4 6.9 7
Hardness 260 304 384 7 288 319 374 7

Notes:  All units mg/L unless otherwise noted. HCO3" values calculated per SM 4500-CO2 D (APHA 1998).
* mg/L as CaCO3
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1.6.4 Sources of TDS and Sulfate

Data presented in Table 1.3 indicate that TDS in Brushy Creek upstream of the inflow
from Outfall 001 is typically higher than the ecoregion TDS value of 240 mg/L and that TDS in
the outfall is the result of the added sulfate and calcium. A comparison of groundwater
monitoring data and Outfall 001 presented in Table 1.4 shows that the ionic makeup of the
Outfall 001 discharge is virtually identical to the groundwater except for elevated sulfate (and
resulting elevated TDS) in the discharge. The dominance of calcium, magnesium and
bicarbonate in groundwater and the Vulcan discharge (Table 1.4) is consistent with the location
of the quarry in the Powell Dolomite formation.

A striking feature of the groundwater data summarized in Table 1.4 is that all of the TDS
data exceed the ecoregion TDS value of 240 mg/L. Therefore, background TDS concentrations
in the study area can be expected to exceed the ecoregion TDS value depending on local surface

and groundwater hydrology.

Table 1.4. Summary of major ion concentrations at Outfall 001 and 14 monitoring wells in
Randolph and Lawrence counties.
Outfall 001 Monitoring Wells*

Parameter Minimum | Mean Maximum N Minimum Mean Maximum | N
Total Alkalinity 150 199 240 10 287 428 560 14
TDS 327 482 618 23 324 394 532 14
Calcium 62 73.3 85 10 34 82 101 14
Magnesium 40 47.3 54 10 30 40 59 14
Potassium 1.7 2.75 4.6 10 0.9 2.2 34 14
Sodium 2.8 3.87 59 10 1.3 7.0 32 14
Chloride 54 8.58 13 10 1.4 9.4 26 14
Sulfate 72.4 135 200 22 1.0 14 5.6 14
Notes:  Discharge data based on routine DMR sampling for TDS, additional sampling for sulfate, and field surveys conducted

between February 29, 2009, and March 21, 2011.
*Depth range 75 to 300 ft; average depth of 151 ft; see Table 7 in Water Resources of Randolph and Lawrence
Counties, Arkansas (USGS 1879-B).

The source of the added sulfate is exposed pyritic rock on the walls of the quarry pit.
Pyrite can be found as finely disseminated particles in the shales common in this formation, as
secondary precipitated minerals along fractures within the rock, or as secondary precipitates
within karst features. Pyrite is a well-known source of sulfate in surface water and is a likely

source of sulfate in the outfall. The high concentrations of bicarbonate characteristic of the
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discharge, receiving waters, and groundwater prevent the acidification resulting from oxidation
of pyrite in water that would likely happen in poorly buffered systems.

This information indicates that the ionic composition of the water discharged through
Outfall 001 is the result of the combination of the natural geology of the region and the exposed
pyritic rock. There are no process activities that Vulcan can change or modify to meet ecoregion

values and current water quality criteria.

1.7  Alternatives Evaluation

UAA guidance and the Arkansas Continuing Planning Process (CPP; page IX-7, items 3a
and 3c) require that a petition to increase dissolved minerals concentrations above existing
conditions include an evaluation of alternatives to the direct discharge of the water. These
alternatives are evaluated for technical and economic considerations. Wastewater technologies,
such as conventional precipitation, can efficiently remove the heavy metals from wastewater to
meet the effluent requirements. However, these systems do not remove dissolved compounds
like sulfate and TDS. The alternatives for management of effluents with elevated dissolved

minerals are limited. Four alternatives that have been reviewed for other UAAs include the

following:
1. Distillation treatment,
2. Reducing sulfate concentrations using a constructed wetland,
Relocating the discharge point to a larger river that holds the potential for dilution
of the minerals, and
4. Membrane treatment (reverse osmosis or Nanofiltration) to remove or reduce all

dissolved minerals.,

FTN has completed an evaluation of alternatives based on previous experience,

information from published literature, and from data provided by the facility.

1.7.1 Distillation
Based on preliminary screening of these four options, the use of reverse osmosis for

feedwater with an initial concentration of 30,000 mg/L or less is generally preferable to the use
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of distillation processes. In any case, there are no significant economic benefits with the
distillation technology compared to the reverse osmosis process. Therefore, reverse osmosis will

be evaluated for this application.

1.7.2 Constructed Wetlands

Constructed wetlands can be dismissed as an option for this facility. Constructed
wetlands can only be used to reduce sulfate, which results in the production of bicarbonate in
place of sulfate (Hedin et al. 1989). Although a constructed wetland could, in principle, reduce
sulfate in the discharge from this facility, the resulting TDS concentration would not be
decreased (due to the replacement of the sulfate ions with bicarbonate ions) and no net benefit

would be obtained.

1.7.3 Relocating the Discharge Point

Given the location of the Vulcan plant, there are no streams in the vicinity that could
feasibly be used as dilution to completely avoid a change in the water quality standards. Stennitt
Creek currently receives the Vulcan discharge indirectly in a diluted form and still exceeds
ecoregion sulfate values due to the discharge. A direct discharge to the Spring River would be
problematic given its designation as an Ecologically Sensitive Water Body and an Extraordinary

Resource Water.

1.7.4 Membrane Treatment (Reverse Osmosis and Nanofiltration)

Membrane filtration systems, such as reverse osmosis (RO) and nanofiltration (NF),
represent a class of advanced water/wastewater treatment processes capable of removing
dissolved contaminants including TDS and sulfate. The contaminants are removed as highly
pressurized feed water flows across a membrane, with a portion of the flow, identified as
“permeate,” going through the membrane. The rest of the feed is called “concentrate” or “reject”
because it carries off the concentrated contaminants rejected by the membrane. The concentrate
volume depends on many factors and varies between 10% to 40% of the feed. Depending on the
size of the pores in the membrane, the process results in different classes of separation. For the

removal of dissolved solids composed of sodium and chloride, a membrane capable of rejecting
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elemental-sized particles must be utilized. For this reason, RO is the standard treatment for
applications involving seawater.

NF is capable of removing a high fraction of sulfate and other large molecules, but
cannot reject smaller ions. Thus, the actual removal efficiency of TDS depends on the
compositional matrix. For RO, removal rates could be as high as 95% for both TDS and sulfate.
Removal rates for NF is likely to be around 50% for TDS, again depending on the specific
matrix. In either case, membrane systems are the only filtration-type system that can reduce
dissolved solids.

Based on the information available from the literature and from equipment
manufacturers, membrane systems are a possible alternative treatment for effluent to meet
restricted limits for TDS and sulfate in this application.

The cost of installing a membrane system, as well as the cost of operation
(i.e., electricity, membrane cleaning, etc.) is high. The costs of operation primarily result from
pumping to achieve the high necessary pressure. The most common maintenance problem
involves the tendency for membranes to foul when applied to concentrated waste streams. Most
wastewater sources require rigorous pretreatment and may still result in frequent cleaning or
replacement of the membranes.

For both RO and NF, a single-stage membrane is capable of achieving the necessary
effluent limitations. Since Brushy Creek does not offer any upstream dilution for TDS, the
effluent limitation for TDS would be the water quality standard (i.e. 240 mg/L). Some dilution
relative to sulfate is available. The comparable limitation for sulfate, and the value to be used in
this analysis, is 30 mg/L.

A membrane system could be installed to treat a portion of the flow with some blending
to achieve the 240 mg/L value for TDS and 30 mg/L for sulfate. Since the rejection of certain
molecules is different between RO and NF, an analysis has been performed to calculate the
design flow, blending percentages and production of waste brine requiring disposal for both
circumstances. A spreadsheet analysis has been developed to assess these factors. Results from

the spreadsheet calculations are given in Appendix B.
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Despite the comparatively high initial, operation and maintenance costs of membrane
systems, the disposal of the concentrated brine generated by this process can be a more
significant issue. Unless there is a convenient location for the disposal of brine (e.g., the ocean),
this factor alone often discourages the selection of membranes (or distillation processes) for
applications involving pollution control. Membrane systems separate the dissolved parameters
from the water but do not chemically alter their state to other non-polluting compounds. Thus,
the concentrate, or brine, requires disposal by other methods.

A review of the options available for disposal of the brine solution is a critical part of the

overall economic analysis. Based on past experience, the options for disposal include the

following:
1. Solidification and disposal onsite,
2. Transport offsite for stabilization prior to landfilling,
Transport offsite to a municipal or industrial wastewater treatment system with a
large river or seawater outfall, and
4. Transport offsite to a deep-well injection facility.

1.7.4.1 Stabilization/Landfill

The concentrate could be stabilized and solidified onsite, using a cementitious material
such as Portland cement or fly ash. This would require the construction of a mixing facility,
purchase of the cementitious agent, crews, and equipment to mix the waste solution, regulatory
authority to dispose of the waste onsite, and engineering support for selection and operation of a
disposal area. The critical costs for this option are the mixing ratio for the waste
solution/stabilization agent, and any required environmental protection controls for the disposal
area. The mixing ratio determines the tonnage necessary for purchase of the stabilizing agent.
Final disposal could be achieved with an existing local landfill or the permitting and installation
of a landfill by the facility. A landfill of this type would require liners and caps, and would be
subject to stringent regulatory oversight.

Some commercial landfill operations currently offer dewatering capability through a
solidification process, similar to that described above. There is a minimum amount of regulatory

approval required by the generator when the waste is removed to a commercial offsite facility.
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1.7.4.2 Offsite Treatment/Discharge

The resulting brine could be transported offsite by truck to an industrial or municipal
wastewater treatment facility, if such a facility can be identified. As with the review of
alternative disposal for the entire flow, the treatment facility would need to be located at a site
with capabilities for discharging to a large waterbody. The critical cost component would be the
cost of transportation and the cost per disposal on a per-gallon basis.

Most municipalities in Arkansas, even those located on larger rivers, are reluctant to
accept sources of wastewater from outside their service area. This uncertainty makes this option

untenable for long term consideration.

1.7.4.3 Deep-Well Disposal

Most of the saltwater brine generated in Arkansas, whether from the brine industry in
south Arkansas or water from the gas- and/or oil-drilling operations, is disposed in deep-well
injection sites. There are commercial operations operating in the state for this purpose, although
most are specifically intended for disposal of fluids associated with oil/gas operations or brine
from a chemical plant. The use of deep well disposal in Arkansas for brines that are similar to
this application offers ample evidence that this method is the most economical alternative. For
purposes of an economic evaluation, the cost of hauling and disposal at a commercial deep-well
disposal site is considered to be comparable (or favorable) to solidification or hauling to an

offsite treatment plant.

1.7.4.4 Economic Considerations of a Membrane System

Based on the above evaluation, it is determined that a membrane system would likely
provide similar, or favorable, economics, compared to other treatment alternatives. With this
option, the disposal of the resulting brine will be evaluated based on the most common disposal
method used in Arkansas for similar brines (i.e., deep well disposal).

The evaluation of costs for this treatment option involves establishing a set of criteria for
treatment and flow rates. The initial wastewater analysis and the design flow requirements are

primary considerations in the sizing and cost of the equipment.
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The analysis in Appendix B compares RO to NF and develops costs for the complete
system. In each case, cost information is based upon a single-pass membrane for water treatment
followed by additional RO treatment for concentrating the reject water to about 1/100 of its
original volume. The concentrate would be stored in an onsite holding tank for subsequent
transportation to a disposal well.

The capital cost associated with installing a RO treatment system has been estimated in
previous studies available in the literature. The US Corps of Engineers (USACE) (1998)
estimated this cost from $1.44 to $2.13 per gallon per day for a single-stage RO unit. The costs
were developed by USACE for a typical brackish water application in Florida. These published
values are widely cited in the literature, and although dated, are still considered adequate for a
comparison of alternatives. Over this time period (since the mid-1990s), the cost of
RO membranes has been reduced. However, the cost of ancillary equipment (i.e., equipment
housing, pumping, and piping) has increased. USACE further estimated the operating costs of a
RO system (less the costs of brine disposal) at about $0.001 per gallon for a large-scale treatment
system (USACE 1998). The overall estimated costs are considered valid for a RO membrane
system, but does not include pretreatment or treatment of residual solids.

As additional support for these costs, a study by the Texas Water Development Board
(TWDB) was reviewed. This study also estimated the costs of capital and operating costs
(Arroyo and Shirazi 2012) based on a review of various utilities and consultants. The TWDB
examined six brackish groundwater desalination plants completed in the period from 2002

to 2012 and arrived at the following conclusions:

° Capital cost range from $2.03 to $3.91 per gallon per day of installed capacity;
and
° Operation and maintenance costs range from $0.53 to $1.16 per 1,000 gallons of

water ($0.00053 to $0.00116 per gallon).

The costs from the TWDB study are similar in value with the numbers based on the
USACE study.
These estimates were based on the treatment of brackish groundwater with low

suspended solids. For a surface water application, additional pretreatment will be needed along
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with raw water storage to equalize flows. Also, there will need to be special equipment for
handling the concentrated solids.

The installation and operating cost of NF systems has not been as widely reported in the
literature. For purposes of this study, the cost of the NF membrane equipment is estimated to be
80 percent of the cost of RO. The costs of pretreatment and residual concentration are the same
for both systems based on unit flow rates.

The capital costs estimates developed in Appendix B provide a method for comparison
between the different membrane alternatives that are available. Each system is based on a design
that provides compliance with TDS and sulfate reduction.

As stated above, the cost of disposal of the concentrate is a major factor with each option.
The cost of brine disposal in a commercial deep well, not including transportation to the site, is
estimated to vary between $0.10 and $0.15 per gallon. Some of the closest commercial disposal
wells, known to be available to accept brine of this type, are located in south Arkansas or in
northwest Oklahoma. This location would represent a hauling distance of at least 500 miles
round trip. Given this distance, the transport cost per 5,000-gallon tanker to load, haul, and
unload is estimated at $600, or $0.12 per gallon. A total cost of $0.25 per gallon (haul plus
disposal fee) will be used for disposal of brine in the economic evaluation in Appendix B.

The basic assumptions used in the analysis of costs are shown below. Additional

calculations used to develop this information are included in Appendix B:

1. An initial average flow rate of approximately 0.384 million gallons per day
(mgd).

2. The initial concentration of TDS and sulfate is taken as the 50 percentile value
from the measured values (i.e., 394 and 101.1 mg/L, respectively).

3. The target concentration for the discharged water to meet water quality standards
would be 240 mg/L for TDS and 30 mg/L for sulfate.

4. To reduce the amount of brine requiring disposal, the system will include two RO

units in series following the initial membrane treatment. Each pass will have a
reject rate of 30%.

5. The resulting brine solution will require disposal in a commercial deep well.

6. The treated effluent will be discharged to Brushy Creek through the existing
outfall.
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A summary of the analysis in Appendix B indicates the following:

1. For both types of membrane systems, the treatment for sulfate controls the design
flow rate (the percentage of water that must be treated). Both TDS and SO4
limitations must be met.

2. The rejection of sulfate is considered the same for both types of systems. Thus,
the design flow rate is the same.

3. While the design flow is the same, the overall capital cost of NF is slightly less
based on the cost of membranes.

4. The overall rejection for sodium, chloride and other smaller ions is less for NF
compared to RO. This provides a reduced cost for the disposal of reject water.

5. Appendix B estimates the capital cost of NF to be $5.6 million and the annual
operating cost to be $456,000 per year.

The design life of the system is expected to be 20 years at which point a new system
would likely need to be installed. The need for, and costs associated with, treatment in
perpetuity, has not been evaluated. The present worth of the annual operating costs, assuming a
4% interest factor and 20-year term is $6.2 million. Thus, the overall present worth cost of a
membrane treatment system to meet the effluent standards could be considered to be

$11.8 million.

1.7.5 Direct Discharge with Site-Specific Criteria

Any capital and operating costs associated with the direct discharge option (e.g., effluent
monitoring) would also be required in the other options, and therefore were not added to the cost
estimates.

The implementation of the direct discharge option is estimated to be less than $400,000;
this estimate accounts for the cost of the UAA study as well as consulting and legal expenses to
support the rule-making process to modify the criteria in the Brushy Creek and Stennitt Creek

and to remove the DWS use in Brushy Creek.

1.7.6 Summary of Costs

Table 1.5 summarizes the estimated costs with each option for this facility.
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Table 1.5. Summary of costs for various options to attain compliance with permit limits.

Estimated Capital Estimated Annual Present
Option Description Cost Operating Cost* Worth Cost
Membrane Treatment; Discharge to Brushy - o oo
Creek; disposal of residuals by deep well $5.6 million $0.46 million $11.8 million
Direct Discharge to Brushy Creek
(site-specific TDS criterion) <$400,000 NA <$400,000
*Does not include the cost of disposal
1.8 Proposed Approach to Meeting Water Quality Criteria
The information provided above indicates the following:
1. Sulfate concentrations in the Vulcan discharge are not the result of a process that
Vulcan can control or modify to meet ecoregion values or water quality criteria,
2. There is no feasible alternative discharge location, and
3. Treatment alternatives are either technically infeasible and/or economically

infeasible for the quarry.

Accordingly, the development of site-specific criteria for TDS and sulfate was evaluated

as a means to meet water quality criteria. This proposal is in accordance with §2.308 and

§2.306 of Regulation No. 2 (APCEC 2017) and 40 CFR 131.11, which allow the development of

site-specific criteria using scientifically defensible methods that fully protect and maintain

existing uses and meet the requirements for public participation per the CPP.

The approach to this study was to evaluate whether the water quality in Brushy Creek and

Stennitt Creek resulting from the existing Vulcan discharge supports existing and attainable

designated uses with emphasis on the aquatic life use in Brushy Creek and Stennitt Creek.
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2.0 METHODS

The sampling methodology described herein was developed in close cooperation with
staff from the ADEQ Planning Section. Figure 2.1 provides a schematic representation of the
relationships among Outfall 001 and the receiving streams. The First Supplemental Study,
conducted from July 21 through November 24, 2015, focused on fish, benthic
macroinvertebrates, habitat, and water quality in the reaches of Brushy Creek upstream and
downstream of the inflow from the UT. This study included water quality sampling in Stennitt
Creek and deployment of artificial substrates in riffles of Brushy Creek upstream and
downstream of the UT inflow. The Second Supplemental Study focused on fish, benthic
macroinvertebrates, habitat, and water quality in a reference location (Clear Creek) near Brushy
Creek and benthic macroinvertebrates, habitat, and water quality in the reaches of Stennitt Creek
upstream and downstream of the Brushy Creek inflow. This study included deployment of
artificial substrates in Stennitt Creek upstream and downstream of the inflow from Brushy Creek.

The spatial relationships of the sampling reaches are shown in Figure 2.2.
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Figure 2.1.  Schematic representation of the relationships among Outfall 001 and the
receiving streams.
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Figure 2.2.  Spatial relationships of the Brushy Creek, Stennitt Creek, and Clear Creek
sampling locations.
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2.1

Sampling Locations and Schedule

Sampling locations for the supplemental studies are described in Table 2.1; sampling

dates/periods are provided in Table 2.2. For purposes of comparison, sampling dates/periods for

the original study conducted in 2010 are provided in Table 2.3.

Table 2.1. Sampling station descriptions and locations.

Description
Station ID | Latitude | Longitude Water Quality Biological
Outfall 001 36.1420 -91.1623 | NPDES compliance point NA
UT-0A* 36.1390 91.1632 35 meters upstream of confluence with NA
Brushy Creek
Brushy Creek upstream of confluence | Stream reach extending
BC-0A* 36.1391 -91.1651 | with UT; downstream point of approximately 180 m
biological sampling reach upstream
Brushy Creek downstream of Stream reach extending
BC-1A* 36.1387 -91.1614 | confluence with UT; upstream point of [approximately 130 m
biological sampling reach downstream
Brushy Creek. Culvert on Lawrence
Road downstream of confluence with
DA* R
BC-2A 36.1476 91.1454 UT, upstream of Brushy Creek NA
confluence with Stennitt Creek
Stennitt Creek culvert on Lawrence
SC-0A* 36.1475 -91.1428 | Road upstream of confluence with NA
Brushy Creek
Stream reach extending from
3C-0 36.1504 91,1444 St.enmtt Creek upstream of confluence approx1mgtely 30 m upstream
with Brushy Creek to approximately 30 m
downstream
Stream reach extending from
Stennitt Creek downstream of approximately 50 m upstream
1% - -
SC-1 36-1533 91.1429 confluence with Brushy Creek to approximately 60 m
downstream
REF* 36.1574 91,1807 Clear Creek reference stream upstream | Stream reach extending 300

point of biological sampling reach

m downstream

*Supplemental studies
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Table 2.2. Sampling dates and periods for water quality, habitat, fish, and benthic
macroinvertebrates during the first (2015) and second (2016) supplemental
studies.

Biological
Macroinvertebrates
Station ID Water Quality Habitat Fish Instream Artificial Substrate
7/31/2015 -
11/24/2015;
Outfall 001 10/25/2016 and NA NA NA NA
12/7/2016
7/31/2015 -
11/24/2015;
- * ’
UT-0A 10/25/2016 and NA NA NA NA
12/7/2016
7/31/2015 -
11/24/2015; 10/13/2015 through
- * ?
BC-0A 10/25/2016 and 11/24/2015 8/13/2015 11/24/2015 11/23/2015
12/7/2016
7/31/2015 -
11/24/2015; 10/13/2015 through
- * ?
BC-1A 10/25/2016 and 11/24/2015 8/13/2015 11/24/2015 11/23/2015
12/7/2016
7/31/2015 -
11/24/2015;
- * ’
BC-2A 10/25/2016 and NA NA NA NA
12/7/2016
7/31/2015 -
11/24/2015;
- * ’
SC-0A 10/25/2016 and NA NA NA NA
12/7/2016
10/25/2016 and 10/26/2016 through
SC-0 1272016 10/26/2016 NA 10/26/2016 12/7/2016
10/25/2016 and 10/26/2016 through
RE]
SC-1 1272016 10/26/2016 NA 10/26/2016 12/7/2016
10/25/2016 and
*
REF 1272016 10/25/2016 10/25/2016 10/25/2016 NA

*Supplemental studies
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Table 2.3. Description of sampling locations and information collected during original UAA
study conducted in 2010.
GPS Coordinates
Fish,
Station Benthos,
ID Description Latitude | Longitude | Water Quality Habitat
001 Outfall 001 36.14203 -91.1622 6/14/2010
) ) 9/29/2010
. 6/14/2010 6/14/2010
UT-0 |Unnamed tributary to Brushy Creek 36.13952 -91.1632 9/29/2010 9/29/2010
Brushy Creek upstream of mouth of 6/14/2010 6/14/2010
BC0 | nnamed tributary 36.1392 1 911652 9/29/2010 9/29/2010
Brushy Creek downstream of mouth of 6/14/2010 6/14/2010
BC-1 | nnamed tributary 36.13865 | -91.1625 9/29/2010 9/29/2010
Brushy Creek upstream of confluence 6/14/2010 6/14/2010
BC-2 | with Stennitt Creek 361482 1 OL1453 1 99010 | 9/29/2010
Stennitt Creek upstream of mouth of 6/14/2010 6/14/2010
SC-0 I 5 ishy Creek 36.15046 | -91.1441 9/29/2010 9/29/2010
Spring River at Hwy 62 upstream of 6/14/2010
SR-0" | mouth of Stennitt Creek 36.20385 | OLIOT | 990010
Spring River at Hwy 361 downstream of 6/14/2010
SR-1" | mouth of Stennitt Creek 36.20383 | OLIOT | 990010
Reference stream — Clear Creek at 6/14/2010 6/14/2010
REF 11 awrence County Road 203 36.15738 | -91.1803 9/29/2010 9/29/2010

2.1.1 First Supplemental Study (7/21/2015-11/24/2015)

The Brushy Creek sampling locations sampled as part of the First Supplemental Study
were selected based on reconnaissance conducted by FTN and ADEQ and differed from the
locations used in the 2010 study (FTN 2011). The Brushy Creek locations immediately upstream
and downstream of the confluence with the UT (BC-0 and BC-1, respectively, in the original
study) were moved to the BC-0A and BC-1A locations for the First Supplemental Study to
include habitat that was more comparable between the upstream and downstream stations. The
BC-0A and BC-1A locations were further upstream and further downstream, respectively, than
the previous BC-0 and BC-1 locations. The previous BC-2 and SC-0 stations were moved
upstream to BC-2A and SC-0A, respectively, to allow for more accessible locations for routine
water quality sampling. Brushy Creek sampling locations are shown in Figure 2.3. Points on the
map indicate the locations of water quality sampling; highlighted sections of the creek indicate

reaches for biological sampling and artificial substrate placement.
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2.1.2 Second Supplemental Study (10/24/2016-12/15/2016)

Sampling locations on Stennitt Creek and Clear Creek are shown in Figures 2.4 and 2.5,
respectively. Points on the map indicate the locations of water quality sampling; highlighted
sections of the creeks indicate reaches for biological sampling and, in the case of Stennitt Creek,

artificial substrate placement.

2.2 Water Chemistry

2.2.1 First Supplemental Study

2.2.1.1 Grab Samples and Flows

Water chemistry samples were collected from six locations (Table 2.2) at approximately
2- to 4-week intervals, starting prior to fish assemblage sampling and continuing through
completion of fall macroinvertebrate sampling (7/31/2015 through 11/24/2015). All samples
downstream of Outfall 001 were collected while water was being actively pumped from the
quarry pit. Samples were analyzed for the parameters listed in Table 2.4 using the indicated
analytical methods. Stream flow and in situ temperature (°C), dissolved oxygen (DO; mg/L), pH
(standard units), and specific conductance (conductivity; pS/cm) were measured at the time of
sample collection. Stream flow was measured at the downstream end of the upstream reach
(BC-0A) and the upstream end of the downstream reach (BC-1A). Flows were measured by
measuring stream width, depth, and current velocity per USGS (1982) protocols using a
calibrated wading rod and a Marsh-McBirney (Flow Mate Model 2000) flow meter. All flow

measurements were made concurrently with grab sample collection.
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Figure 2.3.  Sampling reaches on Brushy Creek, unnamed tributary, and Outfall 001 used
for the First Supplemental Study.
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Figure 2.4.  Sampling locations on Brushy Creek and Stennitt Creek used for the Second
Supplemental Study.
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Figure 2.5. Sampling locations on Clear Creek used for the Second Supplemental Study.
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Table 2.4. Analytes and analytical methods for water quality sampling.

Analyte Method (or equivalent)
Chloride US Environmental Protection Agency (EPA) Method 300.0
Sulfate EPA Method 300.0
TDS EPA Method 160.1
Hardness EPA Method 200.7
TSS EPA Method 160.2
Temperature
]I:))Ig Measured in situ at time of sample collection using Hydrolab mini-sonde field meter
Conductivity

In situ measurements were taken using Hydrolab mini-sonde multi-probe water quality
monitors. Instruments were calibrated on the day of use or deployment. Calibration of the DO
function on all instruments was performed using air calibration. Calibration of pH and
conductivity functions was performed using standard buffers (pH) and calibration standards
(conductivity). Calibration was checked upon completion of each day’s measurements by
comparing instrument readings with readings in standard buffers, calibration standards, or
saturated air, as appropriate. All calibration information was documented and retained as part of
the project records. Discrete in situ measurements were taken in mid-current at mid-depth

concurrently with grab water samples.

2.2.1.2 In Situ Semi-Continuous Monitoring

Semi-continuous recording monitors were deployed at stations BC-0A and BC-1A to
record temperature, DO, pH, and conductivity at 15-minute intervals for approximately 96 hours
during August 10 through 14, 2015. Instruments were calibrated at the beginning of the
deployment period and calibration was checked at the end of the of the deployment period as
described in Section 2.2.1.1.

2.2.2 Second Supplemental Study
Water chemistry samples were collected from nine locations (Table 2.2) on
October 25and December 7, 2016. These dates correspond to the deployment and retrieval,

respectively, of the artificial substrate samplers that were placed in Stennitt Creek. All samples
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downstream of Outfall 001 were collected while water was being actively pumped from the
quarry pit. Samples were analyzed for the parameters listed in Table 2.4 using the indicated
analytical methods. Stream flow and in situ temperature (°C), DO (mg/L), pH (standard units),
and conductivity (uS/cm) were measured at the time of sample collection. Stream flow was
measured at the upstream end of reach. Flows were determined by measuring stream width,
depth, and current velocity per USGS (1982) protocols using a calibrated wading rod and a
Marsh-McBirney (Flow Mate Model 2000) flow meter. All flow measurements were made

concurrently with grab sample collection.

2.3 Habitat Assessments

2.3.1 First Supplemental Study

The objective of the habitat assessments carried out in conjunction with benthic
macroinvertebrate sampling was to obtain greater resolution in habitat differences that were
previously reported as embeddedness. The assessment focused primarily on quantitatively
characterizing the substrate size and composition through the use of Wolman pebble counts in
each reach sampled. Wolman pebble counts were conducted in each riffle and each pool of the
three separate pool-riffle complexes for a total of 12 sets of pebble counts (three pools and three
riffles in both the BC-0A and BC-1A reaches). In addition, habitat evaluation in Brushy Creek
used the “high gradient” RBA procedure found in Barbour et al. (1999).

2.3.2 Second Supplemental Study

2.3.2.1 Stennitt Creek

Habitat evaluation in Stennitt Creek used the “low gradient” RBA procedure found in
Barbour et al. (1999). No Wolman pebble counts were performed in Stennitt Creek because the

substrate was exclusively sand and silt.

2.3.2.2 Clear Creek
Habitat evaluation in Clear Creek matched that performed in Brushy Creek in the First

Supplemental Study.
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2.3.3 Habitat Data Analysis

Frequency distributions of habitat categories and substrate size categories were evaluated
among and/or between locations using Pearson’s Chi Square (X?) test. A non-significant X?
value (P > 0.05) indicates that the distribution of habitat scores or substrate size categories is

independent of sampling location.

24 Fish Community Evaluation

2.41 First Supplemental Study

The fish sampling design was intended to assess upstream/downstream assemblage
differences at the reach and habitat scale. Three separate pool-riffle complexes were sampled
using a backpack electo-fisher in Brushy Creek upstream (BC-0A) and downstream (BC-1A) of
the mouth of the UT (Figure 2.3). Pool and riffle habitats were sampled separately using block
nets and a three-pass depletion effort. Accordingly, the final data set was comprised of three
separate pool collections and three separate riftle collections from both of the two reaches. Fish
were identified to species and counted, with living fish returned to the stream. A sub-sample of
up to 25 fish of each species (as allowed by the numbers caught) was measured (total length to

the nearest millimeter) and weighed (to nearest 0.1 gram) at both BC-0A and BC-1A.

2.4.2 Second Supplemental Study
The fish sampling protocol for Clear Creek (Figure 2.5) matched that used for Brushy
Creek in the First Supplemental Study. As discussed in Section 1.5.3.2, no fish sampling was

conducted in Stennitt Creek.

2.4.3 Fish Data Analysis

As noted previously in Section 1.5.3.1, based on discussions with ADEQ staff it was
agreed that the results from the fish sampling of Brushy Creek from the First Supplemental
Study (conducted in the summer of 2015) could be directly compared to the results from the fish
sampling of the reference stream (Clear Creek) from the Second Supplemental Study (conducted

in the fall of 2016).
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Analysis of fish data focused on comparisons of BC-0A and Clear Creek (REF) versus
BC-1A with respect to ADEQ’s Community Structure Index (CSI) (ADEQ 2018) species
composition, relative abundance, community structure, and population size. Length-specific
weight and average weight was evaluated for species having 20 or more paired length-weight

measurements.

2.4.3.1 Species Composition and Relative Abundance
The evaluation of species composition and relative abundance focused on a comparison
of species present and their relative abundance (percent composition) in Brushy and Clear Creek

reaches and the presence of Ozark Highlands ecoregion key and indicator species per APCEC

(2017).

2.4.3.2 Community Structure Index

Evaluations of community composition used ADEQ’s CSI (ADEQ 2018) to compare
BC-0A and REF versus BC-1A and REF versus BC-0A. The CSI uses selected metrics to
compute a CSI score that provides a measure of the similarity of the community to an
ecoregion-specific least-disturbed community. CSI values were computed for three levels of data

aggregation:

1. CSI values computed for each replicate in each pool and riffle habitat: This
allowed separate statistical comparisons of CSI values among and between
BC-0A, BC-1A and REF for riffles and pools. Data were evaluated for variance,
homogeneity and normality using Levene’s and Shapiro-Wilk tests, respectively,
and were transformed (log10) as necessary to achieve equal variance and
normality. Analysis of variance (ANOVA) was conducted on the original or
transformed data, as appropriate, and the statistical significance of all possible
pairs of locations was evaluated using Tukey’s Honestly Significant Difference
(HSD) test only if the F-test from the ANOV A comparing all locations was
statistically significant (P < 0.05). All statistical computations were performed
using Systat 12.

2. CSI values computed for all replicates combined within riffles and pools: No
statistical comparison is possible using this level of consolidation, nor is it
equivalent to averaging the CSI values among replicates of pools or riffles at a
sampling reach. It provides a more complete description of overall community
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structure (based on CSI metrics) because it combines information from three
different riffles or pools within each sampling reach.

3. CSI values computed for pools and riffles combined in upstream and
downstream reaches: As in item 2 above, this level of data consolidation does
not allow a statistical comparison among and between BC-0A, BC-1A and REF
nor is it equivalent to averaging the CSI values. However, it provides the most
complete CSI values because it consolidates data from all replicates at both pools
and riffles and reflects the total community composition at each sampling reach.
CSI values from this level of aggregation were used per ADEQ’s comparison
methodology (ADEQ 2018) to assess aquatic life use support.

2.4.3.3 Population Size

Although the sampling methodology allowed estimates of population size using the
“removal method,” a preliminary evaluation of population estimates indicated that
catch-per-unit-effort (CPUE) data expressed as numbers per minute of pedal-down time (PDT)
captured the same differences and trends.

CPUE values were computed for two levels of data aggregation:

I. CPUE values computed for each replicate in each pool and riffle habitat: This
allowed separate statistical comparisons of CPUE among and between BC-0A,
BC-1A, and REF for riffles and pools using the same statistical approach used for
CSI values.

2. CPUE values computed for pools and riffles combined in upstream and
downstream reaches: This level of data aggregation is equivalent to comparing
weighted averages (weighted by PDT) and does not permit statistical comparison
among and between locations.

2.4.3.4 Fish Size

Average fish weight for species having 20 or more paired length-weight measurements
was compared among BC-0A, BC-1A and REF using an ANOVA or Kruskal-Wallis test,
depending on validation of equal variance and normality, for those species collected at all three
locations, and a Wilcoxon-Mann-Whitney test for those species collected at only two locations.
Average weights for each species for each pairwise combination of locations were evaluated for
statistical significance using Tukey’s HSD test if the F-test for the ANOVA was significant. All

statistical computations were performed using Systat 12.
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2.4.3.5 Condition Factor

Condition factor as indicated by length-specific weight (i.e., weight at a comparable
length) at BC-0A, BC-1A and REF for species having 20 or more paired length-weight
measurements was evaluated using an analysis of covariance (ANCOVA). The ANCOVA
analysis was performed using log10-transfomed length and weight measurements. Adjusted
weights for each species for each pairwise combination of locations were evaluated for statistical
significance using Tukey’s HSD test if the F-test for the ANCOVA was significant. All

statistical computations were performed using Systat 12.

2.5 Benthic Macroinvertebrate Community Evaluation

2.5.1 Instream Sampling

2.5.1.1 First Supplemental Study

Instream samples of benthic macroinvertebrates were collected using the five-minute
traveling kick method per ADEQ (2010) using a D-frame kick net with 0.5-mm mesh net. Two
riffles within each reach were sampled for a combined time of five minutes. Sampling started at
a downstream corner of each riffle, which was “kicked” along a diagonal path upstream through
the riffle for 2.5 minutes. After removal and washing of large debris, the entire content of the net
was washed into wide-mouth plastic jars and immediately preserved with 70% ethanol. The two
riffle samples from each reach were combined into one composite sample to produce a single

sample each for BC-0A and BC-1A.

2.5.1.2 Second Supplemental Study

Instream samples of benthic macroinvertebrates were collected from Stennitt Creek
(Figure 2.4) using a modified multi- habitat approach based on Barbour et al. (1999). A total of
seven “jabs” were executed in each of three habitat types: emergent vegetation, silt bottom, and
undercut bank/woody debris for a total of 21 jabs at each Stennitt Creek location. All 21 jabs
were composited to produce a single sample each for SC-1A and SC-0A.

Instream macroinvertebrate samples from the reference location (Clear Creek) were

collected using the five-minute travel kick method per ADEQ (2016) using a D-frame kick net
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with 0.5-mm mesh net. Two riffles (REF-2 and REF-3) within Clear Creek were sampled for a
time of five minutes. Sampling started at a downstream corner of each riffle, which was “kicked”
along a diagonal path upstream through the riffle for 5 minutes. After removal and washing of
large debris, the entire content of the net was washed into wide-mouth plastic jars and
immediately preserved with 70% ethanol. The two riffle samples from Clear Creek were kept

independent to produce two samples for Clear Creek.

2.5.2 Artificial Substrates

Two types of artificial substrates were deployed as part of this study: rock bags (RBs)
were deployed in Brushy Creek as part of the First Supplemental Study and Hester-Dendy (HD)
samplers were deployed in Stennitt Creek as part of the Second Supplemental Study.

2.5.2.1 First Supplemental Study

Triplicate RB samplers were deployed in suitable flow and depth in each of three riffles
within the BC-0A and BC-1A reaches from October 13 through November 23, 2015 (Table 2.1).
The RB samplers consisted of an elliptical bag made of 0.75-inch mesh nylon netting filled with
a 2-gallon volume of a homogenized mixture of river stones ranging in size from 26 mm to
64 mm (Figure 2.6).

Upon retrieval (41 days after deployment), the substrate material was removed from the
RB sampler and washed and agitated to remove attached organisms. The organisms and fine
substrate material/detritus was preserved with 70% ethanol in high-density polyethylene (HDPE)
jars in preparation for taxonomic identification. Each RB sampler was analyzed independently
which resulted in a total of 18 RB data sets (3 RBs in each of three riffles in both the BC-0A and
BC-1A reaches).

2-17



October 4, 2018

Figure 2.6. Photograph of newly deployed rock bag sampler.

2.5.2.2 Second Supplemental Study

Triplicate HD samplers were deployed over sand/silt substrate in approximately 0.6 m of
water in measurable flow (> 10 cm/sec) in Stennitt Creek upstream (SC-0A) and downstream
(SC-1A) of the mouth of Brushy Creek (Table 2.1) from October 25 through December 7, 2016.
Each sampler was deployed approximately 0.1 m above the channel bottom by affixing the
sampler to a metal stake driven into the substrate. Samplers consisted of 14 round,
75-mm-diameter, 3-mm-thick plates separated by various widths (ranging from 2.5 to 14 mm)
with nylon spacers and held together with an eyebolt and wingnut. The total surface area of each
sampler was approximately 0.4 m?.

At the end of the 41-day deployment period the samplers were retrieved by gently lifting
each sampler out of the water, enclosing it in a plastic bag, and immediately preserving it with
70% ethanol. Each sampler was cleaned in the laboratory by placing the sampler and the contents
of the plastic bag into a sorting tray. The sampler was disassembled and all obvious invertebrates

were removed. The surfaces of all sampler parts were then gently scrubbed with a plastic bristle
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scrub brush in the sorting tray. The organisms and fine substrate material/detritus were preserved
with 70% ethanol in HDPE jars in preparation for taxonomic identification. Each HD sampler
was analyzed independently which resulted in a total of 6 HD data sets (3 HDs in both the SC-0
and SC-1 reaches).

2.5.3 Macroinvertebrate Sample Processing

Sample sorting and taxonomic identification were conducted by EcoAnalysts, Inc.® Each
sample was sorted to obtain a 300-organism subsample. In general, the laboratory carried out
taxonomic identifications to genus (including Chironomidae), except for bivalve mollusks,

gastropods, and decapod shrimp, which were identified to family.

2.5.4 Macroinvertebrate Data Analysis

As noted in Section 1.5.3.1, based on discussions with ADEQ staff, it was agreed that the
results from the instream benthic macroinvertebrate sampling of Brushy Creek from the First
Supplemental Study (conducted in the fall of 2015) could be directly compared to the results
from the instream benthic macroinvertebrate sampling of the reference stream (Clear Creek)
from the Second Supplemental Study (conducted in the fall of 2016).

This study generated two different types of macroinvertebrate data: data collected using
the instream sampling protocol and data generated using artificial substrates (RB and HD).
Benthic macroinvertebrate communities sampled using the instream sampling protocol were
evaluated using the multi-metric Index of Biotic Integrity (IBI) approach used by ADEQ for
assessing instream impairment (ADEQ 2018).

The data analysis applied to the instream samples was not appropriate for the
experimental design for the RB or HD deployments. The RB deployment involved two reaches,
each with three replicates (riffles) and three subsamples (RB), for a total of 18 RB units (RBUs).
The HD deployment involved two reaches, each with three replicate HD samplers, for a total of
six HD units (HDUs). The data from each unit is comprised of large number of potential

variables in the form of biological metrics.

8 EcoAnalysts, Inc., 1420 South Blaine Street, Suite 14, Moscow, 1D 83843.
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Cluster analysis was applied using Systat 12 to explore relationships and differences in
colonization between the upstream and downstream RB or HD units. The procedure represents a
way of analyzing structure within data sets. Cluster analysis identifies groups of similar objects
(RBUs from the First Supplemental Study and HDUs from the Second Supplemental Study)
based on their overall similarity (in terms of metric values) and displays the results as a tree
diagram. It is useful for detecting and visualizing groups and sub-groups in hierarchically
organized data (e.g., replicates within riffles, riffles within locations).

Macroinvertebrate data were also analyzed based on the results of field studies directed
towards the response of macroinvertebrate communities to dissolved minerals. EPA (2011)
describes a methodology for obtaining field-based threshold values for ionic strength based on
conductivity. The study developed extirpation concentration (XC95) values that represent the
level of exposure (based on conductivity) above which a genus is effectively absent from water
bodies of region. XC95 values developed in the EPA (2011) study were obtained from EPA’s
National Center for Environmental Assessment (Office of Research and Development,
Cincinnati, OH). The data analysis in EPA (2011) is best applied to situations, such as found in
Brushy Creek and Stennitt Creek, in which calcium, magnesium, sulfate, and HCO3 dominate
the ionic composition of the streams (Table 1.3). Macroinvertebrate genera contained in the
Brushy Creek and Stennitt Creek samples were assigned XC95 values based on the EPA data set.
XC95 values were then analyzed statistically as described in Section 2.5.5 to evaluate differences
in the distribution and mean XC95 values between upstream and downstream locations in

Brushy Creek and Stennitt Creek.

2.5.4.1 Instream Samples

All pairwise comparisons of BC-0A, BC-1A and REF were computed per (ADEQ 2018).
Scoring criteria were summed for selected metrics (Table 2.5) to derive the IBI score for the
“study sites.” All scores for the “reference” sites were given a value of 6, except for the “percent
contribution of dominant taxa” metric, which is scored based on the actual score. The percent

comparability for all pairwise comparisons of BC-0A, BC-1A and REF was calculated from the
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ratio of the respective total scores. The attainment status of any location relative to any other

based on percent comparability was evaluated based on Table 2.6.

Table 2.5. Biological metric scoring rubric.

Scoring Criteria
Metric 6 4 2 0
Taxa Richness * >80% <80-60% <60-40% <40%
Hilsenhoff Biotic Index * >85% <85-70% <70-50% <50%
Ratio of EPT to Chironomid Abundances * >75% <75-50% <50-25% <25%
Percent Contribution of Dominant Taxa ° <20% 20-<30% 30-<40% >40%
EPT Index * (percent of EPT individuals) >90% <90-80% <80-70% <70%
Community Loss Index ¢ <0.5 0.5<1.5 1.5-<4.0 >4.0
Ratio of Scrapers to Filter-Collectors * >50% <50-35% <35-20% <20%
Notes:
a. Score is a ratio of study site to reference site, multiplied by 100.
b. Score is a ratio of reference site to study site, multiplied by 100.
C. Scoring criteria evaluate actual percent contribution, not percent comparability to reference site.
d. Range of values obtained. A comparison to the reference site is incorporated in these indices.
Table 2.6. IBI attainment status scoring rubric.
- : e 3
Biological Condition %o Cmflparable Attribute
Category Estimate

= Comparable to >83% Comparable to the best situation in an ecoregion.

g reference

o

8 . .

a Supporting 54-799 Commumty structure less than reference site. Taxa

richness lower and tolerant forms are more prevalent.
. . Obvious decline in community structure with

+ - V . .

5 Partially supporting 21-50% loss of intolerant forms. EPT index reduced.

=

Z

é Non-supporting <20% Community dominated by 1 or 2 taxa, few taxa present.

2.5.4.2 Artificial Substrates: First Supplemental Study

The cluster analysis was performed on the standardized transformed data set (see below)

using Euclidian distances with the following hierarchical clustering algorithms: single linkage,
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complete linkage, average linkage, centroid linkage, median linkage, Ward minimum variance,

and weighed average linkage methods as follows:

1. Metric selection: As part of its reporting package EcoAnalysts, Inc. provides
values for 105 metrics describing abundance, dominance, richness, community
composition, functional groups (composition and richness), and diversity. The
data set was examined to identify and eliminate metrics that were invariant (i.e.,
did not show variability across sites) or inappropriate (e.g., more applicable to
lentic environments). The list of the remaining 22 metrics, which was used in the
cluster analysis for Brushy Creek, is provided in Table 2.7.

2. Data transformation/standardization:
a. All metrics expressed as percentages were transformed as y = arcsine(p)°-
where p = the percentage expressed as a proportion.
b. All metrics, including arcsine-transformed metrics, were standardized as
follows:

yi = (X - x;)/Stdev(x),
where:

yi = standardized variate

Xj = original variate

X = the arithmetic average of the original
variates,

Stdev(x) = standard deviation of the original
variates.

The resulting standardized variables will have a mean equal to zero and
standard deviation equal to one. Standardization prevents variables with
inherently large values (e.g., total counts) from dominating the distance
matrix.

2.5.4.3 Artificial Substrates: Second Supplemental Study
The procedure for analyzing HD data from the Stennitt Creek locations was the same as

used for the RB data from the Brushy Creek locations except as follows:

1. The list of metrics selected for Stennitt Creek differed from the list of metrics
selected for Brushy Creek due to variability between sites in more metrics (32
instead of 22 metrics) (Table 2.8), and
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Table 2.7. Biological metrics used for the cluster analysis of RB samples.

Selected Metrics

Total Abundance (Corrected)

Percent Chironomidae

Percent Composition of the Most Dominant Taxon

Percent Filterers

Total Taxa Richness

Percent Gatherers

EPT Richness Percent Predators
Ephemeroptera Richness Percent Scrapers
Trichoptera Richness Filterer Richness

Chironomidae Richness

Gatherer Richness

Non-Chironomid, Non-Oligochaete Richness

Predator Richness

Percent Ephemeroptera

Scraper Richness

Percent Trichoptera

Shredder Richness

Percent EPT

Hilsenhoff Biotic Index

Table 2.8. Biological metrics used for the cluster analysis of HD samples.

Selected Metrics

Total Abundance (Corrected)

Percent Odonata

EPT Abundance

Percent Filterers

Dominant Abundance

Percent Gatherers

Species Richness

Percent Predators

EPT Richness

Percent Scrapers

Ephemeroptera Richness

Percent Shredders

Trichoptera Richness Percent Piercer-Herbivores
Chironomidae Richness Filterer Richness
Oligochaete Richness Gatherer Richness

Non-Chironomid, Non-Oligochaete Richness

Predator Richness

Percent Ephemeroptera

Shredder Richness

Percent Trichoptera

Shannon-Weaver H’ (log 10)

Percent EPT

Margalef’s Richness

Percent Coleoptera

Hilsenhoff Biotic Index

Percent Diptera

% Tolerant Individuals

Percent Chironomidae

% Tolerant Taxa
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2.5.5 Analysis of XC95 Values
To compare XC95 values between locations an “XC95 Index®” was computed as the

average XC95 value among taxa weighed by the numerical abundance of each taxon as follows:

(X, XCosix Ni)

j .
Yi-, Ni

XC 95 index =

Where
X(C95i = XC95 value of the i taxon, and

Ni = numerical abundance of the i™ taxon

For Brushy Creek RB samples, an XC95 index was computed for each riffle (replicates
combined), and the three resulting XC95 index values for BC-0A and BC-1A were compared
using a t-test. For Stennitt Creek HD samples, an XC95 index was computed for each of the
three HD samples at each location, and the resulting values for SC-0 and SC-1 were compared
using a t-test.

For instream samples, the XC95 indices for the upstream and downstream locations were

compared using a t-test based on the variance of the weighed mean. The variance (s°) of the

weighted mean was calculated as follows:

$2(XC95 index) =s% X, (Ni/Np?

where:

s%o = variance of the XC95 values,

N; = numerical abundance of the i taxon, and

N = total numerical abundance of all taxa.

All statistical computations were performed using Systat 12.

9 X(C95 index values were developed to identify tolerance levels in each stream that could be compared across and
within streams and not used to propose a site-specific TDS criterion.
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3.0 RESULTS: WATER CHEMISTRY

3.1 Routine Outfall 001 Monitoring

TDS and sulfate concentrations in samples from Outfall 001 vary significantly from
month to month as well as year to year. Time-series plots (Figure 3.1) of the historical
Outfall 001 TDS and sulfate data demonstrate this variability and a lack of consistent trends (see
the recent TDS data versus previous years). The outfall data variability is not explained by any
single factor but rather appears related to complex and unpredictable interactions involving
multiple factors including, but not limited to, precipitation, surface and subsurface hydrology,
quarry water management, etc., which results in varying exposures of the water to quarry
materials. Vulcan representatives most familiar with on-site mining practices have concluded
that the recent downward trend is likely a result of where active mining is occurring and the
resulting geologic formation that water in the pit is exposed to. Accurate predictions regarding

future decreases or increases in mineral concentrations in the outfall are not possible.

Figure 3.1. TDS and sulfate at Outfall 001 from January 1999 to October 2017.
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3.2 Brushy Creek

3.2.1 Grab Samples

Water chemistry data (Table 3.1) indicate an average 30 mg/L increase in TDS in Brushy
Creek (391 versus 421 mg/L at BC-0A and BC-1A, respectively) and an average 81 mg/L
increase in sulfate (5.4 versus 86.6 mg/L at BC-0A and BC-1A, respectively) downstream of the
mouth of the UT. TDS was higher in the Brushy Creek location upstream of the mouth of the UT
on July 31 and August 14, 2015; on the five remaining sampling dates, TDS was higher
downstream of the mouth of the UT. Chloride concentrations were uniformly low at all locations.

Tables 3.1 and 3.2 and time-series plots (2015) of TDS and sulfate at BC-0A, BC-1A,
and UT-0A presented in Figure 3.2 show the following:

1. Sulfate concentrations at locations not influenced by Outfall 001 (i.e., BC-0A,
SC-0A, and REF) were generally near or below detection limits but were
distinctly higher in locations influenced by Outfall 001 (i.e., UT-0A, BC-1A, and
BC-2A);

2. Sulfate concentrations at BC-1A and BC-2A always exceeded the “significant
modification” value of 22.7 mg/L;

3. TDS concentrations were generally higher at BC-1A than BC-0A due to input
from UT-0A;

4, TDS concentrations at locations not influenced by Outfall 001 (i.e., BC-0A,
SC--A, and REF) always exceeded the ecoregion value of 240 mg/L and the
“significant modification” value of 255 mg/L at all locations with the exception of
one sample collected at REF on 12/7/2016 where the TDS concentration was
240 mg/L (ecoregion value).

5. Conductivity in Brushy Creek was consistently higher upstream of the mouth of
the UT (BC-0A) than downstream of the UT (BC-1A) during 2015.

In situ measurements (Table 3.2) indicate generally uniform levels of pH and temperature
across locations on each sampling date. DO was slightly more variable across locations. Flow

measurements (Table 3.2) indicated the following:

1. Flows at the UT location were mainly due to inflows from Outfall 001, but
additional inputs due to springs within the pond are likely (Charles Milgrin,
landowner personal communication),

2. Flow from the UT dominated flow in Brushy Creek downstream of the mouth of
the UT, and
3. Brushy Creek acquires additional flow which dilutes sulfate and TDS between the

mouth of the UT and the Brushy Creek confluence with Stennitt Creek.
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Table 3.1. Water quality and flow data collected from Outfall 001 and receiving streams
during 2015 and 2016.
Sample
Collection | Outfall
Parameter Date 001 UT-0A | BC-0A | BC-1A | BC-2A | SC-0A SC-1 REF
7/31/2015 <0.1 5 <0.1 5 <0.1 <0.1 NM NM
8/14/2015 20 10 10 10 10 10 NM NM
9/15/2015 5 <0.1 <0.1 5 <0.1 5 NM NM
Chloride 10/14/2015 10 10 10 10 30 10 NM NM
(mg/L) 11/24/2015 10 <0.1 5 <0.1 5 10 NM NM
10/26/2016 NM 5 <0.1 <0.1 <0.1 5 <0.1 <0.1
12/7/2016 <10 5 <0.1 <0.1 <0.1 10 <0.1 <0.1
Average 9.2 5.0 3.6 4.3 6.5 7.2 <0.1 <0.1
7/31/2015 98.1 85 <5 57.1 30 <5 NM NM
8/14/2015 101 94.2 5.97 79.4 69.7 <5 NM NM
9/15/2015 117 105 5.06 93.8 76.7 <5 NM NM
Sulfate 10/14/2015 128 118 6.9 92 90 <5 NM NM
(mg/L) 11/24/2015 131 128 33.8* 113 90.9 5.8 NM NM
10/26/2016 NM 89.6 <5 85.3 26.7 <5 6.5 <5
12/7/2016 124 100.7 5.2 85.7 76.4 <5 5.4 <5
Average 116.5 | 102.9 5.5 86.6 65.8 5.1 5.9 <5
7/31/2015 260 260 312 272 248 284 NM NM
8/14/2015 260 268 312 268 260 272 NM NM
9/15/2015 312 260 288 232 244 248 NM NM
I({;g/ii‘fss 10/142015 | 384 | 312 | 332 312 312 304 | NM_| NM
CaCO3) 11/24/2015 312 288 374 312 304 276 NM NM
10/26/2016 NM 316 324 316 276 300 300 308
12/7/2016 296 264 292 216 240 272 260 296
Average 304 281 319 275 269 279 280 302
7/31/2015 361 368 330 266 334 310 NM NM
8/14/2015 594 606 664 614 598 538 NM NM
9/15/2015 493 448 322 438 400 636 NM NM
TDS 10/14/2015 440 360 288 352 342 280 NM NM
(mg/L) 11/24/2015 424 412 372 406 368 314 NM NM
10/26/2016 NM 358 290 360 280 282 292 276
12/7/2016 510 420 470 510 470 580 260* 240
Average 470 425 391 421 399 420 -- 258
7/31/2015 4 25 10 21 17 10 NM NM
8/14/2015 <1 9 5 9 10 <1 NM NM
9/15/2015 2 33 5 13 3 6 NM NM
TSS 10/14/2015 14 21 3 5 24 4 NM NM
(mg/L) 11/24/2015 7 <1 5 6 3 4 NM NM
10/26/2016 NM 14 <1 2 3 3 2 <1
12/7/2016 4 56 3 10 20 3 2 6
Average 53 22.7 4.6 9.4 11.4 4.4 2 3.5

*Qutlier not included in analyses, NM-Not measured
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Table 3.2. In situ and flow data collected from Outfall 001 and receiving streams during
2015 and 2016.

Sample
Collection | Outfall
Parameter Date 001 UT-0A | BC-0A | BC-1A | BC-2A | SC-0A | SC-1 REF
7/31/2015 520 503 584 513 483 524 NM NM
8/14/2015 520 523 575 529 510 527 NM NM
9/15/2015 654 554 581 547 536 522 NM NM
Conductivity 10/14/2015 702 595 598 580 557 545 NM NM
(nS/cm) 11/24/2015 552 527 552 534 491 4878 NM NM
10/26/2016 NM 568 566 575 494 539 539 519
12/7/2016 644 605 541 596 487 505 499 506
Average 599 554 571 553 508 521 519 513
7/31/2015 8.3 7.9 7.7 7.9 8 8.1 NM NM
8/14/2015 8.2 7.9 7.6 7.6 7.9 7.9 NM NM
9/15/2015 7.3 8 7.7 8.1 7.5 7.8 NM NM
pH 10/14/2015 7.6 8.2 7.7 7.4 7.8 7.7 NM NM
(su) 11/24/2015 7.8 8.1 7.6 7.9 7.7 7.7 NM NM
10/26/2016 NM 7.9 7.2 7.2 7.4 7.3 7.6 7.4
12/7/2016 8.1 8.6 7.9 8.3 8 7.7 7.7 8.3
Average 7.9 8.1 7.6 7.8 7.8 7.7 1.7 7.9

7/31/2015 8.74 6.28 9.18 10.18 6.38 11.46 NM NM

8/14/2015 8.85 6.83 7.59 6.54 6.71 8.81 NM NM

9/15/2015 5.94 8.06 10.92 8.66 7.76 941 NM NM

DO 10/14/2015 6.9 8.68 9.76 6.61 6.74 5.85 NM NM

(mg/L) 11/24/2015 12.96 13.39 12.25 13.21 12.93 11.75 NM NM

10/26/2016 NM 9.16 7.97 8.23 7.03 5.79 5.98 9.63

12/7/2016 12.95 12.33 11.68 12.47 9.59 8.75 10.62 10.84

Average 9.39 9.25 9.91 941 8.16 8.83 8.30 10.24

7/31/2015 30.6 32.6 333 31.9 29.6 30.6 NM NM

8/14/2015 28.1 27.7 22.3 26.3 27.5 26.1 NM NM

9/15/2015 20.9 22.7 21.2 22.8 21.8 21.9 NM NM

Temp 10/14/2015 16.2 17.3 15.6 15.7 17.1 16 NM NM
°O) 11/24/2015 8.5 8.8 7.9 8.1 8.5 8.6 NM NM
10/26/2016 NM 17.1 14.5 15.5 14.6 15.9 14.8 16.7

12/7/2016 8.6 8.1 9.8 8.3 7.3 8.1 6.9 9.7

Average 18.8 19.1 17.8 18.4 18.1 18.2 10.8 13.2

7/31/2015 0.59 0.33 0.06 0.39 0.59 1.36 NM NM

8/14/2015 0.45 1.1 0.1 1.5 1.42 0.93 NM NM

9/15/2015 NM NM NM NM NM NM NM NM

Flow 10/14/2015 0.45 0.88 0.02 0.03 0 0 NM NM
(cfs) 11/24/2015 0.59 1.56 0.28 1.52 2.78 3.37 NM NM
10/26/2016 NM 0.41 0.08 0.27 0.28 0.41 0.5 0.59

12/7/2016 NM 2.1 0.13 0.85 NM 0.43 3.5 0.58

Average 0.52 1.07 0.11 0.76 1.01 1.08 2.03 0.59

NM = not measured.
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In contrast to the 2015 patterns shown by TDS, conductivity in Brushy Creek was
consistently higher upstream of the mouth of the UT (BC-0A) than downstream of the UT
(BC-1A) (Figure 3.2).

Average values for selected water chemistry and in situ parameters are summarized in
Figure 3.2 to illustrate general spatial trends among stations from the 2015 sampling, which did
not include samples from SC-1, and in Figure 3.3 from sampling in 2016, which included

samples from SC-1.

3.2.2 Semi-Continuous In Situ Monitoring

Semi-continuous monitoring of temperature, DO, pH, and conductivity performed
August 10 through 14, 2015, is compared for BC-0A and BC-1A in Figures 3.4 and 3.5. The
figures illustrate differences in diel patterns for all four parameters. Daily maxima and minima
were seen at BC-0A for temperature and DO (expressed as percent saturation; Figure 3.4).
Maximum pH levels were similar at both locations but minimum levels were lower at BC-1A.

Conductivity was consistently 40 to 80 uS/cm higher at the location upstream of the
mouth of the UT (BC-0A; Figure 3.5). This pattern was consistent with monthly in situ
measurements at those locations (Table 3.2 and Figure 3.2). The lower chart in Figure 3.5 shows
the same conductivity data as the upper chart except that the ordinate scale has been magnified to
illustrate the difference in diel patterns between BC-0A and BC-1A. Figure 3.5 shows that diel

maxima at one location correspond to minima of the other location.

3.3  Stennitt Creek

Water quality in Stennitt Creek in relation to Brushy Creek and Outfall 001 is best
evaluated using the 2016 data because that data set, unlike the 2015 data set, included
measurements in Stennitt Creek both upstream and downstream of the mouth of Brushy Creek.
Table 3.3 and Figure 3.3 indicate that on October 26 there was littleincrease in TDS and
conductivity and that on October 26 and December 7 there was a modest increase in sulfate in
Stennitt Creek downstream of the mouth of Brushy Creek. The TDS concentration reported at
SC-1 on December 7, 2018, was verified by the lab but, given the upstream concentrations at

(BC-2A and SC-0A), was considered an outlier and not included in the analyses.
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Figure 3.2.  Schematic representation indicating general spatial trends in the average values
of selected water chemistry parameters from sampling conducted in 2015.



Figure 3.3.  Schematic representation indicating general spatial trends in the average values
of selected water chemistry parameters from sampling conducted in 2016.



Figure 3.4.  Semi-continuous measurements of temperature, DO (percent saturation), and pH
at BC-0A and BC-1A, August 10 through 14, 2015.
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Figure 3.5.  Semi-continuous measurements of conductivity at BC-0A and BC-1A, August 10
through 14, 2015.
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3.4 Reference Stream (Clear Creek) versus Brushy and Stennitt Creeks

Water quality parameters measured during the 2016 sampling at Clear Creek, Brushy
Creek and Stennitt Creek are provided in Table 3.3. Sulfate concentrations at locations not
influenced by Outfall 001 were generally near or below detection limits but were higher in
locations influenced by Outfall 001. TDS and conductivity were lowest at the reference (Clear
Creek) location. TDS exceeded the ecoregion value of 240 mg/L and the “significant
modification” value of 255 mg/L at all locations including the upstream Brushy and Stennitt
Creek and the REF location with the exception of the sample collected at REF on

December 7, 2016 where the TDS concentration was 240 mg/L (ecoregion value).

3.5 Relationships among Conductivity, TDS, and Sulfate

Bivariate scatter plots of conductivity vs. TDS and TDS vs. sulfate are provided in
Figure 3.6. The conductivity vs. TDS plot uses data from Tables 3.1 and 3.2 which is primarily
data from the receiving streams and the reference stream. Two TDS vs. sulfate plots are
provided: One using only data from Tables 3.1 and 3.2 and another using only data from routine
monthly monitoring of Outfall 001 collected from January 2012 through January 2017. Both
conductivity and sulfate appear to be independent of TDS.

Table 3.3. Summary of water quality parameters measured during the 2016 sampling at
Clear Creek, Brushy Creek, and Stennitt Creek.

Not Influenced by
Sample Influenced by Outfall 001 Outfall 001
Collection | Outfall
Parameter Date 001 UT-0A | BC-1A | BC-2A | SC-1 BC-0A | SC-0A REF
10/26/2016 NM 5 <(.1 <0.1 <0.1 <0.1 5 <0.1
Chloride
(mg/L) 12/7/2016 <10 5 <0.1 <0.1 <0.1 <0.1 10 <0.1
Average 10.0 5.0 0.1 0.1 0.1 0.1 7.5 0.1
10/26/2016 89.2 89.6 85.3 26.7 6.5 <5 <5 <5
Sulfate 12/7/2016 | 1240 | 1 4 4 2 <
(mg/L) 7/2016 . 00 85.7 76. 5. 5. <5 5
Average 107.0 95.2 85.5 51.6 5.9 5.1 5.0 5.0
Hardness 10/26/2016 530 316 316 276 300 324 300 308
(mg/L as 12/7/2016 296 264 216 240 260 292 272 296
CaCO0s) Average 413 200 | 266 | 258 | 280 308 286 302
TDS 10/26/2016 510 358 360 280 292 290 282 276
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Table 3.3. Summary of water quality parameters measured during the 2016 sampling at
Clear Creek, Brushy Creek, and Stennitt Creek (continued).
Not Influenced by
Sample Influenced by Outfall 001 Outfall 001
Collection | Outfall
Parameter Date 001 UT-0A | BC-1A | BC-2A | SC-1 BC-0A | SC-0A REF
(mg/L) 12/7/2016 490 420 510 470 260* 470 580 240
Average 500 389 435 375 -- 380 431 258
L. 10/26/2016 NM 568 575 494 539 566 539 519
C"(‘:lds‘;z::;‘ty 12/72016 | NM_ | 604 | 596 | 487 | 499 | 541 505 506
Average NM 586 586 491 519 553 522 512
pH 10/26/2016 NM 7.9 7.2 7.4 7.6 7.2 7.3 7.4
(su) 12/7/2016 NM 8.6 8.3 8.0 7.8 7.9 7.7 8.3
Average NM 8.3 7.8 7.7 7.7 7.5 7.5 7.9
10/26/2016 224 184 121 124 224 35 184 264
(1;;01::) 12772016 | 224 | 942 | 381 | NM | 1593 | 58 193 260
Average 224 563 251 -- 909 47 188 263

*Qutlier not included in analyses, NM=Not Measured




Figure 3.6.  Scatter plots of the relationships between TDS versus sulfate and TDS versus
conductivity.
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4.0 RESULTS: HABITAT

4.1 Brushy Creek and Clear Creek

4.1.1 Rapid Bioassessment Physical Characteristics

Results of the assessment of physical characteristics in Brushy Creek and Clear Creek
(reference) (Table 4.1) indicate primarily cobble/gravel substrates with bedrock present at all
locations. Pool and riffle habitat dominated all locations with little or no “run” habitat present.
Clear Creek sampling reaches were somewhat larger than Brushy Creek reaches with respect to
depth, width and flows. There were no oils, sheens or odors at any locations. The immediate
surrounding watershed was forest and inactive pasture (no livestock or signs of livestock present)
at Clear Creek and active pasture (livestock and/or signs of livestock present) at both Brushy

Creek locations.

4.1.2 Rapid Bioassessment Habitat Categories

Table 4.2 presents RBA habitat scores and the results of the statistical comparison among
sampling locations. The non-significant X? value (P = 0.97) indicates that the distribution of
habitat scores is independent of sampling location. Total habitat scores at BC-0A and BC-1A
were nearly identical. The higher total score at REF (180) compared to BC-0A and BC-1A (144
and 145, respectively) is a reflection of higher scores in almost all categories and higher overall
habitat quality at REF. The greatest differences between REF and the Brushy Creek locations
were in epifaunal substrate/available cover, vegetative protection, and riparian vegetative zone

width.
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Table 4.1. Physical habitat characterization of Brushy Creek and Clear Creek sampling
reaches.
BC-0A BC-1A REF
Category (11/24/2015) (11/24/2015) (10/26/2016)
Canopy cover None Partly shaded Shaded
Bedrock 2 20 5
Boulder 1 5 5
Inorganic Cobble 30 25 20
substrate (percent | Gravel 60 35 60
coverage) Sand 7 15 10
Silt 0 0 0
Clay 0 <1 0
Organic substrate | CPOM 0 0 30
(percent FPOM 0 0 0
composition) Shell 0 <5 0
Dominant aquatic vegetation Rooted emergent Rooted emergent 0
(watercress) (watercress)
Percent of reach with aquatic
. 1 15 0
vegetation
Large woody debris 0 m? 1 m? 0 m?
Pool/riffle/run ratio 60/40/0 65/35/0 70/30/0
Channelized? No No No
Dam present? Riprap/road between | Riprap/road between | Road qnd low water
) BC-0 and BC-1 BC-0 and BC-1 crossing upstream
Average stream depth 10 cm 20 cm 20 cm
Average stream width I m I m I m
Average current velocity <10 cm/sec <10 cm/sec 10-20 cm/sec
Water odors Normal/none Normal/none Normal/none
Water surface oils None None None
Turbidity Clear Clear Clear
Substrate odors Normal Normal Normal
Substrate oils Absent Absent Absent
Substrate deposits None Silt None
Embed@ed stones black on No Yes No
underside?
Grasses

Dominant riparian vegetation

(heath aster, ragweed)

Trees, shrubs

Trees, shrubs

Land use Pasture Pasture Forest,azisi)jidoned
Watershed Pollution °
features Sources Active quarry Active quarry None
Erosion Moderate Moderate Slight
0 .
40% cloud cover; rain | 40% cloud cover; rain 80% clp ud COVeT,
Weather no rain during

during previous week

during previous week

previous week
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Table 4.2. Rapid bioassessment habitat category scores (high gradient) from Brushy Creek
and Clear Creek sampling reaches.

BC-0A BC-1A REF
Category (11/24/2015) (11/24/2015) (10/26/2016)
Epifaunal Substrate/Available Cover 13 15 19
Embeddedness 16 17 18
Velocity/Depth Regime 15 15 15
Sediment Deposition 15 10 18
Channel Flow Status 15 15 18
Channel Alteration 20 20 20
Frequency of Riffles (or bends) 18 18 20
Bank Stability 14 13 14
Vegetative Protection 12 14 20
Riparian Vegetative Zone Width 6 8 18
Total Habitat Score 144 145 180
X2 8.46
P 0.97
df 18

4.1.3 Wolman Pebble Counts

Table 4.3 presents a summary of Wolman pebble counts and results of the statistical
comparison among sampling locations. The highly significant X? values (P < 0.001) indicate
significant differences in the distribution of substrate size categories among all three sampling
locations as well as between Brushy Creek reaches. Riffle substrates had similar gravel + cobble
composition among locations, higher percentages of sand + silt/clay at BC-0A and higher median
substrate size (D50) at REF. Pools in BC-1A showed the smallest D50, lowest percentage of
gravel + cobble, and highest percent sand + silt/clay. Silt/clay abundance was highest at the
BC-0A and lowest at REF. Cobble abundance was highest at REF and lowest at BC-0A.

4.2 Stennitt Creek
Table 4.4 provides RBA habitat scores for Stennitt Creek at the sampling reaches
upstream (SC-0) and downstream (SC-1) of the mouth of Brushy Creek. Total habitat as well as

individual scores were similar in the two reaches and not statistically different (P = 0.98).
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Table 4.3. Summary and analysis of Wolman pebble counts from Brushy Creek and Clear
Creek sampling reaches.
All Riffles All Pools
Category BC-0A BC-1A REF BC-0A | BC-1A REF
D50 (mm) 32 32 64 64 11 64
Silt/clay 27 10 0 32 69 0
Substrate Sand 24 14 20 37 36 21
Category Gravel 181 191 171 165 116 149
Frequency Cobble 52 57 94 52 32 73
(N =300) Boulder 0 2 2 0 2 5
Bedrock 16 26 13 14 45 52
X? 56.553 128.271
All sites P <0.001 <0.001
df 10 10
X? 15.322 45.163
BC-0 vs. P 0.009 <0.001
BC-1 9 5 5

Table 4.4. RBA habitat category scores (low gradient) from Stennitt Creek sampling reaches.

SC-0 SC-1
Category (10/26/2016) (10/26/2016)
Epifaunal Substrate/Available Cover 13 9
Pool Substrate 15 14
Pool variability 11 13
Sediment Deposition 14 17
Channel Flow Status 17 12
Channel Alteration 20 20
Channel sinuosity 6 7
Bank Stability 16 17
Vegetative Protection 16 16
Riparian Vegetative Zone Width 9 11
Total Habitat Score 137 136
X2 2.38
P 0.98
df 9

Physical characteristics of the Stennitt Creek locations (Table 4.5) were similar with

respect to substrate and immediate watershed characteristics. Both reaches at the time of

sampling had similar width and depth. However, SC-1 contained pool, riffle and run habitat

whereas SC-0 contained only pool and run habitat.
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Table 4.5. Physical characterization of Stennitt Creek sampling reaches.

Category SC-0 SC-1
Canopy cover partly open partly open
Bedrock 0 0
Boulder 0 0
. Cobble 0 0
Inorganic substrate
(percent coverage) Gravel 0 0
Sand 90 90
Silt 10 10
Clay 0 0
Organic substrate cPOM 20 60
(percent composition) FPOM 0 0
Shell 0 0
. . . Rooted emergent; water Rooted emergent; water
Dominant aquatic vegetation . .
willow willow
Percent of reach with aquatic vegetation 20 30
Large woody debris 5m? 5m?
Pool/riffle/run ratio 90/0/10 60/25/15
Channelized? No No
Dam present? Beaver dam upstream of SC-1 No
Average stream depth 30 cm 30 cm
Average stream width 3m 2m
Average current velocity <10 cm/sec <10 cm/sec
Water odors Normal/none Normal/none
Water surface oils None None
Turbidity Clear Clear
Substrate odors Normal Normal
Substrate oils Absent Absent
Substrate deposits Sand Sand
Embedded stones black on underside? No No
Dominant riparian vegetation Trees, shrubs Trees, shrubs
Land use Pasture Pasture
Watershed Pollution sources Roads, pasture Roads, pasture, active
features quarry
Erosion Moderate Moderate
Weather 40%; no rain during previous 40%; no rain during
week previous week
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5.0 RESULTS: FISH

As noted in Section 2.4.3, for purposes of analysis and comparison, fish community data
collected at BC-0A and BC-1A as part of the First Supplemental Study were compared with data
collected at REF as part of the Second Supplemental Study. As noted in Section 1.5.3.2, staff at
EPA Region VI and the ADEQ planning division agreed that representative fish samples
probably could not be obtained in the relevant reaches of Stennitt Creek due to dense emergent

vegetation; therefore, fish sampling was not conducted in Stennitt Creek.

5.1 Species Composition and Relative Abundance

The complete fish collection data set is provided in Appendix C. Table 5.1 summarizes
numbers and percent relative abundance of fish species captured in the reaches of Brushy Creek
upstream (BC-0A) and downstream (BC-1A) of the mouth of UT and Clear Creek (REF).
Sixteen, 17, and 15 species were collected at BC-0A, BC-1A, and REF respectively.

Species composition at the Brushy Creek locations differed only in the absence of the
striped shiner (Luxilus chrysocephalus) and northern studfish (Fundulus catenatus) at BC-0A
and the absence of mosquitofish (Gambusia affinis) at BC-1A

REF differed from both Brushy Creek locations with the presence of southern redbelly
dace (Chrosomus erythrogaster; 15.8%), Mississippi silvery minnow (Hybognathus nuchalis;
0.4%), Ozark madtom (Noturus albater; 7.6%) and pirate perch (Aphredoderus sayanus; 1.1%)
and the absence of redear sunfish (Lepomis microlophus), largemouth bass (Micropterus
salmoides), and greenside darter (Etheostoma blennioides).

The three most abundant species at BC-0A were the central stoneroller (Campostoma
anomalum), longear sunfish (Lepomis megalotis), and current darter (E. uniporum), accounting
for 45.5%, 13.2%, and 21.0% of the total species composition, respectively. C. anomalum and
L. megalotis dominated BC-1A (43.0% and 23.8%, respectively). The three most abundant
species at REF were C. anomalum (22.0%), creek chub (Semotilus atromaculatus; 14.2%), and

E. uniporum (8.4%).
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Table 5.1. Summary of fish species abundance in Brushy Creek and Clear Creek.
Percent Relative
Total Collected Abundance
Family Scientific Name Common Name | BC-0A | BC-1A | REF | BC-0A | BC-1A | REF
Campostoma central
anomalum stoneroller 715 368 99 45.5 43 22
Chrosomus Southern
erythrogaster® redbelly dace 0 0 71 0 0 15.8
Hybognathus Mississippi
nuchalis silvery minnow 0 0 2 0 0 0.4
. Luxilus
Cyprinidae chrysocephalus striped shiner 26 0 3 0
Luxilus zonatus'? bleeding shiner 5 45 3 0.3 5.3 0.7
Notropis boops® bigeye shiner 0 0 0 0 0.2
bluntnose
Pimephales notatus | minnow 50 32 0 3.2 3.7 0
Semotilus
atromaculatus creek chub 22 1 64 14 0.1 14.2
Catostomidae Erimyzon oblongus | creek chubsucker | 27 10 10 1.7 1.2 2.2
. Ameiurus natalis yellow bullhead 4 2 0 0.3 0.2 0
Ictaluridae
Noturus albater™? Ozark madtom 0 0 34 0 0 7.6
. Aphredoderus
Aphredoderidae sayanus pirate perch 0 0 5 0 0 1.1
Fundulus catenatus® | northern studfish 0 1 0 0 0.1 0
Fundulidae blackspotted
Fundulus olivaceus | topminnow 152 52 29 9.7 6.1 6.4
Poeciliidae Gambusia affinis mosquitofish 10 0 0 0.6 0 0
Lepomis cyanellus green sunfish 34 22 25 2.2 2.6 5.6
Lepomis
macrochirus bluegill 8 7 3 0.5 0.8 0.7
Centrarchidae Lepomis megalotis longear sunfish 207 204 32 13.2 23.8 7.1
Lepomis
microlophus redear sunfish 1 3 0 0.1 0.4 0
Micropterus
salmoides largemouth bass 2 5 0 0.1 0.6 0
Etheostoma
blennioides® greenside darter 1 12 0 0.1 1.4 0
Percidae Etheostoma
flabellare® fantail darter 4 18 34 0.3 2.1 7.6
Etheostoma
uniporum '* current darter 330 48 38 21 5.6 8.4

Notes:
Ozark Highlands ecoregion key species.

1.

2.
3.
4

Ozark Highlands ecoregion indicator species,

Sensitive species.

Formally known as a subspecies of the orangethroat darter (E. spectabile) and retains key species status for this evaluation.
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5.2 Key and Indicator Species

Abundance of Ozark Highlands ecoregion key species, Ozark Highlands ecoregion
indicator species, and sensitive species is summarized in Table 5.2. Two ecoregion key species
(bleeding shiner, Luxilus zonatus) and E. uniporum!® were collected at all three locations. No
indicator species were collected in the Brushy Creek reaches. The REF location contained two
ecoregion indicator species C. erythrogaster, and N. albater. Table 5.2 suggests that relative
abundance of L. zonatus was similar in REF and BC-0A locations but greater at BC-1A
downstream of the UT inflow while relative abundance of E. uniporum was highest at BC-0A
but similar at the REF and BC-1A locations. Regarding sensitive species: all three locations
contained fantail darter (E. flabellare) with the greatest relative abundance observed at REF
followed by BC-1A, both Brushy Creek locations contained greenside darter (E. blennioides)
with a greater relative abundance at BC-1A (only 1 individual collected at BC-0A vs. 12 at
BC-1A), and 1 northern studfish (Fundulus catenatus) and 1 bigeye shiner (Notropis boops) was

collected at BC-1A and REF, respectively (Table 5.2).

Table 5.2. Summary of Ozark Highlands ecoregion key species, Ozark Highlands ecoregion
indicator species, and sensitive species collected at the Brushy Creek and Clear

Creek locations.

Percent Relative
Total Collected Abundance

Scientific Name Common name BC-0A | BC-1A | REF | BC-0A | BC-1A | REF
Chrosomus erythrogaster® | Southern redbelly dace 0 0 71 0 0 15.8
Luxilus zonatus™* bleeding shiner 5 45 3 0.3 5.3 0.7
Notropis boops* bigeye shiner 0 0 1 0 0 0.2
Noturus albater™ Ozark madtom 0 0 34 0 0 7.6

Fundulus catenatus® northern studfish 0 1 0 0 0.1 0

Etheostoma blennioides® greenside darter 1 12 0 0.1 1.4 0
Etheostoma flabellare® fantail darter 4 18 34 0.3 2.1 7.6
Etheostoma uniporum® current darter 330 48 38 21.0 5.6 8.4

@ Ozark Highlands ecoregion key species; ® Ozark Highlands ecoregion indicator species; © sensitive species

10 E. uniporum was formerly known as a subspecies of the orangethroat darter (E. spectabile). APCEC Regulation
No. 2 (2017) does not identify E. uniporum as a Ozark Highlands ecoregion key species; however, for the purposes

of this evaluation, the key species status of E. spectabile was maintained for E. uniporum.
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5.3 Community Structure Index

Metric values and scores using ADEQ’s CSI are provided for pool and riffle and
aggregates in Appendix D. CSI scores from reaches in Brushy Creek and Clear Creek (reference)
are summarized in Table 5.3. CSI data met assumptions of equal variance and normality

(Table 5.4). Results of the ANOVA comparing mean CSI values (untransformed data) between
habitats (pool versus riffle) and among locations (Table 5.4) indicated statistically significant
differences in CSI values among locations but not between habitats. Results of multiple
comparisons (Tukey’s HSD) and mean CSI values among locations are presented in Table 5.5.

Mean CSI values at BC-0A and BC-1A were not statistically different (P > 0.05); CSI values at
BC-0A and BC-1A were both statistically different from REF (P < 0.05).

Table 5.3. Summary of CSI scores at the Brushy Creek and Clear Creek locations.

BC-0A BC-1A REF
Metric Pools | Riffles | Pools | Riffles | Pools | Riffles
16 26 19 24 27 19
Replicate Values 16 22 12 18 25 25
19 19 17 26 31 33
Average Within Habitats 17.0 22.3 16.0 22.7 27.7 25.7
Average Among Habitats Combined! 19.72 19.32 26.7°

1 - Values with the same super script are not statistically different (P > 0.05)

Table 5.4. ANOVA results comparing mean CSI values (untransformed data) between

habitats (pool versus riffle) and among locations.

P=0.433
P=0.969
Analysis of Variance

Levene’s test of variance homogeneity
Shapiro-Wilk’s test of normality

Mean
Source SS df Squares F-ratio p-value
Location 205.778 2 102.889 5917 0.016
Habitat 50.000 1 50.000 2.875 0.116
Location X Habitat 65.333 2 32.667 1.879 0.195
Error 208.667 12 17.389
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Table 5.5. Results of multiple comparisons (Tukey’s HSD) of mean CSI values among locations.

95.0% Confidence Interval

Comparison Difference P-value Lower Upper
BC-0A vs. BC-1A 0.333 0.990 -6.090 6.757
BC-0A vs. REF -7.000 0.033 -13.423 -0.577
BC-1A vs. REF -7.333 0.026 -13.757 -0.910

Table 5.6 summarizes CSI values among replicates combined within habitats and habitats
combined. These values are not the equivalent of arithmetic averages among replicates and
within habitats. CSI scores among replicates at BC-1A ranged from 19 to 26; score for combined
habitats was 21, which ADEQ (2018) classifies as “generally similar” to reference conditions.
CSI values increased as the level of aggregation increased (i.e., CSI values for combined
replicates within habitats were higher than individual replicate values; values for combined

habitats within reaches were higher than values for individual habitats).

Table 5.6. CSI scores for replicates combined within habitats and habitats combined.

BC-0A BC-1A REF
Metric Pools | Riffles | Pools | Riffles | Pools | Riffles
CSI scores for replicates combined within habitats 19 22 19 26 29 29
CSI scores for habitats combined 23 21 35

The overall CSI scores for BC-0A and BC-1A (i.¢., scores for habitats combined) were
similar (23 and 21, respectively), while the overall score at REF (35) was substantially higher.
ADEQ (2018) classifies the CSI scores of 23 and 21 for BC-0A and BC-1A, respectively, for
Ozark Highlands fish communities as “generally similar”!! to reference conditions; the score of

35 from REF is classified as “mostly similar”!2.

' ADEQ 2018 describes the “Generally Similar” classification as follows: “Community structure less than expected.
Taxa richness lower than expected. Some intolerant taxa loss. Percent contribution of tolerant forms may increase.”
12 ADEQ 2018 describes the “mostly similar” classification as follows: “Comparable to the best situation to be
expected. Balanced trophic structure and optimum community structure present.”
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5.4 Population Size

Comparisons of CPUE at Brushy Creek and Clear Creek (reference) are summarized in
Table 5.7. Log (10)-transformed CPUE data met assumptions of equal variance and normality
(Table 5.8). CPUE was statistically different (P < 0.05) between habitats (pool versus riffle) and
among locations (Table 5.8). Multiple comparisons among locations (Table 5.9) indicated that all
possible pairwise comparisons were statistically significant. CPUE was highest at BC-0A, lowest

at REF and intermediate at BC-1A.

Table 5.7. Summary of CPUE* at the Brushy Creek and Clear Creek locations.

BC-0A BC-1A REF
Metric Pools | Riffles | Pools | Riffles | Pools | Riffles
12.9 15.2 9.4 4.7 7.5 2.5
Replicate Values 18.2 14.5 12.5 8.7 54 2.9
18.8 8.5 13.4 8.6 5.2 2.9
Average Within Habitats 16.59 12.72 11.76 7.34 6.01 2.75
Average Among Habitats Combined 14.7 9.6 4.4

* Catch per unit effort (number of fish per minute of pedal-down time)

Table 5.8. ANOVA results comparing mean CPUE values [log(10)-transformed] between
habitats (pool versus riffle) and among locations.

Levene’s test of variance homogeneity P=0.105
Shapiro-Wilk’s test of normality P=0.053
Analysis of Variance
Source SS df Mean Squares F-ratio p-value

Location 0.922 2 0.461 41.110 0.000
Habitat 0.228 1 0.228 20.301 0.001
Location X Habitat 0.034 2 0.017 1.505 0.261
Error 0.135 12 0.011

Table 5.9. Results of multiple comparisons (Tukey’s HSD) of mean CPUE values between
habitats and among locations.

95.0% Confidence Interval
Comparison Difference P-value Lower Upper
Pools vs. Riffles 0.225 0.001 0.116 0.334
BC-0A vs. BC-1A 0.195 0.020 0.031 0.358
BC-0A vs. REF 0.547 0.000 0.384 0.710
BC-1A vs. REF 0.352 0.000 0.189 0.515
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5.5 Fish Size

This analysis focused on six fish species (C. anomalum, P. notatus, F. olivaceus,
L. cyanellus, L. megalotis, E. uniporum) that had sample sizes of 20 to 25 fish. Table 5.10
summarizes mean weight for each location! and the results of the statistical analyses comparing
mean weights among locations. All but one data set (F. olivaceus) required log (10)
transformation to achieve normality and equal variance. All species except L. megalotis showed
statistically significant differences in size (as measured by mean weight) among locations'.
Tukey’s HSD was used as a post hoc test to ANOVA to assess statistical significance for all
possible pairs of means. Post hoc tests were not necessary for P. notatus due to its presence at
only two locations or L. megalotis due to no statistical difference in mean weight between
locations. Mean weights of all six species at BC-1A were higher than, similar to or intermediate
between weights at BC-0A and REF locations. In the one instance (L. megalotis) in which mean

weight was lowest at BC-1A, the differences among locations were not statistically significant.

Table 5.10.  Summary of mean weight and the results of the statistical analyses comparing
mean weights among locations.

P Value
Mean Weight (g)! Normality Variance
(Shapiro Homogeneity | Significance
Species BC-0A | BC-1A | REF Wilk’s) (Levene’s) Test
Campostoma anomalum 1.82 8.8° 5.3¢ 0.124 0.051 <0.0012
Pimephales notatus 1.62 2.7° NA 0.715 0.030 <0.001°
Fundulus olivaceus 1.6* 2.1% 4.1° 0.233 0.412 <0.0012
Lepomis cyanellus 18.5% | 21.5% | 13.6® 0.504 0.423 0.0022
Lepomis megalotis 8.9 7.9¢° 11.2¢ <0.001 0.111 0.527*
Etheostoma uniporum 0.4° 0.8° 1.2¢ 0.081 0.291 <0.0012

Notes:

1. Values with the same letter superscripts are not statistically different (P > 0.05).
2. ANOVA performed using log (10)-transformed data.

3. Analysis performed using Wilcoxon-Mann-Whitney test.

4.  Analysis performed using Kruskal-Wallis test.

13 P. notatus was not collected at REF.
14 Although the log (10)-transformed data were not normally distributed, differences among locations can be
considered to be non-significant because of the high P-value (0.527).
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5.6 Condition Factor

This analysis focused on six fish species (C. anomalum, P. notatus, F. olivaceus,
L. cyanellus, L. megalotis, E. uniporum) having at least 20 paired length and weight
measurements. Length-adjusted weight for these six species is summarized in Table 5.11. There
were no statistically significant (P < 0.05) differences in length-specific weight among locations
except for L. megalotis and E. uniporum. For L. megalotis, adjusted weight was similar between
BC-0A and BC-1A and lowest at REF. The significant differences among locations for
E. uniporum are extremely small (less than 0.1 g difference among location) and are likely an

artifact of heterogeneous slopes (Table 5.11).

Table 5.11.  Results of ANCOVA of length-specific weight for selected fish species among

locations.
P-values?
Adjusted Weight Among Locations
(2" Normality Equal (H,: BC-0A=BC-1A=REF)
(Shapiro- | Variance Adjusted
Species BC-0A | BC-1A | REF Wilk’s) (Levene’s) Slope Weight
C. anomalum 4.2° 4.4° 3.8° 0.738 0.224 0.406 0.353
P. notatus 1.7° 1.8° NA 0.734 0.005 0.422 0.475
F. olivaceus 1.6° 1.7° 1.7° <0.001 0.264 0.540 0.546
L. cyanellus 13.0* 12.5* | 11.7* 0.005 0.271 0.307 0.429
L. megalotis 7.0° 7.2° 6.6° 0.638 0.878 0.065 0.039
E. uniporum 0.7° 0.7° 0.6° 0.090 0.013 0.037 0.034

Notes:
1. Values with the same letter superscripts are not statistically different (P > 0.05).
2. All analyses performed using log (10)-transformed data.
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6.0 RESULTS: BENTHIC MACROINVERTEBRATES

The complete benthic macroinvertebrate collection data set is provided in Appendix E.
General summary tables for benthic macroinvertebrate sampling from 2015 and 2016 are
provided in Appendix F. This information includes summaries of the 10 most abundant taxa and

values for selected metrics from instream and artificial substrate data sets.

6.1 Instream Samples: Brushy Creek and Clear Creek

6.1.1 Metric Comparisons

Values of the metrics used as part of the ADEQ comparison methodology are presented
in Table 6.1. Results of all pairwise comparisons using ADEQ comparison methodology are
presented in Table 6.2. The row in Table 6.2 corresponding to BC-1A as the study site indicates
values of 95%, 95%, and 86% comparability compared to the respective reference sites BC-0A,
REF-2, and REF-3. These values indicate a “biological condition category” of “comparable to
reference” per Table 6 of ADEQ (2018) (reproduced as Table 2.6 in Section 2.5.4.1) and

indicates “support” of the aquatic life use.

Table 6.1. Values of the metrics used as part of the ADEQ comparison methodology for
comparing benthic macroinvertebrate communities between Brushy Creek and

Clear Creek.
Brushy Creek Clear Creek
Metric BC-0A BC-1A REF-2 REF-3

Total organisms (adjusted) 1,475 2,243 1,083 850

Total unique taxa 43 49 43 44
HBI 6.65 5.78 4.94 4.85
Ratio of EPT to chironomid abundances 14.25 6.79 3.00 3.65
Percent contribution of dominant taxon 36.7 21.1 23.4 18.6
Proportion as EPT 0.51 0.50 0.55 0.56

Number EPT taxa 11 11 14 11
Percent Chironomidae 3.6 7.3 18.4 15.3
Ratio of Scrapers to Filter-Collectors 1.50 1.05 0.43 1.07
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Table 6.2. Results of all pairwise comparisons between sampling locations in Brushy Creek
and Clear Creek using ADEQ comparison methodology for comparing benthic
macroinvertebrate communities between a study site and a reference site.

Percent Comparability
Reference Site
Study Site BC-0A BC-1A REF-2 REF-3

BC-0A — 90 85 81

BC-1A 95 — 95 86

REF-2 74 80 e 90

REF-3 95 95 105 ——

Assessment Result*
Reference Site
Study Site BC-0A BC-1A REF-2 REF-3

BC-0A —— CTR CTR Sup-CTR

BC-1A CTR — CTR CTR

REF-2 Sup Sup-CTR — CTR

REF-3 CTR CTR CTR -

*CTR: comparable to reference; Sup: supporting; Sup-CTR: supporting to comparable to reference.

6.1.2 XC95 Analysis: Brushy Creek and Clear Creek Instream Samples

Results of the analysis of XC95 values, which included a comparison of the XC95 index
values among BC-0A, BC-1A, REF-2, and REF-3, are summarized in Tables 6.3 and 6.4. XC95

values were available for 50% to 70% of the genera and 63% to 84% of individuals in the data

set (Table 6.3). There were no statistical differences in XC95 index values between BC-1A and
BC-0A or REF-3 (Table 6.4). The difference between BC-1A and REF-2 was statistically
significant (Table 6.4) but the index value at REF-2 was higher than the value at BC-1A

(Table 6.3).
Table 6.3. Summary of analysis of XC95 index values from instream sampling at the Brushy
Creek and Clear Creek locations.
Percent of Percent of XC95 Estimated
Total | Genera with Total Individuals with Index Variance of
Location | Taxa | XC95 Value | Individuals X(C95 Value (uS/cm) | XC95 Index N
BC-0A 43 51 1,475 78 3,729 3,848,785 22
BC-1A 49 50 2,243 63 3,967 2,770,971 24
REF-2 43 63 1,083 84 4,957 1,698,040 27
REF-3 44 70 850 81 3,727 1,081,289 31

N - Number of XC95 values associated with the estimated variance of the XC95 index.
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Table 6.4. Results of the statistical comparisons of XC95 index values from instream
sampling among Brushy Creek and Clear Creek locations.

Difference Standard Error
Comparison (1S/cm) of the Difference | Calculated t df P (2-tailed)
BC-1A vs. BC-0A 237.63 538.8895 0.440967 44 > 0.5
BC-1A vs. REF-2 -990.58 422.3121 -2.34561 49 <0.05
BC-1A vs. REF-3 239.89 387.7337 0.618701 53 >0.5

6.2 Instream Samples: Stennitt Creek

6.2.1 Metric Comparisons

Values of the metrics used as part of the ADEQ comparison methodology are presented
in Table 6.5. Results of all pairwise comparisons using ADEQ comparison methodology are
presented in Table 6.6. SC-1 was 95% comparable compared to the SC-0 reference site. This
value indicates a “biological condition category” of “comparable to reference” per Table 6 of

ADEQ (2018) and indicates “support” of the aquatic life use.

Table 6.5. Values of the metrics used as part of the ADEQ comparison methodology for
comparing benthic macroinvertebrate communities between a study site and a
reference site (Stennitt Creek).

Metric SC-0 SC-1
Total organisms (adjusted) 5,856 19,392
Total unique taxa 55 52
HBI 6.78 6.55
Ratio of EPT to Chironomid abundances 0.40 0.60
Percent contribution of dominant taxon 17.7 18.5
Proportion as EPT 0.11 0.22
Number EPT taxa 4 6
Percent Chironomidae 27.2 37.3
Ratio of Scrapers to Filter-Collectors 0.24 0.50
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Table 6.6. Results of comparisons between sampling locations in Stennitt Creek using
ADEQ comparison methodology for comparing benthic macroinvertebrate

communities between a study site and a reference site.

Percent Comparability
Reference Site
Study Site SC-0 SC-1
SC-0 — 71
SC-1 95 —
Assessment Result*
Reference Site
Study Site SC-0 SC-1
SC-0 - Sup
SC-1 CTR ——

*CTR: comparable to reference; Sup: supporting.

6.2.2 XC95 Analysis: Stennitt Creek Instream Samples

Results of the analysis of XC95 values, which included a comparison of the XC95 index
values between SC-0 and SC-1, are summarized in Tables 6.7 and 6.8. XC95 values were
available for 42% to 46% of the genera and 50% to 76% of the individuals in the SC-0 and SC-1
data sets, respectively (Table 6.7). There was no statistical difference (P>0.2) in XC95 index
values between SC-1 and SC-0 (Table 6.8).

Table 6.7. Summary of analysis of XC95 index values from instream sampling at the
Stennitt Creek locations.
Percent XC95 Estimated
Total | Percent Genera Total Individuals with | Index | Variance of
Location | Taxa | with XC95 Value | Individuals X(C95 Value (uS/cm) | XC95 Index | N
SC-0 55 42 5,856 50 5,439 1,770,638 23
SC-1 52 46 19,392 76 5,004 1,564,318 | 24

N - Number of XC95 values associated with the estimated variance of the XC95 index.

Table 6.8. Results of the statistical comparison of XC95 index values from instream
sampling between Stennitt Creek locations.
Difference
Comparison (uS/cm) SE Calculated t df P (2-tailed)
SC-1 vs. SC-0 -435.2 377.0466 -1.15 45 >0.2
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6.3 Artificial Substrates: Brushy Creek

6.3.1 Cluster Analysis

The dendrogram resulting from the hierarchical cluster analysis using the Ward minimum
variance method (selected for visual clarity) is provided in Figure 6.1. The dendrogram shows
two somewhat distinct clusters: one comprised exclusively of RBUs from BC-0 and the second
comprised mainly of RBUs from BC-1 (9 out of 11 RBUs). Additional dendrograms resulting
from hierarchical cluster analysis using single linkage, complete linkage, average linkage,
centroid linkage, median linkage, and weighted average linkage methods similarly show two
distinct clusters: one comprised exclusively of RBUs from BC-0 and the second comprised
mainly of RBUs from BC-1 (9 out of 10 or 11 RBUs). The additional dendrograms are provided
in Appendix G.

Figure 6.1.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates using
Ward minimum variance method with Euclidean distances.
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6.3.2 XC95 Analysis: Brushy Creek Artificial Substrates

Results of the analysis of XC95 values, which included a comparison of the XC95 index

values between BC-0A and BC-1A, are summarized in Tables 6.9 and 6.10. XC95 values were

available for 51% to 57% of the genera and 70% to 83% of the individuals in the data set

(Table 6.9). The comparison of XC95 index values from RBs between locations was based on

the XC95 index values obtained from pooling all replicates within each riffle. Table 6.10

provides the results of the comparison of average XC95 index values averaged among riffles

between locations. The average XC95 index value at the BC-1A (5,938 uS/cm) was 18.7%

higher than the value from the BC-0A (5,003 uS/cm). This difference was statistically significant

(P =10.022).
Table 6.9. Summary of analysis of XC95 values from rock bag artificial samplers at the
Brushy Creek locations.
Percent of Taxa with Percent of Individuals with
Location  |Total Taxa XC95 Value Total Individuals XC95 Value
BC-0A 97 57 4,969 70
BC-1A 82 51 27,091 83
Table 6.10.  Results of the statistical comparisons of XC95 index values from rock bag

artificial samplers at the Brushy Creek locations.

Summary Statistic BC-0A BC-1A
4,953 5,926
(82) (64)
XC95 Index Value (uS/cm) 4,596 6,044
(number of XC95 values comprising each index value) (75) (60)
5,459 5,843
(84) (66)
Mean 5,003 5,938
Standard deviation 433.6927 100.9079

F-test for equal variance
Shapiro-Wilk test for normality

F=18.47;P >0.05
W =0.98; P=0.95

Difference 934.5
Standard Error 257.0808
t-calc (df=4) 3.64

P(2-tailed)
Values in parentheses indicate number of XC95 values that comprise each XC95 index.

0.022
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6.4 Artificial Substrates: Stennitt Creek

6.4.1 Cluster Analysis

The dendrograms resulting from hierarchical cluster analysis using single linkage,
complete linkage, average linkage, centroid linkage, median linkage, Ward minimum variance,
and weighted average linkage methods show that there is separation between the SC-0 and SC-1
locations (though no predominant clusters were identified); however, all dendrograms show
overlap with the two most similar HDUs belonging to SC-0 and SC-1. The dendrogram resulting
from the hierarchical cluster analysis using the Ward minimum variance method (selected for
visual clarity) is provided in Figure 6.2. The additional dendrograms are provided in

Appendix G.

Figure 6.2.  Dendrogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from Hester-Dendy artificial substrates using Ward
minimum variance method with Euclidean distances.
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6.4.2 XC95 Analysis: Stennitt Creek Artificial Substrates
XC95 values were available for 52% to 71% of the genera and 83% to 87% of the

individuals in the data set (Table 6.11). The comparison of XC95 index values from HDs

between locations was based on the XC95 index values obtained from each replicate within each

location. Table 6.12 provides the results of the comparison of average XC95 index values

between locations. The average XC95 index value at SC-1 (8,599 uS/cm) was not statistically
different (P = 0.20) from SC-0 (9,327 uS/cm).

Table 6.11.  Summary of analysis of XC95 values from Hester-Dendy artificial samplers at the
Stennitt Creek locations.
Total Percent of Taxa with Total Percent of Individuals with
Location | Taxa X(C95 Value Individuals X(C95 Value
SC-0 50 52 643.8 83
SC-1 21 71 93.0 87
Table 6.12.  Results of the statistical comparisons of XC95 index values from Hester-Dendy
artificial samplers between Stennitt Creek locations.
Summary Statistic SCo SC-1
10,075 8,150
3) 8
XC95 Index Value (uS/cm) 9,042 9,159
(number of XC95 values comprising each index value) (24) (6)
8,865 8,488
3) 3)
Mean 9,327 8,599
Standard deviation 653.619 513.757

F-test for equal variance F=1.62;P>0.25

Shapiro-Wilk test for normality W=0.84; P=0.13

Difference 728.0
Standard Error 479.9874

t-calc (df=4) 1.52

P(2-tailed) 0.20
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7.0 DISCUSSION: WATER QUALITY AND HABITAT

The primary purposes and objectives of the following discussion of water quality and

habitat are as follows:

7.1

Document, quantify, and compare differences in water quality, primarily TDS and
sulfate, in the receiving streams in relation to the outfall; and

Document, quantify, and compare differences in habitat and assess habitat
differences that might cause differences in aquatic life.

Towards this end, the following questions will be addressed:

What are the spatial patterns in water quality upstream versus downstream of the
influence of the Vulcan discharge?

Are there temporal trends in water quality in the discharge?
What are background TDS and sulfate concentrations?

How does the outfall impact water quality and flows in Brushy Creek downstream
of the UT?

Are there discernible or statistically significant differences in habitat among
locations that might confound comparison of biological communities among
locations?

Water Quality
7.1.1 Outfall 001

As shown in Figure 3.1 and discussed in Section 3.1, TDS and sulfate concentrations in

samples from Outfall 001 vary significantly from month to month as well as year to year. Vulcan

representatives most familiar with on-site mining practices have concluded that the recent

downward trend is likely a result of where active mining is occurring and the resulting geologic

formation that water in the pit is exposed to. Accurate predictions regarding future decreases or

increases in mineral concentrations in the outfall are not possible. Accordingly, the evaluation of

water quality impacts of Outfall 001 to the receiving streams was based on recent sampling

(conducted during 2015 and 2016).
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7.1.2 Brushy Creek, Stennitt Creek, and Clear Creek (Reference)
Sampling conducted during 2015 and 2016 indicated the following:

10.

Sulfate concentrations at locations not influenced by Outfall 001 (i.e., BC-0A,
SC-0A, and REF) were generally near or below detection limits but were
distinctly higher in locations influenced by Outfall 001 (i.e., UT-0A, BC-1A, and
BC-2A);

TDS concentrations were generally higher at BC-1A than BC-0A due to input
from UT-0A;

TDS concentrations at locations not influenced by Outfall 001 (i.e., BC-0A,
SC-0A, and REF) always exceeded the ecoregion value of 240 mg/L the
“significant modification” value of 255 mg/L at all locations with the exception of
one sample collected at REF on 12/7/2016 where the TDS concentration was 240
mg/L (ecoregion value) (APCEC 2017);

Sulfate concentrations at BC-1A and BC-2A always exceed the “significant
modification” value of 22.7 mg/L. (APCEC 2017);

The sulfate concentration at SC-1 did not exceed the “significant modification”
value of 22.7 mg/L;

The TDS concentration at SC-1 did not exceed the site-specific criterion of
456 mg/L and the TDS concentration at SC-1 represented little or no increase
over upstream concentrations;

Conductivity in Brushy Creek was consistently higher upstream of the mouth of
the UT (BC-0A) than downstream of the UT (BC-1A) during 2015;

Flows at the UT location are mainly due to inflows from Outfall 001, but
additional inputs due to springs within the pond are likely (FTN observations,
communication with Charles Milgrim, landowner);

Flow from the UT dominated flow in Brushy Creek downstream of the mouth of
the UT; and

Brushy Creek acquires additional flow, which dilutes sulfate and TDS between
the mouth of the UT and the Brushy Creek confluence with Stennitt Creek.
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Table 7.1. TDS data from recent sampling (see Table 3.2) and from FTN (2011).

Sampling Date BC-0/0A SC-0/0A REF
9/28/2010 340 290 280
6/16/2011 240 280 280
11/24/2015 372 314 NM
10/14/2015 288 280 NM
9/15/2015 322 636 NM
8/14/2015 664 538 NM
7/31/2015 330 310 NM
10/26/2016 290 282 276
12/7/2016 470 580 240
Average 368 390 269

Other than the unexpected spatial and temporal patterns in conductivity, water quality
monitoring confirmed expected differences in TDS and sulfate; namely, the UT inflow increases
TDS and sulfate concentrations in Brushy Creek, which exceed Ozark Highlands ecoregion
water quality criteria.

It is important to note that the increase in sulfate concentrations in Stennitt Creek
downstream of the mouth of Brushy Creek did not result in a “significant modification” of the
naturally occurring concentration per §2.511(B) of Regulation No. 2 (APCEC 2017) nor did the
TDS concentration exceed the site-specific criterion or appreciably increase TDS concentrations.
However, these results are based on only 2 samples and 1 sample for sulfate and TDS,
respectively, so that the potential for downstream exceedances of “significant modification”
concentrations for sulfate or the site-specific criterion for TDS and the corresponding
appropriateness of any change in existing criteria must be evaluated through mass-balance
modeling (see Section 10).

Continuous in situ monitoring in Brushy Creek upstream and downstream showed that
conductivity was consistently 40 to 80 uS/cm higher at the location upstream of the mouth of the
UT (BC-0A; Figure 3.5). This pattern could not be attributed to instrumentation because
post-deployment calibration checks did not indicate significant differences between instruments
and it was consistent with monthly in situ measurements at those locations taken simultaneously
with a third instrument. The pattern contrasted with measured TDS, which was typically higher

at BC-1A than BC-0A. Although the physical-chemical explanation for these results is not
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evident, they are part of a larger general pattern that shows a poor correlation between TDS vs.
conductivity and TDS vs. sulfate (see below).

There was little, if any, increase in TDS and conductivity and a modest (0.9 mg/L)
increase in sulfate in Stennitt Creek downstream of the mouth of Brushy Creek on the 2 days
sampled. Long-term frequent monitoring of Stennitt Creek upstream and downstream of the
mouth of Brushy Creek is not feasible due to unreliable access to the downstream location so that
only limited field data from SC-1 are available. The need to consider criteria changes in the
downstream reach of Stennitt Creek was based primarily on mass balance modeling indicating
potential exceedances of the sulfate and TDS criteria due to the inflow from Brushy Creek.
Additional evaluation of the impact of the Brushy Creek inflow on the potential to exceed TDS
and sulfate criteria in Stennitt Creek based on mass balance modeling is provided in Section 10.

The monitoring revealed that TDS concentrations at BC-0A, SC-0A, and REF
consistently exceed ecoregion values. Additional data collected during 2010 and 2011 at BC-0,
SC-0 and REF are presented in Table 7.1 along with TDS data collected at BC-0A, SC-0A, and
REF in 2015 and 2016. The data clearly show that these concentrations are comparable to the
groundwater values presented in Table 1.4. REF concentrations are typically lower than both
BC-0/0A and SC-0/0A concentrations, which is likely due to different geochemical factors.
There are no known point sources of TDS to these streams so these values should be considered

background and provide a partial justification for site-specific TDS criteria.

7.1.3 Relationships Among Conductivity, TDS, and Sulfate

Information presented in Section 3.5 demonstrates that neither conductivity nor sulfate
are correlated with TDS. This finding means that a regression-based approach cannot be used to
estimate TDS or sulfate from conductivity. The approach used to translate conductivity to TDS

and sulfate is provided in Section 10.
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7.2 Summary of Water Quality Findings

Water quality monitoring and analyses provided the following findings:

1. The UT inflow causes elevated TDS and sulfate concentrations in Brushy Creek,
which exceed Ozark Highlands ecoregion criteria,

2. TDS concentrations at BC-0A, SC-0A, and REF routinely exceed ecoregion
values, are comparable to concentrations found in groundwater and should be
considered to represent background concentrations,

3. Differences between concentrations at REF versus BC-0A and SC-0A are likely
due to geochemical factors as there are no point sources in the study area,

4. Conductivity cannot be used to estimate TDS or sulfate using a regression-based
approach,

5. Flow from the UT dominates flow in Brushy Creek downstream of the mouth of
the UT, and

6. Brushy Creek acquires additional flow, which dilutes sulfate and TDS between

the mouth of the UT and the Brushy Creek confluence with Stennitt Creek.

The general ranking of water quality with respect to TDS and sulfate concentrations for
purposes of interpreting aquatic life in Brushy Creek, Stennitt Creek, and Clear Creek (REF) is

as follows:

Brushy Creek and Clear Creek (REF):
Water Quality (TDS): REF > BC-0A > BC-1A"
Water Quality (Sulfate): REF = BC-0A > BC-1A
Stennitt Creek:
Water Quality (TDS): SC-0 = SC-1
Water Quality (Sulfate): SC-0 > SC-1

15 For water quality comparisons ‘“>" and “=" should be interpreted as “of higher water quality (i.e., lower TDS
and/or sulfate concentrations) than” and “of similar quality to,” respectively.
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7.3  Habitat

7.3.1 Brushy Creek and Clear Creek

The physical habitat characterization indicated mainly cobble-gravel substrates with little
or no “run” habitat at BC-0A, BC-1A, and REF. The riparian zone of REF was mainly forested
while that of the Brushy Creek locations was mainly pasture (Table 4.1). The total habitat score
was greatest at REF (Table 4.2) and was primarily due to higher scores for the vegetative
protection, riparian vegetative zone width, and epifaunal substrate/available cover categories.
Although there was no statistically significant association between the distribution of RBA
habitat categories and sampling reach, the differences in vegetative protection, riparian
vegetative zone width, and epifaunal substrate/available cover categories probably represent
ecologically significant differences with respect to habitat quality for aquatic life support,
especially for fish communities.

The distribution of substrate size categories (Table 4.3) was strongly associated with
sampling location and reflects less silt/clay and more cobble in both pools and riffles at REF 6.
These results indicate higher quality habitat at REF compared to either Brushy Creek location.
Based on habitat differences, a higher level of aquatic life use attainment would be expected in
Clear Creek compared to either Brushy Creek reach.

RBA habitat scores and the Brushy Creek locations upstream (BC-0A) and downstream
(BC-1A) of the UT inflow were similar among all categories, which is reflected in nearly
identical total habitat scores (144 and 145 for BC-0A and BC-1A, respectively; Table 4.2). The
significantly different distribution of substrate categories at BC-0A versus BC-1A (Table 4.3)
reflects more bedrock and less silt/clay and gravel in the BC-1A riffles while D50 was the same
(Table 4.3). The BC-1A pools had less gravel and cobble, more silt/clay and smaller D50
(Table 4.3): however, cobble and gravel dominated both habitat types at both locations. Although
these differences result in statistically significant differences between upstream and downstream
reaches, the biological significance and expected overall effect on the level of aquatic life use

attainment is not clear. Based on professional judgment, these differences appear to be somewhat

16 The apparent contradiction of higher frequency of silt/clay at the Brushy Creek location as shown in the Wolman
data versus similar levels of embeddedness among locations shown in the RBA assessment is the result of the focus
on riffles/run habitat in the RBA assessment of embeddedness in FTN’s RBA protocol.
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modest in terms of biological significance. Given the minimal differences in RBA scores and the
similar dominance by gravel and cobble substrate, overall habitat at BC-0A and BC-1A appears
to be similar and should support similar levels of aquatic life use attainment.

Therefore, the general ranking of habitat quality for purposes of interpreting aquatic life
for both fish and benthic macroinvertebrates in Brushy Creek and Clear Creek (REF) is:

REF > BC-0A = BC-1A"

7.3.2 Stennitt Creek

The SC-0 and SC-1 sampling reaches were similar and generally comparable in terms of
RBA habitat categories (Table 4.4), substrate, immediate watershed characteristics and size
(depth, width); however, comparisons of the benthic macroinvertebrate communities between
SC-1 and SC-0 should consider the higher incidence of riffle/run habitat at SC-1, which was

sampled as part of the benthic macroinvertebrate assessment.

Therefore, the general ranking of habitat quality for purposes of interpreting aquatic life

for benthic macroinvertebrates in Stennitt Creek is:

SC-1>SC-0

17 For habitat comparisons “> “and “= “should be interpreted as “of higher quality than” and “of similar quality to”,
respectively.
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8.0 DISCUSSION: FISH COMMUNITIES

The primary purpose and objective of the following discussion of fish communities is to
determine if current TDS and sulfate concentrations in Brushy Creek downstream of the
influence of Vulcan’s Outfall 001 (i.e., downstream of the inflow from the UT) support the
aquatic life designated use with respect to fish communities. Towards this end the following

questions will be addressed:

1. Does the fish community at BC-1A indicate attainment per Regulation No. 2
(APCEC 2017) and ADEQ assessment methodology (ADEQ 2018)?

2. Are there statistically or ecologically significant differences among fish
communities?

3. Can statistically or ecologically significant differences that are observed among

fish communities be attributed to elevated TDS and/or sulfate concentrations at
BC-1A as opposed to other factors such as habitat?

As noted in Section 7, the following general patterns of habitat and water quality

differences are present among BC-0A, BC-1A, and REF:

1. Water Quality (TDS): REF > BC-0A > BC-1A
2. Water Quality (Sulfate): REF = BC-0A > BC-1A
3. Habitat quality: REF > BC-0A = BC-1A

8.1  Aquatic Life Attainment at BC-1 Based on Fish Community
8.1.1 Attainment Based on Regulation No. 2
Section 2.302 of APCEC (2017) uses the presence of “key” and “indicator”!® fish species

as one factor to assess attainment of ecoregion designated uses. Ozark Highlands ecoregion key

18 Per APCEC (2017), key species are fishes which are normally the dominant species (except for some ubiquitous
species) within important groups such as fish families or trophic feeding levels. All specified key species need not
be present to establish a normal or representative fishery. Indicator species are species of fish which may not be
abundant within a species group and may not be limited to one area of the state, but which, because of their
presence, are readily associated with a specific ecoregion. All indicator species need not be present to establish a
normal or representative fishery.
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and indicator species are listed in Table 8.1. As described in Section 5 and summarized in
Table 5.2, two ecoregion key species (E. uniporum'® and L. zonatus) were collected at all three
locations. REF contained two ecoregion indicator species, C. erythrogaster, and N. albater

(Table 5.2), while no indicator species were collected in the Brushy Creek reaches.

Table 8.1 Key and indicator species for the Ozark Highlands ecoregion.

Key Species Indicator species
“Rock” basses Ambloplites spp. Chrosomus erythrogaster
Rainbow darter Etheostoma caeruleum Southern redvelly dace
Orangethroat darter Etheostoma spectabile Cottus carolinae
Northern hogsucker Hypentelium nigricans Banded sculpin
Cardinal shiner Luxilus cardinalis Whitetail shiner Cyprinella galactura
Duskystripe shiner Luxilus pilsbryi Noturus albater
Bleeding shiner Luxilus zonatus Ozark madtom
Smallmouth bass Micropterus dolomieu Notropis nubilus
Slender madtom Noturus exilis Ozark minnow

Although the relative abundance of E. uniporum (key species) at BC-0A was more than
three times higher (Table 5.2) than at BC-1A (21% vs. 5.6%) where TDS and sulfate
concentrations are the highest, the relative abundance of E. uniporum at BC-1A and REF, where
TDS and sulfate are lowest, was similar (8.4% versus 5.6% at REF and BC-1A, respectively).
This result indicates that the relative abundance of E. uniporum is not associated with TDS and
sulfate concentrations and that the elevated concentrations of TDS and sulfate at BC-1A support
a population of E. uniporum similar to REF. Also, the highest abundance of L. zonatus, another

key species, was at BC-1A where sulfate and TDS are the highest (Table 5.2)°.

19 E. uniporum was formerly known as a subspecies of the orangethroat darter (E. spectabile). APCEC Regulation
No. 2 (2017) does not identify E. uniporum as a Ozark Highlands ecoregion key species; however, for the purposes
of this evaluation, the key species status of E. spectabile was maintained for E. uniporum.

20 There was no statistical evaluation of relationships between key species relative abundance and specific minerals.
A cursory review indicated that dissolved minerals were not a limiting factor to key species.
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It should also be noted that BC-1A supported populations of three darter species:

E. flabellare, E. blennioides, and E. uniporum, while REF Isupported two (E. flabellare and
E. uniporum) (Table 5.1).

The absence of indicator species in Brushy Creek cannot be definitively explained,
although it is conceivable that it is due to the higher background TDS and/or lower quality
habitat present in Brushy Creek (Table 3.2).

These findings demonstrate that the elevated TDS and sulfate concentrations at BC-1A
support the Ozark Highlands designated use (key species) per Section 2.302 of Regulation No. 2
(APCEC 2017). They also demonstrate that TDS concentrations higher than the ecoregion value
of 240 mg/L will support, in this instance, the Ozark Highlands ecoregion aquatic life designated
use per Regulation No. 2 (APCEC 2017).

8.1.2 Attainment Based on ADEQ Methodology

Section 5 of ADEQ’s assessment methodology (ADEQ 2018) uses the CSI to assess
attainment of aquatic life with respect to fish communities and interprets CSI scores based on
Table 7 of the methodology, which is reproduced, in part, in Table 8.2. Per Table 7
(ADEQ 2018), CSI scores that are classified as “mostly similar” or “generally similar” indicate

support of the aquatic life designated use.

Table 8.2. Interpretation of CSI scores for Ozark Highlands ecoregion (adapted from Table 7
of ADEQ’s assessment methodology; ADEQ 2018).

Category: Degree of
CSI Similarity to Expected or

Score Reference Condition Attribute

Comparable to the best situation to be expected. Balanced trophic

structure and optimum community structure present.

Community structure less than expected. Taxa richness lower than

24-17 Generally similar expected. Some intolerant taxa loss. Percent contribution of tolerant

forms may increase.

Obvious decline in taxa richness due to the loss of tolerant forms.

Loss of Key and Indicator taxa.

0-8 Not similar Few taxa present and normally dominated by one (1) or two (2) taxa.

25-32 Mostly similar

16-9 Somewhat similar
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The CSI scores from fish sampling in Brushy Creek and Clear Creek were analyzed in
Section 5.3 and summarized in Table 5.6. CSI scores were 23, 21, and 35 for BC-0A, BC-1A,
and REF, respectively, and indicate that the fish communities in all three stream reaches support
the aquatic life designated use per Table 7 of ADEQ (2018).

The analysis of CSI scores also indicated a statistically non-significant difference
between the CSI scores of BC-0A versus BC-1A. Since habitat is similar at the 2 locations, this
result indicates that not only are the two fish communities attaining the designated use, but that
there is no discernible incremental impairment of the fish community at BC-1A due to the
elevated TDS and sulfate at the location. It should be noted that although physical habitat at
BC-0A and BC-1A were similar (Section 7.3), the BC-1A reach is a larger stream with higher
flows. This difference might be sufficient cause to expect more diversity in the absence of
elevated minerals but the effect might also be simply to support larger fish (as was observed).
However, regardless of any effect of greater size and flows in the BC-1A reach, these findings
demonstrate that the elevated TDS and sulfate concentrations at BC-1A support the Ozark
Highlands aquatic life designated use per Section 5 in ADEQ (2018).

This result also demonstrates that TDS values in excess of the 240 mg/L Ozark Highlands
ecoregion value will support a fish community that is “generally similar” to “mostly similar” to

the expected condition and attains the aquatic life designated use.

8.2 Evaluation of Statistically or Ecologically Significant Differences Among

Fish Communities

8.2.1 CSI Scores

The analysis of CSI scores indicated a significant difference between the CSI scores of
REF and both BC-0A and BC-1A (Table 5.3). Water quality data summarized in Table 3.1
shows a difference in TDS concentration between REF and BC-0A of 133 mg/L (258 versus
391 mg/L at REF and BC-0A, respectively) that is larger than the increase of 30 mg/L between
BC-0A and BC-1A (391 versus 421 mg/L for BC-0A and BC-1A, respectively). This difference
is accompanied by a difference in both riparian habitat quality and substrate size. Therefore, the

difference in CSI scores between REF versus BC-0A and BC-1A could be due to either better
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habitat at REF or higher background TDS at BC-0A. In either case, the difference represents
variation in aquatic life due to background habitat differences resulting from variation in land use
(e.g., pasture vs. mainly forested) and/or water quality due to geochemistry as opposed to

mineral inputs from Outfall 001.

8.2.2 Population Size (CPUE)

Comparisons of CPUE between the Brushy Creek reaches and Clear Creek (Tables 5.7
and 5.9) indicated that all possible pairwise comparisons were statistically significant. CPUE was
highest at BC-0A, lowest at REF and intermediate at BC-1A. This result indicates that the
differences in the carrying capacity among locations are not related to variation in TDS or

sulfate.

8.2.3 Fish Weight

The analysis of C. anomalum, P. notatus, F. olivaceus, L. cyanellus, L. megalotis, and
E. uniporum showed that all species except L. megalotis showed statistically significant
differences in weight (as measured by mean weight) among locations (Table 5.10). However,
there was no general pattern in the differences; species at BC-1A showed generally higher or
intermediate weights compared to BC-0A and REF. In the one instance (L. megalotis) where
mean weight was lowest at BC-1A, the differences among locations were not statistically
significant. This result indicates that differences in the fish weight among locations are not

related to variation in TDS or sulfate.

8.2.4 Fish Condition Factor (Length-Specific Weight)

The analysis of C. anomalum, P. notatus, F. olivaceus, L. cyanellus, L. megalotis, and
E. uniporum indicated no statistically significant (P < 0.05) differences in growth rates (as
indicated by length-specific weight) among locations except for L. megalotis and E. uniporum
(Table 5.11). For L. megalotis, adjusted weight was similar between BC-0A and BC-1A and
lowest at REF. The significant differences among locations for E. uniporum are extremely small

(less than 0.1 g difference among locations) and are likely an artifact of heterogeneous slopes.
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This result indicates that differences in condition factors among locations are generally non-

significant and, in any case, not related to variation in TDS or sulfate.

8.3 Summary of Comparisons among Fish Communities

This evaluation assessed attainment of aquatic life for fish communities with respect to
designated uses [key and indicator species per APCEC (2017)] and CSI scores [per
ADEQ (2018)] as well more subtle effects such as population size, fish size, and condition
factor. The results of the comparison of fish communities among locations are summarized with
general patterns of water quality and habitat in Table 8.3. If Outfall 001 were having an adverse
impact on the fish community at BC-1A, the expected pattern of biological metrics would be
REF > BC-0A > BC-1A. None of the biological metrics examined showed this pattern, which
indicates that the few statistically significant differences among locations that do occur are not

ecologically significant from the standpoint of effects due to the Vulcan discharge.

Table 8.3. Summary of comparisons of biological metrics of fish communities among
locations and general patterns of water quality and habitat.

Parameter Type Parameter Location Rank

Key and Indicator Species REF > BC-0A = BC-1A
CSI REF > BC-0A = BC-1A
Fish Community CPUE BC-0A > BC-1A > REF

Fish Size No pattern

Growth Rates No pattern
Expected pattern for adverse effects due to Outfall 001 REF > BC-0A > BC-1A
Water Quality TDS REF > BC-0A =BC-1A
(concentrations) Sulfate REF > BC-0A > BC-1A
Habitat Habitat REF > BC-0A = BC-1A

This analysis demonstrates that statistically or ecologically significant differences that are
observed among fish communities cannot be attributed to elevated TDS and/or sulfate
concentrations at BC-1A as opposed to other factors such as habitat or background TDS

concentrations.
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8.4 Aquatic Life Use Attainment

This analysis demonstrates that water quality and habitat at the Brushy Creek reaches
support the Ozark Highlands aquatic life designated use per Regulation No. 2 (APCEC 2017)
and ADEQ assessment methodology (ADEQ 2018) with respect to fish communities.

8-7



October 4, 2018

9.0 DISCUSSION: BENTHIC MACROINVERTEBRATE COMMUNITIES

The primary purpose and objective of the following discussion of benthic
macroinvertebrate communities is to determine if current TDS and sulfate concentrations in
Brushy Creek downstream of the influence of Vulcan’s Outfall 001 (i.e., location BC-1A
downstream of the inflow from the UT) and Stennitt Creek downstream of the mouth of Brushy
Creek (location SC-1) support the aquatic life designated use with respect to macroinvertebrate

communities. Towards this end the following questions will be addressed:

1. Do the macroinvertebrate communities at BC-1A and SC-1 indicate attainment
per ADEQ assessment methodology (ADEQ 2018)?

2. Are there other discernible or statistically significant differences between the
upstream and downstream benthic macroinvertebrate communities?

3. Can discernible or ecologically significant differences that are observed among
benthic macroinvertebrate communities be attributed to elevated TDS and/or
sulfate concentrations at BC-1A or SC-1 as opposed to other factors such as
habitat?

As noted in Section 7, the following general patterns of habitat and water quality are

present among BC-0A, BC-1A, and REF:

I. Water Quality (TDS): REF > BC-0A > BC-1A,
2. Water Quality (sulfate): REF = BC-0A > BC-1A, and
3. Habitat quality: REF > BC-0A = BC-1A.

General patterns of habitat and water quality differences between SC-0A and SC-1 are as

follows:

1. Water Quality (TDS): SC-1= SC-0A,
2. Water Quality (sulfate): SC-0A > SC-1, and
3. Habitat quality: SC-1 > SC-0A.
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9.1 Aquatic Life Attainment at BC-1A and SC-1 Based on ADEQ Methodology
ADEQ (2018) assessment of biological integrity is based on Plafkin et al. (1989), which
was applied to the data collected using the instream sampling methodology described in

Section 2.5.

9.1.1 Brushy Creek: Instream Samples

Percent comparability for BC-1A versus BC-0A, REF-2, and REF-3 were 95%, 95% and
86%, respectively (Table 6.2). These values indicate a “biological condition category” of
“comparable to reference” per Table 6 of ADEQ (2018) and indicates “support” of the aquatic
life use. They also demonstrate that TDS concentrations higher than the ecoregion value of

240 mg/L will support the aquatic life use for this ecoregion.

9.1.2 Stennitt Creek: Instream Samples

Percent comparability for SC-1 versus SC-0 was 95%, which corresponds to a biological
condition category” of “comparable to reference” per Table 6 of ADEQ (2018) and indicates
“support” of the aquatic life use (Table 6.6).

Percent comparability as low as 54% indicates “supporting” per Table 6 in ADEQ
(2018). Because the percent comparability (95%) between the two locations was at the high end
of the range indicating support, the level of confounding between habitat and water quality in
this comparison would probably not be sufficient to result in a determination of impairment at
SC-1 if the habitat factor could somehow be removed. Therefore, based on ADEQ methodology
for assessing attainment, these results indicate that the water quality in Stennitt Creek
downstream of the mouth of Brushy Creek supports the aquatic life use with respect to benthic

macroinvertebrates.

9.2 Evaluation of Discernible or Statistically Significant Differences Between
Upstream and Downstream Communities
This section presents an evaluation of the macroinvertebrate communities that colonized

artificial substrates during studies performed in Brushy Creek and Stennitt Creek. These
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experiments offered a sensitive means to detect and evaluate potential effects on the benthic
community in relation to water quality changes due to Outfall 001. Important factors such as
substrate quality and availability of insect colonists are essentially the same in the upstream
versus downstream substrates; however, differences in flows due to the presence of the discharge
(in the case of Brushy Creek) or the presence of Brushy Creek (in the case of Stennitt Creek)
remained as one potential confounding factor that could not be controlled.

This section also evaluates the potential effects of elevated TDS and sulfate based on
EPA (2011) methodology for obtaining field-based threshold values for ionic strength based on
conductivity. The EPA study developed extirpation concentration (XC95) values that represent
the level of exposure (based on conductivity) above which a genus is effectively absent from
waterbodies of a region. XC95 values from the EPA (2011) study were obtained from EPA’s
National Center for Environmental Assessment (Office of Research and Development,
Cincinnati, OH). The data analysis in EPA (2011) is best applied to situations, such as found in
Brushy Creek and Stennitt Creek, in which calcium, magnesium, sulfate, and bicarbonate
dominate the ionic composition of the streams. The data from EPA (2011) provide XC95 values
for only a subset (42% to 71%) of the taxa present in the study streams. Therefore, this analysis
cannot be used by itself to develop site-specific criteria such as described in Cormier and Suter
(2013). However, this analysis provides another line of evidence to consider in evaluating
current water quality impacts due to the discharge, and using the methodology described in
Cormier and Suter (2013), identifies a “tolerance benchmark” for the existing benthic
communities (see Section 10). For purposes of this analysis a “tolerance benchmark” is a TDS or
sulfate concentration that protects 95% of the existing taxa and provides an upper bounds to

proposed site-specific criteria as developed herein.

9.2.1 Representativeness of the EPA (2011) XC95 Data Set

As noted in the previous section and in Sections 6.1.2, 6.2.2, 6.3.2, and 6.4.2, XC95
values from EPA (2011) were available for 42% to 71% of the taxa (genera) and 50% to 87% of
the individuals for the benthic communities (instream and artificial substrates) in this study. A

valid application of the EPA (2011) data to the Brushy/Stennitt/Clear Creek data must assume
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that the subset of taxa for which XC95 values are available is representative of the entire set of
taxa at the Brushy/Stennitt/Clear Creek sites. To evaluate this assumption, the frequency (i.e.,
number of individuals) of EPT, Ephemeroptera, Coleoptera, and Diptera of the subset of each
data set having XC95 values was compared to the frequency of those taxa from the entire data

set for the following data sets individually:

Brushy Creek and Clear Creek instream samples,
Stennitt Creek instream samples,

Brushy Creek artificial substrates, and

b=

Stennitt Creek artificial substrates.

This analysis focused on EPT, Ephemeroptera, Coleoptera, and Diptera because of the
importance of these metrics in differentiating upstream and downstream locations (especially
EPT and Ephemeroptera) and their general preponderance in the samples?!. The frequencies
were evaluated statistically using Pearson’s Chi Square (X?) test of association. All statistical
computations were performed using Systat 12. This analysis did not consider lower taxonomic
levels (e.g., families, genera) because the resulting low frequencies in cells of the RxC matrix
could cause spurious results (Section 17.4 in Sokal and Rohlf 1995). Results of the comparisons
(Table 9.1) indicate no difference in the frequencies of EPT, Ephemeroptera, Coleoptera, and
Diptera for the subset of data having XC95 values versus the entire data set for each data set
listed above. Therefore, the subset of taxa having XC95 values is representative of the taxa in the
whole data set for each analysis (instream samples for Brushy/Clear Creek and Stennitt Creek;

artificial substrates for Brushy Creek and Stennitt Creek).

21 Organisms from these groups generally dominated the top 10 taxa from each data set (Appendix F).
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Table 9.1. Comparison of the frequency among selected metrics and taxa (number of
individuals) for the subset of data having XC95 values versus the entire data set.
Instream Samples Artificial Substrates
Brushy and Brushy and
Clear Creeks Stennitt Creek Clear Creeks Stennitt Creek
Data Data Data Data
with with with with
XC95 XC95 XC95 XC95
Taxon All data | Values | All data | Values | All data | Values | All data | Values
EPT 18 11 7 4 19 12 10 6
Ephemeroptera 8 7 3 3 6 5 4 4
Coleoptera 12 7 6 3 7 6 5 2
Diptera 32 24 34 22 48 35 25 18
Pearson’s X? 0.53 0.46 0.28 0.81
P 0.91 0.93 0.96 0.85

9.2.2 Brushy Creek: Artificial Substrates

The cluster analysis (Figure 6.1) identified two somewhat distinct clusters: one comprised
exclusively of RBUs from the upstream location and the second comprised mainly of RBUs from
the downstream location (9 out of 11 RBUs). This result indicates differences in the communities

that colonized the RB substrates at BC-0A vs. BC-1A.

9.2.3 Stennitt Creek: Artificial Substrates

The cluster analysis (Figure 6.3) identified two clusters: one containing two HDUs from
the upstream location and the second having three out of four HDUs from the downstream
location. Although the dendrogram showed separation between SC-0 and SC-1, the two most
similar HDUs belonged to SC-0 and SC-1.

9.2.4 Brushy Creek: Analysis of XC95 Values

9.2.4.1 Instream Samples

There was no statistically significant difference (P > 0.5) in XC95 index values in Brushy
Creek downstream versus upstream of the influence of the discharge (i.e., BC-1A versus BC-0A,
respectively; Tables 6.3 and 6.4). Differences between BC-1A and the REF locations were
significant in one case (BC-1A versus REF-2). In that case, however, the XC95 value for REF-2
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was higher than the BC-1A value, which indicates a more tolerant community in the reference
location. These results indicate that the benthic macroinvertebrate community downstream of the
influence of the outfall is not more tolerant to TDS (as indicated by conductivity) than the

upstream community or the reference location.

9.2.4.2 Artificial Substrates

Average XC95 index values (Table 6.10) were higher at BC-1A than at BC-0A (5,938
versus 5,003 uS/cm, respectively). This difference was statistically significant (P = 0.022) and
indicates that the benthic macroinvertebrate communities that colonized the RB substrates at
BC-1A can tolerate higher TDS concentration (as indicated by conductivity) than the upstream

communities.

9.2.5 Stennitt Creek: Analysis of XC95 Values

9.2.5.1 Instream Samples

Average XC95 index values at SC-0 and SC-1 (Table 6.7 and 6.8) were not significantly
different (P > 0.2) indicating that the benthic macroinvertebrate community at SC-1 is not more

tolerant of TDS (as indicated by conductivity) than the upstream communities.

9.2.5.2 Artificial Substrates

There was no statistically significant difference (P > 0.25) in XC95 index values of the
macroinvertebrate communities that colonized HD substrates in Stennitt Creek downstream
versus upstream of the influence of the discharge (i.e., SC-1 versus SC-0, respectively;
Tables 6.11 and 6.12). This result indicates that the benthic macroinvertebrate community that
colonized HD substrates downstream of the influence of the outfall was not more tolerant to TDS

(as indicated by conductivity) than the upstream community.
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9.2.6 Summary of Discernible or Statistically Significant Differences
Between Upstream and Downstream Communities
9.2.6.1 Brushy Creek
The RB experiment revealed subtle differences in TDS tolerance (as indicated by
conductivity) in the benthic macroinvertebrate communities at BC-0A and BC-1A that were not
observed with the instream samples. Experiments using the RB substrates revealed differences

that were not evident in the instream samples possibly due to the following factors:

1. The deployment period for the RB substrates occurred during the low-flow season
when upstream to downstream differences in TDS/sulfate due to the discharge are
expected to be greatest. All colonization of the RB substrates occurred during low
flow conditions when the impacts of the discharge on water quality at BC-1A are
greatest. The resulting data reflect this relatively short-term effect. In contrast, the
data from the instream sampling reflect how benthic communities integrate the
longer-term effects of varying TDS/sulfate conditions over several seasons. It is
interesting to note that the average XC95 index values for the RB communities
were higher than the values from the instream sampling (3,729 versus
5,003 uS/cm at BC-0 and 3,976 versus 5,937 uS/cm at BC-1).

2. The experimental protocol used for the RB samples probably resulted in greater
efficiency of capture and higher total sample volume with the RB samplers. With
the RB samples the entire contents from nine different substrates were collected
into containers so that virtually all individuals present became part of the sample.
In contrast, instream sampling involves a certain degree of selectivity and only a
small portion of the entire riffle substrate is actually sampled. These differences
could account for the differences in the upstream to downstream comparisons
with RB samples versus instream sampling. It probably also accounts, at least in
part, for the two-fold difference in taxa numbers in the RB data set (average = 90)
versus the instream samples (average = 46).

The difference between the results of the comparisons using RB versus instream data
could reflect actual biological differences in the communities that are a function of factors such
as differences related to the age of the communities; opportunity for colonization; magnitude,
duration, and frequency of elevated sulfate and TDS; and flow variation. Alternatively, the
apparent sensitivity of the RB experiment could be due to greater efficiency in organism capture
and larger total sample volumes associated with the RB experiment. It is likely that both

biological and sampling factors are at play.
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Instream sample data were utilized for assessing aquatic life use attainment following
ADEQ (2018) and reflects the integrated response of the benthic macroinvertebrate community
to long-term exposure to the Vulcan discharge. The RB experiment, although it represents a
more sensitive assessment procedure when compared to the instream sample data (See Section
9.3), did not reflect a long-term, representative sampling interval for accurate attainment

assessment.

9.2.6.2 Stennitt Creek
There were no statistically significant differences and few discernible differences

between upstream and downstream communities:

1. Upstream versus downstream differences in HD communities that were apparent
did not indicate lower levels of aquatic life use attainment in the HD substrates
deployed downstream of the influence of the Vulcan discharge,

2. There was no indication of more tolerant communities downstream of the
influence of the Vulcan discharge (i.e., downstream of the mouth of Brushy
Creek), and

3. Analysis of the instream data set demonstrated support of the aquatic life use for

benthic macroinvertebrates per ADEQ (2018).

It is interesting to note that, as in Brushy Creek, the average XC95 index values for the
HD communities were higher than the values from the instream sampling (5,439 versus
9,327 uS/em at SC-0 and 5,004 versus 8,599 puS/cm at SC-1). Also, the XC95 index values from
Brushy Creek (3,852 and 5,420 uS/cm for the instream and RB samples, respectively) were
lower than the values from Stennitt Creek (5,221 and 8,963 uS/cm for the instream and HD
samples, respectively). This result indicates that the benthic macroinvertebrate communities in
Stennitt Creek are more tolerant to TDS than Brushy Creek communities and that any
site-specific value that supports aquatic life in Brushy Creek will also support aquatic life in

Stennitt Creek.
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9.3 Aquatic Life Use Attainment: Benthic Macroinvertebrates

The upstream to downstream differences in the macrobenthic communities that colonized
the RB substrates in Brushy Creek are most likely due to increased TDS and sulfate due to the
discharge rather than other factors. This result represents a somewhat short-term effect
(i.e., colonization during a 6-week period during low flows) and suggests that elevated TDS and
sulfate might, at times, limit aquatic life in Brushy Creek downstream of the influence of the
outfall. The results of the instream sampling, which show little if any difference between
upstream and downstream locations, suggest that the magnitude, frequency and duration of the
conditions that might lead to differences between upstream and downstream reaches (such as
shown by the RB substrate deployment) are not sufficient to impair the aquatic life use as
determined per ADEQ (2018). This conclusion assumes that differences in sampling efficiency
and sample volume are not a major factor in the differences between the results from the RB and
instream data sets. In any case, the determination of aquatic life use attainment should rely on
instream sampling because this is the methodology that ADEQ uses for determining aquatic life
use attainment (ADEQ 2018). That data set shows no impairment at BC-1A and documents that
existing TDS and sulfate conditions support the aquatic life designated use with respect to
benthic macroinvertebrates.

Stennitt Creek macroinvertebrate communities are more tolerant of TDS (higher XC95
index values), experience less upstream to downstream change in TDS or sulfate and show no
impairment per ADEQ (2018). Therefore, the TDS/sulfate regimes in Brushy Creek and Stennitt
Creek imposed by the Outfall 001 discharge support and do not impair the aquatic life uses of
Brushy Creek and Stennitt Creek with respect to the benthic macroinvertebrate communities.
Accordingly, site-specific criteria for TDS and sulfate based on existing conditions will support
aquatic life uses. These results also demonstrate that TDS concentrations higher than the

ecoregion value of 240 mg/L will support aquatic life uses.
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10.0 CRITERIA DEVELOPMENT

Mass balance computations based on harmonic mean flows were carried out to develop
site-specific dissolved minerals criteria for the UT from Vulcan’s Outfall 001 to its confluence
with Brushy Creek, a segment of Brushy Creek from its confluence with the UT to its confluence
with Stennitt Creek, and a segment of Stennitt Creek from its confluence with Brushy Creek to
its confluence with Spring River (see Section 10.3).

Because the DWS designated use applies to the UT and Brushy Creek, initial mass
balance water computations using 7Q10 flows were carried out to calculate proposed dissolved
minerals criteria for the protection of aquatic life using TDS and sulfate concentrations of
Outfall 001 (95 percentile) and upstream concentrations from recent monitoring. However,
these calculations indicated potential exceedance of the secondary drinking water standard for
TDS (500 mg/L) in Brushy Creek and the UT. The DWS designated use, but not existing use, is
proposed to be removed from the UT and from Brushy Creek downstream of the UT (see
Section 11) based on the mass balance results for 7Q10 conditions. In the absence of the DWS
use in Brushy Creek, site-specific dissolved minerals criteria would be developed from mass
balance computations based on harmonic mean flows rather than 7Q10 flows. Additionally, mass
balance computations based on harmonic mean flows is required for Stennitt Creek below
Brushy Creek since DWS use was removed in 1999 as part of a previously approved UAA and
Third-Party Rulemaking. (APCEC 2017).

10.1 Domestic Water Supply

In the Arkansas water quality standards (APCEC 2017), critical flow for site-specific
dissolved minerals criteria is harmonic mean flow, and critical flow for DW'S minerals criteria is
7Q10 (also referred to as “Q7-10). If the designated uses of a waterbody include DWS, then the
waterbody must meet the DWS criteria (250 mg/L chloride, 250 mg/L sulfate, and 500 mg/L
TDS) at 7Q10 flow conditions.
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The DWS designated use was previously removed for Stennitt Creek below Brushy
Creek, but it still applies for Brushy Creek and the UT. Therefore, the mass balance

computations were initially carried out for 7Q10 flow conditions.

10.1.1 Mass Balance Computations for 7Q10 Flow Conditions

10.1.1.1 Ambient Flows for 7Q10 Conditions

The 7Q10 flow for Stennitt Creek upstream of the mouth of Brushy Creek was estimated
using StreamStats version 3 (USGS 2012), which recommends a minimum drainage area of
12.1 square miles for using regression equations that StreamStats uses to estimate 7Q10 flows
for ungaged streams in this area. The watershed area for Stennitt Creek at the mouth of Brushy
Creek is 10.1 square miles (Table 10.1), which is close to the minimum recommended value and
was considered to provide a reasonable basis for the 7Q10 flow estimate for Stennitt Creek
upstream of the mouth of Brushy Creek. However, the watershed areas for Brushy Creek
upstream and downstream of the mouth of the UT obtained using StreamStats are 1.19 and
2.60 square miles, respectively (Table 10.1), both of which are well below the minimum
recommended drainage area of 12.1 square miles. Accordingly, 7Q10 flows for both the UT and
for the area draining to Brushy Creek downstream of the UT were calculated using the 7Q10

flow per square mile for the Stennitt Creek watershed upstream of the mouth of Brushy Creek.

Table 10.1. Summary of mass balance inputs for 7Q10 flow conditions.

Drainage Area | 7Q10 Flow | Sulfate TDS

Source of Inflow (mi?) (cfs) (mg/L) | (mg/L)
Outfall 001 0 0.5941 142.8 556
Brushy Creek upstream of the mouth of the UT 1.19 0.0109 5.5 391
Brushy Creek between the mouth of the UT and a b .
the confluence with Stennitt Creek 2.60 0.0239 33 391
Stennitt Creek upstream of the mouth of Brushy 10.1 0.0929 51 420
Creek
Spring River upstream of the mouth of Stennitt . 287 38 219
Creek
Notes:

a. Inflow to Brushy Creek from watershed between the UT and Stennitt creek
b. Sulfate concentration (background) in waters entering Brushy Creek from watershed between the UT and Stennitt Creek
c. TDS concentration (background) in waters entering Brushy Creek from watershed between the UT and Stennitt Creek
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The 7Q10 flow for the Spring River was obtained from Funkhouser et al. (2008) and is
based on the USGS gage on the Spring River at Imboden, AR (gage 07069500), which is located

approximately 4.5 stream miles upstream of the mouth of Stennitt Creek.

10.1.2 Background TDS and Sulfate Concentrations

Background TDS and sulfate concentrations for inflow to Brushy Creek both upstream
and downstream of the UT were set to averages of the concentrations measured at BC-0A during
the 2015 and 2016 sampling (Section 3, Table 3.1). As noted in Table 3.1, the sulfate value of
33.8 mg/L obtained November 24, 2015, at BC-0A was considered an outlier and was excluded
from the calculation of the average sulfate value. The average values used as background
concentrations for Brushy Creek were 5.5 mg/L sulfate and 391 mg/L TDS.

For Stennitt Creek upstream of Brushy Creek, the background concentrations of sulfate
and TDS were set to averages of the concentrations measured at SC-0A during the 2015
and 2016 sampling (5.1 mg/L sulfate and 420 mg/L TDS). For the Spring River upstream of
Stennitt Creek, the background concentrations were set to 3.8 mg/L for sulfate and 219 mg/L for
TDS; these are averages of monthly and bimonthly measurements collected from

January 1, 1960, through September 27, 1970, at the USGS gage at Imboden (Table 10.2).

Table 10.2. TDS and sulfate statistics for the Spring River (January 1960 — September 1970).

TDS Sulfate

Summary Statistic (mg/L) (mg/L)
25t 203 3.0
. 50" 219 3.6
Percentile T5t 237 40
95t 259 5.2
Minimum 135 2.0
Average 219 3.8

Maximum 280 11.0

Number of Values 93 92
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Vulcan typically operates the quarry pit sump pump at 800 gpm for 8 hours per day. This
flow rate corresponds to an average discharge of 267 gpm (0.5941 cubic feet per second [cfs])
over a 24-hour period. It is appropriate to consider this flow as continuous, because the
intervening pond between the discharge and the UT can be expected to equalize the intermittent
discharge from Outfall 001. The TDS and sulfate concentrations used for the 7Q10-based
computations used the 95" percentile outfall concentrations during January 2012 through

January 2017.

10.1.3 Mass Balance Results for 7Q10 Conditions

Input values for mass balance computations for 7Q10 conditions are summarized in
Table 10.1. Results of the mass balance computations for 7Q10 conditions are summarized in
Table 10.3 and a schematic diagram is shown in Figure 10.1. These results indicate that loading
from Outfall 001 under 7Q10 critical conditions will cause downstream TDS concentrations in
the UT and in Brushy Creek to exceed the DWS values. Based on these results, this document
proposes to remove the DWS designated use from the UT and from Brushy Creek downstream
of the UT. As noted earlier, the designated use of DWS was previously removed for Stennitt

Creek downstream of Brushy Creek.

Table 10.3. Predicted concentrations for 7Q10 flow conditions.

Sulfate TDS
Stream Reach (mg/L) (mg/L)
UT from Outfall 001 to Brushy Creek 142.8 556*
Brushy Creek below the mouth of the UT 140.3 553*
Stennitt Creek downstream of the mouth of Brushy Creek 118.5 531
Spring River downstream of the mouth of Stennitt Creek 4.1 220

*Exceeds value for domestic water supply

These results show that discharges from Outfall 001 have minimal impact on TDS and
sulfate concentrations in the Spring River. Discharges from Outfall 001 will not cause

exceedances of DWS criteria in the Spring River for 7Q10 conditions.
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Figure 10.1. Schematic diagram of mass balance computations for 7Q10 conditions.
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10.2 Agquatic Life Protection

Most prior studies for site-specific mineral criteria in Arkansas have utilized a set
percentile of observed or predicted (based on mass balance modeling) instream concentrations,
usually the 95th percentile for a 5-year period. This approach has been questioned on the grounds
that the resulting value is not derived directly from evidence that the aquatic life use is
supported. Additionally, justifying proposed criteria on the basis of the 95th percentile
potentially varies significantly depending on the period of record chosen. In light of these

questions, Vulcan explored five methods for criteria development:

1. Criteria based on development of a “tolerance benchmark” for specific
conductance (conductivity) for the existing benthic communities using XC95
values of macroinvertebrate taxa present in the reference location and selection of
appropriate TDS/sulfate to conductivity ratios based on Hem (1985);

2. Criteria based on development of a “tolerance benchmark” for conductivity for
the existing benthic communities using XC95 values of macroinvertebrate taxa
present in the reference location and use of established relationships of Ozark
Highlands ecoregion TDS/sulfate to conductivity (EPA 2016);

3. Criteria based on the background-to-criterion (B-C) model (Cormier et al. 2018)
using conductivity measured in Clear Creek during the fall 2016 sampling as the
background conductivity model input;

4. Criteria based on the background-to-criterion (B-C) model (Cormier et al. 2018)
using Ozark Highlands ecoregion background conductivity (EPA 2016) as the
model input; and

5. Criteria based on EPA’s (2016) development of a “tolerance benchmark” for
conductivity using XC95 values of macroinvertebrate taxa collected in the region
during selected studies and use of established relationships of Ozark Highlands
ecoregion conductivity and TDS.

An initial review of method 5 determined that the method was unfavorable for criteria
development. This method was dismissed from further evaluation because the EPA (2016)
determined that the sample size was too small with respect to the number of locations with paired
water chemistry and biology (193) and the number of total taxa with XC95 values (27). The

approach was considered a screening estimate and would have provided greater confidence in the
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tolerance benchmark if sample sizes were 400-500 for the study region or if there were 90 or

more genera with XC95 values.

10.2.1 Method 1

Proposed criteria for Brushy Creek for aquatic life protection were based on development
of a “tolerance benchmark” for conductivity for the existing benthic communities using XC95
values of macroinvertebrate taxa present in the reference location (Clear Creek). For purposes of
this analysis, a “tolerance benchmark™ is a conductivity value that protects 95% of the existing
taxa and provides the basis for proposed site-specific TDS and sulfate criteria for Brushy Creek.
TDS and sulfate criteria for Brushy Creek were derived from the tolerance benchmark using
empirically derived translators. Mass balance computations using the Brushy Creek criteria,
background TDS and sulfate concentrations, and estimated critical flows (harmonic mean) were
then used to derive: (1) TDS and sulfate concentrations from Outfall 001 that support the TDS
and sulfate criteria in Brushy Creek; (2) TDS and sulfate criteria in the UT consistent with the
Brushy Creek criteria; and (3) TDS and sulfate criteria in Stennitt Creek consistent with the
Brushy Creek criteria. Note that this mass balance computation differs from that used for the

DWS evaluation in the following ways:

1. The Brushy Creek TDS and sulfate concentrations are the criteria values based on
the tolerance benchmark analysis (see below) as opposed to the 95" percentile
values from the outfall,

2. Criteria for the UT are based on outfall concentrations that support the tolerance
benchmark-based criteria in Brushy Creek, and

3. Concentrations in Stennitt Creek and Spring River are based on harmonic mean
flows in Brushy Creek, Stennitt Creek, and Spring River and the tolerance
benchmark-based criteria in Brushy Creek.

Sections 8 and 9 of this of this document demonstrate that the existing TDS and sulfate
concentrations in Brushy Creek and Stennitt Creek resulting from the Outfall 001 discharge
support the aquatic life designated use. Accordingly, it is appropriate for site-specific criteria to

reflect that support (i.e., existing TDS and sulfate conditions should attain criteria).
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10.2.1.1 Tolerance Benchmark and Corresponding Mineral Criteria for
Existing Benthic Communities in Brushy Creek

This section develops tolerance benchmarks for the existing benthic communities. For
purposes of this analysis, a tolerance benchmark is a conductivity value that protects 95% of the
existing taxa and provides a basis for proposed site-specific criteria?’. The approach is based on
Cormier and Suter (2013) and uses a species sensitivity distribution (SSD) to derive a protective
XC95 value based on conductivity. Protective TDS and sulfate values were then derived from
the tolerance benchmark using appropriate translators. The SSD was developed using the taxa
found in Clear Creek (REF-2 and REF-3) from the 2016 sampling that have XC95 values
obtained from EPA (2011). Using the EPA (2011) data set requires that calcium, magnesium,
bicarbonate, and sulfate dominate the ionic composition of the waterbodies in question. Although
there is no direct measurement of these ions available for Clear Creek, other water quality
parameters measured in Clear Creek (TDS, hardness) and the ionic composition of the outfall
(Section 3) and ecoregion groundwater (Section 1) strongly support that these ions (with the
exception of sulfate) also dominate Clear Creek. Furthermore, benthic macroinvertebrate data

from Clear Creek are ideal for this purpose for the following reasons:

1. Clear Creek sulfate and TDS concentrations are lower than Brushy and Stennitt
Creek,
2. Clear Creek does not experience elevated TDS or sulfate concentrations due to a

point source,
3. Clear Creek TDS concentrations are higher than the ecoregion value, and

4. Clear Creek provides high-quality habitat.

10.2.1.2 SSD Development

Table 10.4 provides the list of the 34 taxa from Clear Creek having XC95 values. XC95
values were available for 63% and 70% of the taxa and 84% and 81% of the individuals at
REF-2 and REF-3, respectively (Table 6.3). The frequency distribution of taxa having XC95

values was not statistically different from the distribution of all taxa present (Table 10.5). These

22 The “tolerance threshold” used herein is conceptually and computationally the same as the “HCO05” in
EPA (2011).
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results demonstrate that XC95 values were available for the majority of taxa and individuals
from the Clear Creek samples and that the subset of taxa having XC95 values is representative of
all taxa present.

To develop the SSD, the taxa having XC95 values were ranked from lowest to highest
XC95 value. The cumulative probability for each genus (P) was calculated as P = R/(N+1),
where R is the rank of the genus and N is the number of genera (EPA 2011). The tolerance
benchmark of 900 uS/cm was obtained using a two-point interpolation between the XC95 values
bracketing P = 0.05%* and rounded to two significant figures per Section 3.3 in EPA (2011). This
procedure is illustrated graphically in Figure 10.2.

10.2.1.3 Translating Tolerance Threshold to TDS and Sulfate
Concentrations

As noted in Sections 3.5 and 7.2, conductivity is not well correlated with TDS or sulfate
and cannot be used to estimate TDS or sulfate concentrations in the waterbodies of this study
using a regression-based approach. As an alternative to regression-based translators, the ratios of
TDS and sulfate to conductivity were calculated from the data presented in Tables 3.1 and 3.2. A
summary of these ratios is presented in Table 10.6, which omits values from BC-0A, SC-0A, and
REF, because sulfate concentrations at these locations were generally near or below detection
limits and do not contribute appreciably to TDS or conductivity.

Selection of an appropriate ratio of TDS to conductivity was based on Hem (1985) who
reported a range of 0.54 to 0.96 (most values falling between 0.55 and 0.75) for the ratio of TDS
to conductivity from a variety of natural waters. Hem (1985) also reported that higher ratios are
generally associated with elevated sulfate concentrations. Accordingly, the 25" percentile values
of 0.61 and 0.14 for TDS and sulfate, respectively (Table 10.6), were chosen to derive estimates
of TDS and sulfate based on conductivity. These ratios are conservatively low (note that the
lower the ratio selected, the lower the resulting value) because 75% of the values from the study
were higher and because waters with elevated sulfate are expected to show higher rather lower

ratios

23 P and XC95 values bracketing P = 0.05: P = 0.0278 and 0.0556; XC95 = 782 uS/cm and 927 pS/cm.
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Table 10.4. List of Clear Creek (REF-2, REF-3) taxa having XC95 values.

Class Order Family Genus XC95
Malacostraca Amphipoda Gammaridae Gammarus 4,713
Insecta Coleoptera Dryopidae Helichus 11,646
Insecta Coleoptera Elmidae Dubiraphia 7,370
Insecta Coleoptera Elmidae Macronychus 1,890
Insecta Coleoptera Elmidae Microcylloepus 3,341
Insecta Coleoptera Elmidae Optioservus 9,790
Insecta Coleoptera Psephenidae Ectopria 1,380
Insecta Diptera Ceratopogonidae Atrichopogon 2,257
Insecta Diptera Chironomidae Brillia 2,005
Insecta Diptera Chironomidae Corynoneura 2,006
Insecta Diptera Chironomidae Microtendipes 3,489
Insecta Diptera Chironomidae Parametriocnemus 4,713
Insecta Diptera Chironomidae Paratanytarsus 3,489
Insecta Diptera Chironomidae Polypedilum 4,884
Insecta Diptera Chironomidae Rheotanytarsus 3,489
Insecta Diptera Chironomidae Stempellinella 927
Insecta Diptera Chironomidae Tanytarsus 9,180
Insecta Diptera Chironomidae Thienemanniella 9,790
Insecta Diptera Chironomidae Tvetenia 2,613
Insecta Diptera Empididae Hemerodromia 9,790
Insecta Diptera Simuliidae Simulium 6,468
Insecta Diptera Tipulidae Tipula 1,979
Insecta Ephemeroptera Baetidae Baetis 1,395
Insecta Ephemeroptera Caenidae Caenis 3,923
Insecta Ephemeroptera Heptageniidae Maccaffertium 1,035
Insecta Ephemeroptera Heptageniidae Stenacron 782
Insecta Ephemeroptera Isonychiidae Isonychia 1,180
Insecta Megaloptera Corydalidae Corydalus 11,227
Insecta Megaloptera Corydalidae Nigronia 9,790
Insecta Odonata Gomphidae Stylogomphus 6,468
Insecta Trichoptera Hydropsychidae Cheumatopsyche 9,180
Insecta Trichoptera Hydropsychidae Hydropsyche 7,010
Insecta Trichoptera Philopotamidae Chimarra 3,972
Insecta Trichoptera Polycentropodidae Polycentropus 4,713
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Table 10.5.  Comparison of the frequency among selected metrics and taxa (number of
individuals) for the subset of data having XC95 values versus the entire data set
for Clear Creek.

Taxon Data with XC95 Values All Data
EPT 17 25
Ephemeroptera 4 8
Coleoptera 9 9
Diptera 25 32
Pearson’s X? 0.94
df 3
P 0.8161

Figure 10.2. Species sensitivity distribution of XC95 values for genera from Clear Creek.
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Table 10.6.  Summary of ratios of TDS and sulfate to conductivity from receiving stream
monitoring in 2015 and 2016 (Data obtained from Tables 3.1 and 3.2.).

Summary Statistic TDS/Conductivity Sulfate/Conductivity
5 0.51 0.03
10 0.53 0.06
Percentile 2 0.61 0.14
50 0.71 0.17
75 0.84 0.19
95 1.16 0.23
Minimum 0.48 0.01
Mean 0.76 0.16
Maximum 1.22 0.24

N 42 29

Accordingly, TDS and sulfate concentrations that correspond to the tolerance threshold

are calculated as follows:

1. 900 pS/cm x 0.61 mg/L TDS x (uS/cm)™! = 549 mg/L TDS, and
2. 900 pS/cm x 0.14 mg/L sulfate x (uS/cm)! = 126 mg/L sulfate.

These values represent concentrations of TDS and sulfate that will protect aquatic life in

Brushy Creek and Stennitt Creek and provide a basis for protective site-specific criteria.

10.2.2 Method 2

A second method explored for criteria development for Brushy Creek was based on
development of a “tolerance benchmark™ for conductivity for the existing benthic communities
using XC95 values of macroinvertebrate taxa present in the reference location (Clear Creek) as
was done for method 1. The derived tolerance benchmark 900 puS/cm (see Section 10.2.1.2). This
method differed from method 1 in that TDS and sulfate criteria were derived from the tolerance
benchmark using established relationships (ratios) of Ozark Highlands ecoregion TDS and

sulfate to conductivity (EPA 2016) as translators.
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10.2.2.1 Translating Tolerance Threshold to TDS and Sulfate
Concentrations

The ratio of TDS to conductivity was obtained from EPA (2016) and was based on an
ecoregion specific regression model developed to convert TDS to conductivity. The correlations
between TDS and conductivity were analyzed for samples from the Ozark Highlands ecoregion
where TDS concentrations were <500 mg/L in order to reduce biases introduced by highly
impacted stations that are not representative of the waters of the ecoregion as a whole. A value of
0.75 was used to derive TDS based on specific conductance.

The ratio of sulfate to conductivity was not provided by EPA (2016). An estimated ratio
of sulfate to conductivity was calculated from the EPA (2016) dataset by first calculating the
background conductivity from the background TDS using the established relationship (0.75) and
then dividing the ecoregion background sulfate by the calculated ecoregion background
conductivity. The 75" percentile of the frequency distribution of minerals values measured in
reference streams is conventionally used by EPA to estimate background concentrations (EPA
2000). The 75" percentile of the frequency distribution of TDS and sulfate values measured in
Ozark Highlands ecoregion reference streams were 233.5 and 5.341 mg/L, respectively (EPA
2016).

The ratio of sulfate to conductivity was calculated as follows:

1. Background conductivity = 233.5 mg/L TDS / 0.75 =311 uS/cm.
2. Sulfate/conductivity ratio = 5.341 mg/L / 311 uS/cm = 0.02

TDS and sulfate concentrations that correspond to the tolerance threshold are calculated

as follows:

1. 900 pS/cm x 0.75 mg/L TDS x (uS/cm)™! = 675 mg/L TDS, and
2. 900 pS/cm x 0.02 mg/L sulfate x (uS/cm)! = 18 mg/L sulfate.

These values represent concentrations of TDS and sulfate that will protect aquatic life in

Brushy Creek and Stennitt Creek and provide a basis for protective site-specific criteria.
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10.2.3 Method 3

A third method explored for criteria development for Brushy Creek was based on the B-C
model (Cormier et al. 2018) using mean conductivity from measured concentrations in Clear
Creek during the fall 2016 sampling as the background conductivity model input. The B-C
model was developed as a model-based approach for predicting the extirpation concentration
(XC95) for benthic invertebrates exposed to dissolved salts using only specific conductivity as

the independent variable. The model is based on three assumptions:

1. A genus will rarely occur where background concentrations exceed its upper
physiological limitations,

2. The lowest tolerance limit of a genus is defined by natural background
concentrations, and

3. As a result, there is an association between background specific conductivity and
the specific conductivity at which salt intolerant genera are present.

10.2.3.1 Background to Criterion (B-C) Model
The B-C model is as follows:

y=0.658x + 1.071

where:
x = the log10 of the background SC (uS/cm), and
y = the log10 of the predicted XCD05%** (uS/cm)

50% prediction limits (PL) provide the upper and lower PLs of the mean predicted log10
of the predicted XCDOS5 and identify the 75% probability range of an XCD95 (XC95) value
derived by the field XCD method (EPA 2011) for a new ecoregion. The upper and lower 50%

prediction limits are calculated as follows:

24 The “tolerance threshold” used herein is conceptually and computationally the same as the “HC05” in
EPA (2011).
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Where:

PL = upper and lower prediction limits

¥ = Log10 of mean predicted XCDos

n = number of samples in model

o = Alpha error rate for prediction interval (o = 0.5)

ta2 = t-value at specific level (a) and degrees of freedom (n-2)

Sy = residual standard error of prediction (standard deviation)

SS = Sum of square of x deviation from their mean,

> -

X = mean of x values used in the B-C model generation

xo = X value of new prediction interval

10.2.3.2 Translating Tolerance Threshold to TDS and Sulfate
Concentrations

Using the mean conductivity in Clear Creek during 2016 sampling (513 puS/cm,
Table 3.2), the B-C model calculated the log10 of the predicted XCDOS5 as 2.85 with upper and
lower 50% PLs at 2.93 and 2.77, respectively. The inverse of the log10 of the predicted XCDO05
and the 50% PLs was calculated to identify the conductivity tolerance threshold. The
conductivity tolerance threshold was 715 uS/cm with upper and lower PLs of 859 and 595
uS/cm, respectively. The ratios of TDS and sulfate to conductivity for the Ozark Highlands
ecoregion were obtained from EPA (2016) (see Section 10.2.2.1).

TDS concentrations and PLs that correspond to the tolerance threshold are calculated as

follows:

1. 715 uS/cm x 0.75 mg/L TDS x (uS/cm)™! = 536 mg/L TDS,
2. 859 uS/cm x 0.75 mg/L TDS x (uS/cm)! = 644 mg/L TDS (upper 50% PL), and
3. 595 uS/cm x 0.75 mg/L TDS x (uS/cm)™! = 446 mg/L TDS (lower 50% PL).
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Sulfate concentrations that correspond to the tolerance threshold are calculated as

follows:

1. 715 pS/cm x 0.02 mg/L sulfate x (uS/cm)! = 14 mg/L sulfate,

2. 859 uS/cm x 0.02 mg/L sulfate x (uS/cm)! = 17 mg/L sulfate (upper 50% PL),
and

3. 595 uS/cm x 0.02 mg/L sulfate x (uS/cm)™! = 12 mg/L sulfate (lower 50% PL).

These values represent concentrations of TDS and sulfate that will protect aquatic life in

Brushy Creek and Stennitt Creek and provide a basis for protective site-specific criteria.

10.2.4 Method 4
A fourth method explored for criteria development for Brushy Creek was based on the B-

C model (Cormier et al. 2018) using ecoregion background conductivity (EPA 2016).

10.2.4.1 Translating Tolerance Threshold to TDS and Sulfate
Concentrations

Using the EPA (2016) Ozark Highlands ecoregion background conductivity (311, See
Section 10.2.2.1), the B-C model calculated the log10 of the predicted XCDOS5 as 2.71 with
upper and lower 50% PLs at 2.79 and 2.63, respectively. The inverse of the log10 of the
predicted XCDOS5 and the 50% PLs was calculated to identify the conductivity tolerance
threshold. The conductivity tolerance threshold was 514 uS/cm with upper and lower PLs of 616
and 429 uS/cm, respectively. The ratios of TDS and sulfate to conductivity for the Ozark
Highlands ecoregion were obtained from EPA (2016) (see Section 10.2.2.1).

TDS concentrations and PLs that correspond to the tolerance threshold are calculated as

follows:

1. 514 pS/cm x 0.75 mg/L TDS x (uS/cm)™! = 386 mg/L TDS,
2. 616 uS/cm x 0.75 mg/L TDS x (uS/cm)™! = 462 mg/L TDS (upper 50% PL), and
3. 429 pS/cm x 0.75 mg/L TDS x (uS/cm)™! = 322 mg/L TDS (lower 50% PL).
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Sulfate concentrations that correspond to the tolerance threshold are calculated as

follows:

1. 514 pS/cm x 0.02 mg/L sulfate x (uS/cm)! = 10 mg/L sulfate,

2. 616 uS/cm x 0.02 mg/L sulfate x (uS/cm)! = 12 mg/L sulfate (upper 50% PL),
and

3. 429 uS/cm x 0.02 mg/L sulfate x (uS/cm)™! = 19 mg/L sulfate (lower 50% PL).

These values represent concentrations of TDS and sulfate that will protect aquatic life in

Brushy Creek and Stennitt Creek and provide a basis for protective site-specific criteria.

10.2.5 Criteria Development Method Selection

Table 10.7 summarizes the Brushy Creek criteria calculation results from the analysis of
methods 1-4. The criteria calculated for each of the four methods are considered protective of the
aquatic life in Brushy Creek downstream of Outfall 001. While all four methods are protective,

method 1 was selected as the preferred method for criteria development.

Table 10.7. Summary of Brushy Creek criteria calculations from the analysis of four methods.

Brushy Creek Criteria Calculation Results (mg/L)

TDS Sulfate
Lower | Upper Lower | Upper
50% 50% 50% 50%
Method Criterion PL* PL* Criterion PL* PL*
Method 1 - Tolerance benchmark developed
from reference taxa and empirically derived 549 -- -- 126 -- --

translators based on Hem (1985)

Method 2 - Tolerance benchmark developed
from reference taxa and ratios of ecoregion 675 -- -- 18 -- --
TDS and S04 to conductivity (EPA 2016)
Method 3 - B-C model (Cormier et al. 2018)
using 2016 measured Clear Creek 536 446 644 14 12 17
conductivity as the background conductivity
Method 4 - B-C model (Cormier et al. 2018)
using ecoregion background conductivity 386 322 462 10 9 12
(EPA 2016)

* Prediction Limit
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The most conservative TDS criterion (386 mg/L) was calculated using the B-C model
(Cormier et al. 2018) and Ozark Highlands ecoregion background conductivity (EPA 2016) as
the model input (method 4). The mean background TDS concentration in Brushy Creek upstream
of the Outfall 001 influence (391 mg/L) was higher than the calculated TDS criterion using
method 4. Because there is a higher mean background TDS concentration in the upstream reach
of Brushy Creek outside of the influence of Outfall 001, and that reach of Brushy Creek supports
the aquatic life use per ADEQ (2018), the calculated TDS criterion for Brushy Creek
downstream of Outfall 001 using method 4 should be dismissed as a candidate criterion.

The highest TDS criterion (675 mg/L) was calculated by developing a tolerance
benchmark for conductivity for the existing benthic communities in Clear Creek and converting
that conductivity benchmark to TDS using the EPA (2016) ratio of Ozark Highlands ecoregion
conductivity to TDS (method 2). The EPA (2016) relationships calculated from streams
throughout the entire ecoregion would be expected to calculate estimates of a criterion that
supports the aquatic life use in Brushy Creek.

The intermediate TDS criterion derived from methods 1 and 3 were 536 and 549 mg/L,
respectively; an approximately 2.5 percent difference. While method 1 was based on a tolerance
benchmark from the Clear Creek macroinvertebrate community and method 3 was based on the
B-C model, both models used data from the study streams rather than EPA (2016) data derived
from streams throughout the Ozark Highlands ecoregion. These calculated values also reflect a
TDS criterion that supports the aquatic life use. The method 1 criterion of 549 mg/L relies
entirely on scientifically defensible data collected from the study streams.

The calculated sulfate criterion was derived either from EPA (2016) calculated Ozark
Highlands ecoregion background sulfate concentration (5.3 mg/L, method 2) or the mean
background sulfate concentration measured at Clear Creek during the fall 2016 field study
(5.5 mg/L, methods 3 and 4). Elevated sulfate levels are present in Outfall 001 and
concentrations measured in Brushy Creek downstream of the Outfall 001 influence represent a
“significant modification” of water quality as compared to the ecoregion reference value for
sulfate and the concentrations in Brushy Creek upstream of the influence (ADEQ 2017).

However, in the presence of elevated sulfate levels, the reach of Brushy Creek influenced by
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Outfall 001 supports the aquatic life use per ADEQ (2018). Method 1 calculates a sulfate
criterion (126 mg/L) based on receiving stream concentrations that have been demonstrated to
support the aquatic life use. A sulfate criterion for Brushy Creek downstream of Outfall 001
based on methods 2, 3, or 4 does not consider sulfate contributions from Outfall 001 that have
been demonstrated to support the aquatic life use and therefore are dismissed in this study as
candidates for the sulfate criterion.

Although not used for criteria development due to the proposed removal of the DWS use,
the mass balance computations initially carried out for 7Q10 flow conditions used the 95
percentile of TDS and sulfate concentrations measured at Outfall 001 during a recent 5-year
period of record (January 2012 through January 2017) to calculate TDS and sulfate criteria in
Brushy Creek that would limit non-compliance status under the NPDES permit. The values for
TDS and sulfate were 553 and 140 mg/L respectively. These calculations are consistent with the
criteria calculations from method 1 to support the aquatic life use and to achieve permit

compliance at Outfall 001.

10.3 Mass Balance Computations for Harmonic Mean Flow Conditions

A second set of mass balance computations were developed for harmonic mean flow
conditions for aquatic life protection. Flow rate and concentrations for the effluent and the
ambient inflow concentrations were the same as in the 7Q10 mass balance (Table 10.1). The
ambient inflow rates were the only inputs that were different between 7Q10 conditions and
harmonic mean flow conditions. The harmonic mean flows for Brushy Creek upstream of the UT
and Stennitt Creek upstream of Brushy Creek were estimated using a regional regression
equation developed by USGS (Table 3 in Beaker 2015). For the inflow to Brushy Creek
downstream of the UT, the harmonic mean flow was interpolated by drainage area using the
results from the regression equation for Brushy Creek upstream of the UT and Stennitt Creek
upstream of Brushy Creek. The harmonic mean flow for the Spring River upstream of Stennitt
Creek was the published value for the USGS gage at Imboden (Table 3-1 in Beaker 2015). These

flows and the other inputs for the mass balance computations for harmonic mean flow conditions

10-19



October 4, 2018

are listed in Table 10.8. A schematic diagram of the harmonic mean mass balance computations

is shown in Figure 10.3 and the results are summarized in Table 10.9.

10.4 Proposed Site-Specific Criteria for TDS and Sulfate

The proposed site-specific criteria are based on the results of the mass balance
computations for harmonic mean flow conditions. These proposed criteria are listed in
Table 10.10. As noted in Section 11, the DWS designated use is proposed to be removed from
the UT and from Brushy Creek downstream of the UT (see Section 11) based on the mass

balance results for 7Q10 conditions.

Figure 10.3. Schematic diagram of mass balance computations based on harmonic mean flow.
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Table 10.8. Summary of mass balance inputs for harmonic mean flow conditions.

Drainage | Harmonic
Area Mean Flow | Sulfate TDS
Source of Inflow (mi?) (cfs) (mg/L) | (mg/L)

Outfall 001 0 0.5941 260 725
Brushy Creek upstream of the mouth of the UT 1.19 0.662 5.5 391
Brushy Creek between the mouth of the UT and the
confluence with Stennitt Creek 2.60 0.853 33 391
Stennitt Creek upstream of the mouth of Brushy Creek 10.1 1.866 5.1 420
Spring River upstream of the mouth of Stennitt Creek - 718 3.8 219

Table 10.9. Receiving stream concentrations corresponding to harmonic mean flow conditions.

Sulfate TDS

Stream Reach (mg/L) (mg/L)
UT from QOutfall 001 to Brushy Creek 260 725
Brushy Creek below the mouth of the UT 126* 549%*
Stennitt Creek downstream of the mouth of Brushy Creek 43.3 455
Spring River downstream of the mouth of Stennitt Creek 4.0 220

*Concentrations based on tolerance benchmark analysis.

Table 10.10. Summary of existing and proposed criteria for receiving streams.

Existing Criteria

Proposed Criteria

(mg/L) (mg/L)
Stream Segment Sulfate | TDS | Chloride| Sulfate TDS Chloride
Unnamed tributary from Outfall 001 to No
confluence with Brushy Creek 22.7 1250 17.3 260 725 change
Brushy Creek from confluence with No
unnamed tributary to confluence with 22.7 1250 17.3 126 549
. change

Stennitt Creek
Stennitt Creek from confluence with No No
Brushy Creek to confluence with Spring | 22.7 |456%* 17.3 43.3

. change | change
River
Spring River downstream of confluence 30 290 20 No No No
with Stennitt Creek change | change | change

*Site-specific values based on previous 1999 UAA and rulemaking, which included removal of the domestic water supply

designated use.
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11.0 ATTAINABLE AND NON-ATTAINABLE USES

This section evaluates attainable and non-attainable uses in Brushy Creek and the UT in
the presence of the Vulcan discharge. In evaluating attainable uses for Brushy Creek and the UT,

the following assumptions were made with regard to the Vulcan discharge:

° The discharge occurs an average of 8 hours per day;

° The current discharge supports most, if not all, of the dry season flow in both
Brushy Creek and the UT; and

° The Vulcan discharge exceeds ecoregion TDS and sulfate values, but does not
exceed the chloride value (17.3 mg/L).

11.1 Aquatic Life

Attainability of aquatic life uses is addressed in Sections 2 through 9 of this document.
That analysis demonstrates that the TDS and sulfate regimes in Brushy Creek and Stennitt Creek,
which are due to the Vulcan Outfall 001 discharge, support designated uses per ADEQ (2018)
and APCEC (2017).

11.2 Primary and Secondary Contact Recreation

DMR data indicate that the Vulcan discharge routinely meets current limits for TSS
(monthly average/daily maximum = 20/30 mg/L) and turbidity [monthly average report only,
Nephelometric turbidity units (NTUs)]. The Vulcan discharge flows directly into a private pond
at the pond owner’s request. The pond owner currently uses the pond, in part, for recreation.
Therefore, current concentrations of TDS and sulfate should not affect the attainability of this

use for the UT or Brushy Creek.

11.3 Industrial Water Supply
Although the industrial water supply use is not an existing use, current concentrations of

TDS and sulfate do not affect the attainability of this use.
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11.4 Agricultural Water Supply: Crops

11.4.1 Flows

According to information provided by the University of Arkansas, Division of
Agriculture, Cooperative Extension Service?, a water supply suitable for irrigation should
provide minimum flows of 5, 10, or 15 gpm per acre for center pivot, furrow, and levee
irrigation, respectively, of soybeans (Tacker and Vories 2004). The maximum flow from the
facility is an intermittent flow of 800 gpm, which could, theoretically, provide irrigation for 40 to
129 acres of soybeans. This information indicates that the current discharge flows from the plant

will support a marginally attainable agricultural use.

11.4.2TDS

The most commonly used guideline for salinity tolerance of crops is Ayers and Westcot
(1985). In this document, yield potentials for a number of crops are associated with soil and
water salinity values measured as electrical conductance. Salinity values associated with yield
potentials for cotton, soybeans, and rice are summarized in Table 11.1. The water salinity (ECw)
values reported in Ayers and Westcot (1985) have been calculated from the soil salinity (ECe)
values reported (ECw = ECe/1.5). TDS values shown in Table 11.1 were calculated from the
conductivity values (TDS = 650*conductivity). The maximum effluent TDS concentration
(802 mg/L; see Table 4.2) is well below the calculated irrigation water TDS values summarized
in Table 11.1, thus indicating that effluent TDS would not be expected to negatively affect crop
productivity. The US Salinity Laboratory (US Department of Agriculture, Agricultural Research
Services) has calculated linear regressions of irrigation water salinity (measured as the
conductivity) to relative rice yield measurements based on experiments conducted in the late
1990s (Zeng and Shannon 2000). These relationships are based on the response of rice to sodium
chloride (NaCl) solutions of various strengths that were used for irrigation in the experiments.
Table 11.2 shows irrigation water conductivities for relative yields of grain weight per panicle
and grain weight per plant that correspond to the yield potentials that are shown in Table 11.1.

These values were calculated using Zeng and Shannon’s (2000) linear regression equations. TDS

25 http://www.uaex.edu/Other_Areas/publications/HTML/MP-197.asp
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values in Table 11.2 are calculated using the same equation as Table 11.1 values. The linear

regression relationships developed by the US Salinity Laboratory indicate that a TDS

concentration (due primarily to NaCl) of 1,000 mg/L could reduce rice productivity by

about 10%. Tacker et al. (2001) also report that irrigation water with conductivity greater than

1.2 dS/m (approximately 780 mg/L TDS) is borderline for use on rice. The U of A Cooperative

Extension Service reports that TDS levels greater than 770 ppm in irrigation water for rice are

cause for concern?®.

Table 11.1 Influence of soil salinity (ECe) and irrigation water salinity (ECw) on crop
tolerance and yield potential of selected crops (Ayers and Westcot 1985).
Parameter 100% yield 90% yield 75% yield 50% yield 0% yield
Crop ECe | ECw | ECe | ECw | ECe | ECw | ECe | ECw | ECe | ECw
Cotton Cond, dS/m 7.7 5.1 9.6 6.4 13 8.4 17 12 27 18
TDS, mg/L 0 3,315 0 4,160 0 5,460 0 7,800 0 11,700
Rice Cond, dS/m 3 2 3.8 2.6 5.1 34 7.2 4.8 11 7.6
TDS, mg/L 0 1,300 0 1,690 0 2,210 0 3,120 0 4,940
Cond, dS/m 5 33 5.5 3.7 6.3 4.2 7.5 5 10 6.7
Soybean
TDS, mg/L 0 2,145 0 2,405 0 2,730 0 3,250 0 4,355
Table 11.2  Irrigation water salinity for selected relative rice yield measurements calculated

using US Salinity Laboratory linear regression equations (Zeng and

Shannon 2000).
Parameter Percent Yield
Yield Measurement 100 90 75 50 0
Grain weicht per panicle Cond, dS/m 0.49 1.71 3.54 6.59 12.68
gitperp TDS, mg/L 317 1,110 2,299 4,280 8,244
Grain weicht ner olant Cond, dS/m 0.46 1.52 3.12 5.78 11.10
gitperp TDS, mg/L 297 989 2,026 3,755 7,212

26 http://www.aragriculture.org/soil_water/irrigation/crop/Rice/quality.htm
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This information indicates that the Vulcan discharge may only be marginally suitable for
rice irrigation. However, the topography of the Brushy Creek watershed and its rocky soils are
not conducive to rice cultivation. Therefore, the TDS concentrations in the Vulcan discharge will

not affect the attainability of the agricultural water supply use with respect to rice cultivation.

11.4.3 Sulfate

Sulfate in irrigation water is generally considered to be beneficial to crops rather than
harmful (Tracy and Hefner 1993, Bauder et al. 2004, Glover 2001, Baser and Gilmour 1982).
James et al. (1982) classify irrigation water with sulfate concentrations of 673 mg/L
to 1,153 mg/L, and TDS concentrations of 488 mg/L to 1,300 mg/L, as useable for crop
irrigation. These thresholds are well above any sulfate concentrations observed in effluent
monitoring data. Therefore, sulfate concentrations are expected to remain well below

concentrations that are harmful to crops.

11.4.4 Chloride
Monitoring data (Table 4.4) indicate that the Vulcan discharge will meet the ecoregion
chloride value of 17.3 mg/L.

11.5 Agricultural Water Supply: Livestock

The Vulcan discharge flows directly into a private pond at the pond owner’s request. The
pond owner uses the pond, in part, for livestock watering. Field observations indicate that the
land adjacent to Brushy Creek and the UT is used extensively as cattle pasture.

An evaluation of the suitability of the Vulcan discharge for pasture irrigation revealed
that pasture irrigation is not a common practice in Lawrence County, and there are no published
guidelines for salinity/TDS in pasture irrigation water (personal communication, Bryce
Baldridge, University of Arkansas Extension Agent, Lawrence County, University of Arkansas
Extension Service, Walnut Ridge Arkansas). This information indicates that these aspects of the

agricultural water supply use are currently attained in the presence of the Vulcan discharge.
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11.6 Domestic Water Supply

There are three residences located on Brushy Creek downstream of its confluence with
the UT. During 2010, Vulcan’s Robert Ball contacted these residences and spoke with Charles
Milgrim, Jeanette Smith, and Carolyn Webster about present and past use of Brushy Creek as a
drinking water source. All three landowners stated that they have never used Brushy Creek as a
drinking water source. Brushy Creek passes through areas of livestock use and flows in Brushy
Creek either cease or become very low during the summer months. These factors preclude its use
as a reliable and safe domestic water supply. Recent sampling and reconnaissance in the Brushy
Creek watershed indicate no new residences and no change in land use since the 2010 survey.
Due to the lack of sufficient flow, it is unlikely that the DWS use is attainable, even with the
added Vulcan flow. The UT runs through active pasture and is not a feasible drinking water
source, nor has it previously been used for the purpose.

The Arkansas Department of Health (ADH) has confirmed that there are no present or
future plans for using Brushy Creek as water supply (ADH letter to Vulcan, March 24, 2009;
Appendix H). Accordingly, removal of the DWS designated use is appropriate for the UT and
the reach of Brushy Creek from its confluence with Stennitt Creek to the UT inflow.
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12.0 CONCLUSIONS

The conclusions and recommendations of studies conducted from 2008 through 2016 are

as follows:

1.

10.

11.

Most treatment alternatives for reducing TDS and sulfate concentrations in
Outfall 001 to ecoregion values (e.g. distillation, wetlands) are technically
infeasible;

Although RO treatment is technically feasible, its implementation is cost
prohibitive and would result in the quarry operation becoming economically not
viable, and more importantly, it results in waste disposal issues that have
additional environmental impacts and additional costs;

Building a pipeline to another stream with greater assimilative capacity (e.g.,
Spring River) is not a feasible option for permit compliance;

The existing discharge supports industrial and agricultural water supply uses as
well as primary and secondary contact recreation;

The DWS use for the UT and Brushy Creek is not an existing or attainable use nor
does the ADH have current or future plans for using them as a public water
supply. Accordingly, this study recommends removal of this use due to the levels
of the dissolved minerals proposed;

Water quality in Bushy Creek and Stennitt Creek supports aquatic life uses based
on ADEQ’s assessment methodology (ADEQ 2018);

TDS and sulfate recommended criteria are (a) 725 and 260 mg/L, respectively for
the unnamed tributary from Outfall 001 to the confluence with Brushy creek and
(b) 549 and 126 mg/L, respectively for Brushy Creek from the confluence with
the unnamed tributary to the confluence with Stennitt Creek.

The sulfate recommended criterion is 43.3 for Stennitt Creek from the confluence
with Brushy Creek to the confluence with the Spring River.

The recommended criteria (Table 10.9) are based on the preferred methodology,
i.e., based on the Clear Creek (reference) macroinvertebrate community tolerance
values from published field studies using EPA (2011) methodology and using a
conservative assumption regarding the relationship between conductivity and
dissolved minerals in the receiving streams.

The recommended TDS criterion is an intermediate value in the range of values
calculated by the methods considered in this study and all methods are considered
appropriate for criteria development to support the aquatic life use.

The recommended criteria are consistent with existing effluent and instream
concentrations which “support” fish and benthic macroinvertebrate communities.
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EXECUTIVE SUMMARY AND CONCLUSIONS

ES.1 Summary

A Use Attainability Analysis (UAA) was completed to determine if current designated
uses of Brushy Creek (Lawrence County, Arkansas) are existing and attainable. The UAA also
evaluated alternatives for permit compliance for the Vulcan Construction Materials, LP (VCM)
Black Rock Quarry facility, including modified Arkansas water quality standards (ARWQS) for
the Domestic Water Supply (DWS) use designation and criteria for total dissolved solids (TDS)
and sulfate (SO4) in Brushy Creek and the unnamed tributary to Brushy Creek, into which
VCM discharges. VCM operates a limestone quarry facility near Black Rock, Lawrence County,
Arkansas, and discharges through Outfall 001 as authorized by National Pollutant Discharge
Elimination System (NPDES) Permit No. AR0046922, issued by the Arkansas Department of
Environmental Quality (ADEQ).

UAA activities followed the Final UAA Work Plan prepared by FTN Associates, Ltd.
(FTN), which was reviewed by ADEQ prior to beginning the field work. The UAA included
field studies, toxicity testing, engineering analysis of alternatives for discharge, and an analysis
of designated uses and water quality criteria associated with downstream waterbodies.

The recommended modified ARWQS were developed and evaluated according to
requirements in Arkansas Pollution Control & Ecology Commission (APCEC) Regulation No. 2,
§2.306 (APCEC 2010); the Administrative Guidance Document (AGD) (ADEQ 2000); and the
State of Arkansas Continuing Planning Process (CPP) (ADEQ 2000).

Per the AGD, letter communications from the Arkansas Natural Resources Commission
(ANRC), the Arkansas Game and Fish Commission (AGFC), and the Arkansas Department of
Health (ADH) indicate that:

1. There are no current registered domestic water users on Brushy Creek,
2. There are no current plans to use Brushy Creek as a DWS, and

The proposed use removal will not conflict with the protection of fish and wildlife
in the area.
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The official letter responses from state agencies are provided in Appendix A.

Evaluation of the TDS and SO, in the VCM discharge indicates that:

The ionic composition of the water discharged through Outfall 001 is the result of
the combination of the natural geology of the region and quarry activities that
expose pyritic rock;

Based on published information and testing conducted as part of this project,
dissolved minerals will not reach concentrations that will cause acute or chronic
toxicity; and

Based on sampling of biological communities, the existing levels of dissolved
minerals will not impair existing or attainable designated uses, including aquatic
life.

ES.2 Alternative Evaluations

1.

Reverse osmosis (RO) represents the most effective treatment option available for
removing TDS from the VCM discharge to meet ARWQS; however, RO is
prohibitively expensive, produces a concentrated brine reject that is
environmentally difficult to dispose, and would not provide additional
environmental benefits.

Constructing a 1.2-mile pipeline to convey the discharge to Stennitt Creek would
meet ARWQS in Stennitt Creek due to upstream dilution. However, construction
costs of the pipeline would be approximately $254,000, with $40,000 in annual
operating costs, and would not provide additional environmental benefits.

Constructed wetlands designed to chemically reduce sulfate are seasonally
variable in their effectiveness and produce a TDS mixture that has greater
potential toxicity to aquatic life than the original TDS mixture.

ES.3 Use Analysis
Results of the analysis of designated uses (per Title 40 Code of Federal Regulations

[CFR] Part 131.3) in the receiving waterbodies are summarized in Table ES.1. The analysis

indicates that the DWS uses on Brushy Creek and the unnamed tributary are neither existing nor

attainable uses due to natural, ephemeral, intermittent, or low-flow conditions or water levels that

prevent the attainment of the use. These conditions are not compensated for by the discharge of

sufficient volume of effluent discharges (see 40 CFR 131.10). In addition, the DWS designated

use on the segment of Stennitt Creek downstream of the Brushy Creek confluence was removed

1
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by a previous UAA (APCEC 2010). Therefore, the DWS designated use removal on Brushy

Creek and the unnamed tributary to Brushy Creek does not conflict with, and is consistent with,

the DWS designated use removal on Stennitt Creek.

Table ES.1.  Summary of designated use analysis for waterbodies downstream of the VCM
discharge.
Attainable With
Waterbody Designated Use Existing?| Discharge?
Aquatic Life Yes Yes
Unnamed tributary from |Agricultural Water Supply Yes Yes
Outfall 001 to confluence | Industrial Water Supply No Yes
with Brushy Creek Domestic Water Supply No No
Primary/Secondary Contact Recreation|  Yes Yes
Brushy Creek from Aquatic Life Yes Yes
confluence with Agricultural Water Supply Yes Yes
unnamed tributary to Industrial Water Supply No Yes
confluence with Stennitt | Domestic Water Supply No No
Creek Primary/Secondary Contact Recreation|  Yes Yes
Stennitt Creek from Aqqatlc Life Yes Yes
. Agricultural Water Supply Yes Yes
confluence with Brushy -
*... |Industrial Water Supply Yes Yes
Creek to confluence with - ”
Spring River Domestic Water Supply No No
Primary/Secondary Contact Recreation Yes Yes
Aquatic Life Yes Yes
. . Agricultural Wat | Y Y
Spring River downstream grictituta Water Supply = =
. Industrial Water Supply Yes Yes
of confluence with -
Stennitt Creck Domestic Water Supply Yes Yes
Primary/Secondary Contact Recreation Yes Yes
Agricultural Water Supply Yes Yes

*Removed per a previous UAA (see Section ES.3).

Results of this analysis also concluded that water quality in Brushy Creek, the unnamed

tributary to Brushy Creek, and Stennitt Creek will support an Ozark Highlands ecoregion fishery

with the existing VCM discharge.

il
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ES.4 Recommendations

In accordance with APCEC Regulation No. 2 (§2.306), 40 CFR 131.10 and the CPP, the

study recommends:

. Remove the Domestic Water Supply use designation from the unnamed tributary
and from Brushy Creek downstream of the mouth of the unnamed tributary, and

o Adopt site-specific mineral criteria for downstream waterbodies as summarized in
Table ES.2.

This UAA report demonstrates that these proposed modifications protect the existing and

attainable uses of Brushy Creek and also allow VCM to discharge from Outfall 001.

Table ES.2. Summary of existing and proposed criteria for waterbodies downstream of VCM

Outfall 001.
Existing Proposed
(mg/L) (mg/L)
Stream Segment SO,2 | TDS | CI' | SO,% | TDS CI
Unnamed tributary from Outfall 001 to No
confluence with Brushy Creek* 227 250 17.31°197.5 1 713.5 change
Brushy Creek from confluence with unnamed No
tributary to confluence with Stennitt Creek* 227 250 17.3 | 1790 676 change
Stennitt Creek from confluence with Brushy No No
Creek to confluence with Spring River 227 465 173 87.8 change | change
Spring River downstream of confluence with No No No
Stennitt Creek 227 250 17.3 change | change | change

*Removal of Domestic Water Supply designated use.

v



September 12, 2011

TABLE OF CONTENTS

EXECUTIVE SUMMARY AND CONCLUSIONS ........ooiiiiiiiirienieteeieeeee et i
ES T SUMMATY ...ttt ettt e e e st e e e ta e e st aeesssaeessseeenssaeesseeennns 1
ES.2  Alternative Evaluations..........cccocveviiiiiiiiiniiiieiiecieeeeeeee s i
ES.3  USE ANALYSIS .ooueiieeiiieciii ettt ettt e e etae e e taeessaaeeesnaeeessaeesnnaeesnneeenns 1
ES.4  RecomMmENndations.........cocueiiiriiriiniieiieniiesieee ettt v
1.0 INTRODUCTION ..ottt ettt ettt et e beesteeaeenseeneesseeseenaesseenseenee e 1-1
1.1 Back@round...........ooouiiiiiiiiiiieee e 1-1
1.2 UAA ODJECTIVES ..eeeutiieeiiieeiieeeiieeeieeesteeesireeessteeesaeesseeesaeeessseeessseesssseesssseesnseens 1-4
1.3 UAA APPIOACH ..cueiiiiiecieeeeee ettt ettt et e ens 1-4
1.3.1 Designated Use Removal..........ccccuviviiiiiiiiiiiiecieeceece e 1-4
1.3.2  Site-SPeCific Criteria.....c.eeriieriierieeiiieiieeiieeieeiee et seeetee e eee e ne 1-6
1.4 Anticipated Outcome of the UAA ........oooiiiieiieeeeeeeee et 1-7
1.5  Facility Process DeSCIIPtION ......c.ceciieiieriieiienieeiieeie ettt eveesiee s es 1-7
1.6 Economic Impact on Local AT€a ........ccceouiieiiiieiiiieeieeceeece e 1-8
2.0  WATERBODY DESCRIPTIONS AND APPLICABLE
ARKANSAS WATER QUALITY STANDARDS .......ooiiieeeeeeeeeeee e 2-1
3.0 EVALUATION OF EXISTING USES .....cotitiiiieiiieteeceeee et 3-1
3.1 Primary and Secondary Contact Recreation ............cccccveeevvieeniieeiieeeciee e 3-1
3.2 Industrial Water SUPPLY ......cooiiiiiiiiieiiee e 3-1
33 Agricultural Water SUPPLY ....cccvviieiiieeiieeeeeee e 3-1
3.4 Domestic Water SUPPLY ..cc.vieiiiiiiiiieeiiee e 3-2
3.5 AQUALIC LITE .o 3-2
3.5.1 Seasonal Ozark Highlands Fishery ..........cccccooeiiniiniinininiiiicees 3-2
3.5.2 Perennial Ozark Highlands Fishery ..........ccccccooviiiviieniiiiiiniicieeeeeene 3-2
3.6  Conclusions: EXiStING USES.......c.coveruiriiriieiiinienieieeitenieeieeiteseeeee et sieeee e saeens 33
4.0  DISCHARGE CHARACTERISTICS ..ottt 4-1
4.1 JONIC COMPOSTEION. ....eiitiiieniieitieiiete ettt sttt ettt 4-1
4.2 TOXICIEY T@STINEZ .nevveeeiiie ettt ettt ettt e et e e et e e st e e st eesnseeennseeenaseeenneens 4-4
4.2.1 Spiked Effluent ToxiCity TeStING......cccoveereriiiriiniiiiinierieeiereeieeieeeee 4-6




September 12, 2011

5.0

6.0

7.0

TABLE OF CONTENTS (CONTINUED)

4.2.2 Spiked Effluent Toxicity Testing: Approach and Test Design................ 4-6
4.2.3 Spiked Effluent Toxicity Testing: Results..........cccccveeeviieriieeniienieeeee, 4-8
4.2.4 Spiked Effluent Toxicity Testing: Conclusions...........ccccceevveerienenennnen. 4-10
WATER QUALITY AND FLOWS IN RECEIVING STREAMS. ......cccooiiiirieieenee. 5-1
S5.1.1  Sampling Stations ........c.eeeveeiiierieeiiieiie ettt 5-1
5.1.2  Water Quality and FIOW........ccccoeeiiiiiiiiieiicceeeeeeeeee e 5-4
ATTAINABLE USES ...ttt sttt st 6-1
6.1 Primary and Secondary Contact Recreation ............cccccveeeviieenieeeiiieeciee e, 6-1
6.2  Industrial Water SUPPLY ......oooiieiiiiieiee e 6-1
6.3 Agricultural Water SUPPLY: CrOPS ....eeecvvieeciieeeiieeeie ettt 6-1
0.3.1  FLOWS ettt ettt sttt 6-1
0.3.2 TS ettt et st nees 6-2
0.3.3  SUIALE ..o e 6-4
6.3.4  CRIOTIAC. ...cueiiiiieieee et 6-4
6.4  Agricultural Water Supply: LivestoCK ........ccceevuieriiiiiiiniiiiieiecieeeeeeee e 6-4
6.5 Domestic Water SUPPLY ..ccovveeeiiieeieeceeeeeee et 6-4
6.6 AQUALIC LIfe ..ooiiiiiiiiieie et 6-5
AQUATIC LIFE ATTAINMENT EVALUATION ......oooiiiiieeeeeeeeeee e 7-1
7.1 Habitat Evaluation ...........ccoocieiiiiiiiiiiiiieiceeecee e 7-1
7.1.1 Physical Habitat Characteristics: Results and Discussion....................... 7-3
7.1.2  Habitat Characteristics: CONCIUSIONS .........cceevuerierieriienieniieienieneeeeen 7-7
7.2 Biological COMMUNILIES .......cccvireiiieeiiieeiiieeiee et e e e e e eireeeeaeeeeeee e 7-7
7.2.1 Benthic Macroinvertebrate Methods............cccceeviiiiiiiieciiieceeee e, 7-7
7.2.2  Fish Sampling Methods ..........cccceeviiiiiiiiiiiieieceeeece e 7-8
7.3 Biological Characteristics Results and Discussion...........ccocceeereeneenenicneennenne 7-9
7.3.1 Benthic MacroinVertebrates ...........eceeruerieriieiierieneeieseenieeie e 7-9
R T8 S T s PR US 7-12
7.4  Aquatic Life Use Attainability.........ccccceevieriiieiiieniieiieeieeieecee et 7-20

vi



September 12, 2011

TABLE OF CONTENTS (CONTINUED)

8.0  SITE-SPECIFIC CRITERIA BASED ON EXISTING
DISCHARGE CONDITIONS ..ottt et enees 8-1
8.1 Current Outfall 001 Discharge Conditions ...........ccccueevveriiieniieeieenieeieenie e 8-1
8.2 Flows and Mineral Concentrations in Receiving Streams............ccceeevveeeruveennee. 8-1
9.0 EVALUATION OF ALTERNATIVES ....ooiiitiiteeeeeeeeeee e 9-1
9.1 TDS Treatment through Reverse OSmMOSIS ........ccccueeevveeeiiieeeiieeeiieeeieeeevee e 9-2
9.1.1 Technical Considerations...........cceveruerruerienieesienieneeieeeeseesie e 9-2
9.1.2 Concentrate DisSposal OPtionS..........cecveeeruieeeiieeeiieeeieeeieeeereeeevee e 9-3
9.1.3  Economic Considerations ..........ccoceevuerierieenienieneenienienieenieeeesieenieseesnees 9-4
9.2 Pipeline to Stennitt Creek ........c.eeevieeeiiieeiieeiieeeee e e 9-5
9.3 TDS Treatment Using Wetlands..........cccoeveeniiiiiienieiiieieeeeeee e 9-6
9.4 Site-Specific Criteria and DWS Use Removal ..........ccooovveviieiiiiiciieeeeeiees 9-7
9.5 SUMMATY O COSES...ceuvieiiiieiiieiieiie ettt ettt ettt e e beesaeeneeas 9-7
9.6 CONCIUSIONS ...ttt st ettt ettt et e st e e e e saees 9-8
10.0  REFERENCES ..ottt ettt sttt sttt eaees 10-1
LIST OF APPENDICES

APPENDIX A:  Agency Communication
APPENDIX B:  Justification Report Supporting Use Removal and Site-Specific TDS Criterion

in Stennitt Creek

APPENDIX C:  Additional Information on Toxicity Testing of VCM Outfall 001

APPENDIX D:  Sampling Location Photographs from Fall Survey (September 28 to 30, 2010)
APPENDIX E:  Field Forms for Spring and Fall Surveys

APPENDIX F:  Benthic Invertebrate Taxa and Counts from Spring and Fall Surveys
APPENDIX G: TDS and Sulfate Data from Outfall 001

vil



September 12, 2011

Table ES.1

Table ES.2

Table 1.1

Table 1.2

Table 2.1

Table 2.2

Table 4.1

Table 4.2
Table 4.3

Table 4.4

Table 4.5

Table 4.6
Table 4.7

Table 5.1

Table 5.2

Table 5.3

LIST OF TABLES

Summary of designated use analysis for waterbodies

downstream of the VCM discharge ........c..cccevverieiiiniiniiiiiiiecicnececeeceee il
Summary of existing and proposed criteria for waterbodies

downstream of VCM Outfall 001 ........cccoiiiiiiiiieee e v
Current NPDES permit discharge limits for Outfall 001............cccceoeniinnnnnee. 1-3
Summary of annual state and local taxes paid by VCM.........cccceevveeiieieennnennnnn. 1-8

Default designated uses and mineral criteria for waterbodies

downstream of the VCM discharge ........c..coeevveriiniiiiniiniiiinceceneceeeen 2-1
TDS monitoring data collected at VCM Outfall 001
during 1998 and 1999 ..o e 2-2

Summary of major ion concentrations at Outfall 001 and

14 monitoring wells in Randolph and Lawrence counties.............ccceeveeevrennnne. 4-1
Summary of ionic makeup of Outfall 001 samples ........cccceeceeverviriiniencniienene 4-5
Results of inter-laboratory comparison: Outfall 001 chronic

screening tests using C. AUDIA..........ccooieieieiieieciececeeeee e 4-5
Comparison of ionic strength and composition between Outfall 001

and Brushy Creek upstream of the unnamed tributary ........c..cccceeeeviniincnnennen. 4-7
Analytes and analytical methods for spiked effluent testing and

other water quality evaluations ..........cceeeciieeiiieeiie e e 4-7
Summary of spiking exXperiment SEtUP .........ccceevueeeiierieriieeieeieeree et 4-8
Results of spiking eXperiment........c..eecveeeeiieeiiieeiiee e 4-9

Description of sampling locations and information collected
during spring and fall field SUTVEYS .......cccccieriiiiiiiiiieeeeeee e 5-4

Summary of results of flow, water chemistry analyses of grab
samples and in situ measurements taken June 14 through 16, 2010.................... 5-6

Summary of results of flow, water chemistry analyses of grab
samples and in situ measurements taken September 28 to 30, 2010 ................... 5-7

viil



September 12, 2011

Table 6.1

Table 6.2

Table 7.1

Table 7.2

Table 7.3

Table 7.4

Table 7.5

Table 7.6

Table 7.7
Table 7.8

Table 7.9
Table 7.10
Table 7.11

Table 7.12

Table 8.1
Table 8.2

Table 8.3

Table 9.1

LIST OF TABLES (CONTINUED)

Influence of soil salinity and irrigation water salinity on crop
tolerance and yield potential..........ccoeeciiieiiiiniiiice e 6-3

Irrigation water salinity for selected relative rice yield
measurements calculated using US Salinity Laboratory linear
TEETESSION CQUATIONS ..cuvieeutieeieeiierereeteestteeteestaeeseesateeseessreenseessseenseessseenseessseenns 6-3

Summary of physical and habitat characteristics evaluation

performed June 14 through 16, 2010 ........ccccovieiiieriiiee e 7-4
Summary of physical and habitat characteristics evaluation

performed September 28 through 30, 2010 ........ccccveieiiieeiiieeeeeee e, 7-5
Summary of habitat evaluation performed June 14

through 16, 2010 .....oiiiiiiiiiiee e 7-6
Summary of habitat evaluation performed September 28

through 30, 2010 .....oiiiiiiieee e 7-6
Summary of benthic macroinvertebrate sampling results

from JUNE 2010 ..oeiiiiiiiii s 7-9
Summary of benthic macroinvertebrate sampling results

from September 2010..........ooeiiiieiieeeeee e e 7-10
Summary of fish collections conducted June 14 through 16, 2010.................... 7-13
Summary of fish collections conducted September 28

through 30, 2010 ......ooiiiiiiiiieeeeeee e 7-14
Summary of fish collections conducted June and September 2010................... 7-15
Summary of fish sampling conducted June 14 through 16, 2010...................... 7-16
Summary of fish sampling conducted September 28

through 30, 2010 ...cc.eiiieiie e e 7-17
Summary of fish sampling for June and September combined ......................... 7-18
Summary of TDS and SO, concentrations from Outfall 001 .................co......... 8-2

Calculated instream TDS and sulfate concentrations
OF TECRIVING SIIEAMS .....eeeiviieeiiieeeiieeeieeeeiee e eiee e st e e st e e st e e st eesebeeesnseeennneeennneees 8-3

Summary of existing and proposed criteria for waterbodies
downstream of VCM Outfall 001 .......cccocoviriiiiiiiiiiiiinineneeeeeceereecceeene 8-4

Summary of capital, operating, and implementation costs for
eNZINEETING AItEINATIVES ....eovuiiiiieiiieiie ettt ettt ettt et 9-8

X



September 12, 2011

Figure 1.1
Figure 1.2
Figure 1.3
Figure 1.4

Figure 1.5
Figure 1.6
Figure 1.7
Figure 1.8
Figure 2.1
Figure 4.1
Figure 4.2
Figure 5.1

Figure 5.2

Figure 8.1

LIST OF FIGURES

Project loCation MAP. .....cooueeeiieriieiiieie ettt ettt ettt ettt 1-2
Photograph of quarry sump pump and pipe........cccvveeeriieerieeenieeeciee e 1-9
Outfall 001, located DENINA tIEES ...vvvvviiieiiiiieeeeieiieeee e 1-9
Downstream stock pond showing overflow pipe and area

of the VCM entry to the pond..........ccoeviiiiiiiiiiiieeeeeeee e 1-10
PONA OULIEL ...t 1-10
Unnamed tributary drainage across pasture............ceccveerveeieenieeneeeneeneeenneennnes 1-11
Brushy Creek looking upstream towards mouth of unnamed tributary............. 1-11
Aerial photograph of VCM site showing route of discharge

water from Outfall 001 to Brushy Creek .........ccccooviiieiiiieiiiieieeeeeeeee 1-12
Map of study area showing location and size of watersheds.............ccceeveueennnnen. 2-3
Plot of TDS versus sulfate from Outfall 001 ............ccooiiiiiiiiiieee 4-2
Photograph taken near the bottom of the quarry showing shale

layers and 110N STAINING ........cccuvieeiieeeiie e eeieeeeteeerteeereeereeeereeesaeeesaseeessseeens 4-3

Map of waterbodies sampled during the study and locations
Of SAMPIING STALIONS .....eieeviiiiieiieie ettt 5-2

Schematic diagram of discharge source and receiving streams.............ccceeeeveenne. 5-3

Ilustration of drought conditions in the study area during
the week preceding the fall SUIVEY........cocviiiiiiiiiiiii e 8-3



September 12, 2011

1.0 INTRODUCTION

11 Background

Vulcan Construction Materials, LP (VCM) operates a limestone quarry facility near
Black Rock in Lawrence County, Arkansas (Figure 1.1). The facility discharges groundwater and
stormwater pumped from the quarry pit via Outfall 001 to an unnamed tributary, thence to
Brushy Creek, thence to Stennitt Creek. Stennitt Creek flows into the Spring River, which the
Arkansas Pollution Control & Ecology Commission (APCEC) has designated as a trout stream,
an Extraordinary Resource Water, and an Ecologically Sensitive Waterbody (APCEC 2010).
VCM acquired the facility in 1996. A Phase I Environmental Site Assessment (ESA) revealed
that the previous owner had a National Pollutant Discharge Elimination System (NPDES) permit
and elevated levels of total dissolved solids (TDS), which were reported on the facility’s
Discharge Monitoring Reports (DMRs). The ESA indicated that the discharged TDS levels were
considered common for a quarry in a carbonate (dolomite) formation.

The previous NPDES permit (No. AR0046922) issued to VCM by the Arkansas
Department of Environmental Quality (ADEQ) on January 31, 2004, contained discharge
limitations for chemical oxygen demand (COD), total suspended solids (TSS), pH, turbidity, and
oil and grease. TDS was present in the permit as a “report only” parameter for the first 3 years of
the permit. The permit included a compliance schedule that specified compliance with TDS
limits within 3 years after the effective date of the permit. The current NPDES permit, effective
on July 1, 2009, contained the limitations summarized in Table 1.1. The VCM discharge has

routinely met all present discharge limitations, with the exception of the TDS monthly average.

1-1



Figure 1.1. Project location map.
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Table 1.1 Current NPDES permit discharge limits for Outfall 001.

Discharge Limitations
Mass Concentration
(Ibs/day) (mg/L)

Effluent Monthly Daily Monthly Daily Sampling
Characteristic Average Maximum Average Maximum | Frequency
COD 1334 200.2 50 75 Once per month
TSS 53.4 80.1 20 30 Once per month
TDS 1,334.4 2,001.6 500 750 Once per month
Oil and Grease 26.7 40.0 10 15 Once per month
pH N/A N/A Min 6 su Max 9 su | Once per month

Per Arkansas’ current mineral permitting strategy (Appendix D of ADEQ 2000), “If the
IWC' at Q7-10 flow exceeds 230 [sic]/250/5007, actions must be taken to remove the drinking
water designation from the receiving waterbody if it is designated as a domestic drinking water
supply; additionally, chronic toxicity testing must be conducted no less than every other month
for one year to demonstrate that no toxicity exist [Sic].” In the case of the VCM discharge, the
removal of the Domestic Water Supply (DWS) designated use would cause the VCM permit
limits to be based on ecoregion mineral criteria of 17.3/22.7/250 (chloride/sulfate/TDS,
respectively, as mg/L).

An analysis of discharge TDS concentration revealed that VCM discharge could meet
TDS limits based on the ecoregion TDS criterion by applying the upstream dilution of 4 cubic
feet per second (cfs) that is allowed per Arkansas’ current mineral permitting strategy
(Appendix D of ADEQ 2000). Accordingly, VCM undertook a Use Attainability Analysis
(UAA) to evaluate the removal of the DWS use designation for Brushy Creek, which was the
original focus of the UAA study reported herein. However, effluent data obtained as part of the
original UAA study indicated that, while the discharge could comply with the sulfate (SO4?)
criterion of 250 mg/L under the DWS criteria, it would not comply with a SO, limit based on
the ecoregion criterion of 22.7 mg/L, even with the allowable 4 cfs upstream dilution.
Accordingly, VCM expanded the focus of the original UAA to include options for compliance

with an eventual SO4~ limit. This expanded focus included evaluation of treatment options,

! Instream waste concentration
? Refers to 250/250/500 as chloride/sulfate/TDS, respectively (in mg/L).

1-3
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alternative discharge locations, and site-specific modifications of water quality standards and
criteria.

To allow time to conduct and submit the UAA study, ADEQ and VCM entered into a
consent administrative order (CAQO) that provided an interim TDS permit limit of 750 mg/L.

1.2 UAA Objectives
The UAA study reported herein was conducted to:

1. Determine existing and attainable uses in waterbodies downstream of the VCM
discharge (Brushy Creek, Stennitt Creek, Spring River);

2. Determine if the existing direct discharge from VCM negatively affects existing
or attainable uses in downstream waterbodies; and

3. Evaluate options for permit compliance, including treatment, alternative discharge
locations, designated use removal (Domestic Water Supply) and site-specific
minerals criteria.

1.3 UAA Approach

Preliminary evaluation of site-specific TDS and SOy criteria indicated that:

o A TDS criterion consistent with the existing discharge would exceed the
500 mg/L criterion associated with the DWS designated use, and

o A SO, criterion consistent with the existing discharge would exceed the
ecoregion criterion of 22.7 mg/L, even with the 4 cfs upstream dilution that is
allowed for permitting purposes.

Therefore, in addition to the evaluation of treatment and alternative discharge locations,
this UAA includes an evaluation of site-specific TDS and SO4'2 criteria and removal of the DWS

designated use.

1.3.1 Designated Use Removal
This proposal to justify designated use removal is in accordance with §2.306 of
Regulation No. 2, Procedures for Removal of Any Designated Use Except Fishable/Swimmable,

Extraordinary Resource Water, Ecologically Sensitive Waterbody, or Natural and Scenic
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Waterway, and Modification of Water Quality Criteria not Related to Fishable/Swimmable Uses

(APCEC 2010), which requires documentation that addresses, at a minimum:

1. Technological or economic limits of treatability,
2. Economic analysis of the impact on the local area,
3. Documentation that the use being removed is not an existing use and that all other

designated uses will be protected.

This proposal for changes to APCEC Regulation No. 2 is also in accordance with the
applicable sections of Title 40 Code of Federal Regulations (CFR) Part 131.10, including:

1. 40 CFR 131.10(b): In designating uses of a waterbody and the appropriate criteria
for those uses, the State shall take into consideration the water quality standards
of downstream waters and shall ensure that its water quality standards provide for
the attainment and maintenance of the water quality standards of downstream
waters.

2. 40 CFR 131.10(e): Prior to adding or removing any use, or establishing
sub-categories of a use, the State shall provide notice and an opportunity for a
public hearing under Sec. 131.20(b) of this regulation.

3. 40 CFR 131.10(g): States may remove a designated use which is not an existing
use, as defined in Sec. 131.3, or establish sub-categories of a use if the State can
demonstrate that attaining the designated use is not feasible because:

a. Naturally occurring pollutant concentrations prevent the attainment of the
use;
b. Natural, ephemeral, intermittent or low flow conditions or water levels

prevent the attainment of the use, unless these conditions may be
compensated for by the discharge of sufficient volume of effluent
discharges without violating State water conservation requirements to
enable uses to be met;

c. Human-caused conditions or sources of pollution prevent the attainment of
the use and cannot be remedied or would cause more environmental
damage to correct than to leave in place;

d. Dams, diversions or other types of hydrologic modifications preclude the
attainment of the use, and it is not feasible to restore the waterbody to its
original condition or to operate such modification in a way that would
result in the attainment of the use;
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e. Physical conditions related to the natural features of the waterbody, such
as the lack of a proper substrate, cover, flow, depth, pools, riffles, and the
like, unrelated to water quality, preclude attainment of aquatic life
protection uses; or

f. Controls more stringent than those required by sections 301(b) and 306 of
the Act would result in substantial and widespread economic and social
impact.

(Note: Italics indicate 40 CFR131.10(g) criteria applicable to this case).

1.3.2 Site-Specific Criteria

This proposal is also in accordance with §2.308 and §2.306 of Regulation No. 2
(APCEC 2010), which allow the development of site-specific criteria using scientifically
defensible methods that fully protect and maintain existing uses and meet the requirements for
public participation per the Continuing Planning Process (CPP).

The following were components of the approach to address these issues:

1. A waterbody survey to document current water quality and biological conditions
in waterbodies receiving the discharge and on other area creeks;

2. Analysis of the toxicity of the effluent discharge;

3. An evaluation of the technical, environmental, and economic feasibility of

treatment to reduce TDS and SO4'2; and

4, An evaluation of the technical, environmental, and economic feasibility of
moving the discharge to an alternate location.

Development of the UAA approach followed applicable guidance in:

1. The US Environmental Protection Agency (EPA) Water Quality Standards
Handbook: Second Edition (EPA 1994);

2. The EPA Technical Support Document for Waterbody Surveys and Assessments
for Conducting UAAs (EPA 1983);
3. The Water Environment Research Foundation’s (WERF) reports “Suggested

Framework for Conducting UAAs and Interpreting Results” (WERF 1997a) and
“A Comprehensive UAA Technical Reference” (WERF 1997b);

4. The State of Arkansas Continuing Planning Process document (ADEQ 2000);
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5. APCEC Regulation No. 2, including §2.306 (2010); and
6. 40 CFR 131.10(a) through (k).

The UAA process included development of a UAA Study Plan to document the various
strategies and planned tasks for ADEQ and EPA review. The revised plan (February 3, 2009)
incorporated comments from ADEQ. As part of this process, ADEQ indicated conceptual
agreement with the proposed UAA approach.

1.4 Anticipated Outcome of the UAA

It was anticipated that the UAA study would reveal that the DWS designated use in
Brushy Creek and the unnamed tributary are neither existing (regulation-defined) nor attainable
due to intermittent low flows. Such a finding would support the removal of the DWS designated
use in Brushy Creek and the unnamed tributary. This finding would allow development of
site-specific criteria for TDS and SO4 that protect existing and attainable uses while allowing
VCM to meet permit limits based on actual hydrological conditions governing flow and dilution

without the default 4 cfs upstream dilution allowed by ADEQ’s present mineral permitting

policy.

1.5 Facility Process Description

Effluent from VCM Black Rock Quarry originates from groundwater and stormwater that
are pumped from the quarry pit. Stormwater and groundwater collect in the quarry sump and
water is pumped through a pipe that runs up the quarry wall (Figure 1.2). The pipe splits via a
valve to either (1) add makeup water to the wash ponds located south of the quarry, which are
part of a closed-loop system; or (2) discharge off the property. The 800-gallon-per-minute (gpm)
pump (600 gpm at Outfall 001)is sometimes operated manually, but it normally operates by a
level float. The pump typically operates approximately 8 hours per day or more during wet
weather, with less discharge during dry conditions. Water from the wash ponds (closed-loop
system) does not discharge off the property. Water that is not needed for the wash ponds is
discharged through Outfall 001. Once the water leaves Outfall 001 (Figure 1.3), it flows to a

downstream landowner’s stock watering pond at the landowner’s request (Figure 1.4). The pond
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overflows via pipe (Figure 1.5) through the pond dam and travels through a natural drainage
feature across the farm property, referred to herein as the unnamed tributary (Figure 1.6), thence
to Brushy Creek (Figure 1.7). The drainage route from the outfall to Brushy Creek is shown on
Figure 1.8, as is the permitted facility’s property boundary.

1.6 Economic Impact on Local Area

VCM employs 13 people with an average annual salary of $32,000. In addition, VCM
indirectly impacts employment for the local ready-mix concrete, asphalt paving, and trucking
businesses that use the VCM product. State and local taxes paid annually total $331,000, and are
summarized in Table 1.2. The quarry is a sponsor and contributor to Sloan-Hendrix School
through the Adopt-a-School program and also sponsors and supports local athletic teams and

other regional events on a regular basis.

Table 1.2. Summary of annual state and local taxes paid by VCM.

Tax Type Amount Paid Annually
Property $33,000
State severance $21,000
State sales $215,000
County sales $54,000
City sales $6,000
State consumer use $26,000
County consumer use $9,000
Total $331,000
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Figure 1.2. Photograph of quarry sump pump and pipe.

Figure 1.3. Outfall 001, located behind trees.
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Figure 1.4.  Downstream stock pond showing overflow pipe and area of the
VCM entry to the pond.

Figure 1.5. Pond outlet.
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Figure 1.6. Unnamed tributary drainage across pasture.

Figure 1.7. Brushy Creek looking upstream towards mouth of unnamed tributary.
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2.0 WATERBODY DESCRIPTIONS AND APPLICABLE ARKANSAS
WATER QUALITY STANDARDS (APCEC REGULATION NO. 2)

Potentially affected waterbodies (unnamed tributary to Brushy Creek, Brushy Creek,

Stennitt Creek, and Spring River) are located in the Ozark Highlands ecoregion. Table 2.1

summarizes default designated uses and mineral criteria applicable to waterbodies downstream

of the VCM discharge. Stream locations, watershed boundaries and watershed areas are provided

on Figure 2.1. Note that although the Brushy Creek watershed area is less than 10 square miles,

this investigation assumes that it supports a perennial fishery because of the presence of enduring

pools observed during low-flow conditions.

Table 2.1 Summary of default designated uses and mineral criteria applicable to
waterbodies downstream of the VCM discharge.
Ecoregion Mineral Criteria
(mg/L)
Waterbody Designated Use cr SO, | TDS
Unnamed tributary ieas.onal Ozark Highlands Fishery
from Outfall 001 to grlcul.tural Water Supply
. Industrial Water Supply 17.3 22.7 250
confluence with -
Brushy Creek ngestlc Water Supply .
Primary/Secondary Contact Recreation
Brushy Creek from |Perennial Ozark Highlands F ishery3
confluence with Agricultural Water Supply
unnamed tributary to | Industrial Water Supply 17.3 22.7 250
confluence with Domestic Water Supply
Stennitt Creek Primary/Secondary Contact Recreation
Stennitt Creek from |Perennial Ozark Highlands Fishery
confluence with Agricultural Water Supply
Brushy Creek to Industrial Water Supply 17.3 22.7 465*
confluence with Domestic Water Supply (removed*)
Spring River Primary/Secondary Contact Recreation
Perennial Ozark Highlands Fishery
Spring River Agricultural Water Supply
downstream of Industrial Water Supply
confluence with Domestic Water Supply 173 227 250
Stennitt Creek Primary/Secondary Contact Recreation
Agricultural Water Supply

*Domestic Water Supply designation removed and site-specific TDS criterion adopted per 1998 UAA for Stennitt Creek.

? A perennial fishery is assumed because of the enduring pools present during low flows based on field observations.
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The reader should note the site-specific TDS criterion of 465 mg/L and the removal of
the DWS designated use for Stennitt Creek from the mouth of Brushy Creek to its confluence
with the Spring River (Table 2.1). The UAA study supporting the Stennitt Creek use and
criterion changes was conducted in 1998 and is provided in its entirety in Appendix B. The
Stennitt Creek UAA did not address SO4'2 concentrations in Stennitt Creek. DMR data collected
from the VCM Outfall 001 (Table 2.2) document that the VCM discharge was contributing
elevated TDS to downstream waterbodies at the time of the Stennitt Creek UAA study and that
the results and conclusions of the 1998 UAA study incorporate the effects of the present VCM
discharge. Therefore, existing water quality in Brushy Creek is consistent with current water
quality criteria and uses in Stennitt Creek downstream of the mouth of Brushy Creek.
Accordingly, use and criteria changes to Brushy Creek based on the existing VCM discharge, as
proposed herein, do not represent a change from historical conditions in Brushy Creek or other

downstream waterbodies.

Table 2.2. TDS monitoring data collected at VCM Outfall 001 during 1998 and 1999.

TDS Concentration

Sampling Date (mg/L)
March 31, 1998 559
June 30, 1998 275
September 30, 1998 514
December 31, 1998 1,100
January 31, 1999 577
February 28, 1999 453
March 31, 1999 482
April 30, 1999 502
May 31, 1999 508
June 30, 1999 607
July 31, 1999 605
August 31, 1999 685
September 31, 1999 774
October 31, 1999 517
November 30, 1999 787
December 31, 1999 619
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3.0 EVALUATION OF EXISTING USES

The following sections provide an evaluation of existing uses (i.e., those uses that were
attained on or after November 28, 1975) in Stennitt Creek downstream of its confluence with
Brushy Creek; in Brushy Creek downstream of its confluence with the unnamed tributary; and in
the unnamed tributary, all as indicated by the results of field observations, interviews with
landowners (primarily on Brushy Creek downstream of the unnamed tributary), and aerial
imagery available via Google Earth. All uses listed below can assumed to be existing for the

Spring River downstream of its confluence with Stennitt Creek.

3.1 Primary and Secondary Contact Recreation
These uses were assigned by default to Stennitt Creek, Brushy Creek and the unnamed
tributary. They can be assumed to be existing uses because, theoretically, people can come in

contact with water from these waterbodies (e.g., swimming).

3.2  Industrial Water Supply
Neither Stennitt Creek downstream Brushy Creek nor the unnamed tributary are presently
used as a source of water for industry, and no evidence of such use was discovered during the

field observations or from aerial imagery. This use is not an existing use.

3.3  Agricultural Water Supply

The Arkansas Natural Resources Commission requires registration of irrigation (or other)
water withdrawals. No ANRC-registered water withdrawals exist for Stennitt Creek, Brushy
Creek, or the unnamed tributary. Field observations indicate that the land surrounding Brushy
Creek and the unnamed tributary are presently used as pasture to support cattle. Therefore, this

use is assumed to be an existing use.
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3.4 Domestic Water Supply

There are three residences located on Brushy Creek downstream of its confluence with
the unnamed tributary. VCM’s Robert Ball contacted these residences and spoke with Charles
Milgrim, Jeanette Smith, and Carolyn Webster about present and past use of Brushy Creek as a
drinking water source. All three landowners said that they have never used Brushy Creek as a
drinking water source, and that flows in Brushy Creek either cease or become very low during
the summer months. Since VCM was not in operation during November 1975 when ADEQ
originally assigned the DWS use designation to waters of the Ozark Highlands ecoregion, there
would have been even less flow in Brushy Creek due to the absence of the VCM discharge.
Therefore, the DWS use is not an existing use due to the lack of sufficient flow.

As noted in Section 2.0, the DWS use was removed from Stennitt Creek downstream of

its confluence with Brushy Creek.

3.5 Aquatic Life

3.5.1 Seasonal Ozark Highlands Fishery

The watershed of the unnamed tributary to Brushy Creek is less than 10 square miles.
Since VCM was not in operation during November 1975, it is questionable whether the unnamed
tributary supported a seasonal fishery as defined in Regulation No. 2 (APCEC 2010). However,
for purposes of this evaluation, this use will be assumed to be an existing use for the unnamed

tributary.

3.5.2 Perennial Ozark Highlands Fishery

Although flows in Brushy Creek may cease or decrease to very low levels at times, field
observations indicate that there are likely enduring isolated pools during low flows. Therefore,
the aquatic life use is assumed to be an existing perennial use in Brushy Creek and all

downstream waterbodies.

3-2



September 12, 2011

3.6 Conclusions: Existing Uses

The evaluation of existing uses of Brushy Creek and the unnamed tributary indicates the

following:
. Existing uses include Primary and Secondary Contact Recreation, Agricultural
Water Supply, and Aquatic Life; and
o Industrial Water Supply and Domestic Water Supply uses are not existing uses.
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4.0 DISCHARGE CHARACTERISTICS

Discharge characteristics were evaluated based on routine DMR sampling for TDS;
additional sampling for SO4; and field surveys conducted between February 29, 2009, and
March 21, 2011. Additional information on the mineral content of groundwater in the Black
Rock area is available from 14 monitoring wells ranging in depth from 75 to 300 ft (with an
average depth of 151 ft), available as part of water resources surveys conducted by the United

States Geological Survey (USGS 1969). These data are summarized in Table 4.1.

Table 4.1. Summary of major ion concentrations at Outfall 001 and 14 monitoring wells in
Randolph and Lawrence counties.

Outfall 001 Monitoring Wells*
Parameter |Minimum| Mean | Maximum | N |Minimum| Mean [Maximum| N
Total Alkalinity 150 199 240 10 287 428 560 14
TDS 327 482 618 23 324 394 532 14
Ca™ 62 73.3 85 10 34 82 101 14
Mg" 40 473 54 10 30 40 59 14
K* 1.7 2.75 4.6 10 0.9 2.2 34 14
Na’ 2.8 3.87 59 10 1.3 7.0 32 14
Cl 5.4 8.58 13 10 1.4 9.4 26 14
SO, 72.4 135 200 22 1.0 14 5.6 14

Notes:  Discharge data based on routine DMR sampling for TDS, additional sampling for SO,~, and field surveys conducted
between February 29, 2009, and March 21, 2011.

*Depth range 75 to 300 ft; average depth of 151 ft; see Table 7 in Water Resources of Randolf and Lawrence Counties,
Arkansas (USGS 1879-B).

41 lonic Composition

Analysis of cations and anions indicate calcium (Ca™) and magnesium (Mg ™) and
bicarbonate (HCOj3) as dominant ions in groundwater, with additional SO4? in Outfall 001. Ionic
makeup of the Outfall 001 discharge is virtually identical to the groundwater except for elevated
SO, (and resulting elevated TDS) in the discharge (Table 4.1). The quarry is located in the

Powell Dolomite formation. Dolomite is composed of (CaMg)(COs),, which is consistent with

the dominance of Ca*, Mg™ and HCO5™ in groundwater and the VCM discharge (Table 4.1).
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These monitoring data from Outfall 001 encompass two complete years and include periods of
unusually wet (spring of 2009) and dry (summer and fall of 2010) weather and are therefore
representative of the range of TDS and SO, concentrations likely to occur at Outfall 001. A
striking feature of the groundwater data summarized in Table 4.1 is that all of the TDS data
exceed the ecoregion TDS criterion of 250 mg/L. Therefore, background TDS concentrations in
the study area can be expected to exceed ecoregion criteria depending on local surface and
groundwater hydrology. A plot of SO, versus TDS from the outfall (Figure 4.1) shows a
significant correlation (Spearman R* = 0.56, p = 0.004) between TDS and SO,, which indicates
that SO4~ from the outfall contributes to the relatively high background TDS.
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Figure 4.1.  Plot of TDS versus SO, from Outfall 001. (Data collected February 24, 2009,
to June 22, 2011.)
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A photograph taken near the bottom of the quarry (Figure 4.2) shows the presence of
green-colored shale strata, as well as yellowish staining of the quarry wall, which is due to either
oxidized pyrite or iron oxide precipitated from the leaching groundwater. Pyrite can be found as
finely disseminated particles in the shales common in this formation, as secondary precipitated
minerals along fractures within the rock, or as secondary precipitates within karst features. Pyrite
1s a well-known source of SO4'2 in surface water and is a likely source of SO4'2 in the outfall. The
high concentrations of HCO3 characteristic of the discharge, receiving waters, and groundwater
prevent the acidification that would likely happen in poorly buffered systems.

This information indicates that the ionic composition of the water discharged through
Outfall 001 is the result of the combination of the natural geology of the region and quarry

activities that expose pyritic rock.

Figure 4.2.  Photograph taken near the bottom of the quarry showing shale
layers and iron staining (pyrite or iron oxide).
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4.2 Toxicity Testing

TDS and ionic composition are the primary concern regarding potential toxic effects of
the VCM discharge. Chronic survival, reproduction, and growth toxicity tests (EPA 2002)
performed on a sample collected on February 24, 2009*, indicated no lethal or sub-lethal toxicity
to either Ceriodaphnia dubia or Pimephales promelas. This result justified further effort to
develop the UAA, which included experiments to manipulate effluent sample concentrations of
Ca'?, Mg™, Na', K", CI', SO, and HCO5 ions by adding inorganic salts to the effluent sample.
These ions (primarily Ca™, Mg™, SO, and HCO5') account for virtually 100% of the TDS in
effluent samples collected during the study (Table 4.2). The spiked effluent solutions were tested
for lethal and sub-lethal effects to C. dubia in toxicity tests (Method 1000.2; EPA 2002) to
evaluate potential toxic effects of TDS and SO, at “worse case” concentrations. This evaluation
focused on C. dubia, which is known to be more sensitive to TDS-related toxicity than other
standard freshwater test organisms such as P. promelas and Daphnia pulex (Goodfellow
et al. 2000; Mount et al. 1997).

Toxicity test data provided in this section were generated by Huther and Associates, Inc.’
(HAI). Initial efforts to conduct spiked effluent tests performed by American Interplex
Corporation Laboratories (AIC) produced results that indicated the presence of sub-lethal
toxicity in the VCM discharge that was due to the ionic strength/composition of the samples.
However, these results were at considerable variance from published information on ion toxicity,
particularly regarding expected dose responses and toxic levels of SO, and HCO5 in the
presence of Ca™. In addition, split sample testing between HAI and AIC indicated consistent
differences between laboratories, with HAI consistently showing no lethal or sub-lethal toxicity
and AIC consistently showing sub-lethal toxicity in undiluted effluent (Table 4.3). After agency
consultation, results generated by AIC were considered aberrant and the results from HAI were
used to support this evaluation. A detailed discussion and documentation of the reasoning for this

decision is provided in Appendix C.

* Test performed by American Interplex Corporation Laboratories, 8600 Kanis Road, Little Rock, AR 72204.
3 Huther and Associates, Inc., 1156 North Bonnie Brae, Denton, TX 76201.
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Table 4.2. Summary of ionic makeup of Outfall 001 samples.

Concentration (mg/L)

Proportion of Measured TDS

Min Mean | Max Min | Mean | Max
Parameter (mg/L) | (mg/L) | (mg/L) | SD® | N| (%) | (%) | (%) SD | N
Total Alkalinity 150 199 240 | 2767 [10] NA® | NA NA NA [NA
HCO;5 © 90.4 119.44 146 16.95 | 10| 0.20 0.28 0.37 | 0.0550 | 10
TDS 327 482 618 86.46 |23 NA NA NA NA |NA
TDS @ 327 542 802 [10345][96] NA | NA | NA | NA [NA
Ca™ 62 73.3 85 8.001 | 10| 0.14 0.17 0.19 | 0.0156 | 10
MgJr2 40 47.3 54 5.100 [ 10| 0.10 0.11 0.13 | 0.0112 | 10
K" 1.7 2.75 4.6 0.8223 | 10 | 0.00 0.01 0.01 0.0014 | 10
Na" 2.8 3.87 5.9 0.8367 | 10| 0.01 0.01 0.01 0.0014 | 10
Clr 5.4 8.58 13 2.215 | 10| 0.01 0.02 0.03 0.0046 | 10
SO4'2 72.4 135 200 30.61 | 22| 0.28 0.34 0.40 | 0.0360 | 22
SO4‘2/C1' 14.0 18.1 24.1 3.1648 | 10 NA NA NA NA |NA
Hardness 320 378 432 3995 | 10| NA NA NA NA |[NA
TDS as meazsured ions 360 405 476 38.60 | 10| 0.87 0.93 1.08 | 0.0783 | 10
5333234 » HCOs, 344 390 456 36.35 | 10| 0.83 0.90 1.04 | 0.0761 | 10
Notes:  Discharge data based on routine DMR sampling for TDS, additional sampling for SO,~, and field surveys conducted
between February 29, 2009, and March 21, 2011.
(a) Standard deviation.
(b) Not applicable.
() HCOj5 values calculated per SM 4500-CO2 D (APHA 1998).
(d) From DMR monitoring January 29, 2003, through June 22, 2011.
Table 4.3. Results of inter-laboratory comparison: Outfall 001 chronic screening tests using

Ceriodaphnia dubia.

Sample Test Parameter
Collection % Survival (n=10) Average Number of Young

Date Laboratory Control Effluent Control Effluent

February 24, 2009 AIC 100 100 27.9 27.1
AIC 100 100 16.2 11.9*
March 17, 2010 AIC (Retest) 100 70 20.1 7.4 %
AIC 100 100 15.6 11.5*

May 18, 2010 HAI 100 100 25.4 24.8
AIC 100 100 19.7 15.6 *
August 18, 2010 705" R des) 100 90 19.2 8.4 *
September 28, 2010 AIC 100 100 18.4 14.4 *
AIC 100 90 19.9 16.2 *

November 13, 2010 HAI 100 100 22.7 24.5
AIC 100 90 17.6 13.7 *

March 16, 2011 HAI 100 100 244 277

*Statistically less than the control (P < 0.05).
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4.2.1 Spiked Effluent Toxicity Testing

An experiment using spiked effluent tests was designed to evaluate the possibility that
(1) toxicity was due to an unknown toxicant in the effluent, and/or (2) toxicity was related to an
interaction between SO, and elevated hardness due to the presence of both Mg and Ca™. The

possibility of this interaction was suggested by:

1. A toxicity result in Ephlick et al. (2011) indicated an increase in SO, toxicity at
hardness levels comparable to those found the VCM discharge (300 to 400 mg/L),
and

2. Mg, which accounts for approximately 50% of the effluent hardness, is a

significant parameter in the STR model developed by Mount et al. (1997).

4.2.2 Spiked Effluent Toxicity Testing: Approach and Test Design

The approach to the spiking experiment was to increase SO4~ as MgSO, and CaSOy such
that hardness and SO4~ increased simultaneously while (1) retaining the original proportion of
Ca*to Mg™* (approximately 2:1 by weight), and (2) increasing the Ca™:Mg " ratio to
approximately 3:1. Tests were conducted using both Outfall 001 and the sample collected from
Brushy Creek immediately upstream of its confluence with the unnamed tributary. The ionic
makeup of Brushy Creek is very similar to that of the VCM discharge minus the elevated SO,
(Table 4.4). The purpose of including this sample (spiked to mimic outfall SO4~ ionic
composition) was to evaluate the possibility of an unknown toxicant in the VCM discharge. If
the outfall sample were to show toxicity while the Brushy Creek sample (after adjustment) did
not, it would suggest an unknown toxicant in the outfall not attributable to its ionic
strength/composition. This experiment was performed by HAI on samples collected on
November 15, 2010, as follows.

Upon arrival to the laboratory aliquots of sample were collected and analyzed for the
analytes indicated in Table 4.5. Six treatments were then prepared per Table 4.6 by adding
reagent-grade inorganic salts to the samples from Outfall 001 and Brushy Creek upstream of the
unnamed tributary (BCO) and aerating for 24 hours. Aliquots of Treatments 2, 3, 5, and 6 were
collected and analyzed for SO42and Ca™. Each treatment in Table 4.6 was then used as a test

exposure against a common control in a 3-brood chronic toxicity test using C. dubia.
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Table 4.4. Comparison of ionic strength and composition between Outfall 001 and Brushy
Creek upstream of the unnamed tributary.

Outfall 001 Brushy Creek Upstream (BCO)
Parameter Min Mean Max N Min Mean Max N
Total Alkalinity 150 199 240 10 220 260 290 4
HCO;5 90.4 | 119.44 146 10 133 157 176 4
TDS 327 482 618 23 240 305 340 4
Ca™ 62 73.3 85 10 55 61 66 4
Mg ™ 40 47.3 54 10 30 35 38 4
K" 1.7 2.75 4.6 10 1.4 1.5 1.7 4
Na 2.8 3.87 59 10 1.8 24 2.8 4
Cr 54 8.58 13 10 3.8 5.8 99 4
SO, 72.4 135 200 22 7.9 13.0 17 4
Hardness 320 378 432 10 261 297 321 4

Notes:  Discharge data based on routine DMR sampling for TDS, additional sampling for SO,~, and field surveys conducted
between February 29, 2009, and March 21, 2011. All units for minimum, mean, and maximum concentrations are mg/L
unless otherwise noted. HCO;™ values calculated per SM 4500-CO2 D (APHA 1998).

Table 4.5. Analytes and analytical methods for spiked effluent testing and other water
quality evaluations.

Analyte Method (or equivalent)
Cr EPA 300.0
S0, EPA 300.0
Ca"” EPA 200.7
Mg™ EPA 200.7
Na' EPA 200.7
K" EPA 200.7
Total Alkalinity SM 2320B
Hardness EPA 200.7
TDS SM 2540C
pH Electrode
Specific Conductance Electrode
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Table 4.6. Summary of spiking experiment setup.

Expected Increase in Concentration (mg/L)

Trt Description TDS | Ca” | Mg*™ | SO4* |Hardness

1 |Outfall 001 None | None None None None
Outfall 001 + 130 mg/L CaSO4(2H,0) +

2 100 mg/L MgSO, 202 30 20 153 157
Outfall 001 + 130 mg/L CaSO4(2H,0) +

3 1100 me/L MgSO, + 138 me/L CaCl, 3401 80 2001 153 ) 28l

4 |BCO None None None None None
BCO0 + 260 mg/L CaSO4(2H,0) +

5 200 mg/L MgSO, 405 60 40 306 314
BCO0 + 260 mg/L CaSO4(2H,0) +

6 1200 mg/L MeSO, + 138 mg/L CaCl, 43 1 110140 3061 438

7 |Lab Water Control None None None None None

4.2.3 Spiked Effluent Toxicity Testing: Results

Results of the spiking experiment are presented in Table 4.7. Laboratory control survival

and reproduction for Outfall 001 were 100% and 24.5 neonates, respectively. Measured versus

_ . . + .
expected SO4~ concentrations showed close agreement, while measured Ca™ concentrations

were consistently lower than expected. This result indicates that some precipitation of Ca™ likely

occurred during sample preparation and equilibration.

There were no statistically significant differences between the control and test treatments

or among test treatments (P > 0.05). The TDS, SO4~, and hardness concentrations of the

non-toxic unspiked Outfall 001 sample were 410, 142, and 418 mg/L, respectively. Spiked

samples containing approximately 300 mg/L SO, (average measured concentration of

294 mg/L), which is approximately 50% higher than the highest effluent concentration

(Table 4.4), showed no lethal or sub-lethal toxicity. Similarly, spiked samples having up to

833 mg/L TDS (estimated), which exceeds the maximum Outfall 001 concentrations (Table 4.4),

showed no lethal or sub-lethal toxicity. There was no difference in the toxicity response of the

Outfall 001 versus the Brushy Creek samples, indicating no unknown toxicants in the VCM

effluent. Finally, there was no evidence of increased SO4? toxicity at elevated hardness as seen

in the data reported in Elphick et al. (2011).
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4.2.4 Spiked Effluent Toxicity Testing: Conclusions

Testing of spiked samples of effluent and receiving stream indicate that:

1. Mineral concentrations in the VCM discharge are not toxic to aquatic life. No
chronic toxicity should be expected at SO4~ and TDS concentrations well in
excess of maximum concentrations;

2. No additional toxicants in the VCM discharge are evident; and

No unusual interactions or non-additive responses are expected due to the ionic
makeup of the discharge and receiving streams.
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5.0 WATER QUALITY AND FLOWS IN RECEIVING STREAMS

To evaluate the attainability of aquatic life uses (Perennial Ozark Highlands Fishery)
water quality and biological surveys were conducted during the late spring (June 14 to 16) and

early fall (September 28 to 30) of 2010. The purpose of the field surveys was to:

1. Establish the range of chemical, physical, habitat and biological conditions
present in Brushy Creek, Stennitt Creek, and other stream environments near the
site; and

2. Evaluate factors (habitat, pollutants) that limit aquatic life in stream reaches

affected by the VCM discharge.

5.1.1 Sampling Stations

Sampling stations were chosen to characterize representative reaches of Brushy Creek
and Stennitt Creek upstream and downstream of the discharge. Accessibility was a major factor
in selecting sampling locations due to landowner permission and dense riparian vegetation.
Consequently no sampling was possible in Stennitt Creek downstream of the mouth of Brushy
Creek. The locations of the sampling stations are indicated on Figure 5.1, illustrated
schematically on Figure 5.2, and described in Table 5.1. A reference stream location on nearby
Clear Creek (REF) was identified based a reconnaissance of streams with watersheds similar in
size to Brushy Creek near its confluence with the unnamed tributary. The watershed of the
reference stream location was almost entirely forested and contained no identifiable point
sources of pollution other than the road crossing upstream of the sampling reach. Little if any
sedimentation or substrate impairment was apparent due to the road crossing. Photographs of

selected locations from the fall sampling are provided in Appendix D.
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Table 5.1. Description of sampling locations and information collected during spring and fall
field surveys.

_ GPS Coordinates Fish,
Station Water Benthos,
ID Description Latitude | Longitude | Quality | Flow | Habitat
001 _|Outfall 001 36.14203 | -91.1622 X X
UTO0 | Unnamed tributary to Brushy Creek 36.13952 | -91.1632 X X X
BCO Brushy Crefek upstream of mouth of 36.1392 | -91.1652 X X X
unnamed tributary
BC1 Brushy erek downstream of mouth of 36.13865 | -91.1625 X X X
unnamed tributary
Brushy Creek upstream of confluence
BC2 with Stennitt Creek 36.1482 | -91.1453 X X X
3CO Stennitt Creek upstream of mouth of 36.15046 | -91.1441 X X X
Brushy Creek
Spring River at Hwy 62 upstream of
SRO mouth of Stennitt Creek 3620385 | -91.1697 X
Spring River at Hwy 361 downstream of
SRI mouth of Stennitt Creek 36.20383 1 -91.1697 X
REF Reference stream — Clear Creek at 36.15738 | -91.1803 X X X
County Road

5.1.2 Water Quality and Flow

Grab samples were collected at all sample locations according to FTN sampling
protocols. Samples were taken from mid-surface from flowing portions of the stream using a
clean plastic bucket. The sample was then split into aliquots and placed into sample containers
containing preservative appropriate for the selected analyses. Samples were placed on ice
immediately upon collection and delivered to AIC, which is certified by ADEQ for the selected
analyses. Samples were analyzed for the list of analytes using the methods listed in Table 4.5.

Stream flow was measured at the upstream end of each sampling reach indicated. Flows
were measured by measuring stream width, depth and current velocity per USGS (1982)
protocols using a calibrated wading rod and a Marsh-McBirney (Flow Mate Model 2000) flow
meter. All flow measurements were made concurrently with grab sample collection.

In situ measurements of temperature (°C), dissolved oxygen (DO; mg/L), pH (standard
units), and specific conductance (conductivity; uS) were taken using Hydrolab Minisonde

Multiprobe water quality monitors. Instruments were calibrated on the day of use or deployment.
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Calibration of the DO function on all instruments was performed using air calibration.
Calibration of conductivity and pH functions was performed using standard buffers (pH) and
calibration standards (conductivity). Calibration was checked upon completion of each day’s
measurements by comparing instrument readings with readings in standard buffers, calibration
standards or saturated air, as appropriate. All calibration information was documented and
retained as part of the project records. Discreet in situ measurements were taken in mid-current at

mid-depth concurrently with grab water samples.

5.1.2.1 Water Quality and Flow Measurement Results and Discussion

Results of flow and chemical measurements are presented in Tables 5.2 and 5.3 for the
June and September 2010 sampling, respectively. Samples collected in June 2010 showed TDS
in excess of the ecoregion criterion of 250 mg/L in all waterbodies except the Spring River,
where TDS concentrations were near ecoregion criteria. Sulfate concentrations at the unnamed
tributary (UT0), Outfall 001, and Brushy Creek downstream of the unnamed tributary and
upstream of Stennitt Creek (BC2) exceeded ecoregion criteria (Table 5.2).

Similarly, samples collected in September 2010 (Table 5.3) showed TDS in excess of
ecoregion criteria in all waterbodies with one duplicate sample from the Spring River exceeding
the TDS criterion. Sulfate concentrations at the unnamed tributary (UTO), Outfall 001, and both
downstream Brushy Creek stations (BC1 and BC2) exceeded ecoregion criteria.

There was not strong seasonality in parameters related to dissolved minerals.

The combination of hard substrate and low flows prevented flow measurement at BCO
(upstream of the mouth of the unnamed tributary). Flow at this point was estimated based on the
measured flow at BC1 minus measured flow at UTO.

Sampling results from locations unaffected by the VCM discharge (BC0, SCO, SRO,
REF) showed that background TDS concentrations commonly exceed or are near (as with the
Spring River concentrations) ecoregion TDS criteria. Brushy Creek stations downstream of the
unnamed tributary generally exceeded ecoregion TDS and SOy criteria (except for SO, in the

June sample) and reflected the additional loading of these parameters from the VCM discharge.
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Table 5.2. Summary of results of flow, water chemistry analyses of grab samples and in situ
measurements taken June 14 through 16, 2010.

Station

Parameter UTO | BCO | BC1 | BC2® | sco | REF | 001 SRO SR1
Date ® 6/15 | 6/14 | 6/14 | 6/15 | 6/15 | 6/16 |6/15| 6/15 6/15
Time © (24 h) 1550 | 1745 | 1515 | 1100 | 1310 | 0740 |1015| 0713 1908
Flow (gpm) 2 | 220 | 182 | 223 | 1435 | 494 |NM |4.54x10°“|4.54x10°
Temperature (°C) NM | 2432 | NM | 3142 | 2677 | 19.50 [ 263 | 26.98 NM
DO (mg/L) NM | 698 | NM | 7.44 | 6.07 | 791 | 5.8 6.72 NM
pH (su) NM | 768 | 7.7 | 781 757 | 790 | 7.3 7.81 NM
Specific Conductance (uS)| 704 | 596 | NM 562 537 211 | 696 | 454/440 NM
TDS (mg/L) 400 | 340 | 310 | 360/340 | 280 | 280 | 430 240 240
éff;j‘gmy as CaCO; 150 | 260 | 270 |220/170 | 300 | 270 |210| 220 200
Chloride (mg/L) 73 | 38 | 40 [ 52550 32 | 43 |65 35 33
Sodium (mg/L) 46 | 26 | 27 | 3233 ] 25 22 |36 2.0 1.8
Potassium (mg/L) 20 | 14 [ 13 | 2524 ] 13 <1 | 3.0 1.6 1.6
Calcium (mg/L) 46 | 66 68 | 61/60 69 62 | 76 54 47
Magnesium (mg/L) 44 38 39 38/38 32 33 47 30 26
Sulfate (mg/L) 91 | 79 | 10 | 44/44 | 37 3.4 | 120 3.1 2.9

Notes:  Bold entries indicate values not meeting ecoregion water quality criteria; NM = not measured.
(a) Duplicate samples collected.
(b) Date and time of sample collection and in situ measurements.
(c) Spring River flows obtained from USGS gage at Imboden
(http://waterdata.usgs.gov/ar/nwis/uv?site_no=07069500)
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Table 5.3 Summary of results of flow, water chemistry analyses of grab samples and in situ
measurements taken September 28 to 30, 2010.

Station

Parameter UTO | BCO | BC1 | BC2 | SCO | REF | 001 SRO SR1®
Date ® 9/29 | 9/29 |9/29 | 9/30 | 9/29 | 9/30 | 9/28 9/30 9/30
Time (24 h) ® 1300 | 1350 | 0900 | 0900 | 1600 | 1100 | 1640 | 1440 0740
Flow (gpm) 2 | 22@ ] 24 | 68 | 244 | 97 | NM | 1.95x10° | 1.95x10°
Temperature (°C) 26.19( 29.75 | 18.2 [ 16.55]21.67 | 16.66 | 20.76 | 21.75 19.02
DO (mg/L) 877 | 742 | 564|596 | 56 | 624 | 5.17 6.49 6.61
pH (su) 821 | 749 | 636 | 750 | 7.33 | 7.71 | 6.67 7.97 7.78
Specific Conductance (uS) | 690 | 565 | 619 | 567 | 513 | 518 | 785 398 463
TDS (mg/L) 590 | 340 | 450 | 390 | 290 | 280 | 530 160 220/280
Alkalinity as CaCO; (mg/L) | 140 | 290 | 220 | 200 | 270 | 270 | 210 200 230/270
Chloride (mg/L) 99 | 45 [ 69| 84 | 40 | 52 | 10 3.3 3.8/5.2
Sodium (mg/L) 51 | 28 | 40| 40 | 28 | 26 | 59 2.0 2.4/2.6
Potassium (mg/L) 4.2 1.4 29 | 40 2.1 1.0 | 4.6 1.6 1.7/1.0
Calcium (mg/L) 65 64 62 | 58 65 63 85 46 49/63
Magnesium (mg/L) 52 38 44 | 39 | 31 34 54 27 30/34
Sulfate (mg/L) 210 [ 11 |[100| 95 | 48 | 43 | 190 3.2 3.8/4.3

Notes:  Bold entries indicate values not meeting ecoregion water quality criteria. NM = not measured.
(a) Duplicate samples collected.
(b) Date and time of day of sample collection and in situ measurements.
(c) Estimated (see text).
(d) Spring River flows obtained from USGS gage at Imboden
(http://waterdata.usgs.gov/ar/nwis/uv?site_no=07069500)
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A comparison of June versus September ion concentrations at sampling locations
receiving no VCM discharge (BCO, SCO, REF, SR0) did not show strong seasonality, even
though there was strong seasonality in flows. In many geophysical areas, ion concentrations act
as conservative parameters with concentrations inversely related to flow, resulting in distinct
seasonal fluxes in ion concentrations. lon concentrations in the streams in this study area are
apparently controlled by factors operating at larger spatial and/or temporal scales such that
seasonal variation is negligible. In contrast, stronger seasonality in ion concentrations was
apparent at Outfall 001 and UTO (Tables 5.2 and 5.3). The stronger seasonality at these stations
might be due to greater levels of summertime evaporation in the sump area of the quarry pit and
in the pond through which the discharge passes before passing to the unnamed tributary. This can
be expected to result in slightly greater seasonality in ion concentrations in Brushy Creek due to
the VCM discharge.

The Spring River station downstream of the mouth of Stennitt Creek showed a consistent
increase in all mineral-related parameters during the September sampling. To evaluate the
potential effect that the VCM discharge has on mineral concentrations in the Spring River, a
conservatively high estimate of the TDS and SO, loading to the Spring River from Brushy
Creek can be computed as follows:

The average flow at the USGS stream gage on the Spring River at Imboden, AR (Station
No. 07069500°), which is approximately 6 miles upstream of the mouth of Stennitt Creek, was
436 cfs during September 28 to 30, 2010. During the same time, the measured TDS and SO~ at
Outfall 001 were 530 and 190 mg/L, respectively. Using the measured flow at BC2 of 68 gpm or
0.152 cfs (note that the actual flow from the unnamed tributary at this time was only 2 gpm, or
0.004 cfs), the dilution of Brushy Creek into the Spring River can be estimated. Using these
highly conservative flow-weighting values (i.e., outfall parameter concentrations + downstream
flow values), the dilution of Outfall 001 into the Spring River during the September study can be

calculated as:

0.152 cfs ~ 436 cfs=3.49 x 10™*

6 http://waterdata.usgs.gov/ar/nwis/uv?site_n0=07069500
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Therefore the increase in TDS in the Spring River due to the Outfall 001 discharge can be
calculated as 3.49 x 10 x 530 mg/L = 0.18 mg/L, and the increase in SO4~ in the Spring River
due to the Outfall 001 discharge can be calculated as 3.49 x 10™ x 190 mg/L = 0.07 mg/L. These
changes represent negligible increases in the Spring River even under these unrealistically
conservative conditions.

As will be discussed later in this document, the September flow and concentration
measurements were taken under moderate to severe drought conditions and provided a close

approximation of critical flow conditions.

5.1.2.2 Water Quality and Flow Measurement Conclusions

The primary findings of the water quality survey were:

o Background concentrations of TDS routinely exceed ecoregion criteria;

o The VCM discharge causes TDS and SO, concentrations to exceed ecoregion
criteria in Brushy Creek downstream of the unnamed tributary;

o Stream segments that receive no VCM discharge show little of the flow-related
seasonality in ion concentrations often seen in streams. Therefore an additional
effect of the VCM discharge on downstream waterbodies would be to increase
seasonal variation in ion concentrations;

. The slight increase in Spring River TDS and SO4~ concentrations downstream of
the VCM discharge cannot be attributed to the VCM discharge even under
unrealistically conservative flow-weighting assumptions (i.e., Outfall 001
concentrations at downstream Brushy Creek flows).
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6.0 ATTAINABLE USES

This section evaluates attainable uses in Brushy Creek and the unnamed tributary in the
presence of the VCM discharge. In evaluating attainable uses for Brushy Creek and the unnamed

tributary, it is assumed that the VCM discharge:

o Occurs an average of 8 hours per day;

o The current discharge supports most, if not all, of the dry season flow in both
Brushy Creek and the unnamed tributary; and

. The VCM discharge exceeds ecoregion TDS and S04 criteria, but does not
exceed chloride criteria (17.3 mg/L).

6.1 Primary and Secondary Contact Recreation

DMR data indicate that the VCM discharge routinely meets current limits for TSS
(monthly average/daily maximum = 20/30 mg/L) and turbidity (monthly average report only,
Nephelometric turbidity units [NTU]). The VCM discharge flows directly into a private pond at
the pond owner’s request. The pond owner currently uses the pond, in part, for recreation.
Therefore, current concentrations of TDS and sulfate should not affect the attainability of this

use for the unnamed tributary or Brushy Creek.

6.2 Industrial Water Supply
Although the Industrial Water Supply Use is not an existing use, current concentrations

of TDS and sulfate do not affect the attainability of this use.

6.3  Agricultural Water Supply: Crops

6.3.1 Flows

According to information provided by the University of Arkansas, Division of
Agriculture, Cooperative Extension Service’, a water supply suitable for irrigation should

provide minimum flows of 5, 10, or 15 gpm per acre for center pivot, furrow, and levee

7 http://www.uaex.edu/ Other_Areas/publications/HTML/MP-197.asp
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irrigation, respectively, of soybeans (Tacker and Vories 2004). The maximum flow from the
facility is an intermittent flow of 600 gpm, which could, theoretically, provide irrigation for 40 to
129 acres of soybeans. This information indicates that the current discharge flows from the plant

will support a marginally attainable agricultural use.

6.3.2 TDS

The most commonly used guideline for salinity tolerance of crops is Ayers and Westcot
(1985). In this document, yield potentials for a number of crops are associated with soil and
water salinity values measured as electrical conductance. Salinity values associated with yield
potentials for cotton, soybeans, and rice are summarized in Table 6.1. The water salinity (ECw)
values reported in Ayers and Westcot (1985) have been calculated from the soil salinity (ECe)
values reported (ECw = ECe/1.5). TDS values shown in Table 6.1 were calculated from the
conductivity values (TDS = 650*conductivity). The maximum effluent TDS concentration
(802 mg/L; see Table 4.2) is well below the calculated irrigation water TDS values summarized
in Table 6.1, thus indicating that effluent TDS would not be expected to negatively affect crop
productivity. The US Salinity Laboratory (US Department of Agriculture, Agricultural Research
Services) has calculated linear regressions of irrigation water salinity (measured as the
conductivity) to relative rice yield measurements based on experiments conducted in the late
1990s (Zeng and Shannon 2000). These relationships are based on the response of rice to sodium
chloride (NaCl) solutions of various strengths that were used for irrigation in the experiments.
Table 6.2 shows irrigation water conductivities for relative yields of grain weight per panicle and
grain weight per plant that correspond to the yield potentials that are shown in Table 6.1. These
values were calculated using Zeng and Shannon’s (2000) linear regression equations. TDS
values in Table 6.2 are calculated using the same equation as Table 6.1 values. The linear
regression relationships developed by the US Salinity Laboratory indicate that a TDS
concentration (due primarily to NaCl) of 1,000 mg/L could reduce rice productivity by
about 10%. Tacker et al. (2001) also report that irrigation water with conductivity greater than
1.2 dS/m (approximately 780 mg/L TDS) is borderline for use on rice. The U of A Cooperative
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Extension Service reports that TDS levels greater than 770 ppm in irrigation water for rice are

8
cause for concern'.

Table 6.1 Influence of soil salinity (ECe) and irrigation water salinity (ECw) on crop
tolerance and yield potential of selected crops (Ayers and Westcot 1985).
100% yield | 90% yield 75% vyield 50% vyield 0% yield
Crop Parameter | ECe | ECw | ECe | ECw | ECe | ECw | ECe | ECw | ECe | ECw
Cotton Cond, dS/m | 7.7 5.1 9.6 6.4 13 8.4 17 12 27 18
TDS, mg/L - 3315 - |4160| - |5460| -- |7,800 | -- 11,700
Rice Cond, dS/m 3 2 3.8 2.6 5.1 34 7.2 4.8 11 7.6
TDS, mg/L - (1,300 - 1,690 - |2210| -- |3,120| -- 4,940
Soybean Cond, dS/m 5 33 5.5 3.7 6.3 4.2 7.5 5 10. 6.7
TDS, mg/L - 2,145 - 2405 - |2,730| -- |3,250| -- 4,355
Table 6.2 Irrigation water salinity for selected relative rice yield measurements calculated
using US Salinity Laboratory linear regression equations (Zeng and
Shannon 2000).
Percent Yield
Yield Measurement Parameter 100 90 75 50 0
Grain weight per panicle Cond, dS/m 0.49 1.71 3.54 6.59 12.68
TDS, mg/L 317 1,110 2,299 4,280 8,244
Grain weight per plant @ Cond, dS/m 0.46 1.52 3.12 5.78 11.10
TDS, mg/L 297 989 2,026 3,755 7,212

Notes:

1. ECw = (1.040 - relative yield)/0.082, r*=0.87
2. ECw = (1.043 — relative yield)/0.094, *=0.83

This information indicates that the VCM discharge may only be marginally suitable for

rice irrigation. However, the topography of the Brushy Creek watershed and its rocky soils are

not conducive to rice cultivation. Therefore, the TDS concentrations in the VCM discharge will

not affect the attainability of the Agricultural Water Supply use with respect to rice cultivation.

8 http://www.aragriculture.org/ soil_water/irrigation/crop/Rice/quality.htm
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6.3.3 Sulfate

Sulfate in irrigation water is generally considered to be beneficial to crops rather than
harmful (Tracy and Hefner 1993, Bauder et al. 2004, Glover 2001, Baser and Gilmour 1982).
James et al. (1982) classify irrigation water with sulfate concentrations of 673 mg/L
to 1,153 mg/L, and TDS concentrations of 488 mg/L to 1,300 mg/L, as useable for crop
irrigation. These thresholds are well above any SO, concentrations observed in effluent
monitoring data. Therefore, sulfate concentrations are expected to remain well below

concentrations that are harmful to crops.

6.3.4 Chloride
Monitoring data (Table 4.4) indicate that the VCM discharge will meet the ecoregion
chloride criterion of 17.3 mg/L.

6.4  Agricultural Water Supply: Livestock

The VCM discharge flows directly into a private pond at the pond owner’s request. The
pond owner uses the pond, in part, for livestock watering. Field observations indicate that the
land adjacent to Brushy Creek and the unnamed tributary is used extensively as cattle pasture.

An evaluation of the suitability of the VCM discharge for pasture irrigation revealed that
pasture irrigation is not a common practice in Lawrence County, and there are no published
guidelines for salinity/TDS in pasture irrigation water (personal communication, Bryce
Baldridge, University of Arkansas Extension Agent, Lawrence County, University of Arkansas
Extension Service, Walnut Ridge Arkansas). This information indicates that these aspects of the

Agricultural Water Supply Use are currently attained in the presence of the VCM discharge.

6.5 Domestic Water Supply

There are three residences located on Brushy Creek downstream of its confluence with
the unnamed tributary. VCM’s Robert Ball contacted these residences and spoke with Charles
Milgrim, Jeanette Smith, and Carolyn Webster about present and past use of Brushy Creek as a

drinking water source. All three landowners said that they have never used Brushy Creek as a
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drinking water source because flows in Brushy Creek either cease or become very low during the

summer months. Therefore, due to the lack of sufficient flow, it is unlikely that the DWS use is
attainable, even with the added VCM flow.

6.6 Aquatic Life

Attainability of the aquatic life use is addressed in Section 7.0 of this document.
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7.0 AQUATIC LIFE ATTAINMENT EVALUATION

The evaluation of attainable aquatic life uses included a field survey of benthic
macroinvertebrates, fish and habitat during wet season (June) and dry season (September) flow
conditions. Although seasonal changes in ion concentrations are likely to be relatively small (see
Section 4.0), low-flow conditions of late summer and early fall will still represent the highest
concentrations of TDS and SO4'2 and the lowest amount of available habitat. Therefore, this
period of the year is likely to represent limiting conditions for adult and juvenile fish and middle
instar invertebrates.

The comparisons of primary interest were:

1. BCO0 versus BCl to assess effects on Brushy Creek due to the VCM discharge
after it enters Brushy Creek via the unnamed tributary,

2. BC1 versus BC2 to assess downstream recovery from effects shown at BC1, and

3. BC2 versus SCO to assess potential effects on Stennitt Creek due to the
VCM-influenced inflow from Brushy Creek’.

All comparisons require that habitat is at least roughly equivalent between comparison
locations or that the confounding effects of habitat can be resolved based on habitat preferences

of the biota.

7.1 Habitat Evaluation

Habitat characterization followed high-gradient stream habitat assessment procedures per
Barbour et al. (1999). The characterization included visual evaluation of physical habitat and a
scoring methodology that allowed a rough comparison of habitat quality among sites. Field
forms used for the habitat assessment were taken directly from Barbour et al. In contrast to the
evaluation of physical variables, physical and habitat characteristics evaluated for the habitat

characterization (per Barbour et al.) were based on the entire length of each sampling reach.

? Although this comparison does not represent an “upstream” versus “downstream” comparison, the SC0 and BC2
locations were in close proximity in the same floodplain area and represent streams with and without input from the
VCM discharge.
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Physical variables assessed included:

Canopy cover,

Substrate type,

Sediment characteristics,

Dominant aquatic vegetation,

Proportion of reach with aquatic vegetation,
Pool/riffle ratio,

Average depth, width, current velocity,

Dominant riparian vegetation, and

A S RO

Watershed features.

Scored habitat variables included:

Epifaunal substrate/available cover,
Embeddedness,

Velocity/depth regime,

Sediment deposition,

Channel flow status,

Channel alteration,

Frequency of riffles or bends,

Bank stability,

A e A N e

Vegetative protection, and

_
e

Riparian vegetative zone width.

Assessment of physical and habitat characteristics was performed at each site during both

the June and September sampling to account for habitat differences due to flow.
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7.1.1 Physical Habitat Characteristics: Results and Discussion

Results of the assessment of physical characteristics and habitat variables of each site are
presented in Tables 7.1 through 7.4. Complete habitat forms are provided in Appendix E. Local
land use was primarily pasture and forest. Trees and grasses dominated all riparian zones.
Nonpoint runoff from roads and/or pastures potentially affected all locations. None of the stream
reaches, except possibly the unnamed tributary, was channelized.

The unnamed tributary, which is an intermittent stream, is not comparable to the other
streams in the study. Therefore, habitat comparisons among sampling sites are best restricted to
the sites on Brushy Creek, Stennitt Creek, and the reference stream. Brushy Creek habitat was
comprised of pools, riffles, and runs, with coarse substrate generally comprised of cobble and
gravel. Stennitt Creek habitat was also mainly pools and riffles, with finer substrate generally
comprised of gravel, sand, and silt. Stennitt Creek had much more woody debris and coarse
particulate organic matter (leaves, sticks, twigs). The reference stream habitat was primarily
riffles and runs, with relatively little pool habitat, and coarse substrate comprised of bedrock,
boulders, and cobble.

Scored habitat variables (Tables 7.3 and 7.4) can be used to evaluate relative habitat
quality. Although they are somewhat subjective and subject to investigator bias, they are useful
for evaluating general tends and relationships and for detecting large differences in habitat. A
given difference in total habitat scores can be due to small consistent differences among most or
all parameters, or large differences among a few. In general, differences in total habitat scores of
approximately 20 points or more can be considered to indicate an actual difference in habitat
quality. By this criterion, the scoring showed generally better habitat in Brushy Creek, Stennitt
Creek, and the reference stream during the spring survey. For the spring survey, the scored
habitat of the sampling sites per Table 7.3 can be ranked in descending order as follows, where

locations connected by underscoring indicate locations with roughly similar habitat:

REF BCl1 BCO SCO

For the fall survey they can be ranked per Table 7.4 as

REF BCO0 SCO BCl1 BC2
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Table 7.3. Summary of habitat evaluation performed June 14 through 16, 2010.

Range Among
BC and SC
Category UTO | BCO | BC1 | SCO | REF Locations
Epifaunal Substrate/Available Cover| 5 13 18 18 18 5
Embeddedness 5 4 16 3 18 13
Velocity/depth regime 1 10 15 8 18 7
Sediment Deposition 3 11 15 7 18 8
Channel Flow Status 3 15 15 13 18 2
Channel Alteration 18 20 20 18 20 2
Frequency of riffles 2 8 17 2 18 15
Bank Stability 8/8 8/8 8/6 8/8 | 10/10 2
Vegetative Protection 8/8 | 10/10 | 9/9 9/9 | 10/10 2
Riparian Vegetative Zone Width 4/4 | 10/10 | 9/9 9/9 | 10/10 2
Total Habitat Score 77 137 166 121 188 45

Table 7.4. Summary of habitat evaluation performed September 28 through 30, 2010.

Range
Among
BC and SC
Category UTO | BCO | BC1 | BC2 | SCO | REF | Locations
Epifaunal Substrate/Available Cover| 12 13 10 10 11 14 3
Embeddedness 8 15 5 8 1 18 14
Velocity/depth regime 4 9 7 8 8 15 2
Sediment Deposition 7 14 8 9 17 15 9
Channel Flow Status 7 9 5 5 13 18 8
Channel Alteration 16 17 14 17 17 18 3
Frequency of riffles 2 8 8 7 2 17 6
Bank Stability 7/7 | 77 8/8 7/7 | 77 | 9/9 2
Vegetative Protection 7/7 7/7 9/9 7/7 8/8 9/9 4
Riparian Vegetative Zone Width 7/7 5/5 9/6 5/5 8/8 9/9 6
Total Habitat Score 98 123 | 106 | 102 | 115 | 169 21
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The far right column in Tables 7.3 and 7.4 indicates the range of score values among the
Brushy Creek and Stennitt Creek locations. In general the ranges are greatest for instream
parameters such as embeddedness, sediment deposition, and frequency of riffles rather than
riparian parameters such as vegetative protection. Therefore, instream parameters capture most

of the differences in habitat quality among locations.

7.1.2 Habitat Characteristics: Conclusions

Habitat assessments indicated waterbodies with generally coarse substrates and land use
dominated by forest and pasture. The habitat rankings given above can be used to interpret
differences in biological communities among sampling locations. These habitat rankings are
primarily a function of instream characteristics related to substrate. Substrate characteristics are a
key factor in using habitat to interpret differences in benthic communities among locations. It
should be noted that, although the BCO and SCO locations scored similarly on both surveys per
Tables 7.3 and 7.4, they are in fact very different habitats due to differences in substrate
(Tables 7.1 and 7.2). The SCO substrate was much finer and contained far greater amount of
woody debris and coarse organic particulate matter (CPOM) such as leaves, sticks and twigs.

For the purpose of interpreting differences in benthic communities based on habitat
quality, the abundance and diversity of benthic macroinvertebrates and fish is expected to follow
the same general pattern as habitat quality. Large deviations from this expectation indicate other

limiting factors such as water quality.

7.2 Biological Communities

7.2.1 Benthic Macroinvertebrate Methods

Prior to sampling each stream reach, the upper and lower ends of the reach were
cordoned off using block nets. Invertebrate sampling was conducted before fish sampling.
Invertebrates were sampled using D-frame kick nets with 0.5-mm mesh net. A total of
15 individual samples (“jabs”) were collected from all available habitat, including woody debris,
emergent vegetation, snags, undercut banks, open substrate, and riffles. The sampling effort was

distributed among habitat types in proportion to the availability of habitats, as assessed by visual
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inspection. After removal and washing of large debris, the entire content of the net was washed
into wide-mouth glass jars and immediately preserved with 70% ethanol.

Samples were sorted in the laboratory by dispensing the entire sample onto a Caton grid.
All organisms were sorted from randomly selected grids until a minimum of 160 organisms were
collected. If the whole sample was sorted and the number of organisms fell short of 160, then the
whole sample was used. Sorted organisms were transferred to 70% ethanol in glass vials. To
assure thorough removal of specimens from the sample, the sorted residue was retained and
examined by a second biological technician. If the second sorting produced fewer than 10% of
the number of organisms found in the initial sorting, the sorting of that sample was considered
complete. If the second sorting produced more than 10% of the number of organisms found in
the initial sorting, the sample was resorted until the 10% goal was reached.

Taxonomic identifications were carried out to the lowest practical taxon according to
Merritt and Cummins (1996), Thorp and Covich (2001) and Houston (1980). In general,
macroinvertebrates were identified to genus except for bivalve mollusks, gastropods, dipteran
larvae, and decapod shrimp, which were identified to family. A voucher collection of
invertebrate taxa collected at the sites was retained for further reference. Taxonomic
identifications in the voucher collection were verified by a second taxonomist and identification
discrepancies were resolved. All invertebrate taxa were classified into functional feeding groups
(Predator, Shredder, Omnivore, Gatherer/Collector, Scraper, and Filterer/Collector) per
Barbour et al. (1999).

Benthic invertebrate data were evaluated by visually examining changes and/or
differences in taxa richness and relative abundance of functional feeding groups relative to

habitat.

7.2.2 Fish Sampling Methods

Fish sampling was conducted using a Smith-Root LR-24 DC current backpack
electroshocker. Sampling of each reach was conducted by probing all available habitat beginning
at the downstream end of the reach, and proceeding upstream. Two sampling passes were

performed on each reach. Stunned fish were collected in a plastic bucket and maintained with
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aeration until processed. Each individual captured was identified in the field to species according
to Robison and Buchanan (1984). Individuals not positively identified in the field were killed,
preserved in formalin and identified in the laboratory. Up to 25 individuals of each species were
weighed to the nearest 0.1 gram and measured (total length) to the nearest millimeter. After
processing, all living fish were returned to the sampling reach.

Fish data were evaluated by visually examining differences in total species richness, and
species richness, and relative abundance of minnow, darter, sunfish and predator species among
locations in relation to habitat. Length-weight relationships were compared among locations for

those species captured in sufficiently large numbers.

7.3 Biological Characteristics Results and Discussion

7.3.1 Benthic Macroinvertebrates

Benthic invertebrate taxa and relative abundance from the June and September sampling
are presented in their entirety in Appendix F. Functional feeding group composition and other

metrics are summarized in Tables 7.5 and 7.6 for the spring and fall sampling, respectively.

Table 7.5. Summary of benthic macroinvertebrate sampling results from June 2010.

Sampling Location
Metric uTo BCO BC1 SCO REF

Gatherer 82 46 53 51 27

Predator 2 1 6 4 4

Filterer 9 47 34 29 52
Functional Feeding Group | Scraper 2 6 7 12 16
(% of individuals) Shredder 5 2 0 0 1

Omnivore 0 0 0 1 0

Parasite 0 0 0 0 0

NA 0 0 0 3 0
Taxa Richness 16 12 17 19 15
% EPT* 15 64 53 17 60
% Diptera 28 30 34 25 2

* Individuals of Ephemeroptera, Plecoptera, Trichoptera
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Table 7.6. Summary of benthic macroinvertebrate sampling results from September 2010.

Sampling Location
Metric uTo BCO BC1 BC2 SCO REF

Gatherer 55 19 28 79 57 20

Predator 6 19 23 8 12 3
Functional Feeding Filterer 10 13 37 4 5 22
Group Scraper 29 48 11 7 24 54
(% of individuals) | onredder 0 L6 0 0 0 0

Omnivore 0 0 0 0 3 0

Parasite 0 0 0 0 0 0

NA 0 0 0 0 0 0
Taxa Richness 13 23 20 16 18 16
% EPT* 2 50 7 15 6 49
% Diptera 16 6 24 55 36 5

* Individuals of Ephemeroptera, Plecoptera, Trichoptera

7.3.1.1 June Sampling

The highest taxa richness (19 taxa) was seen at SCO (Table 7.5). Diversity and
distribution of feeding groups was similar among all sites except for UTO, which consisted
primarily of gatherers (82%). Gatherers and filterers were the dominant feeding groups at BCO
(93%) and BC1 (87%), while gatherers, filterers, and scrapers dominated the benthic taxa of SCO
(92%) and REF (95%). BCO and REF had the highest percentages of Ephemeroptera/Plecoptera/
Trichoptera (EPT) (64% and 60%, respectively). BC1 located downstream of the confluence of
UTO also had a high percentage of EPT (53%). Percent diptera was highest at BC1 (34% of
individuals) and lowest at REF (2% of individuals).

BCO Versus BC1

A comparison of BCO versus BC1 for the spring survey (Table 7.5) indicates strong
similarity between benthic invertebrate communities. Gatherers and filterers dominated the
functional feeding groups of both habitats and the percent composition of EPT and dipteran
individuals was similar. There was a slight increase in taxa richness at BC1. This difference is
consistent with habitat differences (i.e., higher habitat score at BC1). Benthic communities at
both locations were similar to the REF location with respect to functional group makeup and

EPT composition but contained greater proportions of dipteran individuals.
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uTo
The unnamed tributary supported a macrobenthos community with similar taxa richness

but a different distribution of functional feeding groups than downstream locations.

7.3.1.2 September Sampling

The highest taxa richness was seen at BCO (23 taxa) and BC1 (20 taxa) (Table 7.6).
Gatherers and scrapers were generally the most numerous feeding groups at all locations.
Gatherers, predators, and scrapers were the dominant feeding groups at BCO (86%) while
gatherers, predators, and filterers dominated the benthic taxa of BC1 (88%). Gatherers and
scrapers dominated the UTO community (84%). Percent EPT was highest at the upstream
location (BCO0) and the reference location. Percent diptera was highest at BC2 (55% of
individuals) and SCO (36% of individuals).

BCO Versus BC1 and BC2

A comparison of BCO versus BC1 for the fall survey (Table 7.6) indicates decreased taxa
richness and EPT at BC1, increased dipterans and a shift in functional feeding group makeup.
The BC2 location shows a further decrease in taxa richness, an increase in EPT and dipterans,
and a further shift in functional feeding group composition. These changes indicate a slight
overall degradation in the benthic community proceeding from BCO to BC2. This trend is
consistent with the habitat score trend per Table 7.4 and Section 7.1.1, which showed decreasing
habitat scores from BCO to BC2. The physical habitat characterization (Table 7.2) indicates more

silt and sand in the substrate of BC2, which is also consistent with the biological community.

BC2 Versus SC0

A comparison of BC2 and SCO for the fall survey (Table 7.6) indicates slightly more total
taxa at SCO, lower percent EPT, slightly more uniform functional feeding group composition,
and a relatively large portion (36%) of dipteran individuals. These data do not indicate a clear
difference between the locations at this level of community analysis, which is consistent with the

relatively small difference noted in the habitat scores (Table 7.4). In addition, the preponderance
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of a sandy, silty substrate at SCO is consistent with a lower proportion of EPT individuals and a

preponderance of dipterans.

uTo
The unnamed tributary supported a macrobenthos community with similar taxa richness

but a different distribution of functional feeding groups than downstream locations.

7.3.2 Fish
Relative species abundance and other sampling information is presented for the June,
September and combined collections in Tables 7.7 through 7.9. Family composition for the June,

September, and combined collections is summarized in Tables 7.10 through 7.12, respectively.

7.3.2.1 June Sampling

Cyprinids and centrarchids dominated fish communities in terms of species composition
and numbers of individuals at all Brushy Creek and Stennitt Creek locations. Cyprinids and
centrarchids also dominated the species composition of the fish community at the reference
stream location, although relatively fewer numbers of centrarchid individuals were present
(Table 7.10). Fish sampling was not conducted at the unnamed tributary. Etheostoma spectabile
was the most common darter at all locations, Lepomis megalotis was the most common sunfish,

and Campostoma oligolepis was the most common minnow.

BCO Versus BC1

The fish communities at BCO and BC1 were very similar with respect to the percentages
of both total taxa and total individuals within each family (Table 7.10). Centrarchids and
cyprinids dominated the species composition and numbers at both locations. Darters (Percidae:
Etheostoma spectabile), top minnows (Fundulidae: Fundulus olivaceus), and stonerollers
(Cyprinidae: Campostoma oligolepis) were common at all locations. Both locations were also
similar to the reference stream location with respect to the percentages of total taxa within each

family. CPUE was similar among both Brushy Creek locations and the reference stream.
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Table 7.7. Summary of fish collections (as percent relative abundance) conducted
June 14 through 16, 2010.

Sampling Location

Species BCO BC1 SCO0 REF

Ameiurus natalis 1.2 1.0 1.1 0.0
Aphredoderus sayanus 0.0 0.0 0.4 0.8
Campostoma oligolepis 39.7 16.0 32.1 37.9
Campostoma sp. 0.0 0.2 0.0 0.0
Erimyzon oblongus 7.9 3.9 7.3 1.3
Etheostoma blennioides 0.0 0.0 0.8 0.0
Etheostoma flaballare 0.0 0.0 0.0 7.5
Etheostoma spectabile'” 13.8 5.0 3.4 15.6
Fundulus olivaceus 6.9 6.0 1.1 3.4
Gambusia affinis 0.1 0.2 1.5 0.0
Lepomis cyanellus 3.7 2.3 6.1 4.1
ILepomis macrochirus 1.2 1.0 1.5 0.3
ILepomis megalotis 14.2 30.8 21.8 2.2
HLepomis microlophus 0.0 0.0 0.4 0.0
ILuxilus chrysocephalus 0.0 0.0 1.1 0.0
ILuxilus zonatus'” 0.0 0.0 5.3 0.0
HLythrurus umbratilis 1.1 4.0 0.4 0.0
HMicropterus salmoides 1.0 0.4 0.8 0.0
Micropterus sp. 0.0 0.6 0.0 0.0
Notropis amblops 0.0 0.0 1.1 0.0
Notropis boops 0.1 0.4 8.0 0.0
Notropis sp. 0.0 0.2 0.0 0.0
Noturus exilis'” 0.0 0.0 0.0 0.9
Phoxinus erythrogaster® 0.0 0.0 0.0 18.8
Pimephales notatus 6.3 27.7 4.2 0.0
Semotilis atromaculatus 2.8 0.4 1.5 7.2
Total Taxa 14 17 20 12

Total Number 812 519 262 639

Notes:
(1) Ozark Highlands ecoregion key species
(2) Ozark Highlands ecoregion indicator species
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Table 7.8. Summary of fish collections (as percent relative abundance) conducted
September 28 through 30, 2010.
Sampling Location

Species UTo BCO BC1 BC2 SCO0 REF
Ameiurus natalis 0.0 0.0 0.8 0.0 0.9 0.0
Aphredoderus sayanus 0.0 0.0 0.0 0.6 1.8 0.0
Campostoma oligolepis 0.0 15.5 0.8 5.8 0.9 33.3
Cyprinella venusta 0.0 0.0 0.0 2.3 0.9 0.0
Cyprinella whipplei 0.0 0.0 0.0 9.8 0.0 0.0
Erimyzon oblongus 0.0 0.0 4.3 0.6 4.5 2.5
Etheostoma flabellare 0.0 0.0 0.0 0.0 0.0 0.9
Etheostoma spectabile’” | 20.0 26.4 5.1 4.0 2.7 17.6
Fundulus olivaceus 20.0 14.7 18.2 1.2 2.7 2.5
Gambusia affinis 0.0 0.0 4.3 31.8 1.8 0.0
Labidesthes sicculus 0.0 0.0 0.0 2.9 0.0 0.3
ILepomis cyanellus 20.0 3.1 1.2 5.8 8.0 0.0
ILepomis macrochirus 0.0 5.4 6.3 4.0 9.8 1.3
HLepomis megalotis 0.0 31.0 51.8 18.5 57.1 0.0
ILepomis microlophus 0.0 0.0 0.8 0.0 1.8 0.0
ILuxilus chrysocephalus 0.0 0.0 0.4 0.6 0.0 0.0
ILuxilus zonatus'” 0.0 0.0 0.0 0.6 0.0 0.0
ILythrurus umbratilis 0.0 0.0 0.8 0.0 0.0 0.0
IMicropterus salmoides 20.0 0.0 0.0 0.6 0.0 0.0
Moxostoma duquesnei 0.0 0.0 0.0 0.0 0.9 0.0
Notropis boops 0.0 0.0 0.0 4.6 2.7 0.0
Notropis exilis"" 0.0 0.0 0.0 0.0 0.0 2.8
Phoxinus erythrogaster® | 0.0 0.0 0.0 0.0 0.0 35.5
Pimephales notatus 20.0 0.0 5.1 6.4 2.7 0.0
Semotilis atromaculatus 0.0 3.9 0.0 0.0 0.9 3.1
Total Taxa 5 7 13 17 16 10

Total Number 5 129 253 173 112 318

Notes:

(1) Ozark Highlands ecoregion key species

(2) Ozark Highlands ecoregion indicator species
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Table 7.9. Summary of fish collections (as percent relative abundance) conducted June and
September 2010.
Sampling Location

Species uTo BCO BC1 BC2 SCO0 REF
Ameiurus natalis 0.0 1.1 0.9 0.0 1.1 0.0
Aphredoderus sayanus 0.0 0.0 0.0 0.6 0.8 0.5
Campostoma oligolepis 0.0 36.3 11.0 5.8 22.7 36.4
Campostoma spp. 0.0 0.0 0.1 0.0 0.0 0.0
Cyprinella venusta 0.0 0.0 0.0 2.3 0.3 0.0
Cyprinella whipplei 0.0 0.0 0.0 9.8 0.0 0.0
Erimyzon oblongus 0.0 6.8 4.0 0.6 6.4 1.7
Etheostoma blennioides 0.0 0.0 0.0 0.0 0.5 0.0
Etheostoma flaballare 0.0 0.0 0.0 0.0 0.0 5.3
Etheostoma spectabile” |  20.0 15.5 5.1 4.0 3.2 16.3
Fundulus olivaceus 20.0 8.0 10.0 1.2 1.6 3.1
Gambusia affinis 0.0 0.1 1.6 31.8 1.6 0.0
Labidesthes sicculus 0.0 0.0 0.0 2.9 0.0 0.0
HLepomis cyanellus 20.0 3.6 1.9 5.8 6.7 2.8
ILepomis macrochirus 0.0 1.8 2.7 4.0 4.0 0.2
ILepomis megalotis 0.0 16.5 37.7 18.5 32.4 1.9
HLepomis microlophus 0.0 0.0 0.3 0.0 0.8 0.0
HLuinus chrysocephalus 0.0 0.0 0.1 0.6 0.8 0.0
ILuxilus zonatus'"” 0.0 0.0 0.0 0.6 3.7 0.0
ILythrurus umbratilis 0.0 1.0 3.0 0.0 0.3 0.0
HMicropterus salmoides 20.0 0.9 0.3 0.6 0.5 0.0
IMicropterus spp. 0.0 0.0 0.4 0.0 0.0 0.0
Moxostoma duquesnei 0.0 0.0 0.0 0.0 0.3 0.0
Notropis amblops 0.0 0.0 0.0 0.0 0.8 0.0
Notropis boops 0.0 0.1 0.3 4.6 6.4 0.0
Notropis spp. 0.0 0.0 0.1 0.0 0.0 0.0
Noturus exilis" 0.0 0.0 0.0 0.0 0.0 1.6
Phoxinus erythrogaster®| 0.0 0.0 0.0 0.0 0.0 24.3
Pimephales notatus 20.0 54 20.3 6.4 3.7 0.0
Semotilis atromaculatus 0.0 3.0 0.3 0.0 1.3 5.9
Total Taxa 5 14 19 17 22 12

Total Number 5 941 772 173 374 957

Notes:

(1) Ozark Highlands ecoregion key species

(2) Ozark Highlands ecoregion indicator species
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7.3.2.2 September Sampling

CPUE in the fall survey was approximately 50% that of the spring survey at all locations
including the reference stream, with the exception of the catch rate at BCO, which was
approximately 20% of the CPUE observed in the spring survey (Table 7.11). CPUE was highest
at REF (47.4) and BCI1 (38.0) and lowest at SCO (16.8) and BCO (19.4). Community composition
in terms of the percentage of total taxa in each family was similar to the spring survey across all

locations. The percentage of individuals as cyprinids decreased at BCO, BC1, and SCO.

BCO Versus BC1 and BC2

Although the fish communities at BCO and BC1 were similar in terms of percentage of
total taxa in each family, there was a dramatic shift in dominance of individuals in favor of
sunfish. Total taxa and CPUE at BC1 were approximately twice the values at BCO. These
observations indicate greater abundance and diversity of fish in the location downstream of the
input of VCM discharge. The reason for the differences in the fish communities of the BCO
versus BC1 locations is not apparent as both flows (22 gpm at BCO and 24 gpm at BC1) and
habitat were similar (Table 7.4, Section 7.1.1). The BC2 location showed similar community
makeup to BCO but with higher total taxa (17 total taxa at BC2 versus 7 total taxa at BC0) and
34% greater CPUE. The cause of these differences between BCO and BC2 are also not apparent.
However, these comparisons do not indicate a decrease in biomass or diversity of fishes

downstream of the input from the VCM discharge.

BC2 Versus SCO0

Total number of taxa and the percentages of total taxa in each family were similar
between locations while CPUE was greater at BC2. These similarities are consistent with the
similar habitat at both locations (Table 7.4 and Section 7.1.1). These comparisons do not indicate

a decrease in biomass or diversity of fishes due to the input from the VCM discharge.
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uTo
The fall survey indicated that the unnamed tributary supports macrobenthos and fish,

including an ecoregion Key Species (Etheostoma spectabile).

7.4 Aquatic Life Use Attainability

The June survey results showed very close similarity between the upstream BCO location
and the downstream BC1 location in both benthic macroinvertebrate and fish communities.
Biological communities in both locations were similar to the reference stream location. The
September survey results showed either downstream increases in biomass and diversity (fish
community) or changes that were consistent with differences in habitat (benthic
macroinvertebrate community). In addition, the unnamed tributary supports both benthic
macroinvertebrates and fish.

These comparisons indicate little, if any, negative impact of the VCM discharge on the
aquatic life of downstream waterbodies. Therefore, downstream waterbodies support aquatic life
uses in the presence of the existing VCM discharge. It is unlikely that the aquatic life use would
benefit from the removal of the VCM discharge or treatment of the discharge to meet ecoregion

criteria for SO4'2 and TDS.
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8.0 SITE-SPECIFIC CRITERIA BASED ON
EXISTING DISCHARGE CONDITIONS

The analysis presented in Section 7.0 demonstrates that the Aquatic Life (Ozark
Highlands ecoregion fishery) designated use in Brushy Creek, Stennitt Creek, and the unnamed
tributary is attainable in the presence of the VCM discharge. This analysis justifies site-specific
TDS and SO4'2 criteria for downstream waterbodies based on the flow conditions and mineral
concentrations of the discharge and low-flow conditions (and corresponding mineral

concentrations) in the receiving streams.

8.1  Current Outfall 001 Discharge Conditions

Table 8.1 summarizes paired SO, measurements from Outfall 001 taken approximately
monthly from February 24, 2009, through June 22, 2011, and monthly TDS measurements from
routine DMR monitoring from January 29, 2003, through June 11, 2011. The entire data set for
this table is provided in Appendix G. Table 8.1 indicates that the 95" percentile TDS
concentration among all discharge data for the January 29, 2003, through June 11, 2011, period
of record is 713.5 mg/L; and the 95 percentile SO4~ concentration for the February 24, 2009,
through June 22, 2011, period of record is 197.5 mg/L. These concentrations are well below the
No Observed Effect Concentration (NOEC) for sulfate-dominated TDS toxicity presented in
Section 4.2, and represent appropriate criteria values for the unnamed tributary under
conservative low-flow conditions in which there is no dilution from the unnamed tributary’s
watershed. Accordingly, site-specific SO, and TDS criteria of 197.5 mg/L and 713.5 mg/L,
respectively, are proposed for the unnamed tributary from Outfall 001 to its mouth at Brushy

Creek.

8.2 Flows and Mineral Concentrations in Receiving Streams

Evaluation of appropriate TDS and SO47 criteria in Brushy Creek and Stennitt Creek
requires identifying appropriate low-flow discharge volume and mineral concentrations.
Sampling for the fall survey was conducted during September 28 to 30, 2010. During the week

preceding the sampling, the northeast portion of Arkansas was experiencing a moderate to severe
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drought (Figure 8.1) according to the weekly archives of the US Drought Monitor web site'.
Therefore, flows and mineral concentrations measured in Brushy Creek and Stennitt Creek
during the fall survey provide a valid representation of low-flow conditions and are an
appropriate basis for developing downstream site-specific TDS and SO, criteria. These
low-flow and background mineral concentrations and associated mass balance calculation results
are provided in Table 8.2. The VCM discharge also causes elevated SO, in Stennitt Creek
downstream of the mouth of Brushy Creek. Therefore, the proposed site-specific criteria for the
receiving streams include the reach of Stennitt Creek downstream of Brushy Creek. Proposed
site-specific TDS and SO47 criteria based on the results of the mass balance analysis are

provided in Table 8.3.

Table 8.1. Summary of TDS and SO4'2 concentrations from Outfall 001.

TDS* SO, 2**
Summary Statistic (mg/L) (mg/L)
10" 407 84.7
25t 464 111
P il 50t 542 131
creentiie 75 612 154
90 683 180
95t 713.5 197.5
Minimum 327 72
Mean 542 134
Maximum 802 249
Number of Samples 96 26
Notes:

*  January 29, 2003, to June 11, 2011
**  February 24, 2009, to June 22, 2011

10 The Drought Monitor, National Drought Mitigation Center, P.O. Box 830988, Lincoln, NE 68583-0988,
http://www.drought.unl.edu/dm/archive.html
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Figure 8.1.  Illustration of drought conditions in the study area during the week preceding the
fall survey (from US Drought Monitor).

Table 8.2. Calculated instream TDS and SO4'2 concentrations of receiving streams.

Calculated
Low-Flow
Background Concentration
Sampling Critical Flow (mg/L) (mg/L)
Location | gpm | cfs | L/sec | SO, | TDS Segment SO,” | TDS
001 200 | 0.45 |12.62 | 1975 | 7135 |[NA NA NA
BCO 22 | 0.05 | 1.39 11 340 |NA NA NA
BClI 24 | 0.05 | 1.51 | 100 450 |BC1 to BC2 179.0 676
BC2 68 | 0.15 | 4.29 95 390 |BC2 to mouth of Brushy Creek | 63.2 2449
Stennitt Creek from mouth of
SCO 244 | 0.54 |15.39 4.8 | 290 |Brushy Creek to confluence 87.8 474
with Spring River*

Notes:  Bold entries indicate values exceeding ecoregion minerals criteria.
*Based on input at BC1
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Table 8.3. Summary of existing and proposed criteria for waterbodies downstream of VCM
Outfall 001.

Existing Proposed

(mg/L) (mg/L)
Stream Segment SO,.%| TDS | cI | SO, TDS CI
Unnamed tributary from Outfall 001 to No
confluence with Brushy Creek 227 250 17.3°1 1975 713.5 change
Brushy Creek from confluence with unnamed No
tributary to confluence with Stennitt Creek 227 250 17.3°1 1790 676 change
Stennitt Creek from confluence with Brushy No No
Creek to confluence with Spring River 227 465 17.3 87.8 change | change
Spring River downstream of confluence with No No No
Stennitt Creek 227 250 17.3 change | change | change
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9.0 EVALUATION OF ALTERNATIVES

The VCM discharge contains elevated concentrations of dissolved minerals, primarily
Ca™?, Mg™, SO,” and HCO3', due in part to the natural geological conditions that affect
groundwater characteristics. The direct discharge of this wastewater would be the most
economical method for managing this wastewater. However, the TDS concentrations
downstream from the discharge exceed the DWS criterion of 500 mg/L. Removal of the DWS
designated use would result in permit limits based on the Ozark Highlands ecoregion criterion of
250 mg/L. Permit compliance based on the ecoregion criterion could be accomplished by
assuming 4 cfs of upstream flow per ADEQ’s present minerals permitting policy. However, mass
balance calculations indicate that the existing discharge would not comply with an
ecoregion-based SO, permit limit even with the assumed 4-cfs upstream flow. A direct
discharge would, therefore, require modified ARWQS and removal of the default DWS
designation for Brushy Creek and the unnamed tributary as well as site-specific criteria for both
TDS and SO4~. UAA guidance requires an evaluation of alternatives to propose direct discharge.

Based on a number of similar evaluations in previous UAAs, the alternatives for
management of effluents with elevated dissolved minerals are limited. Two alternatives to meet
ARWQS are (1) reverse osmosis (RO) treatment of the wastewater, and (2) pumping the
wastewater to a larger stream that has the capacity to dilute the minerals. Accordingly, the
following sections evaluate four alternatives for an environmentally safe discharge of the plant

effluent, namely:

o RO treatment to remove or reduce dissolved minerals,

o Pumping the wastewater to a larger stream that has the capacity to dilute the
minerals,

J Constructed wetland to chemically reduce SO, and

J Site-specific criteria for SO, and TDS and removal of the default DWS use
designation.

The evaluation of these alternatives is documented in the following discussion.
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9.1 TDS Treatment through Reverse Osmosis

Wastewater technologies, such as conventional precipitation, can efficiently remove the
heavy metals from wastewater to meet the effluent requirements. However, these systems do not
remove the dissolved compounds like SO4'2 and TDS. As a result, the effluent flow from the
treatment plant is limited by the dilution of the flow in the receiving stream to reduce these
constituents to acceptable concentrations.

RO is an advanced water/wastewater treatment process capable of removing dissolved
contaminants such as TDS and SO4'2. It is essentially an extension of a filtration process in
which highly pressurized feed water flows across a membrane with a portion of the flow,
identified as “permeate,” going through the membrane. The rest of the feed is called
“concentrate” because it carries off the concentrated contaminants rejected by the membrane.
The concentrated amount depends on many factors and can vary between 10% to 30% of the
feed. Depending on the size of the pores in the membrane, the process results in different classes
of separation. For the removal of dissolved solids, a membrane capable of rejecting elemental

particles must be utilized.

9.1.1 Technical Considerations

Based on the preliminary information available from equipment manufacturers, RO is a
possible alternative treatment for the discharge to meet the limits for TDS and SO42. The RO
permeate would be of high quality and meet downstream ARWQS in this process.

The most common problems with RO involve the tendency for fouling problems when
applied to concentrated waste streams and the cost of operation (i.e., electricity, membrane
cleaning, etc.).

The disposal of the concentrated brine generated by this process is another problem if a
direct discharge option is not available. The issue of disposal of the RO byproduct generally
becomes the controlling factor in the selection of RO for many applications. RO separates the
contaminants from water, but it does not chemically change them to other non-polluting

compounds. The concentrate would require disposal by other methods.
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9.1.2 Concentrate Disposal Options

The brine solution may be solidified and disposed onsite, transported offsite for
stabilization prior to landfilling, or transported offsite to a municipal or industrial wastewater
treatment system. The waste brine solution is not a hazardous waste in Arkansas, but disposal in
neighboring states may be restricted to industrial or hazardous waste facilities. Transportation

will be a critical factor for two of the three options.

9.1.2.1 Onsite Stabilization

The concentrate could be stabilized onsite, using a cementitious element, such as Portland
cement or fly ash. This would require the construction of a mixing facility, purchase of the
cementitious agent, crews and equipment to mix the waste solution, regulatory authority to
dispose of the waste onsite, and engineering support for selection and operation of a disposal
area. The critical and unknown costs for this option are the mixing ratio for the waste
solution/stabilization agent, and any required environmental protection controls for the disposal
area. The mixing ratio determines the tonnage necessary for purchase of the stabilizing agent,
and the environmental protection controls could range from open disposal on land adjacent to the

facility or the installation of a landfill with liners and caps.

9.1.2.2 Offsite Treatment

The concentrate wastewater could be transported offsite by truck to an industrial or
municipal wastewater treatment facility. It would be necessary to provide waste profile
information to each facility to obtain cost information. For treatment and discharge, the treatment
facility would need to be located at a site with capabilities for discharging to a large waterbody.
The critical cost component would be the cost of transportation and the cost per disposal on a

per-gallon basis.

9.1.2.3 Offsite Stabilization
The wastewater could be transported to an industrial or municipal landfill for stabilization

and disposal. Offsite disposal offers several advantages. The site earthwork balance does not
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have to account for onsite disposal, and there is a minimum of regulatory approval required when
the waste is removed to an offsite facility. For local landfills, the costs may be lower than for
landfills dedicated to industrial or hazardous waste, but the environmental control can differ from

cell to cell, requiring more oversight of disposal operations.

9.1.3 Economic Considerations

The water analysis and the design flow requirements are primary considerations in the
sizing and cost of the equipment. Pumps and piping that are associated with the RO process
would be required along with controls, building, utilities, etc.

The basic assumptions used in the analysis of costs for RO treatment are shown below:

1. A retention basin would be built so that the water treatment could be spread out
over a given day to approximately 150 gpm,;

2. An average of approximately 150 gpm of water will be treated in the RO system;

Approximately 0.63 million gallons per year will be generated as brine solution
reject from the RO treatment system and will require disposal;

4. The system will consist of a minimum of three RO units in series, and a holding
tank to facilitate disposal of the concentrate;

5. The treated effluent will be discharged to waters of the US;

6. The waste brine solution will be 20% solids and 80% water; and

7. For the pipeline option, the pipe will be sized for the maximum expected flow
rate.

The following cost information is based upon a three-stage RO system, able to
sequentially concentrate the sump water approximately 100 times. The concentrate could then be
stored in an onsite holding tank.

The capital costs of installing a single-stage RO treatment system have been estimated by
the US Army Corps of Engineers (USACE) to range from $1.44 to $2.13 per gallon, per day. For
a three-stage RO unit, the costs would be approximately 1.5 times higher. For purposes of this
discussion, the costs for installing a RO system are estimated at $3 per gallon, per day. This
provides an estimated capital cost of the treatment system of approximately $650,000. USACE

further estimated the operating costs of a RO system (less the costs of brine disposal) at about

9-4



September 12, 2011

$0.001 per gallon for a large-scale treatment system. This cost would translate to an annual
operating cost of about $63,000.

For both the capital and operating costs, the factors provided by USACE may be low due
to the relative size of this application. However, the cost estimates should provide a method for
comparison. Also, as stated above, the costs of disposal of the concentrate actually becomes the
controlling factor with this application.

For the disposal of the concentrate, the critical cost components for offsite treatment or
disposal are the cost of transportation and the per ton disposal fee for the waste. Safety-Kleen
Corporation provided a preliminary cost quote for a similar project of $1.00 per gallon for
transport and disposal at an Oklahoma facility. The use of a local landfill, if acceptance of the
waste can be obtained, may lower that cost to about $0.60 per gallon. Even at this lower cost, the
annual costs associated with disposal would be about $378,000.

Therefore, based on these preliminary calculations, RO treatment would have a capital

cost of about $650,000, and an annual operating cost of about $441,000.

9.2 Pipeline to Stennitt Creek

This alternative would require that all of the VCM discharge be pumped a minimum of
1.2 miles to Stennitt Creek. This would require the construction of a 10-inch-diameter force main
and a pump station with adequate capacity for the operation, and would involve obtaining a
right-of-way from at least three private landowners.

For this size pipeline, a polyethylene line could be routed underground. The estimated
costs for this project would be about $100,000 for the pump station and about $25 per linear foot
for the installed pipe. Based on these preliminary estimates, the capital costs associated with the
pipeline alternative would be about $254,000.

The primary operating costs for this option would result from the electrical costs
associated with pumping and the maintenance of the pumping station and pipeline. This is

estimated at about $40,000 annually.
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9.3 TDS Treatment Using Wetlands

Constructed wetlands have been used for wastewater treatment, particularly for acid mine
drainage where conditions involving low pH and the presence of heavy metals are encountered.
Despite the success in these applications, constructed wetlands are not considered applicable for
the treatment of TDS or SO, (Hedin et al. 1989).

By definition, dissolved, or soluble compounds cannot be filtered from the water except
with the use of an extremely tight membrane such as reverse osmosis. Converting the soluble
compounds to a form that is insoluble is necessary for filtration. For iron and certain heavy
metals, such as copper and lead, this conversion can be routinely accomplished in a treatment
system or even in a lake or other natural waterbody. However, nearly all forms of the common
minerals, involving S04, chloride, and sodium, are soluble at concentrations below 1,000 mg/L.
For this reason, in water matrices where the primary constituents are these minerals, the
conversion to an insoluble form has proven to be a difficult technical problem (Hedin et
al. 1989).

Sulfate reduction is possible through a different process termed dissimilatory sulfate
reduction (DSR), that, under optimum conditions, is functional in most wetland systems. DSR is
dependent on anaerobic bacteria that, in the absence of oxygen, decompose organic matter using
sulfate as the electron acceptor. Sulfate is reduced to hydrogen sulfide (which exists in gaseous

form and can be volatilized from the water) according to the following formula:
8O, 2+ 2CH,0 — H,S + 2HCO5"

From this formula, it can be seen that sulfate and organic matter, in the presence of
bacteria, are converted to hydrogen sulfide and bicarbonate. The organic matter must be supplied
either through introduction of an organic substrate such as chicken litter, or, for a mature wetland
system, through the decomposition of sufficient plant and animal growth. In this process, two
moles of carbonate alkalinity are generated for each mole of sulfate reduced. The production of
carbon dioxide, either as carbonate or bicarbonate, effectively represents a tradeoff in terms of

TDS. For instance, with sodium as the primary cation, the process will convert sodium sulfate to
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sodium bicarbonate. This conversion actually represents an increase in the TDS concentration by
about 18%. By this analysis, a natural biological system, such as applied in a constructed wetland
system, cannot be effective for the reduction of TDS (Hedin et al. 1989).

It should also be noted that Mount et al. (1997), in a study that examined the aquatic

toxicity of mixtures of common ions, report that ion toxicity can be ranked as K" > HCO3"

> Mg ™ > Cl'> SO, . Therefore, at neutral pH, the DSR system replaces sulfate with a more
toxic anion (HCOy"), thereby producing a TDS mixture with greater toxicity potential to aquatic
life.

The operating experience with these systems has been inconsistent. The treatment
effectiveness, as with most treatment systems that depend on the activity of microorganisms, is
particularly affected by cold temperatures. Very low rates of sulfate reduction have been
measured for wetlands and other natural systems in the winter months. Other technical issues
associated with the application of DSR as a treatment method for sulfates exist with the
re-oxidation of sulfide back to sulfate and the generation of excessive sulfide in the liquid matrix
which can prove toxic to the microorganisms, if not quickly removed (Hedin et al. 1989).

Without a method for mitigating the seasonal impacts, such as water storage during the
winter months, or acceptance of seasonal variations in treatment effectiveness, the use of
constructed wetlands for the reduction of sulfate is not practical. The use of these systems for the
reduction of TDS is not feasible under this situation nor would it reduce the potential impacts to

aquatic life.

9.4 Site-Specific Criteria and DWS Use Removal
This evaluation indicates that the removal of the DWS designated use and site-specific
TDS and SO, criteria based on the existing discharge concentrations would result in permit

compliance for VCM.

9.5 Summary of Costs
There are three technically feasible options available for the management of TDS and

SO47 in the discharge from the facility:
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1. Installation of an RO treatment system,
2. Installation of a pipeline to Stennitt Creek, and

Direct discharge to the adjacent unnamed tributary (removing DWS use
designation and adopting site-specific minerals criteria).

Table 9.1 provides a summary of the estimated costs with each option. Any capital and
operating costs associated with the direct discharge option (e.g., effluent monitoring) would also
be required in the other options and, therefore, were not added to the cost estimates. The
implementation costs refer to costs for the UAA study and consulting and legal costs to support

the rule-making process for change in ARWQS and/or criteria.

Table 9.1. Summary of capital, operating, and implementation costs for engineering
alternatives.
Estimated | Estimated Annual | Implementation
Option Description Capital Cost | Operating Cost Cost Total
RO treatment $650,000 $441,000 -- $1,091,000
Pipeline to Stennitt Creek $254,000 $40,000 - $294.,000
Discharge to unnamed tributary* - - $100,000 $100,000

*Requires site-specific minerals criteria and removal of the DWS designated use in the unnamed tributary and in Brushy Creek
below the mouth of the unnamed tributary.

9.6 Conclusions

The information presented herein indicates that the most cost-effective option for VCM is
a direct discharge to the unnamed tributary. Implementing this option will require ARWQS
modification for the unnamed tributary and Brushy Creek downstream of the mouth of the
unnamed tributary. With the removal of the DWS designated use in these segments, the Ozark
Highlands ecoregion minerals criteria (Section 2.0) will become the applicable criteria for
NPDES permitting purposes. Application of current permitting policies for minerals
(APCEC 2010) will allow VCM to meet permit limitations for TDS. However, this study
revealed elevated SO, concentrations in the VCM discharge that would not meet permit
limitations (if they were in place) based on ecoregion minerals criteria per Regulation No. 2
(APCEC 2010). Therefore, direct discharge to the unnamed tributary will also require a

site-specific modification of the Ozark Highlands ecoregion TDS and SOy criteria in the
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unnamed tributary to Brushy Creek, in Brushy Creek downstream of the mouth of the unnamed
tributary, and in Stennitt Creek downstream of the mouth of Brushy Creek (see Table 8.3).
Analysis of designated uses in the receiving streams indicates that all existing and attainable uses

are supported in the waterbodies receiving the VCM discharge. Accordingly, this UAA report
recommends the following changes to the ARWQS:

Removal of the Domestic Water Supply designated use for the unnamed tributary
and Brushy Creek downstream of the mouth of the unnamed tributary,

Site-specific modification of the Ozark Highlands ecoregion TDS and SO,
criteria as summarized in Table 8.3.
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1.0 INTRODUGTION

This report presents the documentation required by Section 2.306 (formerly Section 4g) of
the Arkansas Water Quality Standards (WQS), to support modifications of designated but non-
existing and unattainable uses and associated water quality criteria. This report addresses the
requirements of the 1994 Administrative Guidance Document of the ADEQ which clarifies the
Section 2.306 documentation process.

In addition, this report provides documentation regarding the attainability of the domestic
water supply use of Stennitt Creek from the perspective of the 40 CFR 131.10(g) rationale for use
removal. The requirement for providing 40 CFR 131.10(g) documentation is to fulfill the recent US
EPA Region 6 requests for inclusion of use attainability information in the 4g process.

This report provides recommendations (Section 2.0), a summary of the site’s background
(Section 3.0), the physical, chemical, and biological characteristics of Stennitt Creek which receives
an NPDES permitted discharge from Meridian Aggregates (Meridian) (Section 4.0), and mass
balance modeling results (Section 5.0). A review of alternatives for removal of dissolved minerals to
meet ecoregion criterion is provided in Section 6.0. Attainability of the domestic water supply use of
Stennitt Creek is discussed in Section 6.0. Section 7.0 provides the citation for documents
referenced in this report.

Meridian operates a limestone quarry in Lawrence County just north of Black Rock,
Arkansas. The quarry discharges from a settling pond into Stennitt Creek. Stennitt Creek is a
second order tributary of the Spring River in northeast Arkansas. This discharge contains
concentrations of total dissolved solids (TDS), in the form of calcium carbonate, in excess of the
ecoregion based permit limits as provided by Meridian’s National Pollutant Discharge Elimination
System (NPDES) Permit No. AR0047198.

20 RECOMMENDATIONS

Based on the documentation presented herein, it is recommended that the designated
domestic water supply use for Stennitt Creek be removed. In addition, an increase in the water
quality criteria for total dissolved solids (TDS) for Stennitt Creek is recommended. Table 1
summarizes the recommended changes for Stennitt Creek:

Table 1. Summary of Proposed WQS Modifications.

Remove the designated Domestic Water Supply Use.

Amend dissolved minerals criteria: TDS from 240 mg/L. to 456 mg/L.
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3.0 BAGKGROUND

3.1 Introduction

Meridian operates a limestone quarry in Lawrence County just north of Black Rock,
Arkansas. The quarry discharges from a settling pond into Stennitt Creek. Stennitt Creek is a
second order tributary of the Spring River in northeast Arkansas. This discharge contains
concentrations of total dissolved solids (TDS), in the form of calcium carbonate, in excess of the
ecoregion based permit limits as provided by Meridian’s National Pollutant Discharge Elimination
System (NPDES) permit.

The Arkansas Water Quality Standards - Regulation No. 2 (Reg. 2) allows for modification of
water quality standards under various conditions. Specifically, Section 2.306 of Reg. 2 (1998) allows
for the removal of a designated use other than a fishable or swimmable use, and for establishment
of less stringent water quality criteria without affecting fishable or swimmable uses. Reg. 2 allows for
the removal of the designated but non-existing domestic water supply use of Stennitt Creek and
modification of the TDS water quality criteria provided certain conditions are met. This project report
documents the findings necessary to develop the information required to amend Reg. 2 through third
party rulemaking. The study area, including the Stennitt Creek site locations, is shown in Figure 1.

The Meridian treatment system consists of two settling lagoons. The primary lagoon is
approximately 25 feet by 75 feet by 8 feet deep in size. The second lagoon is approximately two-
surface acres by 40-feet deep in size. The water to be discharged from Outfall 001 is pumped from
the second lagoon. The sources of water entering the settling basin are storm water, process water
used for crushed rock washing, and ground water that leaches into the quarry. Discharge from
Outfall 001 is intermittent, predicated primarily on the volume of storm water reaching the second
lagoon and the need to retain lagoon capacity.

The receiving stream for the discharge, Stennitt Creek has a watershed size of
approximately 16 square miles (mi®) at its mouth (Figure 2).

3.2 Designated Uses

The designated uses for Stennitt Creek are those listed in the WQS for Ozark Highlands
streams with watersheds greater than 10 mi®. They are as follows:

Primary Contact Recreation,
Secondary Contact Recreation,
Perennial Ozark Highlands Fishery,
Domestic Water Supply,

Industrial Water Supply, and
Agricultural Water Supply.

® ® © © °o ©
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3.3 Domestic Water Supply Use

Based upon documentation provided by the Arkansas Department of Health (ADH), Stennitt
Creek is neither an existing or planned public water supply source. In addition, the Arkansas Soil
and Water Conservation Commission (ASWCC) has documented that the removal of the designated
domestic water supply use from Stennitt Creek does not conflict with the Arkansas Water Plan. The
letters from the ADH and ASWCC are provided in Attachment A.

3.4 Effluent Characteristics

Table 2 presents the effluent characteristics of Outfall 001. This data represents the results
of monthly grab samples from October 1995 to December 1998. Documentation for the 99"
percentile value is presented in Section 5.0. The percentile concentration values represent
statistically calculated values based on methodologies outlined in Statistical Methods for
Environmental Pollution Monitoring (Gilbert, 1987) which will be discussed in detail in Section 5.2.2.

Table 2. Outfall 001 Discharge Statistics December 1995 through December 1998.

Data Characterization (Daily Maximum Concentrations from Monthly Summaries)
Maximum 698
Minimum 320
Average 437
99" percentile 698
95" percentile 666

3.5 Description of Existing and Proposed Pollution Prevention
Practices

Meridian has installed pollution prevention practices at the Black Rock Quarry designed to
reduce the potential of solids moving to the stream system during storm water runoff events.
Locations near the rock washing operation and adjacent material stockpile areas are potential
sources of sediments that could be picked up and discharged with storm water. To address this
situation Meridian has erected straw bales along the entire perimeter of the washing operation area
and the material stockpiles. Sediment berms have been installed along these areas as well. The
sediment berms function as a second layer of defense to trap transported solids and also to ensure
long term straw bale placement and stability.

In addition to specific targeting of the material stockpiles, a line of straw bales has been set
and a sediment berm has been constructed immediately adjacent to Stennitt Creek to catch solids in
runoff from general quarry operations. Straw bales have also been placed as a sediment barrier
adjacent to a facility bridge over Stennitt Creek at the plant water pump station.
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3.6 Current NPDES Permit Status

3.6.1 NPDES Permit Compliance

Meridian’s current NPDES permit (Permit No. AR0047198) became effective on November
1, 1994. The permit remains in effect until October 31, 1999.

3.6.1.1 Discharge and Monitoring Requirements

The effluent limitations of concern are based on the Ozark Highlands ecoregion criteria for
totals dissolved solids in Reg. No. 2. Outfall 001 final discharge limitations and monitoring
requirements are summarized in Table 3. For TDS, the monthly average limit is 346 mg/L while the
daily maximum limit is 519 mg/L. Monitoring requirements consist of once per month grab samples

when discharging.

Table 3. Final Discharge Limitations for Meridian Outfall 001.

Flow (MGD) N/A NA Daily*

Chemical Oxygen Demand 50 mg/L 75 mg/L Once per month™
Total Dissolved Solids, mg/L 346 mg/L 519 mg/L Once per month**
Turbidity (as NTU) 10NTU Report Once per quarter*
Oil and Grease 10 mg/L 15 mg/L Once per quarter™
pH (SU) * * Once per month**

3.6.1.2 Dissolved Minerals

Data from discharge monitoring reports at Outfall 001 (DMR values from October, 1995 to

December, 1998) were summarized and are presented in Table 4.

Since only once per month sampling was required, the monthly average and daily maximum
TDS values are the same each month that a discharge occurred. The overall mean value of the
data set was 437 mg/L while the highest value measured was 698 mg/L. The DMR data for TDS is

shown in Figure 3.
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Table 4. Outfall 001 Discharge Monitoring Report Values from October 1985 through December 1998.

.00
6.90 - -
7.00 408 7.00 - -
6.90 382 8.00 2.50 1.00
ND ND ND - -
7.20 327 5.00 - -
7.60 403 5.00 2.50 1.00
7.00 554 2.50 - -
7.30 433 2.50 - -
ND ND ND 2.50 1.00
7.70 645 7.00 - -
7.80 698 2.50 - -
ND ND ND 2.50 1.00
ND ND ND - -
7.70 539 2.50 - -
7.10 402 2.50 2.50 1.00
7.40 415 2.50 - -
7.40 341 2.50 - -
7.90 385 2.50 2.50 1.00
7.60 320 2.50 - -
7.00 342 2.50 - -
7.30 333 7.00 2.50 1.00
7.80 446 2.50 - -
7.20 390 2.50 - -
7.50 414 2.50 2.50 1.00
7.00 430 11.0 - -
7.20 412 2.50 - -
7.40 443 2.50 2.50 1.00
7.40 371 2.50 - -
7.00 405 2.50 - -
7.30 399 2.50 2.50 5.90
7.20 405 2.50 - -
7.40 340 2.50 - -
7.70 560 6.00 2.50 1.00
740 554 2.50 - -
7.60 600 2.50 - -
740 520 2.50 2.50 23.0
ND ND ND - -
7.20 336 5.00 - -

ND indicates months where no discharge occurred.

3.6.2 Toxicity Testing

Meridian is not required to conduct toxicity testing as a provision of their NPDES permit.
Therefore, toxicity testing has not been completed on Meridian's effluent. As previously noted, the
effluent TDS is in the form of calcium carbonate (CaCQO,). The maximum TDS value recorded to
date has been 698 mg/L. This value is far below the toxicity of CaCO, reported in the literature.
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Calcium is considered to represent the least toxic of the cations. Also, the carbonate anion is
generally considered to represent the least toxic of the “ate” anions (sulfate, nitrate, etc.).

Published information regarding the toxicity of CaCO; is limited due primarily to the lack of
toxicity except at extremely high concentrations. Mortality values have been reported to be greater
than 56,000 mg/L for freshwater fish, (essentially up to the solubility of CaCO;). In Arkansas,
toxicity testing has been completed on effluent from a facility that quarries CaSO,. The TDS values
from this facility exceeds 1000 mg/L without any indication of toxicity at 100% effluent in 7 day
chronic toxicity tests. Also several studies have been completed in Arkansas that demonstrate that
TDS concentrations in excess of 1000 mg/L maintains in-stream biological integrity. ;

Since the TDS produced in the limestone quarry is CaCO,, and the maximum concentrations
are well below 1000 mg/L, there is little potential for toxicity from the TDS of the discharge.

4.0 AQUATIC LIFE FIELD STUBY

4.1 Introduction

The objective of the aquatic life field study was to document whether the designated and
existing aquatic life use was being maintained by the existing discharge conditions. To accomplish
this objective, the aquatic life field study included evaluations of the habitat conditions, water quality,
aquatic macroinvertebrate community, and fish community assemblages. The results of this
evaluation are provided in this section.

4.2 Habitat Characterization

4.2.1 Introduction

The objectives of the habitat characterization were to:

1) assess the availability and quality of habitat for the development and maintenance of
benthic invertebrate and fish communities, and

2) evaluate habitat limitations which may prevent attainment of designated uses and limit
biological integrity.

4.2.2 Methods

The physical habitat was characterized from measurements and observations of stream
attributes made along three transects at each of the study stations. The physical habitat was
characterized during the mid summer, during the peak of vegetative growth.

Two habitat evaluation reaches were established in Stennitt Creek:

1) SC-1 (Stennitt Creek upstream of the Outfall 001 discharge from Meridian downstream
from the mouth of Brushy Creek), and
2) SC-2 (Stennitt Creek downstream from the Qutfall 001 discharge from Meridian).

The physical characteristics along three transects were evaluated within each reach.
Characteristics of the following six attributes were recorded from each transect:
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1) flow 4) velocity
2) channel width 5) depth, and
3) stream width 6) substrate

An additional eight attributes that were qualitatively estimated for the entire reach included:

1) percent pool, 5) bank slope,

2) percent riffle, 6) bank stability,

3) percent bank habitat, 7) riparian cover, and
4) percent instream habitat, 8) percent canopy cover.

All distance measurements were made using a 0.1 ft incremental tape. Velocity
measurements were read directly from a Marsh-McBirney velocity meter. Drainage areas and
stream gradients were calculated from USGS 7.5 minute topographic maps and field verified as
possible.

A qualitative habitat assessment was also completed at each reach using the method
modified from EPA’s rapid bioassessment procedures. This assessment rated habitat potential by
scoring habitat parameters on an qualitative scale from 1 to 20. The following parameters were
used for the evaluation:

channel sinuosity,
channel flow status,
condition of banks,

instream cover, )
)
)
0) bank vegetative protection,
1
2

7
epifaunal substrate, 8
pool substrate characterization, 9
pool variability, 1
channel alteration, 1
sediment deposition, 1

) disruptive pressure, and
) riparian vegetative zone width.

Dk WN
N e N e e e

Each reach was evaluated by three experienced field biologists who ranked each attribute
independently and summed them for a total score. The scores were then averaged to produce the
overall ranking. Calculated scores placed the reach into a habitat category of optimal (181-240),
suboptimal (121-180), marginal (61-120), or poor (1-60).

4.2.3 Results and Discussion

4.2.3.1 Habitat Quality

A summary of the physical attributes of all stations where physical data was collected is
presented in Table 5. Field sheets and the raw habitat data are provided in Attachment B.

4.2.3.2 Reach SC-1

The upstream station, SC-1, was composed mostly of pools with riffle/run areas accounting
for only 20% of the reach. The average stream width was 20.0 ft and the average stream depth was
1.0 ft. The average velocity and flow recorded at this station during the low flow period were 0.2 fps
and 0.7 cfs, respectively. An average channel width as measured bank to bank was 41.0 ft. (Figure
4).

Instream habitat was composed of depressions within shallow pools and areas of logs and
debris habitat that occurred in the deeper pools (Figure 5). The stream substrate was composed of
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Figure 4. Typical section of Stennitt Creek at Site SC-1, upstream of the Meridian
discharge location, July 1998.

Figure 5. Pooled area with woody structure at Stennitt Creek, Site SC-1, July 1998
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sand and mud with a liberal littering of detritus in most of the pooled areas. The substrate
composition appeared to lend itself to macrophyte growth and several sections of Stennitt Creek at
SC-1 contained abundant macrophyte (Figure 6). The riffle/run areas were primarily composed of
gravel, heavily embedded in sand and silt. The bank habitat was composed of roots, vegetation,
and undercut banks, with several areas being nearly bare. The bank slope was steep (>30°) to
moderately steep (9°-30°) with the soils being moderately stable to unstable from an erosion
perspective. A number of the pools in this reach were maintained by beaver activity.

Table 5. Physical Habitat Evaluation at Stennitt Creek near Black Rock, July 1998.

Date 7/15/98 7115/98 | 7/15/98 7/15/98 | 7/15/98 | 7/15/98

Time 1115 1140 1205 1645 1715 1730

Stream Width (ft) 25 27 8 20.0 16 22 5 14.3
Velocity (fps) 0.2 0.9

Flow (cfs) 0.7 0.5

Channel Width (1t) 41.0 35 38 50 41.0
Average Depth (ft) 1.0 0.68 1.5 0.17 0.8

35.5

Roots B A 25 333 0 194 66 333 0 33.1
Vegetation 0 333 50 278 33 333 | 100 554
Undercut %5 333 0 19.4 0 333 0 1.1

Devoid
R

Flat ' 0 0 25 83 0 15 10 8.3
Mod 20 25 50 317 10 15 40 217
Steep 80 75 25 60.0 90 70 50 700

Stable - 0 0 50 16.7 3 | 20 50 35.0
Mod. Stable 50 50 25 N7 50 50 25 7
Unstable 50 50 25 7 15 30 25 233

10 75 36.7

Stable - T 0 0 50 16.7 25
Mod. Stable 50 30 25 350 20 30 10 267
Unstable 50 50 25 35 60 15 367

Ground Cover 75 90 100 88.3 80 90 100 90.0

Canopy Cover 15 80 0 31.7 50 90 60 66.7

=l
Ground Cover 75 90 100 88.3 80 80 100 86.7
Canopy Cover 15 20 10 15.0 50 75 45 56.7
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Table 5. Physical Habitat Evaluation at Stennitt Creek near Black Rock, July 1998. (cont.)

]

Logs/Debris 15 100 0 38.3 0 0 0 0.0

Depressions 85 0 100 61.7 0 0 0 0.0

Vegetation 0 0 0 0 0 0 100 33.3
0 0 00

pevgid
Mud 68 40

0 36.0 333 23 0 18.8
Sand 32 44 100 58.7 333 18 0 17.1
Gravel 0 16 0 53 333 38 0 23.8
Cobble 0 0 0 0.0 0 21 100 40.3
%CPQOM on Substrate 92 36 0 427 0 0 0 0.0

4.2.3.3 Reach SC-2

The downstream station, SC-2, was composed mostly of pooled areas with runs and riffles
comprising approximately 30% of the reach. Although the average stream width was 14.3 ft which
was 30% less than the upstream station, the average depth was 0.8 ft. An average flow of 0.5 cfs
was measured with an average velocity of 0.9 fps. The average channel width as measured bank to
bank was 41.0 ft which was similar to the upstream reach indicating bank full flows varied little from
the two reaches (Figure 7). ,

The existing instream habitat was composed entirely of vegetation with much of the reach
being devoid. A cobble and gravel substrate dominated the stream bed in this reach (Figure 8). A
unique feature of this reach is the bedrock outcropping which comprised a portion of the reach but
was not included as substrate since most of it was exposed due to low flow conditions. The bank
habitat was composed of vegetation, roots, and undercut banks. The bank slope was generally
steep to moderately steep. The soils on the bank varied greatly from stable to unstable.

Differences between SC-1 and SC-2 included the vegetation and the amount of instream
structure (logs and woody debris) that was present at SC-1 when compared to SC-2, where logs
and debris were sparse (Figure 9). Additionally, there were some differences in substrate at SC-2
relative to SC-1. The downstream station was dominated by cobble and gravel substrate, while the
upstream station was sand and mud bottomed with very little gravel and cobble. These differences
are reflected in habitat potential.

4.3 Habitat Potential

A qualitative assessment of the habitat placed SC-1 in the suboptimal category and SC-2 in
the marginal category with mean scores of 12.3 and 9.7, respectively (Table 6). The scores
represent a habitat similarity of 79% between the two reaches. The differences in the scores were
demonstrated most significantly by differences in instream cover and epifaunal substrate between
the two sites. For the category of instream cover SC-2 was 10 points lower than SC-1 and for
epifaunal cover SC-2 was 5.7 points below the score for SC-1. The large difference in instream
cover rankings is largely due to the scarcity of logs and debris habitat in the SC-2 reach. The scores
also reflect sedimentation which increased at SC-2 relative to SC-1.
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Figure 7. Typical section of Stennitt Creek at the downstream station. SC-2, July 1998.
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Figure 9. Stennitt Creek at Station SC-2, showing typical reach of stream with limited in-stream
structure, July 1998.
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The results of the qualitative habitat assessment indicate the presence of more available
habitat for fish at SC-1 (upstream) than at SC-2 (downstream).

The assessment also ranked the macroinvertebrate habitat at SC-1 higher than that at SC-2,
making the upstream site more conducive to colonization.

4.4 Habitat Conclusions
The habitat evaluation indicated that:

1) The habitat at SC-1 is sufficient for the maintenance and development of a benthic
macroinvertebrate and a fish community representative of a typical Ozark Highlands
stream.

2) The habitat at SC-2, though less variable than that at SC-1, is sufficient to maintain the
macroinvertebrate and fish communities typical for the ecoregion and watershed size.

3) With the exception of instream cover and eplifaunal substrate the differences in overall
habitat were minimal upstream and downstream of the Meridian Aggregates discharge.

Table 6. Summary of Qualitative Habitat Assessment, Stennitt Creek near Black Rock, July 1998.

Instream Cover

Epifaunal Substrate 14.7 9.0
Pool Substrate Characteristics 13.7 97
Pool Variability 14.0 9.7
Channel Alteration 15.3 16.3
Sediment Composition 10.7 77
Channel Sinuosity 12.0 77
Channel Flow Status 13.7 83
Bank Condition 8.7 8.0
Bank Vegetative Condition 9.7 8.0
Disruptive Pressure 9.7 13.3
Riparian Vegetative Zone Width 9.3 12.7

Ranking: Range:
Optimal (O) 16-20
Sub-optimal (S) 11-15
Marginal (M) 6-10
Poor (P) 1-5
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4.5 Water Quality

4.5.1 Chemical Characteristics

This section presents the methods and results of the low flow analyses used to characterize
the in situ water quality and TDS of Stennitt Creek. The analytical methods used followed
procedures outlined in Standard Methods for the Examination of Water and Wastewater and
appropriate EPA published methods.

4.5.2 Methods

The intensive survey was conducted on July 15 and 16, 1998 to reflect summer low flow
conditions. Water quality parameters were measured at Sites SC-1 and SC-2 in Stennitt Creek
(Figure 1). Water quality sampling included both in situ measurements and grab samples for
laboratory analysis of TDS (Table 7). In situ measurements included water temperature (°C),
dissolved oxygen (DO mg/L), pH (su), and specific conductance (uS). Grab samples were collected,
packed on ice and transported to a contract laboratory for analyses.

Table 7. In situ water quality of Stennitt Creek during low flow conditions, July 1998.

p ) . )
Dissolved Oxygen, mg/L 54 7.3
Conductivity, pS 347 634
pH, su 7.5 7.7
TDS, mg/L 180 410
4.5.3 Results

The temperature ranged from 26.9 °C to 28.2 °C. The DO increased from upstream to
downstream with measurements of 5.4 mg/L and 7.3 mg/L, respectively. Specific conductance
ranged from 347 uS to 634 uS. The pH varied only slightly between the stations ranging from 7.5 su
to 7.7 su.

The concentration of total dissolved solids at the downstream station increased over that of
the upstream station, 410 mg/L versus 180 mg/L, respectively. The downstream TDS measurement
was higher than the 240 mg/L TDS standard in the Ozark Highlands Ecoregion. It should be noted
that the flow in Stennitt Creek was less than the 4.0 cfs at which the ecoregion standard applies.

4.5.4 Conclusions

Based on the in situ water quality parameters measured during the field survey, the
biological integrity of Stennitt Creek should not be adversely impacted and the existing attainable
uses should be maintained by the existing condition in Stennitt Creek, including the existing
discharge from Meridian. The TDS levels, though elevated in the downstream reach relative to the
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Ozark Highlands Ecoregion standard, are well below those levels found in other Arkansas streams in
which biological integrity and aquatic life uses are maintained.

4.6 Benthic Macroinvertebrate Community

4.6.1 Introduction

The benthic invertebrate community reflects the effects of habitat availability, and the long
term exposure to physical and chemical properties of the water in which they develop and live. The
diversity and the presence of an expected level of benthic community reflects the maintenance of a
systems biological integrity.

4.6.2 Methods

A biological assessment of the benthic macroinvertebrate community was performed using
rapid bioassessment (RBA) techniques as detailed in ADEQ, 1988. The methods were modified to
sample in pool habitats and limited to habitats present at both sites evaluated. Stream reaches
upstream of the effluent discharge (SC-1) and downstream of the effluent discharge (SC-2) were
chosen for evaluation. Macroinvertebrates were sampled using a Turtox Indestructible® dip net.
Each station was sampled for three minutes according to the RBA protocol. Each sample was
condensed, placed in a labeled one-liter jar, and preserved in 70% ethanol for subsequent
processing in the lab.

In the lab, the samples were removed from their respective jars, placed on a white sorting
tray, and thoroughly mixed to prevent potential bias. A 100 organism sub-sample was then
randomly picked (according to the RBA procedures) from the tray and identified. The 100 organism
sub-samples were preserved in 70% ethanol as a voucher to be used if more detailed analysis
becomes necessary. The remainder of the original sample was retained as a voucher for the sub-
sampling techniques used. These voucher samples will be held at GBM- for a period of 24 months,
from the conclusion of the third party rulemaking at which time the samples may be submitted to an
academic zoological collection.

The macroinvertebrate assemblages from each station were analyzed according to several
benthic community biometrics. These include richness (number of different taxa), EPT richness
(number of different taxa represented in the orders Ephemeroptera, Plecoptera, and Trichoptera),
and species diversity as determined by the Shannon-Wiener diversity Index. The analysis also
included the seven biometrics used by the State of Arkansas (ADEQ, 1988) in their RBA scoring
system. This scoring system places a value (1 to 4, 1=excessive differences, 4=no differences) on
each of the seven biometrics to achieve a final mean score.

4.6.3 Results and Discussion

The mean result of the biometric scoring was a 2.6 which indicates minimal differences
between the upstream and downstream macroinvertebrate communities. The ADEQ RBA
document indicating a 2.6 minimal impairment score. This suggests that there is full support of the
designated aquatic life use and should be considered as compliant with no increased monitoring
recommended (ADEQ, 1988). Closer examination of the community assemblages suggests that
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this difference reflects improvements in the macroinvertebrate community in the downstream reach,
rather than an impairment. A list of the macroinvertebrates collected at SC-1 and SC-2 is presented
in Table 8.

Table 8. Macroinvertebrates Collected from Stennitt Creek near Black Rock, July 1998.

A

«leudmea
Oligochaeta

orbicula 1 —
Sphaen'um ‘ 1 -

R

Cmbaﬁnae \ 3 10
Isopoda : 1 -
Pa/aemonetes 5

Caenis 45 18
Callibaetis 10

Stenacron 1 1
Stenonema - 12

ODON

Argia - 2
Boyeria vinosa - 1
Dromogomphus 5 1
Hagenius brevistylus 1 -
Ischnura 1 3
Macromia 2 -~

4

Cheumatopsyche - 8
Hydropsyche - 7
Hydroptilidae - 1

1

1
Dineutus - 2
Peltodytes 2 4
Peltodytes larvae 4 -
Stenelmis - 1
Uvarus 2 1

Chauloides 1 -
Comutus - 3
Sialis 7 1
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Table 8. Macroinvertebrates Collected from Stennitt Creek near Black Rock, July 1998. (cont.)

éhlronomfd;e 7 9

Tabanidae 3 -
Tipulidae 1 -

The macroinvertebrate community at SC-2 had a higher species diversity than that at SC-1,
3.99 versus 3.10, respectively. The species richness at SC-2 was also higher than that found at SC-
1 (Table 9). The most noticeable change in the community structure was represented by the
change in EPT (richness which included 3 taxa upstream and 8 taxa downstream of the discharge.
This marked increase in EPT taxa at SC-2 was due mostly to the addition of four taxa of
Trichopterans which were not present in the upstream sample. The downstream station also
exhibited a shift in the trophic structure where the scrapers became the second most abundant
feeding group, accounting for 18% of the assemblage, compared to 1% at SC-1. Also, the
downstream assemblage demonstrated a more even distribution among the functional groups
indicating a more balanced community.

The differences in the macroinvertebrate communities upstream and downstream was likely
due to habitat availability, not to water quality. Though the downstream reach of Stennitt Creek was
observed to have less total sustainable habitat than the upstream reach, the existing habitat included
vegetated cobblestone riffies.  Riffles provide good habitat and increased oxygen levels
accommodating the establishment of EPT assemblages. The increased diversity of EPT species
resulted in the majority of the change in the downstream community structure noted. In addition to
substrate changes downstream, the increased flow resulting from the discharge likely provided a
larger wetted substrate for EPT colonization during periods of normally low flow. Although
colonization in lotic systems are generally considered to occur from upstream to downstream
through “drift” the proximity and direct connection to the Spring River may have also influenced the
benthic community at SC-2.

Table 9. Macroinvertebrate community analysis for Stennitt Creek at Black Rock, AR.

& R R % G ae = S ; > 2 2 : :
Total number of Taxa (Richness) 21 25
EPT Richness 3 8
Diversity Indices (Shannon-Wiener) 3.10 3.99

Total % of 5 Dominant Taxa 74 57

S

Ephemeropteré N : - I
Trichoptera - 2
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Table 9. Macroinvertebrate community analysis for Stennitt Creek at Black Rock, AR. (cont.)

O onata 3

Coleoptera 4 4
Diptera 2 4
Other (Amphipoda/Decapoda) 3
hredders 10 14
Scrapers 1 18
Collectors 66 52
Predators 22 15
BIOMETRIC SCORE 26

*Numerically ranked from most (1) to least dominant (4)

4.6.4 Conclusions

The benthic macroinvertebrate communities at each station were somewhat similar allowing
for the following conclusions:

1) The benthic macroinvertebrate community, as represented by collections from both sites,
in Stennitt Creek is being maintained and is similar to that expected in other Ozark
Highland Ecoregion streams.

2) The discharge from Meridian Aggregates does not prevent the development of a stable
macroinvertebrate community. In fact, the community structure downstream of the
discharge appears to be enhanced over that found upstream.

3) Only minimal differences in the benthic community at SC-1 and SC-2 were exhibited.
This suggests that the aquatic life uses of Stennitt Creek are being maintained both
upstream and downstream of the discharge.

4.7 Fish Community

4.7.1 Introduction

Stennitt Creek is designated as a Perennial Ozark Highlands fishery in Reg. No. 2.
Accordingly, the fish community of Stennitt Creek was evaluated to determine its status, relative to
that designation, and any impact caused by the TDS discharged from Meridian on the fishery.

4.7.2 Methods

An assessment of the fish community upstream (SC-1) and downstream (SC-2) of the
effluent discharge was performed. Each station was sampled using a Smith-Root backpack
electroshocker. The shocker includes a counter which records the amount of time that electricity is
actually being applied, or “pedal down time” (PDT). The PDT at SC-1 was 52.9 minutes while the
PDT at SC-2 was 39.2 minutes. Shocked fish were captured with hand held dip nets and held in
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buckets while the sampling continued. The fish were field identified and some larger specimens
returned to the stream.

At the end of each sampling effort fish from both stations were preserved in formalin for
verification of any field identifications made. Fish identifications were made according to the Fishes
of Arkansas (Robison, 1988) and (Pflieger, 1975) to the species level where possible. The fish
assemblages at each station were compared according to several biometrics including: species
richness, species diversity, abundance, dominant groups, and key indicators as indicated in Reg.
No.2.

4.7.3 Results and Discussion

The fish assemblages from the upstream and downstream reaches of Stennitt Creek
exhibited minimal differences in composition and structure. The fish community at SC-1 upstream of
the discharge, and from SC-2 downstream of the discharge were each similar to those expected in
streams of the Ozark Highlands Ecoregion of equal size.

Collections from both stations suggested a fish community dominated by minnows and
sunfish. Station SC-1 was characterized by 54% sunfishes, 25% minnows, 7% mosquitofish, and
6% darters. Station SC-2 was characterized by 51% minnows, 18% sunfishes, 9% bullhead
catfishes, 8% mosquitofish, and 6% suckers. A complete list of the fish collected in Stennitt Creek is
provided in Table 10.

The Station SC-1 fish sample contained 18% of the Ecoregion key and indicator species as
listed in Reg. No. 2. In the SC-2 fish sample, 27% of the Ecoregion key and indicator fish species
were present.

Both taxa richness and species diversity were higher at the downstream station than at the
upstream station, 26 species and 3.65 versus 22 species and 3.60, respectively. However, the
abundance of fish upstream was greater than downstream (Table 11). This difference was likely
due to the available instream habitat that was reduced in the downstream reach, particularly in
regards to the woody structure preferred by sunfish species. When compared to the upstream
reach, a noticeable shift in the dominant ordinal group, from sunfish to minnows, occurred
downstream. This was likely also a result of habitat availability. The downstream reach contained
more emergent vegetation and riffle/runs conducive to minnow colonization while the upstream
reach contained more woody debris and pools conducive to sunfish habitation.

Table 10. Fish collected from Stennitt Creek near Black Rock, AR.

D

Campostoma oligolepis largescale stoneroller 16 ' 42
Hybognathus nuchalis Mississippi silvery minnow 3 30
Hybopsis amblops bigeye chub 1 -
Notropis boops bigeye shiner - 4
Notropis nubilus™* - lozark minnow 18 —
Notropis telescopus telescope shiner 1 -
Notropis sp.1 minnow — 1

Notropis sp.2 minnow - 1

Pimephales notalus bluntnose minnow 6 -
Pimephales tenallus slim minnow 35 10
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Table 10. Fish collected from Stennitt Creek near Black Rock, AR. (cont.)

kEn‘myzon oblongus

| I
Ameiurus natalis
IAPHREDODERIDAE

sayanus

creek chubsucker 17 2
Hypentelium nigricans™* northern hogsucker -~ 2
Moxostoma sp. redhorse sp. - 6

Gambusia affinis

Labidesthes sicculus

Aphredbderus

Fundulus olivaceus blackspotted topminnow 3 1

Fundulus catenatus northern studfish - 1
EETEOAL

P
Etheostoma Caeruleum

rainbow darter

Lepomis cyanellus green sunfish 2 5
Lepomis gulosus warmouth 1 1
Lepomis megalotis longear sunfish 58 14
Lepomis microlophus redear sunfish 3 —
Lepomis punctatus spotted sunfish 33 1
Lepomis macrochirus bluegill sunfish 56 6
Lepomis (juvenile) juvenile sunfish 4 1
Micropterus dolomieui*™ smallmouth bass - 1
Micropterus punctulatus spotted bass 12 1
Micropterus salmoides large mouth bass 1

Etheostoma chlorosomum

bluntnose darter

Etheostoma flabellare

- Pedal Down Time
** Key Ecoregion species
*** Indicator Ecoregion species
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4.7.4 Conclusions

Based on the results of the fish collections, the following conclusions are provided:

1)
2)

3)

The fish community in Stennitt Creek is being maintained as is the designated Perennial
Ozark Highlands fishery use.

Fish assemblages found in the SC-2 reach are similar to those expected in a typical
Ozark Highlands Ecoregion stream for that size watershed.

The fish community downstream of the Meridian Aggregates discharge is moderately
different to the community upstream of the discharge. This difference is manifested by
increased diversity and richness of species, downstream of Meridian, which more closely
reflects the expected community of a typical Ozark Highlands stream of that size
watershed.

Table 11. Fish community structural analysis for Stennitt Creek near Black Rock, AR.

Total number of Taxa (Richness) 22 26
Abundance, fish collected/minute 5.9 44
Diversity Indices (Shannon-Wiener) 3.60 3.65

Total % of 5 Dominant Taxa

Cyprinidae 25 51
Poecilidae 7 8
Percidae 6 -
Catostomidae 5 6
Ictaluridae - 9

o.0 EXISTING LOADINGS OF DISSOLVED MINERALS

5.1 TDS Water Quality Criteria

The existing ecoregion based TDS water quality criteria for Stennitt Creek is 240 mg/L.
Utilizing the appropriate flows and background concentrations provided in the WQS and the
Continuous Planning Process (CPP) as used in preparation of the existing permit, the discharge to
Stennitt Creek will not maintain the existing ecoregion dissolved minerals criteria. The existing
Meridian permit limits were based on maintaining the ecoregion criteria.

In addition to ecoregion water quality criteria, the domestic water supply use designation for
Stennitt Creek resuilts in a numeric criterion of 500 mg/L for TDS. As discussed in Sections 3.2 and
3.3, the drinking water use is a designated, but not an existing use for Stennitt Creek. Additionally,
there are no plans to utilize either stream as a domestic water supply use. Review of the Meridian
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DMR data indicates that attaining the instream criterion of 500 mg/L can not be assured under low
flow conditions in Stennitt Creek.

in order to determine an appropriate TDS criteria for Stennitt Creek, a mass balance was
developed as described in the following sections.

5.2 Mass Balance

The following mass balance equation was used to calculate instream waste concentrations
(IWC) for TDS:

IWC = [(Qb x Cb) + (Qe x Ce)] / (Qb + Qe)
Where:

Qb= The background flow of the receiving stream

Cb = The background concentration of TDS in the
receiving stream

Qe = The discharge flow of the effluent

Ce = The effluent concentration of TDS

5.2.1 Methods

The procedure for evaluating instream concentrations and developing permit limits for
minerals can be found in ADEQ Discharge Permit, Toxic Control Implementation Procedure in
Arkansas’ 1995 Continuing Planning Process (CPP). The value used for the background
concentration of TDS (143 mg/L) was the mean concentration for the Ozark Highland Ecoregion.
The background value is listed in the CPP in Attachment XIl, Mineral Permitting Strategy, for
streams in the Ozark Highlands with a Q7-10 of less than 100 cfs. A background flow of 4 cfs was
used, as allowed for determining instream mineral concentrations in the WQS. Effluent
concentrations for TDS were derived from historical maximum monthly concentrations from
December 1995 through December 1998. Instream concentrations were calculated for Stennitt
Creek .

5.2.2 Computations for Stennitt Creek

The Ozark Highland Ecoregion background concentration for TDS is 143 mg/L. Meridian’s
reported highest monthly average flow for a period from January 14, 1999 through March 5, 1999
was 3.34 mgd (5.17 cfs). This specific time period was used because data prior to the date listed is
not accurate. During December 1998 a new and calibrated flow totalizer was installed for Outfall
001. Flow data from January, 1999 through the present time has been field verified and is accurate.
The flow data set used to calculate the highest monthly average from the abbreviated time period,
included 19 flow values. The flow value used in the computations as the discharge flow at Outfall
001 was selected as directed by Section D of ADEQ Discharge Permit, Toxic Control
Implementation Procedure in the CPP. A concentration of 698 mg/L was used as the effluent
concentration. This value is the 99" percentile of the data set calculated according to nonparametric
(the data set was neither normally distributed or lognormally distributed) statistical methodologies as
outlined in Statistical Methods for Environmental Pollution Monitoring (Gilbert, 1987). The TDS data
was analyzed for normality using the W-test developed by Shapiro and Wilks. This test determined
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that the data was not normally distributed. The data was then lognormally transformed and
reanalyzed with the W-test. The data was not found to be lognormally distributed. Therefore, the
99" percentile for the TDS data was calculated using a nonparametric technique (Gilbert, 1987)

presented below:
k=p(n=1)

where: k = the ranked order number from the TDS data set (values of k that
are not integers are interpolated for using the two values that k falls
between).
p = desired percentile
n = number of data points

This method retums a k = 31.68. The TDS data set has an n = 31, therefore, the highest
value in the data set ranked as “31” (698 mg/L) is equal to the 99" percentile. Ultilizing all the
aforementioned data the IWC is calculated below. The summary of the mass balance data inputs

are provided in Table 12.

IWCps=
[(4.0 cfs x143 mg/L) + (5.17 cfs x 698 mg/L)] / (4.0 cfs + 5.17 cfs) = 456 mg/L

Table 12. Mass Balance Calculation for Stennitt Creek.

Ce, mg/L (projected 99"%tile)

Cb, mg/L. 143
Qe, cfs 517
Qb, cfs 4.0
Projected Standard at Discharge(Stennitt Cr.), mg/L 456

6.0 ALTERNATIVE ANALYSES

This section summarizes the analyses of alternatives for Meridian to maintain the WQS for
Stennitt Creek. As described in Section 5.0, the effluent discharge from Meridian cannot be assured
to maintain the protective criterion for TDS related to the designated (but not existing) Domestic
Water Supply use. In addition, the discharged concentrations of TDS are projected to cause
instream exceedence of the ecoregion criteria at 4.0 cfs upstream flow.

Five alternatives were identified to address designated uses and the protective criteria for

TDS. They are as follows:

1) No action,

2) No discharge,

3) Treatment,

4) Source reduction, and

5) Water Quality Standards modification.
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6.1 No Action

This alternative would maintain the current discharge situation. TDS effluent concentrations
would continue to exceed the monthly average permit limit (and occasionally the daily maximum
permit limit) established to maintain the ecoregion based criteria. In addition, it is projected that
instream exceedences of TDS criteria based on the designated Domestic Water Supply use will
occur under critical conditions. For these reasons, this alternative is not considered to be feasible.

6.2 No Discharge

The no discharge alternative is not economically feasible. An inability to discharge would
result in an inability to continue operations of the quarry.

The Meridian Black Rock Quarry employs approximately 50 full time employees (plus an
additional 10 - 15 full time on site contractors) with an annual payroll estimated at approximately $1.5
million dollars. Meridian is a significant employer in Lawrence County and is the largest utility user in
the county. This alternative could require the cessation of operations at the Black Rock Quarry
which would greatly affect the local economy.

This alternative is considered infeasible due to the socio-economic effects to the local area
should the Black Rock Quarry close.

6.3 Pollution Prevention Activities

As discussed in Section 3.5, pollution prevention activities have been installed and will
continue to reduce the potential for contaminated runoff leaving the Quarry site. Installation of the
pollution prevention activities will not effect the concentration of TDS discharged through the
permitted outfall.

6.4 Treatment

EPA has no Best Available Technology (BAT) for TDS removal from waste streams. While
ion exchange (anion) and reverse osmosis treatment technologies exist, these methods currently
are not cost effective on a large scale and are not recommended. Also, the extremely concentrated
reject streams generated from such processes must be disposed of at a great expense and with
much greater potential environmental risk than the wastewater which was initially treated.

The technical limitations and uncertain environmental effects of concentrated wastestreams
generated from ion exchange and reverse osmosis treatment make the treatment alternative
infeasible.

6.5 WQS Modifications

Discussions concerning the WQS Moadification alternative are contained in the following
sections.
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6.5.1 Designated Uses

As discussed in Section 3.2, the following designated uses have been assigned to Stennitt
Creek in the AWQS.

Primary Contact Recreation,
Secondary Contact Recreation,
Perennial Ozark Highlands Fishery,
Domestic Water Supply,

Industrial Water Supply, and
Agricultural Water Supply.

6.5.2 Existing Uses

The documented existing fishery use in Stennitt Creek is a Perennial Ozark Highlands
Fishery.

The primary contact recreation use was not documented as an existing use. The uses of
agricultural and industrial water supply were also not documented as existing and may be limited
due to water volume, but are not precluded due to water quality.

6.5.3 Attainability of the Domestic Water Supply Use

As previously noted based on the documentation provided by ADH, Stennitt Creek is not an
existing or planned public water supply source. In addition, the ASWCC has documented that the
removal of the designated domestic water supply use from Stennitt Creek does not conflict with the
Arkansas Water Plan. ' :

In addition to an evaluation of the existing and planned use of Stennitt Creek as a domestic
water supply, the USEPA Region 6 has requested that information concerning the attainability of the
domestic water supply use on the basis of the regulatory criteria contained at 40 CFR 131.10(g) be
included in use removal request documentation. Review of the project documentation considering
the 40 CFR 131.10(qg) criteria demonstrates that removing the designated, but not existing domestic
water supply use is appropriate because the use is not attainable based on two of the 40 CFR
131.10(g) criteria. The first of these is criterion No. 2, which states:

“Natural, ephemeral, intermittent or low flow conditions or water levels prevent the
attainment of the use, unless these conditions may be compensated for by the
discharge of sufficient volume of effluent discharges without violating State water
conservation requirements to enable uses to be met.”

The Stennitt Creek watershed is approximately 16 mi? in size, the stream is intermittent in
nature and does not have consistent base flows required to supply the volume of water necessary
for the development and operation of a domestic water supply. In addition, because of the
intermittent nature of the discharge from Meridian the increased flow supplied sporadically through
effluent discharge is not sufficient to compensate for the small watershed size of Stennitt Creek.
Neither the stream system or the discharge provide the consistent flow volume required for feasible
attainment of a domestic water supply use.
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The second applicable 40 CFR 131.10 (g) criterion is No. 5, which states:

“Physical conditions related to the natural features of the water body, such as the
lack of a proper substrate, cover, flow, depth, pools, riffles, and the like, unrelated to
water quality, preclude attainment of aquatic life protection uses”

As can be seen in the documentation, the physical characteristics of Stennitt Creek, which primarily
consist of shallow pools and riffle/run areas, will not support intake and storage areas necessary for
the development of a domestic water supply system. As such, the extensive physical modifications
required to develop intake and storage areas would result in the removal of riparian habitat and
modification of Ozark Highland fisheries habitats. Such modifications would impact the existing
aquatic life use.

Based upon the previous analyses, the following modifications to the WQS are
recommended:

Table 13. Summary of Proposed WQS Modifications.

55

1 e ce
emove the designated Domestic Water Supply Use.

Amend dissolved minerals criteria; TDS from 240 mg/L to 456 mg/L.

These proposed modifications are supported by the documentation which meets the
requirements of AWQS Section 2.306 as clarified by the Administrative Guidance Document.
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Attachment A

ADH and ASWCC Letters



c Arkans_s
Soil and “Water
Conservation Commission

101 EAST CAPITOL
J. Randy Young, P.E. SUITE 350 PHONE 501-682-1611
Executive Director LITTLE ROCK, ARKANSAS 72201 FAX 501-682-3991

March 17, 1999

Mr. Vince Blubaugh, Principal
GBMc and Associates

219 Brown Lane

Bryant, Arkansas 72022

Dear Mr. Blubaugh:
My staff has reviewed the following request for evaluation, and determined that
removal of the Designated Domestic Water Supply Use from the below listed
stream segment does not conflict with the Arkansas Water plan at this time:
Lawrence County: Stennitt Creek extending approximately one
mile upstream from its confluence with

Spring River.

Sincerely,

Earl T. Shith, P.
Chief, Water Resource Management Division

ETS/sl/ddavis

cc: Ken Brazil, Supervisor, Water Management

An Equal Opportunity Employer



4815 West Markham Street » Little Rock, Arkansas 72205-3867 = Telephone (501) 661-2000
Sandra B. Nichols, M.D., Director » Mike Huckabee, Governor

J‘>>> Arkansas Department of Health

September 28, 1998

Mr. Vince Blubaugh

GBM® & Associates

22461 Interstate 30 East

Landers Corporate Plaza Suite 402
Bryant, Arkansas 72022

RE: Designated Domestic Water Supply Use
GBM° No.: 2099-98-070

Dear Mr. Blubaugh:

In reference to your letter of September 28, 1998, concemning existing or planned public water systems in
the referenced segment of Stennitt Creek prior to Spring River north of Black Rock, we have the following
comments:

1. The Imboden water system has a well 3.3 miles north of Brushy Creek and US Hwy 63. There also is
a well in the Black Rock system in that town.

2. There is not public water available throughout the area east of US Hwy 63 between Brushy Creek
and Clear Creek to Spring River and west {0 near Annieville.

3. There are no public water systems downstream in the vicinity. But, area residents could be utilizing
Stennitt Creek or the Spring River near Stennitt Creek as a private source of domestic water.

If you have any questions concerning this matter, piease contact this office.
Sincerely,
%M
Robert Hart, P.E.
Chief Engineer
Division of Engineering
RH:CSC:LD:d

cc. ADPC&E

Keeping Your Hometown Healthy

“An Equal Opportunity Employer”
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GBMS & Associates

Strateg:”

fFnviconmenigal Services
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PHYSICAL CHARACTERIZATION FIELD FORM

Continued
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Calculations
Bank Habitat Stream Habitat
R = Roots D = Depressions
U = Undercut Bank L = Logs, Debris
V = Vegetation V = Vegetation
X = Devoid X = Devoid
Substrate
M = Mud <.04 mm B = Boulders 2545 cm
S = Sand .06-6 mm R = Rubble 6-25 cm
G = Gravel 6-60 mm L = Lithified
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PHYSICAL CHARACTERIZATION FIELD FORM

Continued
Dissolved Oxygen, mg/l Stream Width, ft 2.2.07
Temperature, °C Channel Width, ft ™~ H0 g
Conductivity, uhmos Pool Length, ft
pH, su Riffle/Run Length, ft
Riparian Ground Cover Riparian Canopy Cover
Left Right Left  Right
& 4}@ % Vegetated 20% | €09, % Canopy Cover
[009,] Joo%, % Soil/Sand
% Rock
Bank Slope Bank Stability
Left Right Left Right
Flat (<8°) Stable
259 | 104, | Mod (9-30°) 0% | 50 Moderately Stable
157 | &0 7| Steep (>30°) <4, | §° | Unstable
Bank Height (ft) , Percent Embedded
Left Right Sands Gravel
b’ 110! | [ [eobbie
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PHYSICAL CHARACTERIZATION FIELD FORM

Date/Time: 7/15/ 486

(205

Stream: Stennetf Geator Upshrean

Observer(s): 7—%-)&% BB TransectNo: # 3 1&)’/1/'/5 feorn

Project No Picture No:

Distance Width Depth Area Bank Stream Sub. Canopy
om (ft) (ft) (ft%) Habitat Habitat Cover

@RB) (YIN)

1.\/64-%,0,.; 0 0T o/ Tevord § P Sand Yo
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4
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8. 1o| 7’ 0 S 0-5 v b P}

0. Cdeg 26 % 0 | 0.1 |-t N4 g

0o Y [Tge’ k024 | 3.3 /

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

Calculations

i ghallod op 2\l et

Bank Habitat

R = Roots

U = Undercut Bank
V = Vegetation

X = Devoid

Stream Habitat
D = Depressions
L = Logs, Debris
V = Vegetation
X = Devoid

Substrate

M = Mud <.04 mm
S = Sand .06-6 mm
G = Gravel 6-60 mm

B = Boulders 25-45 cm
R = Rubble 6-25cm
L = Lithified

o Z
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PHYSICAL CHARACTERIZATION FIELD FORM

Continued

Dissolved Oxygen, mg/

Temperature, °C

Conductivity, uhmos

pH, su

Stream Width, ft S0

Channel Width, ft =~ 30 - 4p”

Pool Length, ft
Riffle/Run Length, ft

Riparian Ground Cover

Riparian Canopy Cover

Left Right Left Right

\o | 60 % Vegetated 09, & % Canopy Cover
L) I guo | % Soil/Sand ’

% Rock

Bank Siope Bank Stability

Left Right Left  Right

15 s Flat (<8°) O §0 Stable

50 <o Mod (9-30°) & 7 & | Moderately Stable

(S | 1€ | Steep (>30°) 2¢| 24 | Unstable

Bank Height (ft)

Percent Embedded

Left Right _____Sands Gravel

si | 3" ] ! I
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Habitat Assessment Field Data Sheet
Habitat CATEGORY
Parameter .
Optimal Suboptimal Marginal Poor

1. Instream Cover

Greater than 50% mix of
snags, submerged logs.
undercut banks, or other
stable habitat; rubble,
gravel may be present.

30-50% mix of stable
habitat; adequate habitat
for maintenance of
population.

10-30% mix of stable
habitat; habitat
availability less than
desirable.

Less than 10%
stable habitat; lack
of habitat obvious.

SCORE /g 20 19(18)17 16 15 14 13 12 11 109876 54321
2. Epifaunal Preferred benthic Substrate common but Substrate frequently Substrate unstable
Substrate substrate (to be sampied) | not prevalent or well distrubed or removed. lacking.

SCORé )5

abundant throughout
stream site and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

suited for full colonization
potential

20 19 18 17 16

N
{15/ 14 13 12 11

109876

54321

3. Pool Substrate
Characterization

score /S

Mixture of substrate
materials, with gravel and

Mixture of soft sand, mid,
or clay; mud may be

All mud or clay to sand
bottom; little or no root

Hard-pan clay or
bedrock; no root or

firm sand prevalent; root dominant; some root mats | mat; no submerged vegetation.
mats and submerged and submerged vegetation.
vegetation common. vegetation present.

20 19 18 17 16 (514 13 12 11 109876 54321

4_Pool Variability

Even mix of large-
shallow, large-deep

Majority of pools large
deep; very few shaliow.

Shallow pools much
more prevalent than

Majority of pools
smali-shallow or

small-shallow, small deep deep pools. absent.
pools present.
SCORE /é 20191817@%) 15 14 13 12 11 109876 54321
5. Channel No channelization or Some channelization New embankments Extensive
Alteration dredging present. present, usually in areas present on both banks; channelization;
of bridge abutments; channelization may be shored with gabion
evidence of past extensive, usually in cement; heavily
channelization, i.e urban areas or urbanized areas; in
dredging, (greater than drainage areas of steam habitat
past 20 yrs.) may be agriculture lands; and greatly altered or
present, but recent >80% of steam reach removed entirely.
channelization is not channelized and
present. disrupted.
SCORE __ S 20 19 18 17 16 AD14 13 12 11 109876 5432 1
6. Sediment Less than 20% of bottom | 20-50% affected; 50-80% affected; major | Channelized;
Disposition affected; minor moderate accumulation; deposition; pools movement and/or
accumulation of fine and substantial sediment shallow, heavily silted; sand in bank or
" coarse material at snags movement only during embankments may be nonbraided
and submerged major storm even; some present on both banks; | channels; pools
vegetation; littie or no new increase in bar frequent and absent due to
enlargement of islands or | formation. substantial sediment deposition.
- point bars. movement during storm
. events.
20 19 18 17 16 15141312(1)) 109876 54321

SCORE //




Habitat CATEGORY
Parameter
Optimal Suboptimal Marginal Poor
7. Channel The bends in the stream The bends in the stream The bends in the Channel straight;
Sinuosity increase the stream increase the stream stream increase the waterway has been
length 3 to 4 times longer | length 2 to 3 times longer | stream length 2 to 1 channelized for a
than it if was in a straight | than if it was in a straight times longer than if it distance.
line. line. - was in a straight line.
SCORE _// 20 19 18 17 16 1514131269 109876 54321
8. Channel Flow Water reaches base of Water fills >75% of the Water fills 25-75% of Very little water in
Status . both lower banks and available channel; or < the available channel channel and mostly
minimal amount of 25% of channel substrate | and/or riffle substrates present as standing
channel substrate is is exposed. are mostly exposed. pools.
exposed.
SCORE /3 20 19 18 17 16 15 14@1211 109876 54321
9. Condition of Banks stable; no Moderately stable; Moderately unstable; Unstable; many
Banks evidence of erosion or infrequent, small areas of | up to 60% of banks in eroded areas; "raw”
bank failure. erosion mostly healed reach areas of erosion. | areas frequent
Over. along stable
sections and bend
side slopes 60-
- 100% has erosion
scars.
score /S 20 19 18 17 16 15 14 (4312 11 109876 54321
10. Bank More than 90% of the 70-90% of the 50-70% of the Less than 50% of
Vegetative streambank surfaces streambank surfaces streambank surfaces streambank
Protection covered by vegetation. covered by vegetation. covered by vegetation. surfaces covered by
e vegetation.
SCORE 13 20 19 18 17 16 15 14(1__3)12 11 109876 54321
11. Grazing or Vegetation disruption Disruption minimal or not Disruption obvious; Disruption of stream
Other Disruptive | minimal or not evident; evident; almost all plants patches of bare soil or bank vegetation
Pressure almost all plants allowed allowed to grow naturally. } closely cropped very high;
to grow naturally. vegetation common; vegetation has been
less than one-half of removed; 2 inches
the potential plant or less average
stubble height stubble height.
2 P remaining.
SCORE _/ 20 19 18 17 16 15 14 i3/12 11 109876 54321
12. Riparian Width of riparian zone Width of ripé'?ian zone 12- | Width of riparian zone Width of riparian
Vegetative >18 meters; human 18 meters; human 6-12 meters; human zone <6 meters;
Zone Width activities (i.e., parking activities have impactaed | activities have impacted | little riparian
(Least Buffered | lots, roadbeds, clearcuts, | zone only minimally. a great deal. vegetation to human
Side) lawns or crops) have not activities.
X impacted zone. o
SCORE 20 19 18 17 16 15 14 13 12 11 10 9(8/7 6 54321

TOTAL SCORE [éz

—
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Barbour and Stribling: An evaluation of a visual-based technique for assessing stream habitat structure.
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Habitat
Parameter

CATEGORY

Optimal

Suboptimal

Marginal

Poor

1 Instream Cover

SCORE /g

Greater than 50% mix of
snags, submerged logs.
undercut banks, or other
stable habitat; rubble,
gravel may bg present.

30-50% mix of stable
habitat; adequate habitat
for maintenance of
population.

10-30% mix of stable
habitat; habitat
availability less than
desirable.

Less than 10%
stable habitat; lack
of habitat obvious.

20 19 (18/17 16

15 14 13 12 11

109876

54321

Substrate unstable

2. Epifaunal Preferred benthic Substrate common but Substrate frequently
Substrate substrate (to be sampled) | not prevalent or well distrubed or removed lacking.
abundant throughout suited for full colonization
stream sile and at stage potential
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
o not transient).
score |1 20 (1948 17 16 15 14 13 12 11 109876 54321

3. Pool Substrate
Characterization

SCORE ! g

Mixture of substrate
materials, with gravel and

Mixture of soft sand, mid,
or clay; mud may be

Al mud or clay to sand
botlom: little or no root

Hard-pan clay or
bedrock; no root or

firm sand prevalent; root dominant; some root mats | mat; no submerged vegetation.
mats and submerged and submerged vegetation.
vegetation common. vegetation present.

20 19 18 17 16 (5 14 13 12 11 109876 54321

4 Pool Variability

Even mix of large-
shallow, large-deep

Majority of pools large
deep; very few shallow.

Shallow pools much
more prevalent than

Maijority of pools
smali-shallow or

smail-shallow, small deep deep pools. absent.
pools present.
SCORE[(@ 20 19 18 17(16, 15 14 13 12 11 109876 54321
5. Channel No channelization or Some channelization New embankments Extensive
Alteration dredging present present, usually in areas present on both banks; | channelization;
of bridge abutments; channelization may be shored with gabion
evidence of past extensive, usually in cement; heavily
channelization, i.e urban areas or urbanized areas; in
dredging, (greater than drainage areas of steam habitat
past 20 yrs.) may be agriculture lands; and greatly altered or
present, but recent >80% of steam reach removed entirely.
channelization is not channelized and
P present. disrupted.
SCORE /3’ 20 19 18(17//16 15 14 13 12 11 109876 54321
6. Sediment Less than 20% of bottom | 20-50% affected; 50-80% affected; major | Channelized;
Disposition affected; minor moderate accumulation; deposition; pools movement and/or
. accumulation of fine and substantial sediment shallow, heavily silted; sand in bank or
coarse material at snags movement only during embankments may be nonbraided
and submerged major storm even; some present on both banks; | channels; pools
vegetation; little or no new increase in bar frequent and absent due to
enlargement of islands or | formation. substantial sediment deposition.
point bars. movement during storm
— SN events.
SCORe [D 20 19 18 17 16 ‘(LyM 13 12 11 109876 54321

s




Habitat
Parameter

CATEGORY

Optimal

Suboptimal

Marginal

Poor

7 Channel
Sinuosily

SCORE ”

The bends in the stream
increase the stream

length 3 to 4 times longer

than it if was in a straight
line.

The bends in the stream
increase the stream
length 2 to 3 times longer
than if it was in a straight
line. yah

The bends in the
stream increase the
stream length 2 1o 1
times longer than if it
was in a straight line.

Channel straight;
waterway has been
channelized fora .
distance.

20 19 18 17 16

15 14 13 12(11/

109876

54321

8. Channel Flow
Status

Waler reaches base of
both lower banks and
minimal amount of
channel substrate is

Water fills >75% of the
available channel; or <
25% of channel substrate
is exposed.

Water fills 25-75% of
the available channel
and/or riffle substrates
are mostly exposed.

Very little water in
channel and mostly
present as standing
pools.

d exposed. . v
score [T 20 19 18 17 16 15 fl4 13 12 11 109876 54321
9. Condition of Banks stable; no Moderat\éﬁ/ stable; Moderately unstable; Unstable; many
Banks 1 evidence of erosion or infrequent, small areas of | up to 60% of banks in eroded areas; “raw”

SCORE (é

bank failure.

erosion mostly healed
over.

reach areas of erosion,

areas frequent
along stable
sections and bend
side slopes 60-
100% has erosion
scars.

20 19 18 17 16

15 14 13 12 1

A
10 9 8 78/

54321

10 Bank
Vegetatlive
Protection

SCORE (Q

More than 90% of the
streambank surfaces
covered by vegetation.

70-90% of the
streambank surfaces
covered by vegetation.

50-70% of the
streambank surfaces
covered by vegetation.

Less than 50% of
streambank
surfaces covered by
vegetation.

20 19 18 17 16

15 14 13 12 11

<
1098 A6/

54321

4 11 Grazing or
Other Disruptive
Pressure

SCORE _[Cg

Vegetation disruption
minimal or not evident;
almost all plants allowed
to grow naturally.

Disruption minimal or not
evident; aimost all plants
allowed to grow naturally.

Disruption obvious;
patches of bare soil or
closely cropped
vegetation common;
less than one-half of
the potential plant
stubble height

remajing.

Disruption of stream
bank vegetation
very high;
vegetalion has been
removed; 2 inches
or less average
stubble height.

20 19 18 17 16

15 14 13 12 11

(10)9 87 6

54321

12. Riparian
Vegetative
Zone Width
(Least Buffered
Side)

SCORE ‘JQ_

Width of riparian zone
>18 meters; human
activities (i.e., parking

lots, roadbeds, clearcuts,

lawns or crops) have not
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impactaed
zone only minimaily.

Widlvof riparian zone
6-12 meters; human
activities have impacted
a great deal.

Width of riparian
zone <6 meters;
little riparian
vegetation to human
activities.

20 19 18 17 16

15 14 13 12 1"

TN
{10)9 876

54321

TOTAL SCORE  JF7 (LGt

=131\

Barbour and Stribling: An evaluation of a visual-based technique for assessing stream habitat structure.
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Habitat CATEGORY
Parameter :
Optimal Suboptimal Marginal Poor

1. Instream Cover

score /3

Greater than 50% mix of
snags, submerged logs,
undercut banks, or other
stable habitat; rubble,
gravel may be present.

30-50% mix of stable
habitat; adequate habitat
for maintenance of
population.

10-30% mix of stable
habitat; habitat
availability less than
desirable.

Less than 10%
stable habitat; lack
of habitat obvious.

20 19 18 17 16

N
15 14 {3412 11

109876

54321

2. Epifaunal
Substrate

SCore 7°

Preferred benthic
substrate (to be sampied)
abundant throughout
stream site and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

Substrate common but
not prevalent or well
suited for full colonization
potential

Substrate frequently
distrubed or removed.

Substrate unstable
lacking.

20 19 18 17 16

15 14 13 12 11

N
~f0)9 8786

54321

3. Pool Substrate
Characterization

SCORE /7

Mixture of substrate
materials, with gravel and

Mixture of soft sand, mid,
or clay; mud may be

All nbud or clay to sand
bottom; little or no root

Hard-pan clay or
bedrock; no root or

firm sand prevalent; root dominant; some root mats | mat; no submerged vegetation.
mats and submerged and submerged vegetation.
vegetation common. vegetation present.

20 19 18 17 16 15 14 13 12 (11) 109876 54321

4. Pool Variability

Even mix of large-
shallow, large-deep
small-shallow, small deep
pools present.

Majority of pools large
deep; very few shallow.

Shallow pools much
more prevalent than
deep pools.

Gs s 76

Majority of pools
small-shallow or
absent.

SCORE /o 20 19 18 17 16 15 14 13 12 11 54321
5. Channel No channelization or Some channelization New embankments Extensive
Alteration dredging present. present, usually in areas present on both banks; channelization;
of bridge abutments; channelization may be shored with gabion
evidence of past extensive, usually in cement; heavily
channelization, i.e urban areas or urbanized areas; in
dredging, (greater than drainage areas of 1 steam habitat
past 20 yrs.) may be agriculture fands; and greatly aitered or
present, but recent >80% of steam reach removed entirely.
channelization is not channelized and
present. ~ disrupted.
SCORE /4 20 19 18 17 16 15 {4 )13 12 11 10 9876 54321
6. Sediment Less than 20% of bottom | 20-50% affected; 50-80% affected; major | Channelized;
Disposition affected; minor moderate accumulation; deposition; pools movement and/or
accumuiation of fine and substantial sediment shallow, heavily silted; sand in bank or
coarse material at snags movement only during embankments may be nonbraided
and submerged major storm even, some present on both banks; | channels; pools
vegetation; little or no new increase in bar frequent and absent due to
enlargement of islands or | formation. substantial sediment deposition.
point bars. movement during storm
[’ events.
SCORE 20 19 18 17 16 15 14 13 12 11 109 8 7(6) 54321

74




Habitat
Parameter

CATEGORY

Optimal

Suboptimal

Marginal

Poor

7. Channel
Sinuosity

Score /¢

The bends in the stream

increase the stream

length 3 to 4 times longer
than it if was in a straight

line.

The bends in the stream
increase the stream
length 2 to 3 times longer
than if it was in a straight

line. Jan

The bends in the
stream increase the
stream length 2 to 1
times longer than if it
was in a straight line.

Channel straight;
waterway has been
channelized for a
distance.

20 19 18 17 16

15 (14) 13 12 11

109876

54321

8. Channel Flow
Status

Water reaches base of
both lower banks and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or <
25% of channel substrate
is exposed.

Water fills 25-75% of
the available channel
and/or riffle substrates
are mostly exposed.

Very little water in
channel and mostly
present as standing
pools.

Py
SCORE /4' 20 19 18 17 16 15@/3ﬂ3 12 1 109876 54321
9. Condition of Banks stable; no Moderately stable; Moderately unstable; Unstable; many
Banks evidence of erosion or infrequent, small areas of | up to 60% of banks in eroded areas; “raw”
bank failure. erosion mostly healed reach areas of efosion. | areas frequent
over. along stable
sections and bend
side slopes 60-
100% has erosion
. scars.
SCORE 7 20 19 18 17 16 15 14 13 12 11 10 9 8(7]6 54321
10. Bank More than 90% of the 70-90% of the 50-70% of the ~ Less than 50% of
Vegetative streambank surfaces streambank surfaces streambank surfaces streambank
Protection covered by vegetation. covered by vegetation. covered by vegetation. | surfaces covered by
Fay vegetation.
SCORe _/9 20 19 18 17 16 15 14 13 12 11 109876 54321

11. Grazing or
Other Disruptive
Pressure

(M

Vegetation disruption
minimal or not evident;

almost all plants allowed

to grow naturally.

Disruption minimal or not
evident; almost ail plants
allowed to grow naturally.

Disruﬁnjon obvious;
patches of bare soil or
closely cropped
vegetation common;
less than one-half of
the potential plant
stubble height
remaining. A

Disruption of stream
bank vegetation
very high;
vegetation has been
removed; 2 inches
or less average
stubble height.

SCORE é 20 19 18 17 16 15 14 13 12 1 10987(6/ 54321

12. Riparian Width of riparian zone Width of riparian zone 12- | Width of riparian zone Width of riparian
Vegetative >18 meters; human 18 metlers; human 6-12 meters; human zone <6 meters;
Zone Width activities (i.e., parking activities have impactaed | activities have impacted { little riparian

(Least Buffered
Side)

SCORE /o

lots, roadbeds, clearcuts,
lawns or crops) have not

impacted zone.

zone only minimally.

a great deal.

8

vegetation to human
activities.

20 19 18 17 16

15 14 13 12 11

10]9 8 7 6

fome ]

54321

TOTAL SCORE 54~ [25
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Barbour and Stribling: An evaluation of a visual-based technique for assessing stream habitat structure.
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PHYSICAL CHARACTERIZATION FIELD FORM

Date/Time: 7_15-4% |bb4s Stream: S ferpo-t Creedat SCZ
Observer(s): SAS €A U Transect No: =y \
Project No: Picture No:
Distance Width Depth Area Bankz£ Stream Sub. Canopy
fropac (ft) (ft) (ft?) Habitat Habitat Cover
(LBRB ,\ (YIN)
1Cdae. 7l D 0.3 0.3 R (e M6 %t \oon
0. Vol 2o | 0.3 0. X MSG—F L
3.y’ | 20 | o8 I X WAt /
4. ’ 20 | 0¥ l. b X WS (- N
5. 8 2.6 |. D 2.0 X ~WMSes (
6 10’ Z.0 (.0 2.0 14 WAS ¢ )
791l 20 | p g | lb x mse | (
s M| 2.0 |o.g |16 X, vse | )
9.\ B VS l.0 0.7 ‘9;’3 gL . KON Ut G (
10 T 16w %008 | 110 )
i C
12, N
13. /
14, \
15 Vi
16, v
17.
18.
19.
20.

Calculations

‘LAX'hmesluJ»a&aQAAr’ - e \44’6-"”" 1S - \C\dml«d, oM~ WAy O %‘.«M v Sadeg

9

Bank Habitat Stream Habitat

R = Roots D = Depressions

U = Undercut Bank L = Logs, Debris

V = Vegetation V = Vegetation

X = Devoid X = Devoid

Substrate

M = Mud <.04 mm B = Boulders 25-45 cm
S =Sand .06-6 mm R = Rubble 6-25 cm

G = Gravel 6-60 mm L = Lithified
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PHYSICAL CHARACTERIZATION FIELD FORM |
Continued &t il Cor D NsTYELA,
Nalily B

Dissolved Oxygen, mg/l Stream Width, ft [0
Temperature, °C Channel Width, ft 25”7
Conductivity, uhmos Pool Length, ft
pH, su Riffle/Run Length, ft
Riparian Ground Cover Riparian Canopy Cover
Left Right Left Right
0% | Fo“a]| % Vegetated sv+ |so+ | % Canopy Cover
lov | lvo | % Soi/Sand
% Rock
Bank Slope Bank Stability
Left Right Left Right
Flat (<8°) z< z¢ Stable
VO 20 Mod (9-30°) ) g0 Moderately Stable
440 B0 Steep (>30°) >s Py Unstable
Bank Height (ft) Percent Embegdwww\\
Left Right _____Sands (_S0%% Grave{l}_,_/ 2im b ol e’
5" [1s7 ] N BT
I-Is A8
COMMENTS:
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PHYSICAL CHARACTERIZATION FIELD FORM
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Date/Time. -8 ~4% ELeNT Stream: SHewnmett Careade
Observer(s). -t @l Transect No: ¥ 2. = UpSivedl VSoyls
Project No: Picture No: ‘
Distance Width Depth Area Bank Stream Sub. Canopy
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Habitat
Parameter

CATEGORY

Optimal

Suboptimal

Marginal

Poor

1. Instream Cover

SCORE %

Greater than 50% mix of
snags, submerged logs,
undercut banks. or other
stable habitat; rubble,
gravel may be present.

30-50% mix of stable
habitat; adequate habitat
for maintenance of
population.

10-30% mix of stable
habitat; habitat
availability less than
desirable.

Less than 10%
stable habitat; lack
of habitat obvious.

20 19 18 17 16

15 14 13 12 11

10 9Y8 /7 6

54321

2. Epifaunal
Substrate

(O

SCORE

Preferred benthic
substrate (to be sampled)
abundant throughout

stream site and at stage

to allow fulf'Colqnization

potential (i.nags
that are not new fail and

not transient).

Substrate common but
not prevalent or well
suited for full colonization
potential

Substrate frequently
distrubed or removed.

Substrate unstable
lacking.

20 19 18 17 16

15 14 13 12 11_

P
/10/9 8 7 6

54321

3. Pool Substrate
Characterization

score | 2

Mixture of substrate
materials, with gravel and

Mixture of soft sand (nlld
or clay; mud may be

All rhpd or clay to sand
bottom; little or no root

Hard-pan clay or
bedrock; no root or

firm sand prevalent; root dominant; some root mats | mat; no submerged vegetation.
mats and submerged and submerged vegetation.
vegetation common. vegetation present.

20 19 18 17 16 15 14 13/12 11 109876 54321

4. Pool Variability

|0

Even mix of large-
shallow, farge-deep
small-shallow, small deep
pools present.

Majority of pc\)/ols large
deep; very few shallow.

Shallow pools much
more prevalent than
deep pools.

Qﬁ;)g 876

Majority of poois
small-shallow or
absent.

affected; minor
accumulation of fine and
" coarse material at snags
and submerged
vegetation; little or no

moderate accumulation;
substantial sediment
movement only during
major storm even; some
new increase in bar

deposition; pools
shallow, heavily silted;
embankments may be
present on both banks;
frequent and

SCORE 20 19 18 17 16 15 14 13 12 11 54321
5. Channel No channelization or Some channelization New émbankments Extensive
Alteration dredging present. present, usually in areas present on both banks; | channelization; .
of bridge abutments; channelization may be shored with gabion
evidence of past extensive, usually in cement; heavily
channelization, i.e urban areas or urbanized areas, in
dredging, (greater than drainage areas of steam habitat
past 20 yrs.) may be agriculture lands; and greatly altered or
present, but recent >80% of steam reach removed entirely.
channelization is not channelized and
P present. disrupted.
score |V 20 19 18 17 (1§ 15 14 13 12 11 109876 54321
Less than 20% of botfom | 20-50% affected; 50-80% affected; major | Channelized;

movement and/or
sand in bank or
nonbraided
channels; pools
absent due to

enlargement of islands or | formation. substantial sediment deposition.
point bars. movement during storm
events. -
20 19 18 17 16 15 14 13 12 11 10 9 8(7/6 54321

“1é




CATEGORY

Habitat
Parameter
! Optimal Suboptimal Marginal Poor
7. Channel The bends in the stream The bends in the stream The bends in the Channel straight;
Sinuosity increase the stream increase the stream stream increase the waterway has been

SCORE 7

length 3 to 4 times longer
than it if was in a straight
line.

length 2 to 3 times longer
than if it was in a straight
line.

stream length 2 to 1
times longer than if it
was in a straight line.

channelized for a
distance.

20 19 18 17 16

15 14 13 12 11

10 9 &'7)6

54321

8. Channel Flow
Status

SCORE 7

Water reaches base of
both lower banks and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or <
25% of channel substrate
is exposed.

Water fills 25-75% of
the available channel
and/or riffle substrates
are mostly exposed.

Very little water in
channel and mostly
present as standing
pools.

20 19 18 17 16

15 14 13 12 11

N
109 8§76

54321

9. Condition of
Banks

SCORE 7

Banks stabie; no
evidence of erosion or
bank failure.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over.

Moderately unstable;
up to 60% of banks in
reach areas of erosion.

/AR

Unstable; many
eroded areas; “raw”
areas frequent
along stable
sections and bend
side slopes 60-
100% has erosion
scars.

20 19 18 17 16 15 14 13 12 1 1098(7/6 54321
10. Bank More than 90% of the 70-90% of the 50-70% of the Less than 50% of
Vegetative streambank surfaces streambank surfaces streambank surfaces streambank
Protection covered by vegetation. covered by vegetation. covered by vegetation. surfaces covered by
ya vegetation.
SCorRe O 20 19 18 17 16 15 14 13 12 11 109876/ 54321

| 11. Grazing or

Other Disruptive
Pressure

SCORE V7'

Vegetation disruption
minimal or not evident;
almost all plants allowed
to grow naturally.

Disruption minimal or not
evident; almost ali plants
allowed to grow naturally.

Disruption obvioks?
patches of bare soil or
closely cropped
vegetation common;
less than one-half of
the potential plant
stubble height
remaining.

Disruption of stream
bank vegetation
very high;
vegetation has been
removed; 2 inches
or less average
stubble height.

20 19 18 17116 /

15 14 13 12 11

109876

54321

12. Riparian
Vegetative
Zone Width
(Least Buffered
Side)

SCORE __X_LO__

Width of riparian zone”
>18 meters; human
activities (i.e., parking
lots, roadbeds, clearcuts,

lawns or crops) have
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impactaed
zone only minimally.

Width of riparian zone
6-12 meters; human
activities have impacted
a great deal.

Width of riparian
zone <6 meters;
little riparian
vegetation to human
activities.

20 19 18 17 16 /

15 14 13 12 11

109876

54321

TOTAL SCORE _ Y7 |23
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Barbour and Stribling: An evaluation of a visual-based technique for assessing stream habitat structure.




GBM€ & Associales

SC-L

Strategic Environmental Serv.ce /_:_ '.’15.68
ia C/M‘V‘\ .
Habitat Assessment Field Data Sheet D ] ¢ <tation—
Habitat CATEGORY
Parameter
Optimal Suboptimal Marginal Poor

1. Instream Cover

Greater than 50% mix of
snags, submerged logs,
undercut banks, or other
stable habitat; rubble,

30-50% mix of stable
habitat; adequate habitat
for maintenance of
population.

10-30% mix of stable
habitat; habitat
availability less than
desirable.

Less than 10%
stable habitat; lack
of habitat obvious.

gravel may be present. .
SCORE (P 20 19 18 17 16 15 14 13 12 11 10 9 8 706 54321
2. Epifaunal Preferred benthic Substrate common but Substrate frequently Substrate unstable

Substrate substrate (to be sampled) | not prevalent or well distrubed or removed. lacking.

abundant throughout suited for full colonization

stream site and at stage potential

to allow full colonization

potential (i.e., logs/snags

that are not new fall and

40 not transient). N

SCORE 20 19 18 17 16 15 14 13 12 11 10 9 8 76/ 54321

3. Pool Substrate
Characterization

firm sand prevalent; root dominant; some root mats | mat; no submerged vegetation.
mats and submerged and submerged vegetation.
vegetation common. vegetation present. V)

SCORE _[D 20 19 18 17 16 15 14 13 12 11 {106 876 54321

Mixture of substrate
materials, with gravel and

Mixture of soft sand, mid,
or clay; mud may be

All mud or clay to sand
bottom; little or no root

Hard-pan clay or
bedrock; no root or

4. Pool Variability

Even mix of large-
shallow, large-deep

Maijority of pools large
deep; very few shallow.

Shallow pools much
more prevaient than

Majority of poois
small-shaliow or

small-shallow, small deep deep pools. absent.
pools present.
SCORE \Q) 20 19 18 17 16 15 14713 A2 11 109876 54321
5. Channel No channelization or Some channelization New embankments Extensive
Alteration dredging present. present, usually in areas present on both banks; | channelization;
of bridge abutments; channelization may be shored with gabion
evidence of past extensive, usually in cement; heavily
channelization, i.e urban areas or urbanized areas; in
dredging, (greater than drainage areas of steam habitat
past 20 yrs.) may be agriculture lands; and greatly altered or
present, but recent >80% of steam reach removed entirely.
channelization is not channelized and
~ present. disrupted.
SCORE [6 20 19 (18)17 16 15 14 13 12 11 109876 54321
6. Sediment Less than 20% of bottom | 20-50% affected; 50-80% affected; major | Channelized;
Disposition affected; minor moderate accumulation; deposition; pools movement and/or

score | ()

accumulation of fine and
coarse material at snags
and submerged
vegetation; little or no

substantial sediment
movement only during
major storm even; some
new increase in bar

shallow, heavily silted;
embankments may be
present on both banks;
frequent and

sand in bank or
nonbraided
channels; pools
absent due to

enlargement of islands or | formation. substantial sediment deposition.
point bars. movement during storm
evenis.
20 19 18 17 16 15 14 13 12 11 (10)9 8 7 6 54321
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Habitat CATEGORY
Parameter
Optimal Suboptimal Marginal Poor
7. Channel The bends in the stream The bends in the stream The bends in the Channel straight;
Sinuosity increase the stream increase the stream stream increase the waterway has been

score _[D

length 3 to 4 times longer
than it if was in a straight
line.

length 2 to 3 times longer
than if it was in a straight
line.

stream length 2 to 1
times longer than if it
was ip-a straight line.

channelized for a
distance.

20 19 18 17 16

15 14 13 12 11

(10)9 8 7 6

54321

8. Channel Flow
Status

SCORE ‘)?/

Water reaches base of
both lower banks and
minimal amount of
channel substrate is
exposed.

Water fills >75% of the
available channel; or <
25% of channel substrate
Is exposed.

Water fills 25-75% of
the available channel
and/or riffle substrates
are mostly exposed.

Very little water in
channel and mostly
present as standing
pools.

20 19 18 17 16

15 14 13%12)11

109876

54321

9. Condition of

Banks stable; no

Moderately stable;

Moderately unstable;

Unstable; many

Banks evidence of erosion or infrequent, small areas of | up to 60% of banks in eroded areas; “raw”
bank failure. erosion mostly healed reach areas of erosion. | areas frequent
over. along stable
sections and bend
side slopes 60-
100% has erosion
( — scars.
SCORE 0 20 19 18 17 16 15 14 13 12 11 10987(6) 54321
10. Bank More than 90% of the 70-90% of the 50-70% of the Less than 50% of
Vegetative streambank surfaces streambank surfaces streambank surfaces streambank
Protection covered by vegetation. covered by vegetation. covered by vegetation. surfaces covered by
P vegetation.
score 10 20 19 18 17 16 15 14 13 12 11 (10)9 8 7 6 54321

11. Grazing or
Other Disruptive
Pressure

SCORE I_g

Vegetation disruption
minimal or not evident;
almost all plants allowed
to grow naturally.

Disruption minimal or not
evident; almost all plants
allowed to grow naturally.

Disruption obvious;
patches of bare soil or
closely cropped
vegetation common,;
less than one-half of
the potential plant
stubble height
remaining.

Disruption of stream
bank vegetation
very high;
vegetation has been
removed; 2 inches
or less average
stubble height.

20 19 18 17 16

£\
15 14 (13)12 11

109876

54321

12. Riparian
Vegetative
Zone Width
(Least Buffered
Side

)
SCORE”_[_/Q

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clearcuts,
lawns or crops) have not
impacted zone.

Width of riparian zone 12-
18 meters; human
activities have impactaed
zone only minimally.

Width of riparian zone
6-12 meters; human
activities have impacted
a great deal.

Width of riparian
zone <6 meters;
little riparian
vegetation to human
activities.

20 19 18 17 16

15 14 13(12)11

109876

54321

rotaLscore )\ 20
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Barbour and Stribling: An evaluation of a visual-based technique for assessing stream habitat structure.
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Habitat CATEGORY
Parameter .
Optimal Suboptimal Marginal Poor

1. Instream Cover

3

SCORE 2

Greater than 50% mix of
snags, submerged logs,
undercut banks, or other
stable habitat; rubble,
gravel may be present.

30-50% mix of stable

habitat; adequate habitat

for maintenance of
population.

10-30% mix of stable
habitat; habitat
availability less than
desirable.

Less than 10%
stable habitat; lack
of habitat obvious.

20 19 18 17 16

15 14 13 12 11

109876

/543 2 1

2. Epifaunal
Substrate

SCORE _//

Preferred benthic
substrate (to be sampled)
abundant throughout
stream site and at stage
to allow full colonization
potential (i.e., logs/snags
that are not new fall and
not transient).

Substrate common but
not prevalent or well

suited for full colonization

potential

Substrate frequently
distrubed or removed.

Substrate unstable
lacking.

20 19 18 17 16

2
15 14 13 12 fi1)

109876

54321

3. Pool Substrate
Characterization

Mixture of substrate
materials, with gravel and

Mixture of soft sand, mid,

or clay; mud may be

All mud or clay to sand
bottom; little or no root

Hard-pan clay or
bedrock; no root or

firm sand prevalent; root dominant; some root mats | mat; no submerged vegetation.
mats and submerged and submerged vegetation.
vegetation common. vegetation present. L

SCORE L? 20 19 18 17 16 15 14 13 12 1 10987@ 54321

4. Pool Variability

Even mix of large-
shallow, large-deep

Majority of pools large
deep; very few shallow.

Shallow pools much
more prevalent than

Majority of pools
small-shallow or

small-shallow, small deep deep pools. absent.
pools present, we
SCORE (ﬁ 20 19 18 17 16 15 14 13 12 11 10 9(837?5 54321
5. Channel No channelization or Some channelization New embankments Extensive
Alteration dredging present. present, usually in areas present on both banks; | channelization;
of bridge abutments; channelization may be shored with gabion
evidence of past extensive, usually in cement; heavily
channelization, i.e urban areas or urbanized areas; in
dredging, (greater than drainage areas of steam habitat
past 20 yrs.) may be agriculture lands; and greatly altered or
present, but recent >80% of steam reach removed entirely.
channelization is not channelized and
- present. disrupted.
SCORE /% 20 19 18 17 16 ﬂ5)14 13 12 1 109876 54321
6. Sediment Less than 20% of bottom | 20-50% affected; 50-80% affected; major | Channelized;
Disposition affected; minor moderate accumulation; deposition; pools movement and/or
accumulation of fine and substantial sediment shallow, heavily silted; sand in bank or
coarse material at snags | movement only during embankments may be nonbraided
and submerged major storm even; some present on both banks; | channels; pools
vegetation; little or no new increase in bar frequent and absent due to
enlargement of islands or | formation. substantial sediment deposition.
point bars. movement during storm
events. P
SCORE @ 20 19 18 17 16 15 14 13 12 11 10 9 8 7(8/ 54321

41



minimal amount of
channel substrate is

25% of channel substrate
is exposed.

and/or riffle substrates
are mostly exposed.

Habitat CATEGORY
Parameter
Optimal Suboptimal Marginal Poor
7. Channel The bends in the stream The bends in the stream The bends in the Channel straight;
Sinuosity increase the stream increase the stream stream increase the waterway has been
length 3 to 4 times longer | length 2 to 3 times longer | stream length 2 to 1 channelized for a
than it if was in a straight | than if it was in a straight times longer than if it distance.
line. line. was in a straight fipe.
score_[p 20 19 18 17 16 15 14 13 12 11 10 9 8 7(6) 54321
8. Channel Flow Water reaches base of Water fills >75% of the Water fills 25-75% of Very little water in
Status both lower banks and available channel; or < the available channel channel and mostly

present as standing
pools.

exposed.
SCORE h 20 19 18 17 16

15 14 13 12 11

10 9 8 7(6)

54321

to grow naturally. -

vegetation common;
less than one-half of
the potential plant
stubble height

9. Condition of Banks stable; no Moderately stable; Moderately unstabte: Unstable; many
Banks evidence of erosion or infrequent, small areas of | up to 60% of banks in eroded areas; “raw”
bank failure. erosion mostly healed reach areas of erosion. | areas frequent
over. along stable
sections and bend
side slopes 60-
100% has erosion
. scars.
score || 20 19 18 17 16 15 14 13 12 (1) 09876 54321
10. Bank More than 90% of the 70-90% of the - 50-70% of the Less than 50% of
Vegelative streambank surfaces streambank surfaces streambank surfaces streambank
Protection covered by vegetation. covered by vegetation. covered by vegetation. surfaces covered by
“ vegetation.

SCORE % 20 19 18 17 16 15 14 13 12 11 10 98/ 7 6 54321
11. Grazing or Vegetation disruption Disruption minimal or not Disruption obvious; Disruption of stream
Other Disruptive | minimal or not evident; evident; almost ali plants patches of bare soil or bank vegetation

Pressure almost all plants allowed aliowed to grow naturally. | closely cropped very high;

vegetation has been
removed, 2 inches
or less average
stubble height.

~ remaining.

SCORE ” 20 19 18 17 16 15 14 13 12(11) 109876 54321
12. Riparian Width of riparian zone Width of riparian zon&12- | Width of riparian zone Width of nparian

Vegetative >18 meters; human 18 meters; human 6-12 meters; human zone <6 meters;

Zone Width activities (i.e., parking activities have impactaed | activities have impacted | little riparian

(Least Buffered | lots, roadbeds, clearcuts, | zone only minimalily. a great deal. vegetation to human

Side) lawns or crops) have not activities.

7 impacted zone. Py
SCORE / 20 19 18 17 16 15 14 13 12 11 (opp 876 54321
TOTAL SCORE _{ o/
. A%
/""-"7

Barbour and Stribling: An evaluation of a visual-based technique for assessing stream habitat structure.
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APPENDIX C
August 4, 2011

Laboratory Testing of Spiked Effluent Samples

This appendix has been prepared to provide information to augment the evaluation of
effluent toxicity potential in the main text of the report titled “Use Attainability Analysis Report:
Brushy Creek, Lawrence County, Arkansas,” herein referred to as the UAA Report. Permit
compliance based on existing Outfall 001 discharge concentrations of sulfate (SO4?) and total
dissolved solids (TDS) will require site-specific criteria. Accordingly, toxicity evaluations were
designed and conducted to assess toxic thresholds relative to existing discharge concentrations.

The experimental approach was to manipulate effluent sample concentrations of Ca ™,
Mg+2, Na', K, CI, SO, and HCO;  ions by adding inorganic salts to effluent sample. These
ions (primarily Ca™, Mg, SO, and HCO5") account for virtually 100% of the TDS in effluent
samples collected during the study (Table C.1). The resulting spiked effluent solutions were then
tested for lethal and sub-lethal effects to Ceriodaphnia dubia in toxicity tests based on EPA
Method 1000.2 (EPA 2002). This evaluation focused on C. dubia which is known to be more
sensitive to TDS-related toxicity than other standard freshwater test organisms such as
Pimephales promelas and Daphnia pulex (Goodfellow et al. 2000; Mount et al. 1997). A
previous chronic screening test on sample collected on February 24, 2009, showed no lethal or

sublethal toxicity to C. dubia, indicating that existing ion concentrations were not toxic.

Spiked Effluent Toxicity Evaluation: Series 1

The spiked effluent tests were conducted on an Outfall 001 grab sample collected on
March 16, 2010. Upon arrival to the laboratory, the sample was analyzed per methods listed in
Table C.2. Based on these initial analytical results, inorganic salts [CaSO4(2H,0), MgSOs,
MgCI(6H,0), KCI, NaHCO; and NaCl] were added to the effluent in quantities calculated to
produce a solution eight times more concentrated than the unspiked sample in all ions except
HCOs'. The 8x-concentrated effluent solution was then diluted with laboratory deionized water
by factors of 0.5, 0.375 and 0.25 to produce solutions corresponding to 8x, 4x, 3x, 2x and 1x
(unspiked effluent) concentrations of the ions in the unspiked effluent. These solutions were then
used as test exposures in a 3-brood C. dubia toxicity test. The test included a laboratory control.
Since some precipitation of salts was noted in the 8x solution, two sets of exposures were

prepared. The first set was used for test setup and two subsequent renewals and the second was

C-1
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used for the final three test renewals. Each test exposure was analyzed for Ca™, Mg+2, Na', K',

CI', and SO4™.

Table C.1. Summary of ionic makeup of Outfall 001 samples.

Concentration (mg/L) Proportion of Measured TDS
Min | Mean | Max

Parameter (mg/L) | (mg/L) | (mg/L)| SD® | N | Min | Mean | Max | SD | N
Total Alkalinity 150 199 | 240 [ 2767 | 10| NA® | NA | NA | NA [NA
HCO; © 90.4 |119.44| 146 | 16.95 | 10 | 020 | 0.28 | 0.37 |0.0550 | 10
TDS 327 | 482 618 | 8646 |23 | NA | NA | NA | NA |[NA
TDS @ 327 542 802 1034596 | NA | NA | NA | NA |[NA
Ca'™ 62 73.3 85 | 8.001 | 10| 0.14 | 0.17 | 0.19 [0.0156 | 10
Mg" 40 473 54 | 5100 | 10 | 0.10 | 0.11 | 0.13 |0.0112] 10
K 1.7 | 275 46 [0.8223] 10| 0.00 | 0.01 | 0.01 [0.0014| 10
Na' 2.8 3.87 59 [0.8367| 10| 0.01 | 0.01 | 0.01 [0.0014| 10
Cl 5.4 8.58 13 [ 221510 ] 001 | 0.02 | 0.03 |0.0046 | 10
SO,* 724 | 135 200 | 30.61 | 22| 0.28 | 0.34 | 0.40 |0.0360 | 22
SO,”/CI 140 | 18.1 | 241 [3.1648] 10| NA | NA | NA | NA |[NA
Hardness 320 378 432 (3995 10| NA | NA | NA | NA [NA
TDS as measured ions 360 405 476 38.60 | 10 | 0.87 0.93 1.08 | 0.0783 | 10
TDS as SO, HCO;, Ca”, Mg | 344 390 456 | 36.35 | 10 | 0.83 | 0.90 | 1.04 |0.0761 | 10

Notes:  Discharge data based on routine DMR sampling for TDS, additional sampling for SO,~, and field surveys conducted
between February 29, 2009, and March 21, 2011.

(a) Standard deviation.

(b) Not applicable.

() HCOj" values calculated per SM 4500-CO2 D (APHA 1998).

(d) From DMR monitoring January 29, 2003, through June 22, 2011.

Table C.2. Analytes and analytical methods for spiked effluent testing.

Analyte Method (or equivalent)
CI EPA 300.0
N EPA 300.0
Ca” EPA 200.7
Mg EPA 200.7
Na’ EPA 200.7
K" EPA 200.7
Total Alkalinity SM 2320B
Hardness EPA 200.7
TDS SM 2540C
pH Electrode
Specific Conductance Electrode

C-2



APPENDIX C
August 4, 2011

Measured ion concentrations and toxicity test results (Table C.3) show close agreement
between target and measured values. Unspiked effluent was sub-lethally toxic to C. dubia with
reproduction (mean number of young per female) monotonically decreasing with increasing
ionic strength of the test exposure. This result suggests that the sub-lethal toxicity observed in the
unspiked effluent might be due to its ionic strength. Additional chronic screening tests on several
samples (Table C.4) indicated consistent sub-lethal toxicity to C. dubia among samples showing
similar ionic makeup. The observed toxicity in the spiked effluent test seemed inconsistent with
published information on ion toxicity (Davies and Hall 2007; Elphick et al. 2011; Lasier and
Hardin 2010; Mount et al. 1997; Soucek and Kennedy 2007; Soucek 2007, Soucek et al. 2011,
van Dam et al. 2010) that suggested ion toxicity not should occur at the concentrations measured
in Outfall 001 sample. The following discussion addresses laboratory testing and literature

information to evaluate sublethal toxicity observed in effluent testing.

Table C.3. Results of toxicity tests and analytical measurements on spiked effluent sample
collected on March 16, 2010.

First Exposure Prep Second Exposure Prep

Exposure | %S | Rep | CI' | SO,?| K" | Ca™|Mg*™”|Na'| CI' |SO,2| K* [Ca**|Mg*| Na'

Control [ 100 | 162 INM| NM [NM | NM | NM |NM |NM | NM | NM | NM | NM | NM
1x 100 | 11.6* | 5.8 | 130 | 2.5 | 84 54 | 43 | 58| 130 | 26| 79 | 50 | 4.1
2x 90 | 5.0% | 10 | 290 | 52 | 120 | 89 | 10 | 6.5 | 240 | 46 | 120 | 55 | 36

3x 90 | 2.0* | 16 | 440 | 6.3 | 190 | 120 | 12 | 89 | 400 | 7.0 | 220 | 100 | 42
4x 100 | 0.7* | 20 | 640 9 | 270 | 150 | 14 | 17 | 620 | 6.5 | 330 | 150 | 46
8x 0* - 42 | 1300 | 14 | 570 | 290 | 26 | 42 | 1300 | 19 | 840 | 350 | 66

%S = percent survival (n=10); Rep = average number of young produced; * = Statistically less than the control (P < 0.05)

Expected lon Toxicity Based on Published Literature

Mount et al. (1997) showed that the toxicity of ionic mixtures depends on the specific
types of ions present. For example, solutions with higher concentrations of K™ and/or HCO3’
were shown to be more toxic than solutions of similar ionic strength (TDS) dominated by Ca™ or
SO, The VCM Outfall 001 samples have very little K but up to 146 mg/L (37% of TDS by
weight; Table C.1) of HCO5". Mount et al. reported a 48-hour LC50 for NaHCO; with C. dubia
of 1,020 mg/L (from Table 2 in Mount et al. 1997, reproduced in its entirety on Figure C.1),
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which is equivalent to 742 mg/L as HCOs'. Therefore, toxicity due to HCO;™ in the samples
described in Table C.3 would imply an acute to chronic ratio (ACR) for HCO3 ranging from

5.1 (742 mg/L + 146 mg/L =5.1) to 7.7 (742 mg/L + 96.1 mg/L = 7.7). These ACR values are
substantially higher than the ACR of 2.7 for HCO3™ in moderately hard water (where hardness is
approximately 100 mg/L) reported by Lasier and Hardin (2010). Similarly, SO4~ accounts for up
to 40% of the measured TDS by weight. Mount et al. (1997) reported a 48-hour LC50 for
CaSO4 + MgSO4 with C. dubia of greater than 5,610 mg/L (Figure C.1), which is equivalent to
4,206 mg/L as SO4~. Therefore, toxicity that is due to SO, in these samples would imply ACRs
for SO4 ranging from 21 (4,206 mg/L + 200 mg/L = 21) to 32 (4,206 mg/L + 130 mg/L = 32),
which are an order of magnitude higher than the ACR of 2.3 for SO, in moderately hard water
(where hardness is approximately 100 mg/L) reported by Lasier and Hardin (2010).

Table C.4. Toxicity test and analytical results from chronic screening tests on Outfall 001
using C. dubia.

Sampling Date
03/17/10 08/18/10
Original Original
Parameter | 02/24/09 Test Retest | 05/18/10 Test Retest | 09/28/10 | 11/15/10 | 03/16/11
Total 170 160 200 170 220 NM 210 240 130
Alkalinity
HCO; 102 96.1 120 102 133 NM 127 146 NM
TDS 500 400 440 400 470 NM 530 410 NM
Ca” 71 84 76 62 85 NM 85 78 NM
Mg’ 48 54 48 40 53 NM 54 54 NM
K 2.5 2.5 1.7 2.7 33 NM 4.6 2.9 NM
Na" 4 43 3.2 4 4 NM 5.9 42 NM
Cr 13 5.8 54 10 75 NM 10 10 NM
S0, 200 130 130 140 150 NM 190 142 NM
Conductivity | 760 640 640 600 690 560 848 720 560
Hardness 375 432 387 320 430 390 432 417 390
pH 8.1 8.2 8.2 7.9 7.8 8.1 8.0 77 8.1
Control % 100 100 100 100 100 90 100 90 90
Survival
Effluent % |4 100 70 100 100 100 100 100 100
Survival
Control % | - 162 | 201 | 156 19.7 192 | 184 19.9 17.6
Reproduction
Effluent % |, | 11.9% | 74*% | 115% | 156% | 84* | 144* 16.2% | 13.7*
Reproduction

*Statistically less than the control (P < 0.05)
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Lasier and Hardin (2010) developed predictive models to estimate chronic toxicity to
C. dubia in waters dominated by CI", SO,Zand HCO5". Although they developed their models
with hardness ranges lower than those found in this UAA study (40 to 80 mg/L versus 300 to
400 mg/L), the model predictions can be used to assess expected levels of toxicity by assuming
that HCOj" toxicity is either independent of, or negatively correlated with, hardness. Lasier and
Hardin’s finding that HCOs  toxicity was not affected by hardness over the range of 40 to
80 mg/L and the findings of others (Davies and Hall 2007; Soucek and Kennedy 2007;
Soucek 2007; Soucek et al. 2011; van Dam et al. 2010) that the toxicity of other ions (e.g., SO4™
and CI') show negative correlations with hardness support this assumption. The linear multiple
regression model developed by Lasier and Hardin (2010) was used to predict chronic toxicity to
C. dubia under the following seven scenarios based on mean and maximum CI’, S042, and

HCOj5™ concentrations from Table C.1:

Mean ion concentration,

Maximum ion concentration,

Maximum ion concentration + SO4'2 at criterion,
Maximum ion concentration + 1.5x maximum [SO4'2],
Maximum ion concentration + 2x maximum [SO47],

Maximum ion concentration + 3x maximum [SO4], and

N kWD =

Maximum ion concentration x 2.

The model does not predict significant toxicity in the ion mixture until SO,
concentrations reach 1.5 times the maximum observed SO4~ concentration (Table C.5).

Lasier and Hardin (2010) also reported toxicity relationships in terms of TDS. Figure C.2,
taken directly from Lasier and Hardin (2010), provides plots of C. dubia reproduction (% of test
controls) against TDS of anion mixtures. Although the authors fitted a straight line to the scatter
plot, the data (developed in test waters with hardness = 80 mg/L) appear to show a distinct
threshold response between 1,000 and 1,500 mg/L. This threshold is approximately two times
higher than the highest TDS concentrations from effluent monitoring (802 mg/L; Table C.1).
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Table C.5.

Predicted chronic toxicity (number of neonates produced as percent of control) of
Outfall 001 concentrations of CI, SO4'2, and HCOj;™ based on a linear multiple
regression model developed by Lasier and Hardin (2010).

Model Parameters Model Scenario Input
Variable | Coefficient Mean Max Max [lon]
+S0,%at | +1.5x Max | +2x Max | +3x Max
Intercept 111.516 [lon] [lon] Criterion (50,7 (50,7 [50,7] x2
S0,* -0.079 135 200 185 300 400 600 400
CI -0.049 8.6 13 13 13 13 13 26
HCO;y -0.105 119 146 146 146 146 146 292
S0O,”/CI 0.11 18 24 14 36 48 72 48
Predicted Reproduction as
Percent of Control 20 82 82 76 69 36 >3
Standard 78763
Error
t(192. 0.05) 1.96
95% CI 11
Figure C.2.  Figure 2 (in part) from Lasier and Hardin, 2010.

Potential chronic toxicity of SO, concentrations in effluent can be evaluated based on

data sets developed by Elphick et al. (2011) who developed hardness-based toxicity relationships
for Na,SOy. Included in their data set are IC25 SO4 concentrations for C. dubia of 246 mg/L,
855 mg/L, 1,212 mg/L, and 512 mg/L at hardness concentrations of 40 mg/L, 80 mg/L,

160 mg/L, and 320 mg/L (as CaCO3), respectively. The IC25 value of 512 mg/L SO, for
hardness equal to 320 mg/L indicates that SO, concentrations up to 200 mg/L at Outfall 001 are
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well below toxic thresholds for C. dubia. However, these data also indicate a possible non-linear
response of SO47 toxicity to hardness at higher hardness levels such as those found in the VCM
discharge. This possibility will be addressed in following sections of this appendix. Elphick et

al. (2011) also used their data set to develop hardness-dependent toxicity thresholds based on the
species sensitivity distribution similar to the approach of Stephan et al. (1985). The authors
proposed thresholds of 129 mg/L SO, for soft water (hardness = 10 to 40 mg/L); 644 mg/L
S04 for moderately hard water (hardness = 80 to 100 mg/L); and 725 mg/L SO, for hard water
(hardness = 160 to 250 mg/L). Measured SO4? concentrations in the VCM effluent were well

below these threshold values for hard and moderately hard waters.

Summary and Conclusions Based on Published Literature
The analysis presented above indicates that results of chronic screening and the Series 1
effluent spiking tests are inconsistent with toxicity caused by SO4~, HCO5’, ionic strength, or ion

composition for the following reasons:

1. SO, and HCO;™ together account for approximately 75% of the ionic makeup of
Outfall 001. Sub-lethal toxicity due to these ions would imply ACRs of up
to 7.7 and 32 for HCO;™ and SO, respectively, compared to literature values
of 2.7 and 2.3, respectively. Although synergistic processes can, in principle,
result in large ACRs, studies that have evaluated ion mixtures (Lasier and
Hardin 2010; Mount et al. 1997; Soucek et al. 2011; Soucek and Kennedy 2005;
van Dam et al. 2010) have reported that ion toxicity is generally additive and that
interactions (except for the ameliorating effects of calcium) are typically weak or
absent.

2. Empirical models (Lasier and Hardin 2010) do not predict toxicity at the highest
observed ion concentrations for Outfall 001.

3. Toxicity of SO4'2 and HCOj3;™ mixtures expressed as TDS indicate a toxic threshold
between 1,000 and 1,500 mg/L (Lasier and Hardin 2010), which is approximately
two times the highest effluent TDS concentration.

4. Toxic thresholds for SO, using criteria development methodology (Elphick et
al. 2011) indicate thresholds two to three times above the highest effluent SO4~
concentrations.
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Inter-Laboratory Comparison of Effluent Toxicity

As part of the evaluation of sub-lethal toxicity observed at Outfall 001, an
inter-laboratory comparison was conducted by splitting samples between the laboratory typically
used for toxicity testing, American Interplex Corporation Laboratories' (AIC) and Huther and
Associates, Inc.” (HAI). Results of the split sample testing (Table C.6) indicate that tests
conducted by HAI were consistently non-toxic in contrast to the consistent toxicity observed in
the AIC tests. These results were the determining factor in the decision to not employ chronic
toxicity identification evaluation (TIE) procedures (EPA 1991) to evaluate causes of toxicity
because they indicated that the sub-lethal toxicity at Outfall 001 is not a repeatable property of
the effluent. Accordingly, a second series of spiked effluent tests were designed and conducted

as described below.

Table C.6. Results of inter-laboratory comparison: Outfall 001 chronic screening tests using
C. dubia.
Test Parameter
Sample Collection % Survival (n=10) | Average Number of Young
Date Laboratory Control | Effluent Control Effluent
February 24, 2009 AIC 100 100 27.9 27.1
AIC 100 100 16.2 11.9 *
March 17,2010 715 Retest) 100 70 20.1 7.4 *
AIC 100 100 15.6 11.5*
May 18,2010 HAI 100 100 25.4 24.8
AIC 100 100 19.7 15.6 *
August 18, 2010 0= Retest 100 90 19.2 8.4 %
September 28, 2010 AIC 100 100 18.4 14.4 *
AIC 100 90 19.9 16.2 *
November 15,2010 HAI 100 100 22.7 245
AIC 100 90 17.6 13.7 *
March 16, 2011 HAI 100 100 24.4 27.7

*Statistically less than the control (P < 0.05).

18600 Kanis Road, Little Rock, AR 72204
2 1156 North Bonnie Brae, Denton, TX 76201
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Spiked Effluent Toxicity Evaluation: Series 2

A second series of spiked effluent tests was designed to evaluate the possibility that
(1) toxicity was due to an unknown toxicant in the effluent, and/or (2) toxicity was related to an
interaction between SO4~ and elevated hardness due to the presence of both Mg™ and Ca*. The

possibility of this interaction was suggested by:

1. A toxicity result in Elphick et al. (2011) indicating an increase in SO, toxicity at
hardness levels comparable to those found the VCM discharge (300 to 400 mg/L),
and

2. Mg accounts for on average, approximately 50% of the effluent hardness and is

a significant parameter in the STR model developed by Mount et al. (1997).

The approach to the spiking experiment was to increase SO, as MgSO,4 and CaSO4 such
that hardness and SO, increased simultaneously while (1) retaining the original proportion of
Ca**to Mg"* (approximately 2:1 by weight) and (2) increasing the ratio of Ca** to Mg" to
approximately 3:1. Tests were conducted using both Outfall 001 and sample collected from the
receiving stream (Brushy Creek) immediately upstream of its confluence with the unnamed
tributary that conveys the VCM discharge to Brushy Creek (see text of UAA Report). The ionic
makeup of Brushy Creek (BCO) is very similar to that of the VCM discharge minus the elevated
SO4. The purpose of including this sample (spiked to mimic outfall SO, concentrations) was to
evaluate the possibility of an unknown toxicant in the VCM discharge. If the outfall sample were
to show toxicity while the Brushy Creek sample (after adjustment to have similar ionic
composition, including SO,7) did not, it would suggest an unknown toxicant in the outfall not
attributable to its ionic strength/composition.

This experiment was originally performed by AIC on samples collected on
September 28, 2010. Those results were not interpretable due to non-monotonic dose responses
(i.e., higher effects at lower ion concentrations) and are not included herein. Based on these
results and the consistent difference in lab results described above, the experiment was repeated
using laboratory services provided by HAI on samples collected on November 15, 2010. The

experiment was prepared and conducted as follows:
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Upon arrival to the laboratory aliquots of sample were collected and analyzed for the
analytes indicated in Table C.2. Six treatments were then prepared per Table C.7 by adding
reagent-grade inorganic salts to the Outfall 001 and Brushy Creek (BCO) samples and aerating
for 24 hours. Aliquots of Treatments 2, 3, 5, and 6 were collected and analyzed for SO, and
Ca"?. Each treatment in Table C.7 was then used as a test exposure against a common control in

a 3-brood chronic toxicity test using C. dubia.

Table C.7. Summary of Series 2 spiking experiment setup.

Expected Increase in Concentration (mg/L)
Trt Description TDS | Ca” | Mg™ | SO,% | Hardness
1 |Outfall 001 None | None | None | None None
Outfall 001 + 130 mg/L CaSO4(2H,0) +
2 100 mg/L MgSO, 202 30 20 153 157
Outfall 001 + 130 mg/L CaSO,4(2H,0) +
3 100 mg/L MgSO, + 138 mg/L CaCl, 340 80 20 153 281
4 |BC-0 None | None | None None None
5 BC-0 + 260 mg/L CaSO4(2H,0) + 200 mg/L 405 60 40 306 314
MgSO4
BC-0 + 260 mg/L CaSO4(2H,0) + 200 mg/L
6 MgSO, + 138 mg/L CaCl, 543 110 40 306 438
7 |Lab Water control None | None | None None None

Results of the Series 2 spiking experiments are presented in Table C.8. Laboratory
control survival and reproduction was 100% and 24.5 neonates, respectively. Measured versus
expected SO4~ concentrations showed close agreement, while measured Ca™ concentrations
were consistently lower than expected concentrations. This result indicates that some

precipitation of Ca™ likely occurred during sample preparation and equilibration.
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There were no statistically significant differences between the control and test treatments
or among test treatments (P > 0.05). The TDS, SO42, and hardness concentrations of the
non-toxic unspiked Outfall 001 sample were 410, 142 and 418 mg/L, respectively, which is
within the range of concentrations in all samples reported as toxic by AIC (Table C.4). Spiked
samples containing approximately 300 mg/L SO, (average measured concentration of
294 mg/L), which is over 50% higher than the proposed SO, criteria, showed no lethal or
sub-lethal toxicity. Similarly, spiked samples having up to 833 mg/L TDS, which substantially
exceeds the highest effluent concentration, showed no lethal or sub-lethal toxicity. There was no
difference in the toxicity response of the Outfall 001 versus the spiked BCO samples, indicating
no added unknown toxicants in the VCM effluent. Finally, there was no evidence of increased

toxicity at elevated hardness as seen in the data reported in Elphick et al. (2011).

Summary and Conclusions Based on Toxicity Testing

Although toxicity screening tests conducted by AIC showed consistent sub-lethal
toxicity, inter-laboratory comparison testing showed that this is not a repeatable property of the
VCM discharge. Furthermore, the results of split sample testing and spiked samples tests
conducted by HA agreed with expected results based on published literature. Therefore, for
purposes of this support document, the results generated by AIC will be discarded in favor of
those produced by HA.
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Sampling Location Photographs from Fall Survey (September 28 to 30, 2010)



Figure D.1. Unnamed tributary near Brushy Creek.



Figure D.2. Brushy Creek at BCO.



Figure D.3. Brushy Creek at BC1. Photograph taken after sampling activities.

Figure D.4. Brushy Creek at BC2.



Figure D.5. Stennitt Creek at SCO.

Figure D.6. Clear Creek at Ref0.
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Vulcan Field Sampling Week of 6/14-18/2010
Plant contact: David Smith 870-878-6245 (cell: 870-809-0016)

To quarry: On S side of road, 5 mi east of the Black River bridge (at Black Rock) on
Hwy 63.

Mon:

Drive up there on Monday PM- suggest collecting grab samples from Spring R at that
time.

Call Sharon Anderson (870-878-1817) who's property you will access on Tues to
sample Stennitt and the mouth of Brushy. You need to call her Monday PM to
coordinate when and where to meet on Tues AM so he can open the gate.

Tues,

Call David Smith to let him know you are in the area and sampling.
Sample Stennitt and mouth of Brushy

On Wed;

Cali David Smith to coordinate sampling of Qutfall.

Sample the mouth Brushy and the UT on the Sexton’s property. He is expecting yo:.,
but you shouid go by the house anyway.

See sampling summary below






Vulcan Field Sampling Week of 5/10-14/2010

Sampling summary:

Station | Location wWQ Flow Biol/Hab GPS Photo
D
001 Qutfall 001 Get flow
X from X X
Plant
UT-0 | Unnamed trib to Brushy X X X X X
BC-0 | Brush Cr. ufs of UT X X X X X
BC-1 Brushy Cr. d/s of UT X X X X X
BC-2 | Mouth of Brushy Cr. X X X X X
SC-0 | Stennitt Cr. u/s of
Brushy X X X X X
SC-1 Stennitt Cr. d/s of
Brushy X X X X X
SR-8 ¢ | Spring R. d/s of Stennitt
at Hwy 361 X X X
SR-1 = | Spring R. u/s of Stennitt
© | at Hwy 62 X X X
Dup Any station X

All WQ samples are grab samples and need to include in situ.

Sampling notes:

The BC-0 vs BC-1 biological sampling needs to be from comparable habitats to the
extent possible b/c we are looking as us v ds effects of the UT.

The same goes for SC-0 vs SC-1 biological sampling.

For the UT-0 and BC-2 stations we need to sample a variety of habitats (as available)

b/c we are more focused on aq life support at those sites.

Note the duplicate water sample.
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME P LGCATION
STATION # RIVERMILE STREAM CLASS
MAP DATUM; Zone:; RIVER BASIN
UTM; Easting Northing AGENCY
INVESTIGATORS
FORM COMPLETED BY T DATE /’? L REASON FCR SURVEY
T TIME
WEATHER Now Past 24 Has there been a heavy rain in the last 7 days?
Hours 0 Yes ANo
CONDITIONS a storm (heavy rain) O {
a rain {steady rain) Air Temperature °C
ad showers (intermittent}
% a4 %eloud cover Other
ﬁ “clear/sunny

SITE LOCATION/MAP
Flow:

Tape
Reading Sectlon

from | Bepth | Length | Velecity
LB/RB () {ft) {l's)

Draw a map of the site and indicate the areas sampled (or attach a photograph)/

STREAM
CHARACTERIZATION

Stream Subsystem
O Perennial

Stream Origin
O Giacial
O Non-glacial mountane
O Swamp and bog

]ﬁ Intermittent

O Tidal

O Spring-fed

O Mixture of origins

{J Other o

Stream Type

O Coldwater (& Warmwater

Catchment Area km?®

P
/

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form 1
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%tn PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)
WATERSHED Predominant Surrounding Landuse Local Watershed
FEATURES 3 Forest O Cominercial 0 No evidence O Some potential sources
" [ Field/Pasture O Industrial B Obvious sources
"0 Agricultural O Other 4
O Residential Local Watershed Eresion
£ None Moderate {1 Heavy
Eil
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION O Trees O Shrubs B Grasses O Herbaceous
(18 meter bufTer) E
dominant specles present ]
INSTREAM Estimated Reach Length ™ ' Canopy Cover A
FEATURES O Partly open O Partly shaded EI Shaded
Estimated Stream Width m
‘ High Water Mark
Sampling Reach Area m*
Proportion of Reach Represented by Stream,
Area In km® (m*x1000) Morphology Types
O Riffle Y% O Run, %
Estimated Stream Depth O Pool %
Surface Velocity Channetized 3 Yes No
{at thalweg) ‘
Dam Present ‘@ Yes O Ne
LARGE WOODY |Lwbp _ { .~
DEBRIS Density of LWD m?/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted emergent O Rooted submergent O Rooted Floating [0 Free floating
[ Floating Algae O Attached Afgae / /
Dominant species present < o
7
Portion of the reach with aquatic vegetation %
WATER QUALITY | Temperature °C Water Odors
" .Normmal/None O Sewage
Specific Conductance D Petroleum O Chemical
O3 Fishy (3 Other
Dissoived Oxygen
Water Surface Qils
pH O Stick O Sheen (3 Globs O Flecks
ﬂ None O Other
Turbidity !
Jurbidity (if not measured)
WQ Instrument Used 'Clear O Slightly turbid 3 Turbid
0 Opaque O Stained 3 Other
SEDIMENT/ Odors Deposits
SUBSTRATE O Normal O Sewage O Petroleum 3 Sludge O Sawdust O Paper ﬁberu; . EI Sandﬂ_
3 Chemieal O Anaerobic ~ELNone O Relict shetls 0 Other
O Other o
Lecking at stones which are not deeply
Oils embedded, are the undersides-plack in color?
JaAbsent I Slight O Moderate O Profuse {1 Yes T No i
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) {does not necessarily add up to 100%)
Substrate " % Composition in Substrate g % Composition in
"Type Diameter Sampling Reach Type Characteristic Sampling Area
Bedrock Detritus Sticks, wood, coarse plant Y
Boulder > 256 mm (10™) materials (CPOM) e
Cobbl 64-256 mm (2.5 -~ 10" i
obble mim (2 } VA Muck-Mud | Bleck, very fine organic
Gravel 2-64 mm (0.7 - 2.5™ 5 (FEOM)
Sand 4.06 — 2mm (gritty} N Grey, shelt fragments
Silt 3.004-0.06 mm Marl
Clay <0.004 mm (slick)
A-6 Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets — Form 1
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

e

Available Cover

2. Embeddedness

SCORE

3. Velocity/Depth
Regime

Parameters to be evaluated in sampling reach

4, Sediment
Deposition

SCORE

5. Channel Flow
Status

SCORE

fish cover, mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow fuli colonization

adequate habitat for
naintenance of
populations, presence of
additional substrate in the
form of newfall, but not

STREAM NAME (’ LOCATION N
STATION# RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS
FORM COMPLETED BY "~ ‘ DATE /45000 REASON FOR SURVEY
- 3 TIME ;29 am M
Ay
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
Greater than 70% of 40-70% mix of stable 20-40% mix of stable Less than 20% stable
1, Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal colonization and | fufl colonization potential; | availabifity less than obviows; substrate

desirable; substrate
frequently disturbed or
removed.

potential (i.e., logs/snags | yet prepared for
thatare pof new falland  § colonization (may zate at
| not transient). high end of scale). -

unstable or lacking.

Gravel, cobble, and
boulder particles are O-
25% swrrounded by fine
sediment, Layering of
cobble provides diversity
of niche space.

2001951801718

15593455 13,.12001

Gravel, cobble, and
boulder particles are 25-
50% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are 50-
75% surrounded by fine
sediment.

12001000,

Gravel, cobble, and
boutder particles are more
than 75% surounded by
fine sediment.

20508 58 16

All four velocity/depth
regimes present (slow-
deep, stow-shallow, fast-
deep, fast-shallow).

{Slow is < 0.3 m/s, decp is

ISP SN IL e S Bt

Only 3 of the 4 regimes

present (if fast-shallow is
rmissing, score lower than
if missing other regimes).

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

6¢ f5j4 “3 00

Dominated by 1 velocity/
depth regime (usually
slow-deep).

>0,5m,)
2019 18 1716

Little or no enlargerment
ofislands or point bars
and less than 5% of the
bottom affected by
sediment deposition,

Some new increase in bar
formation, mostly from
pravel, sand or fine
seditnent; 5-30% of the
bottom aflected; slight
deposition in pools.

A5 44 13012 00

.:.:10‘_‘_:: m——

Moderate deposition of
new gravel, sand or fine
sediment on old and new
bars; 30-50% of the
bottomn affected; sediment
deposits at obstructions,
constrictions, and bends;
moderate deposition of

6 s 2

Heavy deposits of fine
aterial, increased bar
development; more than
50% of the bottom
changing frequently;
pools almost absent due to
substantial sediment
deposition.

o,

200719518717 16

Water reaches base of
both lower banks, and
minimal amout of
channel substrate is
exposed.

15 014013002 e

Water fills >75% of the
available channel; or
<25% of channe]
substrate is exposed.

Water filis 25-75% of the
available channel, and/or

riffle substrates are mostly
exposed.

G s ad 320

Very little water in
channe! and mostly
present as standing pools,

PN

2000190980170 16

'15.-14 001301211

3i200

0

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2



HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Habitat
Parameter

Condition Category

Optimal

Suboptimal

Marginal

Poor

6. Channel
Alteration

7. Frequency of
RifTles (or bends)

8. Bank Stability
{score each bank)

Note: determine lelt
or right side by
facing downslrean,

SCORE___(LB)
SCORE __(RB)

9. Vegetative
Protection (score
each bank)

Parameters to he evaluated broader than sampling reach

SCORE __ (LB)
SCORE

RB)

10, Riparian
Vepetative Zone
Width (score each
bank riparian zone}

SCORE__ (LB)
RB)

SCORE

Total Score

Channelization or
dredging absent or
nisimal; stream witly
normal pattem.

Some channelization
present, usually in areas
of bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Channelization may be
extensive; cmbankiments
or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupted.

"] Banks shored with gabion

or cemend; over 80% of
the steeam reach
channetized and
dispted, Instrcam
habitat greatly altered or
removed entirely,

Occurrence of riffles
relatively frequent ratio
of distance between riffles
divided by width of the
stream <7: | (generally 5
to 7); variety of habitat is
key. In streams where
riffles are continuotis,
placement of boulders or
other targe, naturat
obstruction is important,

Fosia00a3 020010

Oceumence of riffles
infrequent; distance
between riffles divided by
the width of the streaun is
between 7 to 15,

Oceastonal riffle or bend;
boltomn contours provide
sorme habitat; distance
between niffles divided by
the width of the stream is
between 15 to 25.

Generally all flat water or
shallow tiftles; poor
habitat; distance between
riffles divided by the
width of the slream {s a
ratio of »25.

207719

Banks stable; evidence of
crosion or bank fatlure
absent or minimal; litle
potential for futuns
problems. <5% of bank
affected.

18717016

A1 13012

Moderately stable;
infrequent, smatl areas of
eroston mostly healed
over. 5-30% ofbank in

reach las areas of erosion,

Moderately unstable; 30-
60% of bank in reach has
arcas of erosion, high
erosion potential during
floods,

Unstable; many eroded
areas; "raw" arcas
frequent along straight
sections and bends;
obvious bank sloughing;
50-100%of bank has
crosional scars.

Lof Bank 10

More than 0% of the
streambank surfaces and
immediate riparian zone
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disuption through

Right Bank - 10. - .9-

70-90% of the
streambank surfaces
covered by native
vegelation, but one class
of plants is not well-
represented; disruption
evident but not affecting
full plant growth potential
to any great extent; more

50-70% of the
streambank surfaces
covered by vegetation;
disruption obvious;
patches of bare soil or
closely cropped vegetation
common; less than one-
half of the potential plant
stubble height remaining,

S, S L R SR |

Less than 50% of the
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to

5 centimeters or less in
average stubble height.

grazing or mowing than one-half of the

minimal or not evident potential plant stubble

almost al plants allowed | height remaining.

to grow naturally, -

LeftBank 10779 706 5 Ay 200100

‘Right Bank. 109 -

Width of riparian zone
>18 meters; human
activities(i.e., parking

Width of riparian zone
12-18 meters; human
activities have impacted

Width of riparian zone 6-
12 meters; human
activities have impacted

Width of riparian zone <6
meters; little or no
riparian vegetation due to

Right Bank 10 9

a7 P, - 7

lots, roadbeds, clear-cuts, | zone only minimatly, zone a great deal. human activities.
lawns, or crops) have not
impacted zone. o

E Fd
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Sitn

PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)

) /
STREAM NAME, /0704 /i /)

Tape
Reading
from

Seetion
Length | Velocity

LB/RB {n

LOCATION Ll pppd /A 77
STATION#_¢/ A4 ¢ @; RIVERMILE STREAM CLASS 7~
MAP DATUM: Zone: RIVER BASIN
UTM: Easting Northing AGENCY-
INVESTIGATORS ;o
FORM COMPLETED BY P@ DATE é, [T REASON FOR SURVEY
£ R
TIME __ A5 30 aM pM Eo A
WEATHER Now Past 24 Has there been a heavy rain in the last 7 days?
Hours O Yes ONo R
CONDITIONS a storm {heavy rain) a ;;; o
- a rain (steady rain) (m} Air Temperature °C
N7/ s 0 showers (intermittenyy 3,
{_ANG 7 /830y 0 %cloud cover Qg et Other
TAENLA .
a clear/sunny (w]
SITE LOCATION/MAP Draw a map of the Site:and-indicate the areas sampled (or attach a photograph)
Flow: . BN

T ",
R

Lol

STREAM $tream Subsystem Stream Type )
CHARACTERIZATION iEPerennial O Intermittent O Tidal O Coldwater @ Warmwater
Stream Origin Catchment Area km?
O Glacial 0)-Spring-fed '
O Non-glaciai montane O Mixture of origins
{1 Swamp and bog O Other :

£

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form 1



%ﬁtn PHYSICAL CHARACTERIZATI

ON/WATER QUALITY FIELD DATA SHEET

(BACK)
WATERSHED Predominant Surrounding Landuse Local Watershed
FEATURES 0 Forest O Commercial ., PR O No evidence O Some potentiaf sources
A Field/Pasture liindustial e ;El Obvious sources
03 Agricultural 3 Other -
7 Residentiai Locai Watershed Erosion
O None YA Moderate [ Heavy
N r
RIPARIAN [ndicate the dominant type and record the dominant species present
VEGETATION O Trees /ﬁhmbs O Grasses 0 Herbaceous
(18 meter bulfer) v
dominant specles present
INSTREAM Estimated Reach Length ____m 5@@&{ Canopy Cover N
FEATURES P O Partly open ﬁ Partly shaded  J Shaded
Estimated Stream Width m
7 . High Water Mark m
Sampling Reach Area m’
Proportion of Reach Representcd by Strea}m,gl- X
Area in km? (m*x1000) km’ e Morpho Typ s ¢
Estimated Stream Depth m ¢ -
Surface Velocity misec Channelized ;
(at thalweg)
Dam Present
LARGE WOODY LWD m?
DEBRIS Density of LWD m¥/km? (LWD/rezch area)
AQUATIC Indicate the dominant type and record the dominant species present
YEGETATION O Rooted emergent O Rooted submergent O Rooted Floating O Free floating
O Floating Algae O Attached Algae
. , ﬁ/ Pt s
Dominant species present
Paortion of the reach with aquatic vegetation & %
WATER QUALITY | Temperature °C Water Odors
©Normal/None O Sewage
Specific Conductance O Petroleum O Chemical
O Fishy O Other
Dissolved Oxygen
Water Surface Qils
pH O 8lick [ Sheen O Globs O Flecks
“dANene O Other
Turbidity /-
Turbidity (if not measured)
WQ Instrument Used Clear O Stightly turbid O Turbid
8 Opaque O Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE Eﬂ}Nomxai O Sewage 0 Petroleurt O Sludge O Sawdust O Paper fiber , [
'O Chemical 0O Anaerobic 1 None 03 Relict shells O Other g
O Other
Looking at stones which are not deeply
Oils embedded, are the undersides black in color?
E¥iAbsent O Slight € Moderate O Profuse O Yes “HiNo
[ .
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS !
(should add up to 100%) (does not necessarily add up te 100%)
Substrate : % Composition in Substrate i % Composition in
“Type Diameter Sampling Reach Type .Characterlstlc Sampling Area
Bedrock . Sticks, woad, coarse plant -
D t t .5 i} . ~
Boulder > 256 mm (10" e materials (CPOM) - (Z\
Cobbie 64-256 mm (2.5” - 10™) Black, very fine organic
Muck-Mud :
Gravel | 2-64 mm (0.1 - 2.57) (FPOM) &
Sand 0.06 — 2mm {gritty) Grey, shelt fragments
Silt 0.004-0.06 mm Mar] 9
Clay <0.004 mm (slick)
A6 Appendix A~1: Habitat Assessment and Physicochemical Characterization Field Data Sheets — Form |




HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

Parameters 10 be evaluated in sampling reach

Available Cover

SCORE

2, Embeddedness

3. Velocity/Depth
Regime

4, Sediment
Deposition

5. Channel Flow
Status

SCORE

fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow fuit colonization
potential (i.¢., Jogs/snags
that are not new fall and
not transient).

adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
yet prepared for
colonization {fnay rate at
high end of scale).

) A
STREAMNAME /700 /7 1. LOCATION A"
STATION # RIVE]#M%LE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS
FORM COMPLETED BY o {) T DATE c',’:/r‘f . REASON FOR SURVEY
Habitat Condition Category
Pamn_u:ter Optimal Suboptimal Mamigfsi Poor
Greater than 70% of 40-70% mix of stable 20-40% mix of stable Less than 20% stable
1. Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal colonization and | full colonization potential; | availability less than obviows; substrate

desirable; substrate
frequently disturbed or
removed

unstable or lacking.

2077191821716 | .

Gravel, cobbie, and

Gravel, cobble, and

Gravel, cobble, and

100900 80T 6

ST TR YOI R S B 0

Gravel, cobble, and

boulder particles are 0- bouider particles are 25~ | boulder particies are S0- | boulder particles are more
25% surrounded by {ine  § 50% surrounded by fine | 75% surrounded by fine | than 75% sumounded by
sediment. Layeréing of sediment. sediment. fine sediment.

cobble provides diversity

of niche space.

2051900080 746015001400 13542, 00 1510,

All four velocity/depth
regimes present (slow-
deep, slow-shallow, fast-
deep, fast-shallow).

(Slow is <0.3 /s, deep is
>{.5m.)

Only 3 of the 4 regimes

present (if fast-shallow is
missing, score lower than
if missing other regimes).

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

Dominated by 1 velocity/
depth regime (usuaily
slow-deep),

200197718 11716 1;

Litdle or no enlargement
of islands or point bars
and fess than 5% of'the

bottom affected by sediment; 5-30% of the bars; 30-50% of the 50% of the botlom
sediment deposition. bottom affected; slight bottom affected; sediment { changing frequently;
deposition in pools. deposits at obstructions, peols alinost absent due to
consirictions, and bends; { substantial sediment
moderate deposition of deposition.

Some new increase in bar
fonnation, mostly from
gravel, sand or {ine

Moderate deposition of
new gravel, sand or fine
scdiment on old and new

Heavy deposits of fine
material, increased bar
development;, more than

120 719051817016

‘Water reaches base of
both fower banks, and
minimal amount of
channel substrate is
exposed,

Water fills >75% of the
available channet; or
<25% of channel
substrate is exposed.

poois prevalent,

Water fills 25-75% of the
available channet, and/or
riffle substrates are mostly
exposed.

Very little water in
channel and mostiy
present as standing peols.

2000097187017

1617

(140213512000

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Parameters to be evalnaied broader than sampling reach

minimal; streamn with
normal pattern.

of bridge abutiments;
evidence of past
channelizxtion, L.e.,
dredging, (greater than
past 20 yr) may be
present, but recent
channelization is not
present.

or shoring structures
present an both banks;
and 40 to 80% of stream
reach channetized and
disrupted.

Habitat Condition Category
Parameter Optinial Suboptinal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be | Banks shored with gabion
Alteration dredging absent or present, usually in areas extensive; embankments | or cement; over 80% of

the stream reach
channelized and
dismupted. Instream
habitat grealy altered or
removed entirely.

7. Frequency of
Riffles {or bends)

Oceusrence of riffles
relatively frequent; ratio
of distance between riffles
divided by width of the
streain <7:1 {generally 5
to 7); variety of habitat is
key. In streams where
riffles are continuous,
placement of boulders or
other {arge, natural
obstruction is important.

5413200

Occumrence of riffles
infrequent; distance
betwecn riffles divided by
the width of the streain is
between 7 to 15,

Occasionn! riffle or bend;
bottem contours provide
some habitat; distance
between riffles divided by
the width of ke stream is
between 15 to 235,

Generally ail flat water er
shatlow riffles; poor
habitat; distanee between
riffles divided by the
width of (he stream is a
ratio of »25,

SCORE

8. Bank Stability
(score each bank)

Note: determine left
or right side by
facing downstream.,

20519 g 1T s

Banks stable; evidence of
erosion or bank failure
absent or minimal, jitle
potential for future
problems. <5% of bank
affected.

1500401312 T

Moderately stable;
infrequent, small areas of
crosion mnostly healed
over. 5-30% of bank in
reach has arcas of erosion,

Moderately unstabte; 30-
60% of bank in geach has
areas of erosion; high
erosion potentiat during
floods.

5403 2L

Unstable; many eroded
areas; "raw" areas
frequent along siright
sections and bends;
obvious bank sloughing;
60-100% of bank has
crosional scars.

SCORE__ (LB) |LefiBank:

SCORE __ (RB)

9, Vegetative
Protection {score

More than 90% of the
sireambank surfaces and
itinediate riparian zone

T0-90% of the
streambank surfaces
covered by native

RightBank 210 550 e 2

50-70% of the
streamnbank surfaces
covered by vegelation;

L.ess than 50% of the
streambank surfaces
covered by vepetation;

SCORE RB

10. Riparian

Width of riparian zone
>18 meters; human

Width of riparian zone
12-18 meters; human

Width of riparian zone 6-
12 meters; human

each bank) covered by native vegetation, butonc class | disruption obvicus; disnption of streambank
vegetation, including of plants is not well- patches of bare soil or vegetation is very high;
trees, understory shrubs, | represented; disruption closely cropped vegetation | vegetation has been
or nonwoody evident but not affecting  { common; less than one- removed to
macrophytes; vegetative | full plant growth potential { half of the potential plant | 5 centimeters or less in
disruption through to any great extent; more | stubbie heipht remaining. | average stubble height,
grazing or mowing than one-half of the
minimal or not evident; potential plant stubble
almostall planis allowed | height remaining.
to grow natugally.

SCORE ___(LB) TR R IR

Width of riparian zone <6
meters: little or no

Total Score

Vegetative Zone activities(i.e,, parking activities have impacted | activities have impacted | riparian vegetation due to
Width {score cach lots, roadbeds, clear-euts, § zone only minimally. zore a great deal. human activities.
bank riparian zone) | lawns, or crops) have not

impacted zong,..
SCORE __ (LBYy  [LeftBank £rp/ oo |og g g s sl Dol e
SCORE __(RB) | RightBank/10/  “9 | 8 7 g | soigig ] g iy

A-8
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Lol

= Yo
= ) .r'jr (f‘j k f’f“ 7 :/
%tn PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET
= (BACK)
WATERSHED Predominant Surrounding Landuse Locai Watershed
FEATURES O Forest O Cotnmercial O No evidence I_El\Sume poteatial sources
B:F icld/Pasture O Industrial O Obvious sources
0 Agricultural O Cther
O Residential Local Watershed Erosion
O None EﬁModerale (7 Heavy
RIPARIAN Indicate the domlnam type and record thetdomlnnnt species present
VEGETATION O Trees E Shrubs D Grasses O Herbaceous
{18 meter buifer} :
dominant species present : i
INSTREAM Estimated Reach Length t ; Canopy Cover g
FEATURES O Partly open O Partly shaded O Shaded
Estimated Stream Width m T
_ High Water Mark__{ m
Sampling Reach Area m?
Proportion of Reach Represented by Stream
Area in km® (m*x1000) ken o
ORun_/ % % !
Estimated Stream Depth mo iy
Surface Velocity m/sec }( Channelized O Yes ,.Ef'No
(at thalweg) ' "
Dam Present O Yes 0o
LARGE WOODY | LWD m?* '
DEBRIS Density of LWD m¥/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present :
YEGETATION O Rooted emergent O Rooted submergent O Rooted Floating O Free floating
O Floating Algae O Attached Algae
Dominant species present
Portion of the reach with aquatic vegetation %
WATER QUALITY { Temperature °C Water Odors
“iNormal/None O Sewage
Specific Conductance T1 Petroleum O Chemicat
O Fishy 3 Other o
Dissolved Oxygen /
Water Surface Oils
pH O Slick O Sheen O Globs O Flecks
@ None O Other
Turbidity )
Turbidity (if not measured)
WQ Instrument Used “@,Clear O Slightly turbid O Turbid
‘g Opaque O Stained 0 Qther
SEDIMENT/ Odors Deposits
SUBSTRATE ”B»Normal 1 Sewage 1 Petroleum 1 Sludge O Sawdust O3 Paper fiber £} Sand
“0 Chemical 3 Anacrobic O None O Reliet shells 3 Other
0 Other
Looking at stones which are not deeply
Qils embedded, are the undersides black in color?
[Jabsent O Slight O Moderate O Profuse TFY¥es  TINo
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
{should add up to 100%) (does not necessarily add up to 104%)
Substrate . % Composition in Substrate o % Composition in
‘Type Diameter Sampling Reach Type Characteristic Sampling Area
: kN
Bedrock ;€ Z Detritus Sticks, wood, coarse plant
Boulder | > 256 mm (10”) 5 materials (CPOM) 5
Cobbi 64-256 mm (2.5" ~ [0 i -
e { ) Muck-Mug | Black, very fine organic I
Gravel 2-64 mm (0.1" - 2.5 {FPOM)
Sand 0.06 — 2mm (gritty) Grey, shell frapmenis
Silt 3.004-0.06 mm Mari
Clay <0.004 mm (slick)
A-6 Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets — Form |
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME & LOCATION f
STATION # RIVERMILE _______ | STREAM CLASS
MAP DATUM: Zone; RIVER BASIN
UTM: Easting Northing AGENCY
INVESTIGATORS

FORM COMPLETED BY

DATE

REASON FOR SURVEY

LB/RB | (B) L (ffs)

AN

4 £
“sdded,

TIME AM PM
WEATHER Now Past 24 Has there been a heavy rain in the last 7 days?
CONDITIONS Hours OYes FNo o
m] storm {(heavy rain) ¢ - :
O rain (steady rain} Air Temperature ©_ °C
m] showers (intermittent)
% 0. Yecloud cover Other,
%\ clear/sunny
‘/. *
SITE LOCATION/MAP Draw a map of the site and indicate the areas sampled (or attach a photofgraph)
Flow: ! 7 ! A s
Tape {
Reading Section
from | Depth | Length | Veloclty

STREAM
CHARACTERIZATION

Stream Subsystem

‘%Perennia! 1 Intermittent 0 Tidat
VA

Stream Origin )

03 Glacial A Spring-fed,

1 Non-glacial monténe
3 Swamp and bog

73 Mixture of origins
0 Other

Stream Type )
0 Coldwater Warmwater
Catchment Area km?

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form 1




HABITAT ASSESSMEN

|

TFIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

, d

STREAM NAME JARS LOCATION i
STATION # RIVERMILE, STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS ,
FORM COMPLETED BY DATE ( REASON FOR SURVEY
TIME
Habitat Condition Category
Pa:ametcr Optimal Suboptimal Marginal Poar
Greater than 70% of 40-70% mix of stabje 20-40% 1nix of stable Less than 20%% stable
1. Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal eolonization and | full eolenization potential; { availabiiity less than obviows; substrate

adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not

desirable; substrate
frequently disturbed or
removed.

fish cover; inix of snags, unstable or lacking,
submerged logs, undzreut
banks, cobble or other

stable habitat and at stage

to allow fut colonization

Available Cover

potential (i.e., logs/snaps | yet prepared for
that are not new failand |} colonization (may rate at
not transiens: high end of scale).

SCORE 200719 8B AT 16 S 4 302 T 100 8 7 6 s 4, 210
Gravel, cobble, and Gravel, cobble, and Gravel, cobble, and Gravel, cobble, and

2, Embeddedness boulder particles are 0- boulder particies are 25- | boulder particles are 50- | boulder particles are more

o 25% surrounded by fine | 50% surrounded by fine | 75% swrounded by fine | than 75% surounded by

sediment, Layering of sediment, seditnent, fine sediment.
cobble provides diversity
of niche space. .
> - e

205509018 0075006 s e asied bl g

Parameters ic be evaluated in sampling reach

3. Velocity/Depth
Regime

4, Sediment
Deposition

All four velocity/depth
regimes present (stow-
deep, slow-shallow, fast-

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower than
deep, fast-shallow), if missing other regimes), { are missing, score low).
(Stow is < 0.3 m/s, deep is

>0.5m.) ™

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

Dominated by i velocity/
depth regime {usually
slow-deep).

ey

Lit(le or no enlargement
of islands or point bars
and less than 5% of the

bottom alfected by sediment; 5-30% of the bars; 30-50% of the 50% of the bottomn
sediment deposition. bottom affected; slight bottom affected; sediment | changing frequently;
deposition in poals. deposits at obstructions, | pools almaost absent due to
consfrictions, and bends; | substantial sediinent
moderate deposition of deposition.

s Plasi. 3o

Some new inerease in bar
formation, mostly from
grave], sand or fine

Moderate deposition of
new gravel, satd or fine
sediment on old and new

po0)s prevalent.

Heavy deposits of fine
material, increased bar
development; more than

20001901847 116

Water reaches base of

s s 12 01
Water fills >75% of the

;0 9 Pl 7 '-:,:5.;

Water fills 25-75% of the

Very little water in

5. Channel Flow both lower banks, and available channel; or available channef, and/or | channel and mostly
Status minimal amount of <25% of channel riffle substrates are mostly | present as standing pools.
channe! substrate is substrate is exposed. exposed,
exposed. e,
SCORE 20001918 017164818 14 0312 e 0 0 s e s T el 0

Rapid Bivassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic

Macroinvertebrates, and Fish, Second Edition - Form 2 AT




HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

7. Frequency of
Riffles (or bends)

8. Bank Stability
(score cach bank)

Note: detennine left
or right side by
facing downstream.

SCORE __(LB)
SCORE __(RB)

9. Vegetative
Protection (score
each bank)

Parameters to be evaluated broader than sampling reach

SCORE___(LB)
SCORE

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE __(LB)
RE)

SCORE

Total Score

Occumrence of riffles
relatively frequent; ratio
of distanee between rifTles
divided by width of the
streamn <7:1 (generaily 5
1o 7Y, variety of habilat is
key. In streams where
riffles are continuous,
placement of boulders or
other large, natuzal

Occurrenee of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7 to 15.

Oceasional riffle or bend;
bottom contours provide
some habitat; distance
between rilfles divided by
the width of the stream is
between 15 to 25,

Habitat Condition Category y
Parameter Opfimal Suboptimal Marginal Poor
6, Chanatel Channelization or Some channelization Channelization may b § Banks shored with gabion
Alteration dredging absent or present, usuatly inareas  § extensive; embankments | or cement; over 80% of
iinitnal; streaun with of bridge abutments; or shoring stnuctures the streaim reach
normal pattern, evidence of past present on both banks; channelized and
channetization, i.c., and 40 to 80% of stream | disrupted, Instream
dredging, {greater than reach channelized and habitat greally altered or
past 20 yr) may be distupted. removed entirely,
present, but recent
channelization is not
5 2 present,
SCORE 2051190718 1T 154 13120010 fa0 rT TS A Y- SR YHE T SR 1 )

Generally all flat water or
shallow rifTles; poor
habitat; distance between
riffles divided by the
width of the stream is a
ratio of >25,

obstrrction is impotant.
2071918 (17

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for future
problems. <5% of bank
affected.

Meaderately stable;
infrequent, small areas of
erosion mostly healed
over. 5-30% ofbank in
reach has arsas of erosion.

s e

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable, many ezoded
areas; "raw" arcas
frequent along stmight
seclions and bends;
obvious bank sloughing;
60-100% of bank has
erasional scars,

Right Bank 10 7.9

More than 90%% of the
streambank surfaces and
imunediate riparian zone
covered by native
vegettion, including
trees, understory shrubs,
ot nonwoody
macrophytes; vegetative
dismuption through
grazing or mowing
minimal or not evident;
almost all plants altowed
to grow naturally.

S

70-90% of the
sireambank surfaces
covered by native
vegehtion, but one class
of plants is not well-
represented; disruption
evident but not affecting
fuil plant growth potential
to any great extent; more
than one-half of the
potential piant stubble
height remaining,

50-70% of the
sircambank surfaces
covered by vegetation;
disruption obvious;
patches of bare sail or
closely cropped vegetation
commer; Jess than one-
half of the potential plant
stubbie height remaining.

Less than 50% of the
streambank surfaces
covered by vepetation,
disruption of streainbank
vegetalion is very high;
vegetation has been
removed to

5 centimeters or less in
average stubble height.

Width of riparian zone
>18 meters; human
activities(i.e., parking
lots, roadbeds, clear-cuts,
lawns, or ¢rops) have not
jmpacted zone,

Width of riparian zone
12-18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6~
[2 meters; human
activitics have impacted
zone a preat deaf.

Width of riparian zone <6
meters: littte or no
riparian vegetation due to
human activities.

9

.
Left Bank 1070 QA 8L TG Gty 20
Right Bank 10" 194 & 7.0 50004003 2 1 g
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Physical Characterization - Worksheet

General

Date/Time %, //4/i 0

FTN Associates, LTD.

Observer w{l /5ne.

Project No. Vedeoun,

In-Situ Data
Dissolved Oxygen, mg/L,

Temperature, C

.

Stream
Transect No.
Picture No.

Rt T

Physical Character:zatxon

Stream Width, ft +¢x./w

Channel Width, ft

Conductivity, uhmos Pool Length, ft
pH, su Riffle/Run Length, ft
ORP, mv Tape Down {(t)
GPS
Tape
Reading Section Area
Transect [fro Depth | Length | Area Velocity| Flow
Reading 3/ (ft) (ft) (ft2) (fs) (cfs) Comments

L SO 100 ®,

2 K 2 0 f -,

3 S0y G0 G

4 G“) 4 &Y &

5 5 ok o

6 Co, O &Ly e,

7 .2 Ot e,

8 [ ("t’ ff) i !( O

9 (,7r_c; tf}:ﬁf 0/-2:"

10 68 e d oY

Ll O e iy Q.S

12 4.2 o2 i[53

13 34 (3.2 5 ] <if,

4 ke ) 5 o ks

(s A e 25T .58

16 e &2 g

17 ) &, 28 L%

13 ¥ o G20 L.¥G

{9 g ¢ TR S
20 g8 jon 983
21 “O € 0,0

22 G2 el <. O

23 “ A O3 & 0
24 ﬁ:’# {j'ﬁ ¥ rﬁ?\{w <F Ty
23 W4 05y SN
26

27

Totals | 0 ! 0 0.000 [efs
0 lepm
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)

STREAM NAME

LOCATION — #¢ 7

RIVERMILE STREAM CLASS

STATION #

MAP DATUM: Zone: RIVER BASIN
UTM: Easting Northing AGENCY
INVESTIGATORS

FORM COMPLETED BY

REASON FOR SURVEY

AM PM

WEATHER
CONDITIONS

Now Past 24 Has there been a heavy rain in the last 7 days?
Hours 3 Yes B.No e
a storm (heavy rain} 0 . f?:,e i
o rain (steady rain) O . Air Temperature _/"_ °C
s O showers (intermittent) 0 .5
;@ Yo %cloud cover [ Other
« 0 clear/sunny O oy

SITE LOCATION/MAP
Flow:

Tape
Reading Sectlon
from | Depth | Length | Velocity

LB/RB | (1t} (ft) (ffs)

Draw a map of the site and indicate the areas sampled (or attach a photograph) -

STREAM Stream Subsystem Stream Type
CHARACTERIZATION Ti] Perennial O Intermittent O Tidal O Coldwater h{Wannwater
Stream Origin Catchment Area : km?
0 Glacial -Spring-fed
0O Non-glacial montane O Mixture of origi

0 Other L

0 Swamp and bog

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form 1
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%ﬁtn PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)
WATERSHED Predeminant Surrounding Landuse Local Watershed
FEATURES 1 Forest O Commerciat J3:No evidence O Some potential sources
HiField/Pasture O Industrial "0 Obvious sources
03 Agricultural O Other
O Residential Locat Watershed Erosion
T'None O Moderate (3 Heavy
RIPARIAN Indicate the dominant type and record the dominant species pi:esent
VEGETATION "l Trees T3:Shrubs O Grasses O Herbaceous
(18 meter buifer) I ’
dominant species present
INSTREAM Estimated Reach Length m Canopy Cover
FEATURES O Parly open {fﬁ\Pan]y shaded O Shaded
Estimated Stream Width m y
‘ High WaterMark_, : __m
Sampling Reach Area m?
Proportion of Reach Represented by Stream
Area in km? (m’x1000) km? Morphole;
O Riffle_/ O Run_ %
Estimated Stream Depth m [ Pog
P jg{)\[{gx& ‘
Surface Velocity m/sec #'0Channelized 0O Yes \‘CI Ne
(at thalweg) )
Dam Present 0 Yes O
LARGE WOODY | LWD P
DEBRIS Density of LWD m¥km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION Rooted emergent O Reoted submergent O Rooted Floating O Free floating
‘O Floating Algae O Attached Algae o
i
Dominant species present i, i
Poriion of the reach with aquatic vegetation 0 %
WATER QUALITY | Temperature °C Water Odors
~fF'Normal/None 0O Sewage
Specific Conductance O Petroteun 0O Chemical
0O Fishy O Other
Dissolved Oxygen
. Water Surface OQils
pH i O Slick 0O Sheen O Globs 0 Flecks
TNone 0 Other
Turbidity
Turbidity (il not measured)
WQ Instrument Used “{-Clear O Slightly turbid O Turbid
0 Opaque O Stained O Other
SEDIMENT/ Odors Deposits
SUBSTRATE @ Normal 0 Sewage O Petroleum O Siudge O Sawdust (3 Paper fiber O Sand
‘0 Chemical O Anaerobic O None O Relict sheils O Other 7 temvos
0 Other
Looking at stones which are not deeply
Qils embedded, are the undersides black in color?
"~ Absent £ Stight O Moderate 0 Profuse 0 Yes A No
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up to 100%)
Substrate . % Composition in Substrate , % Composition in
e Dizmeter Sampling Reach Type Characteristic Sampling Area
Bedrock Detritus Sticks, wood, coarse plant
Boulder | > 256 mm (10" .| materials (CPOM)
Cobble 04-256 mm (2.5 - 10" Muck-Mud Black, very fine organic -
Gravel 2-64 mm (0.1" ~ 2.5™) (FPOM) g
Sand 0.66 — 2mm (gritty) Grey, shell fragments
Silt 4.004-0.06 mm Marl
Clay <0.004 mm {slick)

A-6 Appendix A-1: Habitar Assessment and Physicochemical Characterization Field Data Sheets — Form |




HABITAT ASSESSMENTFIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

2. Embeddedness

3. Velocity/Depth
Regime

Parameters to be evaluated in sampling reach

4. Sedinent
Deposition

5, Channel Flow
Status

SCORE

Gravel, cobbie, and
boulder particles are 0-
25% swrounded by fine
sediment. Layering of
cabble provides diversity
of niche space.

Gravel, cobble, and
boulder particles are 25-
50%% surrounded by fine
sediment.

STREAMNAME 7 [oin e dd LOCATION AR
STATION # RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS -
FORM COMPLETED BY oy ,.‘ DATE REASON FOR SURVEY
L TIME
Habitat Condition Category
Parameter Optimal Suboptimal Marginalk Poor
Greater than 70% of 40-70% mix of stable 20-40% mix of stable Less than 2074 stable
1, Epifaunal substrate favorable for habitat; well-suited for habitat; Labitat habitat; iack of habitat is
Substrate/ epifaunal colonization and § full colonization potential; { availability iess than obviouws; substrate
Available Cover fish cover, mix of snags, | adequate habitat for desirable; substrate unstable or lacking.
submerged logs, undercut | maintenance of frequently disturbed or
banks, cobble or other populations; presence of  { removed,
stable habitat and at stage | additiona$ substrate in the
to allow full colonization | form of newfall, but not
potential {i.c., logs/snags | yet prepared for
that are notnew falland | colonization (may rale at
1ot transient). high end of scale).
SCORE 2019 A7 6 1S 4 18 120 000 B T e 5 4 302 0 0

Gravel, cobble, and
boulder particles are 50-
75% surrounded by fine
sediment.

Gravel, cobble, and
boulder particles are more
than 75% surrounded by
fine scdiment.

2051851817 16

All four velocity/depth
regimes present (siow-
deep, slow-shallow, fast-
deep, fast-shallow).

{Slow is< 0.3 m/s, deep is
>0.5m.)

LRSIV DN e

Only 3 of the 4 regiines

presant (i fast-shallow is
missing, score lower than
if missing other regimes).

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

Downinated by 1 velocity/
depth regime (nsually
slow-deep).

%

v,

205190718 0070 16"

Little or no enlargement

Some new increase in bar

Moderate deposition of

2

Heavy deposits of fine

2019508 T e

‘Water reaches base of
both lower banks, and
minimal asmount of
channel substrate is
exposed.

15 147

Water filis >75% of the
available channel; or
<25% of channel
substrate is exposed,

13200

of islands or point bars formation, mostly from new gravel, sand or fine material, increased bar
and less than 5% of the gravel, sand or fine sediment on old and new  { development; more than
bottotn affected by sediment; 5-30% of the bars; 30-50% of the 50% of the bottom
sediment deposition. bottom affected; slight bottom affecled; sediment { changing frequently;
deposition in pools. deposits at obstructions, pools almost absent due to
constrictions, and bends; { substantial sediment
moderate deposition of deposition.
pools prevalent.

1l

Water fitls 25-75% of the
available channei, and/or
riffle substrates are mostly
expased,

Very litile water in
channet and mostly
present as standing pools.

20:.19.-°18

17 164

65 a3 2100

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinveriebrates, and Fish, Second Edition - Form 2
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

7. Frequency of
Riffles (or bends)

SCORE

8. Bank Stability
{score cach bank)

Note: determine lelt
or right side by
facing downstream,

SCORE __ (LB}
SCORE __(RB)

9, Vepetative
Protection (score
cach bank)

Parameters to be evalnated broader than sampling reach

SCORE __ (LB)
SCORE

RB

10. Riparian
Yegetative Zone
Width (score each
bank riparian zozne)

SCORE__(LB)

SCORE R]B

Total Score

minimal; stream with
normal pattern.

of bridge abutments;
evidence of past
channelizalion, i.e.,
dredging, {greater than
past 20 yr) may be
present, but recent
channelization is not
present.

Habitat Condition Category
Parameter Oplimal Suboptimal Marginal Poor
6. Channet Channelization or Some channelization Channelization may be | Banks shored with pabion
Alteration dredging absent or present, usually in areas | extensive; embankments ) or cement; over 80% of

or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupied,

the stream reach
channelized and
disrapted. Instream
habitat greatly altered or
removed entirely.

Qccurrence of riffles
relatively frequent; ratio
of distance between riffles
divided by width of the
stream <7:1 (generally S
to T); variety of habitat is
key. In strenms where
riffles are contimous,
placement of boulders or
other large, naturai

bl kSR TRk IS V2% DR B

Oceurrence of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7to 15,

Occasionat riffle or bend;
bottem contours provide
some habitat; distance
between riffles divided by
the width of the stream is
between 15 to 25.

Generally all flat water or
shailow ritfles; poor
babitat; distance between
riffles divided by the
width of the stream is a
ratio of >25,

obstruction is important.

2000107187 g s

Banks stable; evidence of
erosion or bank failure
absentor minimal; litlle
potential for future
problems. <5% of bank
affected.

Moderately stable;
infrequent, small areas of
erosion mostly healed
over, 5-30% of bank in
reach las areas of erosion,

R LRI RSV ER I B

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion petential during
floods.

Unstable; many eroded
areas; "raw” areas
frequent afong straight
sections and bends;
abvious bank slouphing,
60-100%of bank has

‘Left Bank': 10: .0

erosional sears.

Right Bank 107 .07
More than 90% of the

50-70% of the

Less than 50% of the

streambank surfaces and | streambank surfaces streambank surfaces streambank surfaces
immediate riparian zone | covered by native covered by vegetation; covered by vegetation;
covered by native vegelation, butone class | dismeption obvious; disruption of streambank
vegettion, including of plants is not well- patches of bare soit or vegetation is very high;
trees, understory shrubs, | represented, discuption closely cropped vepetation | vegetation has been

or nonwoody evident but not affecting | comimon; less than ene- remnoved to
macrophytes; vegetative | fulf plant growth potential | hall of the potential plant | 5 centimetess or less in
disruption through to any great extent; mere | stubble height remaining. | average stubble height,
grazing or mowing than one-hal{ of the

minimal or not evident; potential plant stubbf\t? i ;f)

almost ali plants allowed | height remainings, {119

to grow naturally. % P

LeftBank . 10, {93 L ' 43 20010
Right Bank:10 Loy il [ ) 2

Width of ripatian zone
>18 meters; hutnan
activities(i.e., parking

Width of riparian zone
12-18 meters; human
activities have impacted

Width of riparian zone 6-
12 meters; human
activities have impacted

Width of riparian zone <6
meters: little or no
riparian vegetation due to

fots, roadbeds, clear-cuts, | zone only minimally. zore a great deal, human aclivities.
lawns, or crops) have not

impacted zone,

Left Bank 5100 {\gj g e ALy gy aI g

Right Bank 10~ #9°%

A-8
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%tn PHYSICAL CHARACTERIZATIONfWATER QUALITY FIELD DATA SHEET

(BACK)
WATERSHED Predominant Surrounding Landuse Local Watershed
FEATURES E Forest O Commercial 0O No cvidence ' Some potential sources
‘O Field/Pasture O industrial O Obvious sources
O Agricultural O Other
O Residential Aacal-Watershed Eroslon
Cl Nonc 0 Moderate (3 Heavy
RIPARIAN Indicate the dominant type and record the dominant species presen!
YEGETATION 0 Trees 0 Shrubs 0 Grasses O Herbaceous
(18 meter buffer)
dominant species present
INSTREAM Estimated Reach Length m Canopy Cover .
FEATURES O Partly open O Pantly shaded ﬂ;b’Shaded
Estimated Stream Width m :
. High Water Mark
Sampling Reach Area m’
Propertion of Reach Represenled by Stream
Area in km* (m*x1000) Morphology Types .
O Run_¢ %
Estimated Stream Depth
Surface Velocity Channelized 0 Yes BNo
(at thalweg) o
Dam Present 01 Yes C¥ No
LARGE WOODY | LWD m? ‘
DEBRIS Density of LWD m?/km? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VYEGETATION O Rooted emergent O Rooted submergent O Rooted Floating O Free floating
O Floating Algae O Attached Algae
Dominant species present
Portion of the reach with aquatic vegetation %
WATER QUALITY | Temperature °C Water Odors
3 Normal/None O Sewage
Specific Conductance ‘0O Petroleum O Chemical
O Fishy 3 Other
Dissolved Oxygen
Water Surface Oils
pH O S8lick O S8heen O Globs O Flecks
"3 None (O Other
Turbidity )
\Tlll'bldlty (if not measured)
WQ Instrument Used B Clear O Slightly turbid O Turbid
0 Opagque O Stained 1 Other
SEDIMENT/  Odors Deposits
SUBSTRATE {3 Normat O Sewage O Petroleum 0O Sludge O Sawdust O Paper fiber
‘(3 Chemical O Anaerobic O None 03 Retict shells 0 Other
O Other
Looking at stones which are not deeply
Oils embedded, the undersides black in color?
‘13 Absent O Slight 0 Moderate O Profuse O Yes 1 No
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessariky add up to 100%)
Substrate . % Composition in Substrate L % Composition in
“Type Diameter Sampl_iflg Reach Type Characteristic Sampling Area
Bedrock Detritus Sticks, woad, coarse plant
Bouider > 256 mm (10™) materials (CPOM)
Cobb} 64-256 2,57 — 1" i
obble i ) Muck-Mud | Black, very fine organic
Gravel 2-64 mm (0.1" —2.5™) (FPOM)
Sand 0.06 — 2mm (gritty) Grey, shell fragments
Silt 0.004-0.06 mm Mari
Clay <0.004 mm (slick)
A-6 Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets — Form |
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME { o ] LOCATION
STATION # 'RIVERMILE STREAM CLASS
MAP DATUM; Zone: RIVER BASIN
UTM: Easting Northing AGENCY
INVESTIGATORS
FORM COMPLETED BY DATE REASON FOR SURVEY
TIME AM PM
WEATHER Now Past 24 Has there been a heavy rain in the last 7 days?
Hours OYes TINo o
CONDIIIONS m )} storm (heavy rain) ) J
N o a rain {steady rain}) a Air Temperature ~___°C
- a showers {intermittent) a . o
5 %O %cloud cover 0: %% Other
0 clear/sunny 0

STTE LOCATION/MAP
Flow:

Tape
Reading Sectlon

from | Depth { Length | Veloclty
LB/RB | (it} [¢i3] {['s)

Draw a map of the site and indicate the areas sampled (or attach a photograph)

STREAM
CHARACTERIZATION

Stream Subsystem
4 Perennial

Stream Origin
O Glacial
O Non-giacial montane

3 Swamp and bog

O Intermittent

03 Tidal

O Spring-fed

* O Mixture of origins |
O Other < 4o

Catchment Area km

Stream Type
0O Coldwater

(A Warmwater

2

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form 1




HABITAT ASSESSMENTFIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

P I
STREAM NAME , Jj LOCATION
STATION # RIVERMILE, STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS /
FORM COMPLETED BY DATE REASON FOR SURVEY
TIME M
Habitat Condition Category
Parameter Oplimal Sn_i_)op!imal Marginal Poor
Greater than 70% of 40-70% mix of stable 20-40% mix of stabie Less than 20% stable
1, Epifaunal substrate favorable for habitat; weil-suited for habitat; habitat habitat; Tack of habitat is
Substrate/ epifaunal colonization and | full colonization potential; | availability !ess than obvious; substrate

Available Cover

SCORE

2. Embeddedness

3. Velocity/Depth
Regime

Parameters to be evaluated in sampling reach

4. Sediment
Deposition

SCORE

5. Chaonel Flow
Status

SCORE

fish cover; mix of snags,

adequate habitat for

desirable; substrate

unstable or lacking.

cobble provides diversity

submerged logs, undercut | maintenance of Trequently disturbed or
banks, cobble or other populations; presence of | removed,
stable habitat and at stage | additional substrate in the
to allow full colfonization | form of newfall, but not
potentiat (i.e,, logs/snags | yet prepared for
that are not new falland | colonization (may rate at
| ot transient), high end of scale).
20 A s s A e e iy el a3 i
Gravel, cobble, and Gravel, cobble, and Gravel, cobbie, and Gravel, cobble, and
boulder particles are O- boulder particles are 25- | boulder particles are 50- | boulder particles are more
25% surrounded by fine 50% surrounded by fine | 75% surrounded by fine | than 75% surrounded by
sediment. Layering of sediment, sediment, fine sediment,

PRV :16:
All four velocity/depih
regimes present (slow-
deep, stow-shallow, fast-
deep, fast-shallow),
(Slow is < 0.3 mVs, deep is
>0.5m.)

1514130020 1LY

Only 3 of the 4 regimes

present (if fast-shaliow is
missing, score lower than
if missing other regimes).

10,098
Only 2 of the 4 habitat
regimes present (il fast-
shallow or slow-shallow
are missing, score low).

Dominated by 1 velocity/
depth regime (usually
slow-deep).

0 15 (18117

Littte or no enfargement
of islands or peint bars
and less than 5% of the
bottom affected by
sediment deposition.

Seme new increase in bar
fonmation, mostly from
gravel, sand or fine
sediment; 5-30% of the
bottom affected; slight
deposition in pools.

Moderate deposition o'
new gravet, sand or fine
sedirent on ofd and new
bars; 30-50% of the
bottom affected; sediment
deposits at obstmetions,
consirictions, and bends;
moderate deposition of

S5T4 3 L

Heavy deposits of fine
material, increased bar
development; more than
50% of the bottom
changing frequently;
pools almost absent due to
substantial sediinent
deposition.

20 19718 217016

Water reaches base of
both lower banks, and
minimal ameunt of
channel subsirate is
cxposed. ™y

!514131213 e

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed.

Water fills 25-75% of the

available channel, and/or

rifffe substrates are mostly
exposed.

6 fsaaa 0

Very little water in
channet and mostly
present as standing pools.

20019 £18F 17 16"

SRS A2

T TR T Sy AT
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Parameters to be evaluated broader than sampling reach

Habitat
Parameter

Condition Category

Opiimal

Suboptimal

Marginal

Peor

6. Channel
Aleration

SCORE

7, Frequency of
Riffles (or bends})

SCORE

8. Bank Stability
(score each bank}

Note: determine left
or right side by
facing downstream.

SCORE___(LB)
SCORE___(RB)

9, Vegetative
Protection (score
cach bank)

SCORE___(LB)
SCORE

10. Riparian
Vegetfative Zone
Width (score each
bank riparian zone)

SCORE __(LB)

SCORE RB

Total Score

é

oo 719018 170 16

Channelization or
dredging absent or
minimal; stream with
nonmal patterm,

!

Some chaanelization
present, usually in areas
of bridge abutments;
evidence of past
ehannelization, i.c.,
dredging, (greater than
past 20 y1) may be
present, but recent
channelization is not
present,

Channelization may be
extensive, embankments
of shoring struetures
present on both banks;
and 40 to 80% of streamn
reach channelized and
distupled.

"{ Banks shored with gabion

or eement; over 80% of
the streasn reach
channelized and
distupted. Instream
habitat greatly altered or
removed entirely.

Occurrence of riffles

A5 PSR A S R

Occurrence of riffles

1009 0080070 6

Occasional riffle or bend,

50280302 010000

Generaily all flat water or

relatively frequeng; ratio | inffequent;, distance bottom contours provide  { shallow riffles; poor

of distance between riffles § between riffles divided by | some babitat; distance habitat; distance between
divided by widih of the the widih of the stream is | between riffles divided by { riffles divided by the
stream <7:1 (generally 5§ | between 7 to 15, the width of the stream s { width of the stream is a
fo 7); variety of habitat is between 15to 25, ratio of >25,

key. Tn streams where

riffles are continuous,

piacement of boulders or

other large, natural

obstruction is.important.

20719 ':{‘1-8” SIS R AT R RO W A SR Y1 )

Banks stable; evidence of
erosion or bank failure
absent or minimal; litde
potential for future
problemns. <5% of bank
affected.

Moderately stable;
infrequent, smalt arcas of
crosion mostly healed
over. 5-30% of bank in
reach has areas of erosion,

Maderatety unstable; 30-
60% of bank in reach has
arcas of erosion; high
erosion potential during
floods.

Unslable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has

erosionat scars.

More than 90% of the
streanbank surfaces and
irumediate riparian zone
covered by native
vegehtion, including
trees, understory shrubs,
or nonwoody
macraphytes; vegetative
disruption through
grazing or mowing
minimal or not evident;
almostall plants atlowed

70-90% of the
streambank surfaces
covered by native
vegeltion, but one class
of plants is not wet-
represented; disruption
evident but not affecting
full piant growth potential
to any great extent; mote
than one-half of the
potential plant stubble
height remaining,

50-70% of the
sireambank surfaces
covered by vegetation;
distuption obvious;
patches of bare soil or
closely cropped vegetation
commen; less than one-
half of the potential plant
stubble height remaining.

Less than 50% of e
streambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
removed to

5 centimeters or less in
average stubble lieight.

to grow naturally.

Width of riparian zone
>18 meters; human
activities(i.e., parking
lots, roadbeds, efear-cuts,
lawns, or crops) have not
impacted zone,

Width of riparian zone
12~18 meters; hutman
activitics have impacted
zone only mimimally,

Width of riparian zone 6-
12 meters; human
activities have impaeted
zone a great deal,

Width of riparian zone <6
meters: little or no
riparian vegelation due to
human aetivities.
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Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets - Form 2









A\( Ve,
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ANOMALY CODES: D=deformities; E=croded fins; F=fungus; L=lesions; M=multiple DELT anomalies; S=emagiated; Z=other

Appendix A-4: Fish Field and Laboratory Data Sheets — Form |












SPECIES | TOTAL | OPTIONAL: LENGTH (um)yWEIGHT (g) [: : %" .. .t - < ANOMALIES o)
.| (COUNT}. i (25 SPECIMENT MAX SUBSAMPLE) D E r L M | S T |z |

ANOMALY CODES: D=deformities; E=croded fins; F=fungus; L=lesions; Mx=jnuitiple DELT anomalies; S=emaciated; Z=other

Appendix A-4: Fish Field-and Laboratory Data Sheets — Form 1 o
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FISH SAMPLING FIELD DATA SHEET (FRONT)

page ____of
el d
q / free /
_STREAMNAME /70000 4 LoCATION 4’
STATION # RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS o
FORM COMPLETED BY R)"a DATE_G 14 @ REASON FOR SURVEY
: ) - TIME AM PM

SAMPLE How were the fish captured? \@ back pack 1 tote barge 0 other
COLLECTION

Block nets used? i Yes O No

Sampling Duration Start Time Fnd Time Duration

Stream width (in meters) Max Mean
HABITAT TYPES Indicate the percentage of cach habitat type present

. O Riffles S O Pools % 3 Runs 01 Snags %
' ] Subme_ged Macrophytes %% £1 Other ( ), %
GENERAL Gl !
COMMENTS
SPECIES TOTAL OPTIONAL: LENGTH (mm)/WEIGHT (g) ANOMALIES
(COUNT) (25 SPECIMENT MAX SUBSAMPLE) D E F L M 5 T
é §::] S"Q, \//"”f Oi"{ ": ?)?\ ;;; *}5’ ';/‘9 K
(
Ci}ff ',

A

Rapid Bigassessment Protocols For Use in Streams and Wadeable Rivers: Periphyion, Benthic

Macroinvertebrates,

and Fish, Second Edition — Form 1




SPECIES TOTAL

7

pC -1 fors ]

(COUNT)

OPFTIONAL: LENGTH (nm}WEIGHT (g)

ANOMALIES

(25 SPECIMENT MAX SUBSAMPLE)
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. ANOMALY CODES: D=deformilics; E=croded fins; F=fungus; L=lesions; M=multiple DELT anomalies; S=emaciated; Z=other
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Appendix A-4; Fish Field and Laboratory Data Sheets - Form ]
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FISH SAMPLING FIELD DATA SHEET (FRONT)

page ___of
W A 2
“STREAM NAME A Jots i b LOCATION IO
STATION # RIVERMILE __/ STREAM CLASS '
LAT LONG . RIVER BASIN
STORET # AGENCY
INVESTIGATORS
FORM COMPLETED BY DATE REASON FOR SURVEY
TIME AM PM
SAMPLE How were the fish captured? O back pack O tote barge O other
COLLECTION
Block nets used? 0 Yes O No
Sampling Duration Start Time End Time Duration
Stream width (in meters) Max Mean
HABITAT TYPES Indicate the percentage of each habitat type present
O Riffles % 0 Pools % O Runs O Snags %
3 Submerged Macrophytes % 0 Other ( ) %
GENERAL
COMMENTS - /
SPECIES TOTAL OPTIONAL: LENGTH (mm)/WEIGHT (g) ANOMALIES
_ | (COUNT) | (25 SPECIMENT MAX SUBSAMPLE) D E F L M S T Z
1 i & 0 S -
G, i llonng | [P35
; !,";’ 2 x .
2 D 4 b T
OhagdV| o4 1o50 g [P [ 157 I N N O N
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Rapid Biogssessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form 1
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SPECIES | TOTAL | OPTIONAL: LENGTH (mm)/WEIGHT (g) ANOMALIES
y (COUNT) (25 SPECIMENT MAX SUBSAMPLE) L M
TR i 2 7
Feotfo b2 JEFF510 0
T s
caro | 1 %7 N
eyy frﬁ od ) R e | I l I I

W EN
Sl

ANOMALY CODES:  D=delormities; E=eroded fins, F=fungus; L=lesions; M=multiple DELT anomalies; S=emaciated; Z=otler .

Appendix A-4: Fish Field and Laboratory Data Sheets — Form 1




%tn FISH SAMPLING FIELD DATA SHEET (F RONT) ‘
- page_ 1 of &

STREAMNAME {37! [hsg &0 LOCATION

STATION # RIVERMILE STREAM CLASS

LAT LONG RIVER BASIN

STORET # AGENCY

INVESTIGATORS e

FORM COMPLETED BY DATE_&/ 777 /77 REASON FOR SURVEY
TIME AM PM

SAMPLE How were the fish captured? O back pack O tote barge O other
COLLECTION

Block nets used? 3 Yes 0O No

Sampling Duration Start Time End Time

Stream width (in meters) Max Mean

HABITAT TYPES Indicatc the percentage of each habitat type present

O Riffles % J Pools % ORuns O Snags %
J Submerged Macrophytes % : 0 Other ( ) %
GENERAL )
COMMENTS 4 . e Yol
{ Cﬁ“‘f:’»f:é o %,;m . e {;;f.i
SPECIES | TOTAL | OPTIONAL: LENGTH (mm)/WEIGHT (g) ANOMALIES
(COUNT} (25 SPECIMENT MAX SUBSAMPLE) D E F L M s T Z
T T D e AT
- <, "5, ¥
o
B | [ N N N N N
sk {95 N N N N A
. B P WO e -
ERMUN mmupH
. e =
css |z L ]
Moo

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form 1



SPECIES | TOTAL | OPTIONAL: LENGTH (mm)/WEIGHT (g) ANOMALIES

(COUNT) (25 SPECIMENT MAX SUBSAMPLE) D E F L M s
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ANOMALY CODES: D=deformitics; E=eroded fins; F=fungus; L=lesions; M=multiple DELT anomalies; S=emachted; Z=other

Appendix A-4: Fish Field and Laboratory Data Sheels — Form |
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page [ of _
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%tﬂ FISH SAMPLING FIELD DATA SHEET (FRONT)

STREAMNAME (4 -y {Onqg 420 LOCATION
STATION # RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS , ‘
FORM COMPLETED BY DATE_&//#// /0 REASON FOR SURVEY
TIME AM PM
SAMPLE How were the fish captured? O back pack 0 iote barge O other
COLLECTION
Block nets used? 0O Yes O Ne
Sampling Duration Start Time End Time Duration _fcroy
Stream width (in meters) Max Mean
HABITAT TYPES Indicate the percentage of each habitat type present
J Riffles % O Pools Y% 03 Runs O Snags %
£1 Submerged Macrophytes % 0 Other ( ) %
GENERAL
COMMENTS
SPECIES TOTAL | OPTIONAL: LENGTH {(mm)WEIGHT (g) ANOMALIES
(COUNT) (25 SPECIMENT MAX SUBSAMPLE)} D E ¥ L M s T Z
LT B CRIRN w0 (> 5e )
RN TN LA A A
- gy > -
A A AL

i i

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers. Periphyvton, Benthic
Macroinveriebrates, and Ivish, Second Edition — Form 1



SPECIES

TOTAL
(COUNT)

OPTIONAL: LENGTH (mm)/WEIGHT (g) ANOMALIES

(25 SPECIMENT MAX SUBSAMPLE) D - E F L M 8

ANOMALY CODES: D=deformitics; E=croded fing; F=fungus; L=lesions; M=multiple DELT anomalies; S=cmacked; Z=other

Appendix A-4: Fish Field and Laboratory Data Sheets — Form |




FISH SAMPLING FIELD DATA SHEET (FRONT)

page | of 2
STREAM NAME LOCATION SC~-o Pass |
STATION # RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
[INVESTIGATORS
FORM COMPLETED BY DATE_ (- /is /i REASON FOR SURVEY
TIME AM PM
SAMPLE’ How were the fish captured? A back pack (3 tote barge O other
COLLECTIDN
-Block nets nsed? ﬂ Yes {1 No
Sampling Duration Start Time End Tine Duration __cd [12
Streant width (in meters) Max Mean
HABITAT TYPES Indicate the percentage of each habitat type present
: O3 Riffles % 1 Pools % 3 Runs O Snags %
3 Submerged Macrophytes % 0 Other ¢ ). %
GENERAL
COMMENTS
SPECIES TOTAL OPTIONAL: LENGTH (mm)/WEIGHT (@ ANOMALIES
(COUNT) (28 SPECIMENT MAX SUBSAMPLE) D E r L M s T
3¢ q_“’%?,@ %) 89231654 Yo _ _
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers- Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form |
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Appendix A-4: Fish Field-and Laboratory Data Sheets — Form | ;



a8 FISH SAMPLING FIELD DATA SHEET (FRONT)

page o of 2
STREAM NAME LOCATION Se -6 Fa 55 }
STATION # RIVERMILE STREAM CLASS '
LAT LONG REVER BASIN
STORET # AGENCY
INVESTIGATORS
FORM COMPLETED BY DATE REASON FOR SURVEY
TIME aAM PM

SAMPLE How were the fish captured? {3 back pack 3 tote barge (I other
COLLECTION )

‘Bloek nets used? 3 Yes a0 No

Sampling Duration Stait Time End Time Duration

Stream width (in meters) Max Mean
HABITAT TYPES Indicate the percentage of each habitat type present

(3 Riffles % a Pools % (3 Runs 3 Suags %

£ Submerged Macrophytes % {23 Other( ) %
GENERAL
COMMENTS
SPECIES TOTAL | OPTIONAL: LENGTH (mm)yWEIGHT {g) ANOMALIES

(COUNT) (25 SPECIMENT MAX SUBSAMPLE) D E o L M 8 T Z
b 170
Lepomis
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form [



SPECIES | TOTAL | OPTIONAL: LENGTH (mm)/WEIGHT (g} |: . .+ % o0 @ ANOMALIES : :
| (COUNT) ¢ (25 SPECIMENT MAX SUBSAMPLE) D E F L M | s T z

ANOMALY CODES; D=defonnitics; E=eroded fins; F=fungus; L=lesions; M=multiple‘l)jELT anomalies; S=ém‘aciﬂtod;szl=othcr

Appendix A-4: Fish Field and Laboratory Data Sheets — Form ] I



FISH SAMPLING FIELD DATA SHEET (FRONT)

page of
STREAM NAME LOCATION SO - Pa s« b
STATION # RIVERMILE _____ STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS
FORM COMPLETED BY DATE REASON FOR SURVEY
TIME AM PM

SAMPLE Haow were the fish captured? }@’back pack (3 tote barge 1 other
COLLECTION

Block nets used? ﬂ‘(es 1 No

Sampling Duration Start Time End Time Duration <2573

Stream width (in meters) wax Mean
HABITAT TYPES ndicate the percentage of each habitat type present

. O Riffles % a Pools % O Runs 7 Snags

O Submerged Macrophytes Y% 3 Other ( ) %
GENERAL
COMMENTS
SPECIES TOTAL OPTIONAL: LENGTH (moy WEIGHT (g) ANOMALIES

{COUNT) (25 SPECIMENT MAX SUBSAMPLE) D E F L M 5 T
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Renthic
Macroinvertebrates, and Fish, Second Edition — Form |



SPECIES | TOTAL | OPTIONAL: LENGTH (mmyWEIGHT () | - i - ANOMALIES
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ANOMALY CODES: D=deformities; E=croded fins; F=fungus; L=lesions; M=multiple DELT ancmalics; S=emiactated; Z=other
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FISH SAMPLING FIELD DATA SHEET (FRONT)

page __ of___
STREAM NAME LOCATION 5C -0 Porng ob
STATION # RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS
FORM COMPLETED BY DATE_ /5770 REASON FOR SURVEY
TIME AM PM
SAMPLE How were the fish captured? [ back pack 1 tote barge 3 other
COLLECTION
Block nets used? 0 Yes O Ne
Sampling Duration Start Time End Time Duration
Stream width (in mefers) Max Mean
HABITAT TYPES Indicate the pereentage of each habitat type present
1 Rifftes % O Poots % T Runs O Snags %
[ Submerged Macrophytes % O Other ( } %
GENERAL
COMMENTS
SPECIES TOTAL OPTIONAL: LENGTH (wmm)WEIGHT (g) ANOMALIES
(COUNT) (25 SPECIMENT MAX SUBSAMPLE) D E F L M s T z
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Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form [




SPECIES | TOTAL | OPTIONAL: LENGTH (mmy/WEIGHT (g) |. - B ——
(COUNT) ;| (25 SPECIMENT MAX SUBSAMPLE) D L " L > ” - -~
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ANOMALY CODES: D=deformitics; E=croded fins; F=fungus; [=lesions; M=multiple DELT anomalies; S~emaciated; Z=other

Appendix 4-4: Fish Field and Laboratory Data Sheets ~ Form |



1] FISH SAMPLING FIELD DATA SHEET (FRONT)
page [ of _/
STREAM NAME LOCATION i Pass | &2 ropnbined
STATION # RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS
FORM COMPLETED BY DATE £ REASON FOR SURVEY
TIME AM PM
SAMPLE How were the fish captured? 7 back pack O tote barge 3 other
COLLECTION ‘
‘Block nets wsed? O Yes 0 No
Sampling Duration Start Thme End Time Duration
Strean: width (in meters) Max Mean
HABITAT TYPES {ndicate the percentage of each habitat type prosent
O Riffles % O Pools % O Runs 3 Snags %
(3 Submerzed Macrophytes % {3 Gther { %
GENERAL
COMMENTS Sheck. Trne. Fass £ v 2300
Pags o = iy 7P
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SPECIES
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Physical Characterization - Worksheet

FTN Associates, LTD.

L. General o :
Date/Time (F 2('?//5 /359 Stream é?/;/s‘“ﬁ;)l (rec {5(‘
Cbserver Transect No, ’
Project No.  Yvicea Picture No.
IL In-Situ Data Il Physical Characterization
Dissolved Oxyger, mg/L. 7} f 3. Stream Width, t 4. 0 {1
Temperature, C &0~ “J< Channel Width, ft
Conductivity, uhmos < (& AS/0 Poot Length, ft
pH, su v, 4 - Riffle/Run Length, ft
ORP, mv _#a Tape Down {ft}
GPS
Tape
Reading Section Area
Transect] from Depth | Length | Area Velocity| Flow
Reading | LB/RB (ft) (ft) (ft2) (fs) (cfs) Comments
 Te=23] 00 o
R R DS &
3 by 1.3 &~
4 R I )
5 boh | 25 O
6
7
3
9
10
I
12
13
14
15
16
17
18
19
20
21
23
23
24
25
26
27
Totals 0 | 0 | 0.000 |efs
¢ Jgpm
Tasre (& cwie Tlow e ‘
& . i . . o L
o 'Q’a"? afe o ghullew Yo measarw loe) A




FTN Associates, LTD.
Physical Characterization - Worksheet

i General
Date/Time 2.<7 «;

Y
a7

Observer ‘o, ¢t 77 (0

Project No. {14 femnn. AR

1L In-Situ Data
Dissalved Oxygen, mg/L S . 4

Temperature, C j¢.2.0

Conductivity, uhmos {; E A4 s’/’ o

pH, su {2 3l

Stream fs P (e (L\

Transect No, (¢ -1

Picture No.

L. Physical Characterization

Stream Width, ft

Channel Width, ft

Pool Length, ft
Riffle/Run Length, ft

ORP, mv Tape Down (ft)
GPS
Tape
Reading Section Area
Transect | from Depth | Length | Area Velocity| Flow
| Reading | LB/RB (ft) (ft) (ft2) {1s) (cfs) Comments

A R oo

2 g e oL

3 €5 s o

4 Y LY &R e,

5 .5 L5 e_¢8

8 e, LM & O

7 6.5 55 0 .04

8 Y ) L0y

9 LY 2 N.05

]

1

12

13

i4

5

16

17

18

19

20

21

22

23

24

25

26

27

Totals 0 0 0.000 |efs

0 Jgpm




‘FTN Associates, LTD.

B Physical Characterization - Worksheet
i;j:f'
L. General o
Date/Time '%[’EG[{O ﬁé.'t?c'}’cam Siream g{&’ﬁﬁd (ve c b (6(?)
Observer 171} BIC Transect No, J
Project No.  Wyicon Picture No.
I1. In-Situ Data IIi Physical Characterization
Dissolved Oxygen, mg/L. (&%~ 5. Yl Stream Width, £t ﬁf‘fj
Temperatwe, C | & & Channel Width, ft
Conductivity, uvhmos £ ¢, 7 Pool “fﬂ Length, ft
pH, su LY Riffle/Run 2% ¢/G  Length, ft
ORP, mv \ Tape Down {f)
‘ GPS
-G T 5
Tape L1/
Reading Section Area” |\
Transect| from | Depth | Length | Area |Velocity Flow /s g
Reading | LB/RB | (ff) (ft) (ft2) (fs) |7l /7 Comments
£ 16 T.= 4 |0\
S L7 (o
3 9.0 &g b
4 2.k o Lo » U8
3 5.0 L2 =~Of
6 5.5 g Lo _0¢
7 2% >, &
8
9
0
b
i2
i3
14
15
16
17
18
19
20
21
22
23
24
25
20
27
Totals 0 0 0.000 |efs
0 {gpm




FTN Associates, LTD.
Physical Characterization - Worksheet

L (General : : .
Date/Time ff‘/,?(”{ (J‘ ae Stream S}{u?* rll (vee K [(J - 0)
Observer  yw) B0 Transect No.
Project No. /i ¢en Picture No.
I1, In-Situ Data 1L Physical Characterization
Disselved Oxygen, mg/L Moo Stream Width, ft 15’4‘{
Temperature, C al &7 Channel Width, ft
Conductivity, uhmos SUS 08 fom Poot Length, ft
pH,su 7.3% Riffle/Run Length, ft
ORP,mv /4 Tape Down {ft)
GPS
Tape
Reading Section Area
Transect from Depth | Length | Area Velocity| Flow
Reading | LB/RB (ft) (fH (ft2) (fs) (cfs) Comments
1 :2 ] Q /’!//} S v - S
2 . . | 1fh ez go | o
3 40 C- 4 R a4 . O o
4 <0 0y (i 106 joo Q
5 60 T 1 179 Jod Too O
6 7o [ Q0 i 1 Lac oo &
7 g0 G ¢ /fF s o 05
8 q.0 0. ¥ /fF a8 oo
9 (0.6 2.8 [l 0.8 b il
10 i o &ilc |t it /0 o 05
1 f2.00 2.9 /i .49 GoG¥
12 iZ. 0 0% | sof o8 G i
13 [t 0 g ¢ L4 & o il
14 (S0 J ¢ [t 0.¢ oo C
L5 RN /4 A S P C»
16
17
18
3Y
20
21
22
23
24
25
26
27
Totals 0 0 0.000 {cfs
(] gpm




FTN Associates, LTD.
Physical Characterization - Workshest

L. General
Date/Time '?/:A\’:!{‘(O iTae Stream U.;nc,-\w.@gi "{\L o E’)."u’.ﬁ‘f‘,’/ Cr et
Observer 510 '6([“(; Transect No,
Project No.  {ylcon Picture No.
il. In-Situ Data I1II. Physical Characterization
Dissolved Oxygen, mg/L. & 7 Stream Width, & /.5 44
Temperature, C PARK Channel Width, t A/
Condugtivity, uhmos 10 a3 em Pool Length, £t
pH, su oy Riffle/Run Length, ft
ORP, mv . Tape Down (ft)
. GPS
Steom o shallow for Wadi ns, Rood = (sed ootlElf //:.,fp() at pond
Tape 7
Reading Section Area
Transect | from Depth | Length | Area |Velocity] Flow
Reading | LB/RB {ft) (ft) (ft2) {(fs) (cfs) Comments
i
2
3 N
4
5
6
7
g
9
10
11
12
13
t4
L5
16
17
18
19
20
21
22
23
24
25
26
27
Totals | 0 | | 0 0.000 [cfs
0 jgpm

Sl foc 1683 sec | -
. - of FALS S
Sjrd‘&: 0. 66 gtfog f(%éa B3 Sec 7 0" O 7/ 7[( /QC ‘



F'TN Associates, LTD.
Physical Characterization - Worksheet

L General o ‘
Date/Time r?[g\i/f(j {fOC} Stream /Eg (
Observer “Ti'h) 210y Transect No.
Project No. W yf¢on Picture Na.
1L In-Situ Data IIL. Physical Characterization
Dissolved Oxygen, mg/L VN Steeam Width, & § ¢
Temperature, C fo. ol Channel Width, ft
Conductivity, uhmos SEE RS Pool ¢fo Length, f
pH,su 7! ' Riffte’Run 4O  Length, ft
ORP, mv : Tape Down {ft}
GPS
Tape jﬁ/ .
Reading Section \/5&; Area
Transect | from Depth | Length | Area |Velocity| Flow
Reading | LB/RB (ft) (£t) (ft2) e | (cfs) Comments
1 _|Bbs | © <
2 S D o &
3 ““?:7 e o i)
4 & KA _ ok
5 4 - 4 o7
5 PO 24 o O
7 It =4 -0}
8 12 25 - O
9 (% L4 O
L0 4 =Y Q
Ll L5 7 ¢
f gL 7 G 0
I =
E(‘ubt}r 15
vk 06
ol [T
[N 18&
19
20
21
22
23
24
25
25
27
Totals 0 (¥ 0.000 lcfs
0 jgpm




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME  Arysly (reof LOCATION
STATION # -0 | _RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS 77 s AT6E
FORM COMPLETED BY DATE S/ 24 (10 REASON FOR SURVEY
Tt BTe TME__/ 339 am W)
WEATHER N Past 24 Has there been a | in in the fast 7 days?
ow ast 2 Has there been a heavy rain in the fast 7 days?
CONDITIONS Hours OvYes BNo @ .
) a storm (heavy rain) a .
a rain (steady rain) a Adr Temperature 8 o F &
(m] showers (intonmittent) a
% O3 %cloud cover a % Otler,
pri clear/sunny =
SITE LOCATION/MAP Draw a map of the site and indicate the areas sampled (or attach a photograph) .
4 i e
Rith 1) ko
\ Pon A2 27
>§, Uﬂé‘hf\l'!qc.d’ 7%‘![:
B N
“&
/él"{/__/ uuuuuuuuu
a
4 % \/%
S = _—
{ 5 ‘- /
STREAM ) Stream Subsystem Stream Type
CHARACTERIZATION &Y Percanial O ntermittent 3 Tidal O Coldwater %Wm'mwatcr
Stream Origin Catchment Area km?
O Glacial 1 Spring-fed
0 Non-glacial montane O Mixture of origins
3 Swamp and bog @:Othcr

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition — Form |



PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)

WATERSHED
FEATURES

L | IRl

J Forest
JH Field/Pasture

0O Residential

Predominant Surrounding Landuse
3 Cotnmercial
3 mdustrial

0 Other

Local Watershed
1 No evidence )ZfSomc potential soutces
3 Obvious sources

Local Watershed Erosion

(I None X Moderate £ Heavy
RIPARIAN Indicate the dominant eype and record the dominant species present
VEGETATION 3 Trees 0 Shrubs “f Grasses O Herbaceous
(18 meter buffer) . .
dominant species present
INSTREAM Estimated Reach Length m ﬂf(i? yﬂfﬁ Canopy Cover
FEATURES 3 g O Parily open E{Pa[tiy shaded O Shaded
Estimated Strenm Width ___m 3+ ¥ 7 f
High Water Mark m
Sampling Reach Area m®
Proportion of Reaci: Represented by Stream
Area in km? (m*x1000) kin? Morphology Types
—_— o N
. . 0.76 y a [fli[!e oA; O Run, %
Estimated Stream Depth m A 3 Pool %
Surface Velocity mfsec Channelized O Yes ® Mo
(at thalweg)
Dam Present O Yes & No
LARGE-WOODY Ltwop o :
DEBRIS Density of LWD m¥kam? (LWB/reach area)

AQUATIC
VEGETATION

B Rooted cmergent
O Floating Algac

Indicate the dominant type and record the dominant species present

O Routed submergent O Rooted Floating O Free Hoating

O Auached Algac

dominant species presesnt

Portion of the reach with aquatic vegetation 7J Yo

WATER QUALITY

Temperature,

pH 744

oCoaE. ?S v
Specific Conductance 526 < r(!?f)/ci i

Dissolved Oxygen _Z'_‘i’_?_“"; / C

Turbidity __/ »/A

. . =L
WQ Instrument Used ﬂb L{C”‘\ é ‘F t #”'.

Water Odors
}E[‘Nurmal/Nonc
3 Petroleurn

O Fishy

3 Sewage
O Chemical
0 Other

Water Surface Oils
0 Stick 3 Sheen
3 None O Other

Turbidity (if not measured)
lear O Skightly turbid
0 Opaque £ Stained

3 Globs O Flecks

O Turbid
3 Other

SEDIMENT/ QOdors Deposifs

SUBSTRATE ELNormal 3 Sewage 3 Petroleun O Sludge O Sawdust O Paper fiber 3 Sand
O Chemicat 3 Avacrobic O None 3 Relict shells O Other
3 Other

Looking at stones which are not deeply
Oils embedded, are the undersides black in color?
BlAbsent (I Slight £ Moderate 0 Profuse a Yes S o
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(shoutd add up to 108%) (does not necessarily ndd up to 106%)
Substrate . . % Composition in Substrate - % Composition in
Type Diametor Sampling Reach Type Characteristic Sampling Area
Bedrock Detritus Sticks, wood, coarse plant
Boulder | >256 mm (10™) 5 materials (CPOM)
> 4256 mm (2.5” - (0" By . e oA

Cobble & nun : ) [-’ - Muck-Mud BFI;%(P:‘;CW fine organic

Gravel 2-64 mm (0.17 = 2.5M f C ( )

Sand 0.06 — 2 (gritty) 15e Grey, shell tragments

Sitt £.004-0.06 mm {0 Mart

Clay <0.004 mm {slick)

A-6 Appendix A-1: Habitar Assessment and Physicochemical Characlerization Field Data Sheets — Form |




HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

STREAMNAME Brvsiy (ia oK e m
STATION #.£0- ¢ RIVERMILE STREAM CLASS
LAT G 13T ES Long 7 9L 6516 | RIVER BASIN
STORET # AGENCY
INVESTIGATORS die BITG
FORM COMPLETED BY o DATE /2 *’?[jv .. | REASON FOR SURVEY
Ttiw 36 TIME (350 i @
Habitat Condition Categrory
Parameter Cptimal Subapiinal Marginal Poor
Greater than 70% of 40-70% mix of stable 20-40% mix of stable Less than 20% stable
1. Epifaunal substrate favorable for habitat; weli-suited for habitat; habitat habitat; lack of habitat is
Substrate/ epifaunal colonization and | fuli colonization potential; [ availability less than obvious; substrate

Parameters to be evaluated in sampling reach

Available Cover

2. Embeddedness

3. Velocity/Depth
Repime

SCORE

4. Sediment
Deposifion

5. Channel Flow
Status

SCORE

SCORE

SCORE :

fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to aliow full colenization
potentiat {i.e., logs/snags
that are not new fall and

adequate habitat for
maintenance of
poputations; presence of
additional substrate in the
forin of newfall, but not
yet preparcd for
colonization {may rate at

desirable; substrate
frequently disturbed or
removed,

unstable or lacking.

not transient).

Gravel, cobble, and
boulder particles are 0-
25% surrounded by {ine
sediment. Layering of
cobble provides diversity
of niche space,

Gravel, cobbie, and

high end of scale).
s a1k
boulder particles are 25-

50% surrounded by fine
sediment.

(R ol E

Gravel, cobbic, and

boulder particles are 50-
75% surrounded by {ing
sediment.

Gravel, cobble, and

boulder particles are mors
than 75% surrounded by
fine sediment.

2051978 17

16

All four velocity/depth
regimes present (slow-
decp, stow-shallow, fast-
deep, fast-shaliow).
{Slow is < 0,3 m/s, deep is
>0.5m.)

T "
{1318 3.

Only 3 of the 4 regimes

present (if fast-shallow is
missing, score lower than
il missing other regimes}.

12008

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

Daominated by 1 velocity/

depth regime (vsually
slow-deep).

20°

Little or no enjargement
of islands or point bars
and {ess than 5% of the
bottom affected by
sediinent deposition.

A9 RS0 167 05

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 5-30% of the
bottom affected; slight
deposition in pools.

ncw gravel, sand or fine
sediment on oid and new
bars; 30-50% ofthe
bottom affected; sediment
deposits at obstructions,
constrictions, and bends;
moderate depositior of
pools prevalent,

Moderate deposition of

Heavy deposiis of fine
material, increased bar
development; mote than
50% of the bottom
changing frequently;
pools almost absent due to
substantial sediment
deposition.

20
Water reaches base of
bothk lower banks, and
minimal amount of

channel substrate is
exposed.

19018 17016115 |
Water fills >75% of the

available channel; or
<25% of channel
substrate is exposed.

43120000

Water {ills 25-75% of the

available channel, and/or
riffle substrates are mostly
exposed.

Very little water in

channel and mostly
present as standing pools.

20019

18 17

16

15 14

13 1274

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macrotnveriehrates, and Fish, Second Edition - Form 2
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Parameters to be evaluated broader than sampling reach

Condition Category

SCORE

7. Frequency of
Riffles {or bends)

8. Bank-Stability
{score cach bank)

Note: detennine left
or right side by
facing downstrean.

SCORE ___(LB)
SCORE ___(RB)

9, Vegetative
Protection (score
each bank)

SCORE (L)

SCORE _(RD

10. Riparian
Yegetative Zone
Width (score each
lank riparian zone}

SCORE ___(LB)

Total Score

Qccurrence of riffles
relatively frequent, ratio
of distance between riffles
divided by width of the
stream <7:1 (generally 5
fo 7Y, variety of habitat is
key. Iv streams where
riffles are continuous,
placement of boulders or
other large, natural

Qeeurrence of riffles
infrequent; distance
between riftles divided by
the witlth of the stream is
hetween 7 to 15,

B st el B

Habitat
Parameter Optimal Suboptinmal Marginal Poor
6. Channel Channelization or Some channelization Channelization may be Banks shored with gabion
Alteration dredging absent or present, usuaily in areas extensive; embankments | or eement; over 80% of
minimal; stream with of bridpe abutiments; or shoring stnuctures the streain reach
nonmal pattern. evidenee of past present on both banks, channelized and
channelization, i.e., and 40 to 80% of strearn | disrupted. Instreamt
dredging, (greater than reach chaenelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
channelization is not
" present.
20001970018 C16E| 15143 LR AR SR B N FA R R T R |

QOceasional riffle or bend,

bottom contours provide
some habitat; distance
between rilfles divided by
the width of the stream is
between 15 to 25,

Generatly all flat water or
shatlow riffles; poor
habitat; distance between
riffles divided by the
width of the streatn is a
ratio of >25.

ohstruction is impertant.
2000195 18070

Banks stable; evidence of
erosion or bank failure
absent or mindmal; lide
potential for future
problems. <3% of bank
affected.

16713

Moaderately stable;
infrequent, small areas of
crosion mostly healed
over. 5-30% of bank in
reach has areas of erosion,

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstalle; iany eroded
areas; "raw" arcas
[requent along straight
sections and bends;
obvious bank sloughing;
60-100% ol bank has
erosional scars.

More than 90% of the
streambank surfaces and
immediate riparian zone
covered by native
vegelation, ineluding
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minimal or not evident,
alimost ali plants allowed
to grow naturatly.

70-90% of the
streambank surfaces
covered by native
vegetation, but one class
of plants is not well-
represented; disnuption
evident but not affecting
full plant growtls potentiad
to any great extent; more
than one-half of the
potential plant stubble
height remaining,

50-70% ol the
streambank surfaces
covered by vegetation;
disruption obvious;
patches of bare soil or
closely cropped vegetation
commor; less than one-
half of the potential ptant
stubble keight remaining,

Less than 50% of the

stzeambank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegetation has been
resmoved to

5 centimeters or less in
average stubble height,

Left Bank 210550290

s (e

) | Right Bank 10

Width of viparian zone
>18 meters; human
activities {1.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops} have not
impacted zong,

Width of riparian zone

12-18 meters; hawman
activities have impacled
zone enly mininaily.

Width of riparian zone 6-

12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6
meters: little or no
riparian vegetation due to
human activitics,

LeftBank 10 9 |

(RB)

RihtBank 10 _ 9 _

A-8
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)
WATERSHED Predominant Surrounding Landuse Local Watershed
FEATURES 1 Forest O Commercial O No evidence O Some potential sources
B Field/Pasture O Industrial 0 Obvious scuwrces
3 Agricultural O Other
3 Residential Local Watgrshed Erosion
J None Woderate (1 Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION ) Trees (7 Shrubs yGrasses 1 Herbaceous
(18 meter bulfer) i R :
dominant species present
INSTREAM Estimated Reach Length m Canopy Cover
FEATURES Partly open O Partly shaded (3 Shaded
Estimated Stream Width nt
High Water Mark i
Sampling Reach Area e
Proportion of Reach Represented by Stream
Arca in kun® (mzwaD) km® Morphology Types
O Riffle Yo O Run Y%
Estimated Stream Depth m O Pool %
Surface Vclocity m/sce Channelized - O Yes O No
{at thalwep)
Dam Present O Yes I No
LARGE WO ODY LwDp m? / 7 ;A
DEBRIS Density of LWD mkm? (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION O Rooted cimergent 2] Rooted submergent 0 Rooted Floating O Free lloating
)Et'Floating Algae M Avached Algae
dominant species present
Portion of the reach with aquatic vegetation %
WATER QUALITY | Temperature c 12 Water Odors
- = A ormal/None O Sewage
Specific Conductance («’/ 2 M \5/ cm O Petroleum 3 Chemical
o L" i O Fishy d Other
Dissolved Oxygen - ¥ th/&»
(’ 2L, Water Surface Oils
pH__ ¥ 2% O slick O Sheen O Globs O Flecks
M None O Other
Turbidity
.y . ; . Turbidity (if not measured)
N 4, - rfeal - . R .
WQ tustrument Used ﬂ {2 %f‘g F‘{h #‘\3 Clear {3 Slightly turbid O Turbid
O Opaque O Stained O Other
SEDIMENT/ Oslors Deposits
SUBSTRATE ‘B Notmal O Sewage O Petroleum O Sludge O Sawduest O Paper (iber O Saund
3 Chemical 1 Anacrobic 3 Noue O Relict shells O Other
ad Other
Looking at stones which are not deeply
Qils embedded, are the undersides black in color?
Absent (7 Slight O Moderate O Profuse O Yes O No
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
{should add up to 108%) {does not necessarily add up to 106%)
Substrate . % Composition in Substrate - Y Composition i .
Type Diameter Sampling Reach Type Characteristic Sampling Area
Bedrock Detritus Sticks, wood, coarse plant
Boulder > 256 mm { 10" materials (CPOM)
Cobble 64-256 mun (2,57~ 107) jc) e Muck-Mud Black, very lire organic f 0 O W
Gravel 2-64 mm (01" - 2.5") W G YE {FPOM) ] o
Sand 0.06 — 2mm (gritty) Grey, shell fraginents
Silt 0.004-0.06 mm Lo/ Marl
Clay <0.004 mm (slick)
A-6 Appendix A-1: Habitat dssessment and Physicochemical Characterization Field Data Sheets - Foim




HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

STREAM NAME 5{\5, shy (teet’ LOCATION
STATION# (s~ {  RIVERMILE_______ | STREAMCLASS
LAT 3613845 LONGThs (2251 | RIVER BASIN
STORET # AGENCY
INVESTIGATORS Tt 7 BA (G
FORM COMPLETED BY DATE Tf29[:0 REASON FOR SURVEY

Ny -1 s TEOC @ .

J) t BT e @ m AR

Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
Greater than 70% of 40-70% niix of stable 20-40% mix of stable Less than 20% stable
1. Epifaunal substrate favorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is

Parameters fo be evaluated in sarnpling reach

SCORE

SCORE

Suhstrate/
Available Cover

SCORE

2. Embeddedness

3. Velocity/Depth
Regime

4. Sediment
Deposition

3. Channct Flow
Status

SCORE

epifaunal colonization and
fish cover, mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow fulf colonization
potential {i.e., logs/snags
that are pot new fali and
not fransient).

full colonization potential;
adequate habitat for
maintenance of
populations; presence of
additional substratc in the
form of newfail, but not
yet prepared for
colonization (may rate at

availability less than
desirable; substrate
frequently disturbed or
removed.

obvious; substrate
unstable or lacking.

204519541

[ Gravel, cobble, and

boulder particles are 0-
25% surrounded by [ine
sediment, Layering of
cobble provides diversity
of niche space.

high end of scale).

Gravel, cobble, and

boulder particles are 25+
50% surrounded by fine
sediment.

Gravel, cobble, and

boulder particles are 50-
75% surrounded by fine
sediment,

Gravet, cobble, and

boulder partieles are more
than 75% surrounded by
fine sediment.

20719

All four velocity/depth

SEN

regimes present (slow-
deep, slow-shallow, fast-
deep, fast-shallow).

(Slow is < 0.3 m/fs, deep is
>0.5m.} )

1716

G5TEs 53 s

Only 3 of the 4 regimes
present (if fast-shallow is
missing, score lower than
if inissing other regimes).

Only 2 of the 4 habitat
regimes present (if ast-
shaliow o slow-shallow
are missing, score low).

Dominatec by ! velocity/

(534537270

depth regime {usually
slow-deep).

Little ot no cnlargement

2205 19581760

of islands or point bars
and less than 5% of the
bottom affected by
sediment deposition.

Sotme new increase in bar

formation, mostly from
gravel, sand or {ine
sediment; 5-30% of the
bottom affected; stight
deposition in pools.

15T g

Moderate deposition of

new gravel, sand or fine
sediment on old and new
bars; 30-50% of the
bottom affected; sediment
deposits at obstuctions,
constrictions, and bends;
moderate deposition of
pools prevalent,

Heavy deposits of fine

material, increased bar
development; more than
50% of the bolton
changing frequently;
pools almost abseot due te
substantial sediment
deposition.

Water reaches base of

207100708 176

both lower banks, and
minimal amount of
channet substrate is
exposed.

LT

Water fills >75% of the

available channel: or
<25% of channel
substrate is exposed.

nJ$;;2*¢J]_j

o _'_9-'.#8 o
Water fillg 25-75% of the
available channet, and/or

rilfle substrates are mostly
exposed.

Very little water in

channel and mostly
present as standing pools.

20 19

s18 14 13 12 B

Rupid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Muacroinvertebrates, and Fish, Second Edition - Form 2



HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Pararmeters to be evaluafed broader than sampling reach

Condition Category

SCORE

7. Frequency of

SCORE
8. Bank Stability

or right side by

SCORE (L)

9. Vegetative
Protection (score
each bank}

SCORE __{LB)

SCORE

10. Riparian
Vegetative Zone

SCORE __ (LB)

SCORE _

Totalk Score

Riffles {or bends)

(seore each bank)
Note: determine lelt

facing downstream.

SCORE __(RB)

s

Width (score each
bank riparian zone)

Oceurrence of riffles
relatively frequent; ratio

divided by width of the
stream <7:1 (generally 5

key. In streams where
riffles are continuous,
placement of boulders or
other large, naturat

of distance between riflles

to 73, variety of habitat is

Oecurrence of riftles
infrequent; distance
between riffles divided by
the width of the stream is
between T 1o 15,

Occasiona! riffle or bend;

Habitat
Parameter Optimal Suboptimil Marginal Poor
6. Channel Channelization or Some channelization Channelization may be Banks shored with gabion
Alteration dredging absent or present, usually in areas extensive; embankments | or cement; over 30% of
minimal; stream with of bridge abutiments; or shoring structures the stream reach
normal pattern. evidence of past present on both banks; channelized and
channelization, i.e., and 40 to 80% of stream | disrupted, Instream
dredging, (greater than reach charmelized and habitat greatly altered or
past 20 yr) may be disrupted. removed entirely.
present, but recent
chanmetization is not
present,
2019 ' VGRS A3 D

bottom contours provide
some labitat; distance
between riffles divided by
the width of the stream is
between 15 to 25,

Generally all (lat water or
shallow riffles; poor
habitat; distance betwceen
riffles divided by the
witlth of the stream is a
ratio of >25.

obstruetion is important.
2050195

erosion or bank failure
absent of mminimal; little
potential for future
problems. <5% of bank
affected.

T T

Banks stabls; evidence of

A5 A2

ivioderately stable;
infrequent, small areas of
erosion mostly healed
over. 3-30% of bank in

reach has areas of erosion.

-
oo (s e ]S

Moderately unstabie; 30-
60% of bank in reach has
areas of erosion; high
erosion potential cduring
{loods.

sections and bends;

crosional scars.

Unstable; many eroded
areas; "raw" arcas
frequent along straight

obvious bank sloughing;
60-100% of bank has

More than 90% of the
streambank surfaces and
immediate riparian zoae
covered by native
vegetation, inciuding
{rees, understory shnbs,
or nonwoody
nacrophytes; vegetative
disruption through
grazing or Mowing
tnininal or not evident;
almost al} plants allowed
to grow naturally,

I

TeRBank 1029

Bl p

70-90% of the
stremmbank surfaces
covered by native
vegetation, but one class
of plants is not well-
represented; disruption
cvident but not affecting
fuil plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

30-70% of the
strearnbank surfaces
covered by vegetation;
disruption obvious;
patches of bare soil or
closely cropped vegetation
coinmon; fess than one-
Lialf of the potential plant
stubble height remaining,

Less than 50% of the

streambank surfaces
covered by vegetation;
disruption of streamnbank
vegetation is very high,
vegefation has been
removed to

5 centimeters or less in
average stubble height.

Width of riparian zone
>18 meters; human
activities (i.e., parking

lawns, or crops) have not
impacted zone,

lots, roadbeds, clear-cuts,

Width of riparian zone
12-18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-

Lelt Bank . 10.:{9% | 807 06 S Al 2 10
TS e e —
Right Bank 10, 779'% - 706 30 251

12 ineters; human
aclivities have impacted
zone a great deal,

Width of riparian zone <6

meters: kitle or no
riparian vegetation due to
human activities,

Left Bank 10

&>

Ri hthl{) _ 9 _

A-8

Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets - Form 2






PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME  oud Sal] %9 LOCATION
STATION # RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS ¢373G T/ s
FORM COMPLETED BY REASON FOR SURVEY
o2 i AM PM UAA
WEATHER N Past 24 IIV | b I inin the last 7 days?
- Now ast as there been a heavy rain in the last 7 days?
CONDITIONS Hours O Yes - O-Nb -
’ a storm (heavy rain) m - .
a rain (steady rain) m] Alr Temperature e ?8 *C
a showers {intermittent) m
% a Ycloud cover a % Other_ -
""" clear/sunny a

SITE LOCATION/MAP

o

o,

AN

C
}J\/

Draw a map of the site and indicate the areas sampled (or attach a photograph) -

o
g~ X

STREAM Stream Subsystem Stream Type
CHARACTERIZATION | O perennial 0 intermittent 3 Tidal T Coldwater O Warmwater
Stream Origin Catchment Area km®
1 Glacial 3 Spring-fed
0 Non-glacial srontane O Mixture of origins

¥ Swamp and bog J Other

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Mucroinvertebrates, and Fish, Second Edition — Form |



PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)
WATERSHED Predominaat Surrounding Landuse Local Watershed
FEATURES 3 Forest 3 Commercial O No evidence O Some potential sources
O Field/Pasture A-ndustrial O Obvious sources
0O Agriculturat 3 Other
O Residential Loeal Watershed Erosion
O None O Moderate  B-Heavy
RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION O Trees 3 Shaubs O Grasses 3 Herbaceous
(18 mefer buffer) . .
dominant species present
INSTREAM Estimated Reach Length m Canopy Cover
FEATURES O Patly open O3 Paitly shaded O Shaded
Estimated Stream Width m
High Water Mark m
Sampling Reachk Area o’
. Proportion of Reach Represented by Stream
Area in km® (m*x1000) km® Morphology Types
3 Riffle % 3 Run %
Estimated Stream Depth m 3 Pool Y%
Surface Veloeity m/see Channelized O Yes O No
(at thalweg)
Dam Present {1 Yes £3 No
LARGE WOODY LwWD m’ '
DEBRES Density of LWD wmkm® (LWD/reach area)
AQUATIC Indicate the dominant type and record the dominant species present
VEGETATION 3 Rooted emergent O Reoted subimergent O Rooted Floating 3 Free floating
0 Floating Algae O Agtached Algae
dominant specics present
Portion of the reach with aquatic vegetalion Yo
WATER QUALITY § Temperature ‘C Water Odors
: {3 Normal/None O Sewage
Specific Conductance O Petroleum 3 Chernical
O Fishy O Other
Dissolved Oxygen
Water Surface Oils
pH O Slick O Sieen O Globs O Flecks
@ None O Other
Turbidity
Turbidity (if not measured)
WQ Instrument Used 0O Clear O Slightly turbid O Turbid
(3 Opague O Stained {3 Other
SEDIMENT/ Odors Deposits
SUBSTRATE O Normal O Scwage 3 Petrolewn O Sludge O Sawdust O Paper fiber O Sand
7 Chemical O Anacrobic 3 None 3 Relict shells O Other
0 Other
Looking at stones which are not deeply
Oils embedded, are the undersides black in color?
03 Absent O Slight 0 Moderate O Profuse £ Yes  No
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up te 106%) (does not necessarily add up to 100%)
Substrate . % Composition in Substrate C % Composition in
Type Dimmeter Sampling Reach Type Characteristic Sampling Area
Bedrock Detri Sticks, wood, coarse plant
ctritus .
Boulder =256 mm {10™) materials (CPOM)
Cobbl 64-256 mun (2.3” - 107 ack. very [i i
obble min { ) Muck-Mud | Black, very fine organic
Gravel 2.64 mm (0.17 - 2.5™) (FPOM)
Sasud 0.06 — 2Zmm (grilty) Grey, shell [ragments
Silt 0.004-0.06 mun Marl
Clay <0.004 mm (slick)
A-6 Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets — Form |




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

{(FRONT)
STREAM NAME Dapgmad Trth o Broslyy | LOCATION
STATION # Q i~ ‘RlVERMIL,E ¢ STREAM CLASS
LAT LONG RIVER BASIN

STORET # AGENCY

INVESTIGATORS 51, b * BTG e

FORM COMPLETED BY ' DATE_ 724 (1 % REASON FOR SURVEY

SLW)  BIE ™eE__[300 _ am D)
WEATHER o e
CONDITIONS Now Past ?,4 Has there begn a heavy rain in the last 7 days?
Hours 3 Yes No - )
’ a storm (heavy rain) m] v 0 £
(] rain (steady rain) a © Air Temperature 7 7 r };‘:
a showers (intermittent) a
% 03 %cloud cover m) Y% Other

ho ) clear/sunny o 4

SITE LOCATION/MAP

Lo\

[21;\/& ’Z—

Draw a map of the site and indicate the areas sampled (or attach a photograph)

\3.55 & Sal

L"BQ’ Sec

STREAM
CHARACTERIZATION

stagam Subsystem
rennial ﬁ'

ntermittent O Tidat

Stream Type
O Coldwater

\J:}Warmwatcr

Stream Ovrigin

Catehment Airea

J Giacial

3 Swamp and bog

3 Non-glacial montane

O Spring-fed,
Mixture of origing

2 Other av% 'af/ *F}-Dm f['uar."y
1 1

lan®

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic

Macroinvertebrates, and Fish, Second Edition — Form |




' 3 PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

= (BACK)
WATERSHED Predominant Surrounding Landuse Local Waturshc%ﬁ
FEATURES 3 Forcst 2 Commercial O Ne evidence B Some potential sources
A Field/Pasure ¥ industrial O Obvious sources
O Agricultuzal 3 Other
3 Residential Local Watprshed Erosion
O Noae Maoderate 0O Heavy
RIPARIAN {ndicate the dominant type and record the deminaat species present
VEGETATION 1 Trees 3 Shrubs Crasses O Herbaceous
(18 meter buffer) . .
dominant species present
INSTREAM Estimated Reach Length f 5 m\ﬁ' @ Canopy Cover
FEATURES O Partly open O Partly shaded O Shaded
Estimated Stream Width QS m
High Water Mark m NA
Sampling Reach Area i n*
Proportion of Reach Represented by Stream
Area in km® (m’x1000) km* ¥orphology Types L
Y L O Riffie,___% ORun [QC %
Estimated Stream Depth .0 o2 '}*‘f 3 Pool Y%
Surface Velocity m/sec Channelized O Yes \\@{ No
(at thalweg)
Dam Present 1 Yes E‘No
LARGE WOODY LWD w’ /U 14
DEBRIS Density of LWD m*/km® {LWD/reach area) !
AQUATIC Indicate the dominant type and record the dominant specics present
VEGETATION Rooted emergent 8 Rooted submergent 0 Roated Floating 3 Free floating
& Floating Algae & Altached Algae S
dominant species present
Portion of the reach with aguatic vegetation (5 %
WATER QUALITY | Temperature °C ,}?\b- {q Water Odors
- i B Normal/None 0 Sewage
Specific Conductance é’){'io ,4!,_,)/(,11/\ O Petroleutm 3 Chemical
- O Fishy O Other
Dissolved Oxygen 37 |
({ 2 Water Surface Oils
pH_ Y 7 OSlick ISheen O Globs O Flecks
JNone O Other
Turbidity
A o ¢ N g Turbidity (if not mensured)
4 . . .
WO Instrument Used /'3/3 2 L/(‘\ Q‘h ‘—# :y W.Clear (3 Slightly turbid O Turhid
] (0 Opaque O Stained 3 Other
SEDIMENT/ Odors Deposits
SUBSTRATE I Normal (3 Sewage 3 Petroleum O Sludge 3 Sawdust O Paper fiber O Sand
O Chemical 3 Anaerobic O None O Relict shells 3 Other
O Other
Looking at stones which are not deeply
Qils embedded, are the undersides black in color?
S Absent I Slight O Moderatle (3 Profuse Bves  XINo
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
{should add up to 100%) (dees not necessarily add up to 100%)
Substrate . % Composifion in Substrate ! -~ % Compaosition in
Type Diameter Sampling Reach Type Characteristic Sampling Area
Bedrock . Sticks, wood, coarse plant
Detritus N
Boulder > 256 mn (10™) materiais (CPOM)
Cobble 64-256 mm (2.57 ~ 107) : Black, very fine organic
EVs Muck-Mugl I, = o X
Gravel 2-64 mm {0.1" - 2.5") =g {FPOM) 3]
Sand 0.06 - 2 (griity) 5 Grey, shell fragments
il 0.004-0.06 mm L2 Mart
Clay <0.004 mm (slck)
A-6 Appendix A-1.: Habitai Assessment and Physicochemical Characterization Field Data Sheets — Form [




HABITAT ASSESSMENT FIELD DATA SHEET-—HIGH GRADIENT STREAMS (FRONT)

STREAMNAME Uagaed, 4o 4 Broshy | Location

STATION # (4T ) RIVERMILE " | sTREAM cLASS

LAT LONG RIVER BASIN

STORET # AGENCY

INVESTIGATORS 1 { 1) 5 R{(~ ‘

FORM COMPLETEDBY, ‘ DATE Hlj{‘j o | REASONTOR SURVEY
NEANERECRNE L Al

Habitat
Parameter

Condition Category

Optimal

Suboptimal

Marginal

Poor

1. Epifaunal
Substrate/
Available Cover

2, Embeddedness

3. Velocity/Depth
Regime

SCORL

Parameters to be evaluated in sampling reach

4, Sediment
Deposition

SCORE

5. Channel Flow
Status

SCORE

SCORE

Greater than 70% of
stbstrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to allow fult colonization
potential (i.e., logs/snags
that arc not new fall and

40-70% mix of stabie
lhabitat; well-suited for
full colonization potential;
adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfall, but not
vet prepared for
colonization (may rate at

20-40% mix of stable
habitat; habitat
availability fess than
desirable; substrate
frequently disturbed or
reinoved.

Less than 20% stable
habitat; lack of habitat is
obvious; substrate
unstable or lacking,

Gravel, cobble, and

not transient).
:_:2_(} '

boulder paricles are 0-
25% susrounded by fine
sediment, Layering of
cobble provides diversity
of niche space.

9718517016

high end of scale).

boulder particles are 25-
50% surrounded by fine
sediment.

Gravel, cobble, and . .

beulder particles are 50-
75% surrounded by fine
sediment,

Gravel, cobble, an

Gravel, cobble, and
beulder particics are more
than 75% surrounded by
fine sediment,

2019

8 7
All four velocity/depth
regimes present {slow-
deep, stow-shallow, fagt-
deep, fast-shallow).

(Slow is < 0.3 m/s, deep is
>0,5m.) )

a6 |

Only 3 of the 4 regimes

A5 14,013 712

present {if fast-shallow is
missing, score lower than
if missing other regimes).

T

QOuly 2 of the 4 habitas

regimes present {if fast-
shallow or slow-shaliow
are missing, score low).

Dominated by 1 velocity/
depth regime (usually
slow-deep).

.'20 BT ] gilyg

Little or no enlargement
of islands or point bars
and less than 5% of the
boitom affected by
sediment deposition.

163505 014401 3

2
Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 5-30% ol the
bottom affected; slight
depesition in pools,

Moderate deposition of

new gravel, sand or fing
sediment on ofd and new
bars; 30-50% ol the
Lottom affected; sediment
deposits at obstructions,
constrictions, and bends;
moderate deposition of’
pools prevalent.

Heavy deposits of fine
material, increased bar
development; mere than
50% ol the bottoin
changing [tequently;
pools almost absent due to
substantial sediment
deposition.

20

o
Water reaches base of
both lower banks, and
minimal amount of

1%

J4130 2

Water fills >73% of the

available channet; or
<23% of channel

il

available channel, and/or

riffle substrates arc mostly

channel substrate is substrate is exposed. exposed,
exposed. :

R I 0 e L

Water fills 25-75% ol the

Very little water in
channel and mostly
preseit as standing pools,

20

19 18 17

16

13 12 11

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2



HABITAT ASSESSMENT FIELD DATA SHEET-—HIGH GRADIENT STREAMS (BACK)

Condition Category

Habitat

Parameter Optimal Suboptimal Marginal Poor

Some channelization
present, usually in areas
of bridge abutments;
evidence of past
channclization, i.c.,
dredging, (greater thay

Banks shored with gabion
or cement; over 80% of
the stream reach
channelized and
disrupted, Instream
habitat greatly altered or

Channelization may be
gxiensive; embankments
or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and

Channelization or
dredging absent or
minimal; stream with
normal pattem.

6, Clhanuel
Alteration

past 20 yr) may be disrupted. removed enlirely.

present, but recent

channelization is ot

present.

13714 1250001710, 79 (AT BRI A I W

2007197187717, 16) 113"

| SCORE

Qccurrence of riffles
infrequent; distance
between nifles divided by
the width of the stream is
between 7 fo 15,

Occurrence of riffles
relatively frequent; ratio
of distance between riffles
divided by width of the
stream <7:1 (generally 5
to 7); varicty of habitat is
key. Tr streams where
riffles are continuous,
placement of boulders or
other large, natural
obstruction is important.

2059 IR T 16 S B, 12 S 0 e e e

Generally all flat water or
shatlow riffles; poor
habitat; distance between
riffles divided by the
width of the stream is a
ratio of >25,

Qccasional riffle or bend;
bottoin contours provide
some habitat; distance
between riffles divided by
the width of the streatn is
between 15 o 25.

7. Frequency of
Riffles (or beds)

SCORE

i N

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;

Banks stable; evidence of
erosion or bank fajlure
absent or minimal; listle
potential for future

Moderately stable;
infrequent, smal} areas of
crosion mostly healed
over, 5-30% of bank in

Moderatefy unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during

8. Bank Stability
{score each bank)

Note: determine feft | problems. <5% ofbank  { reach has arcas of erosion. | floods. obvious bank sloughing;
or right side by alfected. 60-100% of bank has
facing downstreain, erosional scars.
SCORE __(RB) | RightBank 10777 EEETE T e

More than 90% of the 70-90% of the 50-70% of the Less than 50% of the

streambank surfaces
covered by vegetation;
disription of streambank

streambank surfaces
covered by vegetation;
disruption obvious;

streainbank surfaces
covered by native
vegetation, but one class

streambank surfaces and
immediate riparian zone
covered by native

9. Vepgetative
Protection (score
cach bank}

Parameters to be evaluated broader than sampling reach

SCORE

SCORE

SCORE

Total Score

SCORE_

LB
s

10. Riparian
Vepetative Zone
Width (score sach
bank riparian zong)

_(LB)
G

vegelation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minimal or not evident; -
almost ali plants allowed
to grow naturally,

of plants is not well-
represented; disnuption
cvident but not affecting
full plant growth potentiat
to any great extent; more
than one-half of the
potential plant stublle
height remaining,

patches of bare soil or
closely cropped vegetation
cotnmon; less than one-
half of the potential plant
stubble hieight remaining,

vegetation is very high;
vegetation has been
removed to

5 centimeters or less in
average stubble height.

Left Bank ~ 11077709, 1.

6. "

Right Bank (10 9 | §

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zong.

()
(T

Width of riparian zone
12-18 meters; human
activitics have impacted
rone only minimally.

Width of riparian zone 6-

12 meters; human
aclivities have impacted
zone a great deal,

Width of riparian zone <6
neters: little orno
riparian vegetation due to
huinan activities.

Left Bank 10 9

Ri In Bank 10

A-8
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PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME  S-tenine (v ae K LOCATION
STATION # S [ ( 2 RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS Jiiv BTG ,
FORM COMPLETED BY ‘ DATE_7{RY REASON FOR SURVEY
Sty BT TIME {698 am PM
WEATHER N ,
CONDITIONS Now Past 24 Has there léecn a heavy raint in the fast 7 days?
Hours 3 Yes o
’ [ storm (hcavy raiw) [} .
O rain (steady rain) g Air Temperature 7 °C
a showers {intermittent) c
% 0 %%eloud cover a % Other_ -/
pr-ig clear/sumy -
SITE LOCATION/MA®? Draw a map of'the site and indicate the areas sampled (or attach a photograph) .
U,ﬂr‘ln?n‘ncr‘f T;-_,b g\.\/\lgg 7{)
o
WA &2 9 7
. /-"'"-"‘“’
-
—— <
s -
Stennit
STREAM Stream Subsystem Stream Type
CHARACTERIZATION \ﬂll(’cremliai 3 ternittent 0 Tidal 3 Coldwater EWarmwatcr
Stream Origin Catchment Arep ki
3 Glacial O Spring-fed
1 Non-glaciai montane O Mixture of origins
) Swaimp and bog i other

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinveriebrates, and Fish, Second Edition — Form [



PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)

WATERSHED Predominant Surrounding Landuse Local Watershed
FEATURES O Forest O Commercial 0 No evidence O Some potential sources

BIField/Pasture 3 Inclustrial 0] Obvious sources

0 Agricultural 3 Cther

O Residential Local Watershed Erosion

{J Noue Modemte ("} Heavy

RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION £ Trees 3 Shrubs |}2{Gmsscs O Herbaccous

(18 meter buffesr)

dominant species present

_m Wfﬁ@ /0{5

INSTREAM Estimated Reach Length Canopy Cover
FEATURES . 3 Partly open \E:[:P‘uﬂy shaded O Shaded
Estimated Streanr Width m Q@@” (Gt °
High Water Mark o1l {:c'i"{"
Sampling Reach Area —n*
Proportion of Reach Represented by Stream
Area in km? (m*x1000) kim? Morphology Types 60
O Riffig %i 0 O Run &2 V%
Estimated Stream Depth m OPool____ % 20 %
Surface Velocity nYseo Channelized 3 Yes ,E"No
(at thalweg)
Dam Present 3 Yes ﬂ No
LARGE WOODY LWD o R Flesen T
DEBRIS Density of LWD m¥km? {LWD/reach area)
AQUATIC {ndicate the dominant type and record the dominant species present
VEGETATION  Rooted emergent O Reoted submergent O Rooted Floating 0 Free floating
O Floating Algae 3 Attached Algae
doninant species prescnt
Portion of the reach with aguatic vegetation %
WATER QUALITY | Temperature “C ;)l i L_)i! e Water Qdors
. o i ) Normal/None O Sewage
Specific Conductance 2 % AAS /C“EN‘ 3 Petroleum O Chemical
) é '@ 3 Fishy O Other
Dissolved Oxygen
7 2 2 Water Surface Oils
pH J - Ostick O Sheen O3 Globs O Flecks
},Lg M Nonc O Olher
Turbidity ___'¥™ VT

WQ Instrument Used

i )

Turbidity (if not measured)
O Clear ' Slightly urbid
3 Opaque O Stained

0 Turbid
3 Other

SEDIMENT/
SUBSTRATE

Odors
0 Normai
O Chemica

BT Other
Oils

Ef}\bseni

0 Petroleum
O None

O Scwage
01 Anaerobic
letlieng

7 Slight 3 Moderate O Profuse

Deposits
3 Sluwdge O Sawdust
3 Relict shells

O Paper fiber O Sand

O Other

Looking at stones which arc ot deeply
embedded, are the undersides biack in cotor?
O Yes No

INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(should add up to 100%) (does not necessarily add up o 100%)

bu'bstratc Diameter Yo Com-posmon in Substrate Characteristic Yo Com;_msxtmn in

Cype Sampling Reach Type Sampling Area
Bedrock Detritus Sticks, wood, coarse plant 2
Boulder | >256 mn{10™ materials (CPOM) £t

4-256 2,57 - 10" ine organi -

Cobble 64-256 mim ( 10™) Muck-Mud B}ack, very line organic 76
Gravel 2-64 mm (.17 - 2.57) (FPOM)
Sand 0.06 — Ziow (grilty) Grey, sheil fragments
Silt 0.004-0.06 nun foc¢ Mart
Clay <0004 mn (slick)

A-6 Appendix A-1: Habitat Assessment and Physicochemical Characterization Field Data Sheets — Form |




HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

STREAMNAME  tennsd (7fek LOCATION
STATION# 5~ { _ RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS 1) BT 6
FORM COMPLETED BY DATE ‘§/29 .| REASON FOR SURVEY
7 TIME [ TOUF\ S & )
dLbk)  BAG
Habitat Condition Category
Parameter Optimal Suboptinial Marainal Poor

1. Epifaunal
Substrate/
Available Cover

2. Embeddedness

SCORE

3. Velocity/Depth
Regime

SCORE

Parameters to be evaluated in sampling reach

4, Sediment
Deposition

5. Chanael Flow
Status

SCORE

Gravel, cobble, and

Greater than 70% of
substrate favorable for
epifaunai colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobbie or other
stable habitat and at stage
te allow full colonization
potential (i.e, logs/snags
that are not new fall and

40-70% mix of stable
habitat; well-suited for
[ull colonization potential;
adequate habitat for
maintenance of
pepulations; presence off
additional substrate in the
lonin of newlall, bug ot
yet prepared for
colonization {may rate at

i

20-40% mix of stable
habitat; habitat
availability less than
desirable; substrate
[requently disturbed or
removed.

Less than 20% stable
habitat; Jack of habitat is
obvious; substrate
unstable or lacking.

| gt fransient).
20549 R

bouider particles are 0-
25% surrounded by fine
sediment. Layering of
cobble provides diversity
of niche space.

5T

Gravel, cobble, and

lrigh end of scale).
VT

12 {17

boulder particles are 23-
50% surrounded by fine
sediment.

0g g

Gravet, cobble, and

boulder particles are 50-
75% surrounded by fine
sediment.

h

S T
Gravel, cobble, and
boulder particles are more

than 75% surrcunded by
fine sediment.

All four velocity/depth

200197187017

regimes present {(slow-
deen, slow-shaliow, fast-
deep, fast-shallow),

(Slow is < 0.3 ms, deep is
>0.5m.)

16

1504003 1200

Only 3 of the 4 regiines
present (if fast-shatlow is
missing, scoze lower than
if missing other regimes),

Only 2 ol the 4 habitat

regimes present (if fast-
shallow or slow-shallow
are missing, score low).

Dorninated by 1 velocity/
depth regime (usuaily
slow-deep).

Little or no enlargement

20 19: i

of islands or point bars
and less than 5% of the
bottom affected by
sediment deposition.

15

41332 T
Soime new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 5-30% of the
bottoin affected; siight
deposition in pools,

1 R

Modcrate deposition of
new gravel, sand or fine
sediment on old and new
bars; 30-50% of the
bottomn affected; sediment
deposits at obstructions,
eonsirictions, and bends;

Heavy deposils of fine
material, inereased bar
developinent; ore than
50% of the Lottom
changing requently;
pools alinost absent due to
substantial sediment

SCORE

Water reaches base of
both lower banks, and
minimal amount of

Water fills >75% of the

available channel; or
<25% of channel

moderate deposition of deposition.
. pools prevatent.
20 o a8 ) 15143 20 R e s 3 2

available channel, and/or

riffle substrates are mostly

Water fills 25-75% of the

0
Very littie water in

channel and mostly
present as standing pools.

20

19

channel substrate is substrate is exposed, exposed.
exposed. .
s @1z onfaetle

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Parameters to be evaiuated broader than sampling reach

Habitat
Parameter

Condition Category

Optimal

Suboptimal

Mareinal

Poor

6. Channel
Alteration

SCORE

7. Frequency of
Riffles (or bends)

8. Bank Stability
(score each bank)

Note: detennine left
or right side by
facing downsireaim.

SCORE __ (LB)
SCORE __(RB)

9. Vegetative
Protection (score
cach bank)

SCORE (LB}
SCORE

10, Riparian
Vegetative Zone
Widih (score each
bank riparian zone}

SCORE __ (LB)

SCORE

Total Score

Channelization or
dredging absent or
minimal; stream with
normal pastern.

Some channelization
present, usually in areas
of bridge abutments;
evidence of past
channelization, i.e.,
dredging, (greater than
past 20 vr) may be
present, but recent
channelization is not
present,

Channglization may be
extensive; embankments
or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupted.

Banks shored with gabion
or cement; over 80% of
the stream reach
channetized and
disrupted. Instream
habitat greatly altered or
removed entirely.

201918 w6

Oceurrence of riffles
relatively frequent; ratio
of distance between riffles
divided by width of the
streamn <7:1 (generally 5
to 7); variety of habitat is
key. Instreamns where
riffles are continuous,
placement of bouliders or
other large, natural

5

Occurrence of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7 to 15,

D453 2L

Occeasional riflle or bend,
bottom contours provide
some habitag; distance
between riffles divided by
the width of the stream is
between 15 to 25,

543 5.1 0

Generally all Rat water or
shallow riffles; poor
habitat, distance between
riffles divided by the
width of the stream is a
ratio of >25,

obstriiction is important,

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for Buture
problems, <5% of bank
allected,

70165 s

14013

Moderately stable;
infrequent, small arcas of
erosion mostly healed
over. 5-30% of bank in
reach has areas of erosion.

Haarihe s

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
crosion potential during
floods.

grosional scars,

Unstable; many eroded
areas; "yaw" arcas
frequent along straight
sections and bends;
abvious bank sloughing;
60-100% of bank has

I:eft Bank%O ::_._9. T 5 (Kn’}ﬁ .:”.::: _.5:.__ o o
RightBapk 1050 ngn | lagii gt g s i o
More than 90% of the 70-90% of the 50-70% of the Less than 50% of {lie
stremnbank surfaces and | streambank surfaces streambank surfaces streambank surfaces

immediate riparian zone
covered by native
vegetation, including
trees, understory shrubs,
or nonweody
macrophytes; vegetative
disyuption through
grazing or mowing
minimal er not evident;
almost ail plants allowed
1o grow naturally.

covered by native
vegetation, but one class
of plants is not weil-
represented; dismuption
cvident but not affecting
full plant growth potentiai
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

covered by vegetation;
disruption cbvious;
patches of bare soil or
closely cropped vegetation
comimor; Tess M one-
half of the potential plant
stubble height remaining.

covered by vegetation,
disruption of streambank
vegetation is very high;
vegetation has been
removed to

5 centimeters or less in
average stubble height.

Left Bank oAC w9

__rB)

Right Bank 10 0

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not
impacted zone.

Width of riparian zone

12-18 meters; human
activities have impacted
zone only minimally,

Width of riparian zone 6-

12 meters; human
activities have impacted
zone a great deal,

Width of riparian zone <6

meters: little or no
riparian vegetation due to
human activities,

LéftBank 10 g

FESSErE

-

Right Bank 10 9 | ¢

,ig"w m
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II.

(zeneral

Date/Time
Observer
Project No.

FTN Associates, LTD.
Physical Characterization - Worksheet

r

ol T4

In-Situ Data

< D NPT
Stream o7 0 4 J

[$121)

L

Transect No.

Picture No.

111

Physical Characterization

Dissoived Oxygen, mg/L Q@ﬁﬁ CL;{ Stream Width, ft
Temperatute, C° | 07 Channel Width, ft
Conductivity, uhmos 43 a3 f e Pool Length, ft
pH, su 7Y Riffle/Run Length, ft
ORP, mv - Tape Down (ft)
GPS
Tape
Reading Section Area
Transect| from Depth | Length | Area Velocity| Flow
Reading | LB/RB (ft) (ft) (ft2) (fs) (cfs) Comments
|
2
3
4
5
6
7
8
9
i0
il
12
{3
14
15
16
7
18
19
20
21
22
23
24
25
26
27
Totals 0 1] 0.000 |efs
0  Jegpm




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME By shy Cveex? LOCATION
STATION#_BL2 T RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS  Y1.{J) RBIE ‘
FORM COMPLETED BY D/\TE/ﬂz‘fﬂUz (o REASON FOR SURVEY
TIME__“f.oC AW P

WEATHER )
CONDITIONS Now Past 24
Hours
‘ 0 storm (heavy rain) ]
a rain (steady rain) 0
s showers (intermitient} o]
% O Y%clowd cover a %
B cleasunny E

Has thete been a heavy rain in the last 7 days?
D Yes HNo

i SCUF
Adr Temperature __________gffi

Other

SITE LOCATION/MAP

7E
E'Q WA \ 7

K & I5<

Draw a map of the site and indicate the arcas sampied (or attach a photograph) .

STREAM
CHARACTERIZATION

Stream Subsystem
ﬂ Perennial

Stream Ovrigin
O Glacial
0 Non-glacial montane
O Swamp and bog

3 Intermittent [T Tidai

O Spring-fed

3 Mixture of origins
\@thcr

Stream Type
2 Coldwater

;g Warmwater

Catchment Arca km*

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic

Muacroinvertebrates, and Fish, Second Edition — Form |

e



PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)

WATERSHED Predominant Surrounding Landuse Local Watershed
FEATURES ] Forest O Commercial O No evidence 1& Some potential sources

A Field/Pasture O Industrial O Obvious sources

7 Agricuttural 3 Other

O Residential Lacal Watershed Erosion

3 dNone oderate 3 Heavy

RIPARIAN Indicate the dominant type and record the dominant species present
VEGETATION E‘a/'lu,cs 01 Slurubs Lff 0 Herbaceous

(18 meter buffer)

dominant species present

CGirasses

/ppe

INSTREAM Estimated Reach Length m Canopy Cover
FEATURES O Partly open O Partly shaded 3 Shaded
fistimated Stream Width m
High Water Marlk m
Sampling Reach Area i’
R Proportion of Reach Represented by Streﬂm
Area in k' (m*x1000) km?® Morphology Types
O RiffleRe> %0 O Run {EY % 2
Estimated Stream Depth mn ] Pool»-i-t/ % 4
Surface Velocity m/see Channelized O Yes 3 No
(at thalweg) . \‘5 s oA §
Dam Present :}Q’ch anNe P ({I‘F (x4
LARGE WQODY LWD m? S
DEBRIS Density of LWD m*/km® {LWD/reach aren}
AQUATIC [ndicate the deminant éype and record the dominant species present
VEGETATION Rooted emergent 3 Reoted submergent O Rooted Floating 3 Free Moating

O Fioating Algae

dominant species prosent

O Attached Algac

%

WATER QUALITY

Portion of the reach with aquatic vegelation

Temperature

—
Specific Conductance_“3(<7 A S ferd

g,
Dissolved Oxygen _ -2 i‘*’

Water Odors

Norvmal/None 0 Sewage
3 Petrolerm 3 Chemical
O Fishy O Other

“ e Water Surface Oils
pH }‘ N O Slick O Sheen O Globs O Flecks
one  (J Other
Turbidity _______#¥7v /L’(f‘\
# Turbidity,(if pot measurced)
WQ Instrument Used E ; 4 \({‘} g "” O Clear £3.Slightly turbid O Turbid
3 Opaque O Stained 3 Cther
SEDIMENT/ Odors Deposits
SUBSTRATE Normal O Sewage 3 Pewoleum O Sludge O Sawdust O Paper fiber O Sand
I Chemicat 3 Anaercbic O Nene O Relict shells O Other
3 Other
Looking at stones which arc not deepiy
Qils embedded, are the undersides black in color?

\ﬁ\Abscm {7 Slight 3 Moderate ¥ Profuse 3 Yes No
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE CONMPONENTS
(shoukd add up to 100%) (does not necossarily add up to 100%)
Substrate . % Compesition in Substrate - % Composition in
Type Diaincter Sampiing Reach Type Characteristic Sampling Area
Bedrock . Sticks, wood, coarse plant i
Detritus N ' T
Boulder > 256 mm (10™) materials (CPOM}
Cobble 64-256 mm (2.37 - 10™) WA Black, very fine organic Soand
T = . Muck-Mud POM
Gravel 2-64 mm (0.1" = 2.5") P (FPOM)
Sand 0.06 — 2mm (grilty) 25 ~ Grey, shell fragments
silt 0.004-0.06 mm LYy Mar]
Clay <0.004 mm (slick}

,;’F Apite
T@y ﬁ’?’*'

b <

'"\"‘b’w*d
| / Pt o Lo og}x we s & as
!

s v b

wn  Ning S

Cimaap= L Co

‘) N
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HABITAT ASSESSMENT FIELD DATA SHEET-—HIGH GRADIENT STREAMS (FRONT)

Available Cover

2. Embeddedness

3. Veloeity/Depth
Regime

SCORE

Parameters to be evaluated in sampling reach

4, Sediment
Deposition

5. Chanuel Flow
Status

fish cover; mix of snags,
submerped logs, undercut
banks, cobble or other
stable habitat and at stage
to allow full colonization
potentiai {i.c., logs/snags
that are not new fall and

adequate habitat for
maintenance of
populations; presence of
additional substrate in the
form of newfail, but not
yet prepared for
colonization (mmay rate at
high end of scale).

STREAMNAME Brystay (reelC LOCATION
STATION #_BC~2  RIVERMILE | sTREAM CLASS
TAT 40, 05420 Long—Ff 4524 | ravER BASIN
STORET # AGENCY
INVESTIGATORS St DI 6
FORM COMPLETED BY DATE “1f 3&1io s REASON FOR SURVEY
TIME _‘finc @-" PM
Habitat Condition Category
Parameter Optimal Suboptimal Marginal Poor
Greater than 70% of 40-70% inix of stable 20-40% mix of stable Less than 20% stable
1. Epifaunat substrate [avorable for habitat; well-suited for habitat; habitat habitat; lack of habitat is
Substrate/ gpifaunal colonization and | full colonization potential; | availability less than obvious; substrate

desirable; substrate
frequently distusbed or
removed.

unstable or lacking,

not transient).

Gravel, cobble, and
boutider particles are -
25% surrounded by fine
sediment, Layering of
cobble provides diversity
of niche space.

1asas

e
Gravel, cobble, and
bouider particles are 25-

50% surrounded by fine
sediment,

1291 |1

boulder particles aye 50-
75% surrounded by [ine
seditnent,

Gravel, cobble, and Gravel

, cobble, and
boulder particles are tnore
than 75% surrounded by
fine sediment,

SCORE

All four velocity/depth

20019018

regimes present (slow-

16, |;

15 1413
Only 3 of the 4 regiines
present (if fast-shaliow is

SRR

regimes present (if fast-

Only 2 of the 4 habitat

Dominated by | velocity/
depth regime (usually

Little or no enfargement
of islands or point bars
and less than 5% of the
bottoin affected by
sediment deposition.

1554

Some new increase in bar

lormation, mostly from
gravel, sand or fine
sediment; 5-30% of the
bottom affected; slight
deposition in pools.

C13 Az

deep, slow-shallow, fast- | missing, score lower than | shallow or slow-shallow | stow-deep).
deep, [ast-shallow). if missing other regimes). ] are missing, score low).

{Slow is <0.3 m/fs, deep is

> 3.5 m.)

20197817 109 (@ 65 4

Moderate deposition ol
new gravel, sand or fine
sediment on old and new
bars; 30-50% of the
bottom affected; sediment
deposits at obstructions,
constrictions, and bends;
moderate deposition of
pools prevalent,

Heavy deposits of fine

3052000

inaterial, increased bar
development; more than
50% of the boltom
changing frequently;
poels almost absent due to
substantial sediment
deposition.

20"

o g 17
Water reaches base of
both lower banks, and
minimal amount of
channel substrate is

exposed.

4715 14

Watcr [ills >75% cof the

available chanoel, or
<25% of channel
substrate is gxposed.

RERRER U &

available channel, and/or
riffle subsirates are mostly
exposed.

6 s 43 2

Water fills 25-75% of the

0
Very little water in
channel and mostly
preseit as standing pools.

SCORE

20 19 18 17

16

15 14 13 12

Rapid Bioassessment Protocols For Use in Streams and Wadeable Rivers: Periphyton, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2



HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Condition Category

Parameters to be evaluated broader than sampling reach

7. Frequency of
Riffles {or bends)

8. Bank Stability
(score each bank)

Note: determing felt
or right side by
facing downstream.

SCORE ___(LB)
SCORE __(RB)

9. Vegetative
Protection (score
cach bank)

SCORE __ (L)
SCORE _

10. Riparian
Vegetative Zone
Width {scors each
bank riparian zone}

SCORE ___(LB)

Total Score

minimal; stream with
normal pattern.

of bridge abutments;
cvidence of past
channelization, ie,
dredging, (preater than
past 20 yr) may be
present, but recent
channelization is not
prasent.

Habitat
Parameter Optinal Suboptimat Marginai Poor
6. Channel Channelization or Some channelization Chanaelization may be Banks shored with gabion
Alteration dredging absent or present, usually in areas extensive; embankments  { or cement; over 80% of

or shoring structures
present on both banks;
and 40 to 80% of stream
reach channelized and
disrupted.

the stream reach
channelized and
disrupted, Instream
habitat greatly altered or
removed entirely.

Occurrence of riffles

refatively frequent; ratio
of distance between riffles

divided Ly width of the
stream <7:1 {generaily 5

to 7); variety of habitat is

key. Instreams where
riffles are continuous,
placement of boulders or
other large, natural

s

Occurrence of riffles
infrequent; distance
between riffles divided by
the width of the stream is
between 7 to 15,

SRR B PR R I

Occasional riffle or bend;

bottom cortours provide
soine habitat; distance
between riffles divided by
the width of the strean is
between 151025,

Generally all flat water or

shallow riftles; poor
habitat; distance between
riffles divided by the
width of the stream is a
ratio of >25.

220

obstruction is imporiant.
19 EY

Banks stable; evidence of

erosion or bank failure
absent or minimal; little
potential for future
prollems. <5% of bank
affected.

175164

3814 LS 2
Moderately stabic; )
infrequent, small areas of
crosion mostly healed

over. 5-30% of bank in

l] ::

reach has areas of erosion,

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
crosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
sections and bends;
obvious bank sloughing;
60-100% of bank has
erosional scars.

Lelt Bank 10009

More than 90% of the

streaimbank surfaces and
immcediate riparian zone
covered by native
vegetation, including
trees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minimai or not evident;
alenost ali piants allowed
to grow naturally.

70-90% of the
streambank surfaces
covered by native
vegetation, but one class
of plants is not well-
represented; disraption
cvident but hot affecting
full plant growth potential
to any great extent; more
than one-half of the
potential plant stubble
height remaining.

50-70% of the

TigmBank 10 ® |8 (7). 6]

streambank surfaces
covered by vegetation;
disruption obvious;
patches of bare soi} or
closely eropped vegetlation
comnon; less than one-
half of the potential plant
stibble height remaining.

Less than 50% of the

streambank surfaces
eovered by vegetation,
disruption of streambank
vegetation is very higly
vepetation bas been
removed 1o

3 centitneters or less in
average stubble height.

(3]
)
[=]

s

Left Bank 10 = 9 i 8 {20 6
Rigm'Bn'k:'.o.?-: e AR

Width of riparian zone
>18 meters; human
activities (i.e., parking
lots, roadbeds, clear-euts,
lawns, or crops) have not
impacted zone.

Width of riparian zone
{2-18 meters; human
activities have impacted
zone only minimally.

Width of riparian zone 6-

12 meters; human
activities have impacted
zone a great deal.

Width of riparian zone <6

dio”

meters: little or no
riparian vegetation due to
human activities.

Lefl Bank

{0 9

(RB) | Right Bank

0

4
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II.

(eneral
Date/Time

4 42

FTN Associates, LTD.
Physical Characterization - Worksheet

20 (T

Observer R%c,. JLLDY

Project No.

In-Situ Data

Dissolved Oxygen, mg/L
Temperature, C
Conductivity, uhmos

pH. su
ORP, mv

6 |

{

VLAY

o

325 psferm
A A

N&,

Stream 5;;) ,I,\AMQL\}U

Transect No. f‘;k -
R

Picture No.

I1I. Physical Characterization

Stream Width, ft

Channel Width, ft

Pool

Riffle/Run

Tape Down (ft)
GPS

Length, ft
Length, ft

Transect
Reading

Tape
Reading
from
LB/RB

Depth
(ft)

Section
Length
(ft)

Area | Velocity
(ft2) (fs)

Area
Flow
(cfs)

Comments

xg\omqmmauwm

b2

[9%)

~

L

<N

-1

(=]

o

[
<

2

[\
[\

nJ
o

™
=

25

26

27

Totals

0

cfs

0.000

gpm




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(FRONT)
STREAM NAME  {ok LOCATION
STATION # [{c;;r' RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS  Fiu) Bl .
FORM COMPLETED BY DATE 2 REASON FOR SURVEY
Jib) B e MOC__ @Dru
WEATHER
CONDITIONS Now Past 24 Has there begn a heavy rain in the last 7 days?
Hours O Yes No
’ 1 starm (heavy rain) (m] ,7 -
(] rain (steady rain) a Air Temperature 2 “C
a showers (intermittent) |
% 3 Y%cioud cover a % Other
;g’ elear/sunny g

SITE LOCCATION/MAP

Pon &0
.KW\, iz “

Draw a map of the site and indicate the arcas sampled (or attach a photograph)

STREAM Stream Subsystem

CHARACTERIZATION E Perennial 3 Intermittent 3 Tidal
Stream Origin
3 Glaciai 3 Spring-fed
(3 Non-glacial montane S Mixture of origing

3 Swamp and bog 1 Other

Stream Type
3 Coldwater

-~
\E,,Warmwatcr

Catchment Areq kim?

Rapid Bioassessment Protocols For Use in Streaims and Wadeable Rivers: Periphyton, Benthic

Muacroinvertebrates, and Fish, Second Edition — Form [




PHYSICAL CHARACTERIZATION/WATER QUALITY FIELD DATA SHEET

(BACK)
WATERSHED Predominant Surrounding Landuse Local Watershed
FEATURES Forest 0O Commerciai O No evidence A& Some potential sources
{3 Field/Pasture O Industrial O Cbvious sources
O Agriculiural O Other
O Residential opal Watershed Erosion
None O Moderate £ Heavy
—t
RIPARIAN Indicate the dominant type and record the deminant species present
VEGETATION Trecs O Shrubs 0O Grasses O Herbacecus
{18 meter buffer) ) i
dominant species present
INSTREAM - | Estimated Reach Length m Canopy Cover
FEATURES O Partly open EPan'ly shaded O Shaded
Estimated Stream Width n
High Water Mark, m
Sampling Reach Area m?
‘ Proportion of Reach Represented by Stream
Area in km® (m*x1000) km® Morphelogy Types
O Riffle % O Run %
Estimated Stream Depth m  Pool %
Surface Volocity im/see Channelized O Yes O No
(at thalweg)
Dam Present 3 Yes {1 No
LARGE WOODY LWD m’
DEBRIS Deusity of LWD n¥/km® (LWD/reach area)
AQUATIC fighicate the dominant type and record the dominant species present
VECGETATION Rooted emergent O Rooted submergent 0O Rooted Floating O Free Moating
3 Floating Algae O Adached Algae
dominaat specics present
Portion of the reach with aquatic vegetalion %
WATER QUALITY | Temperaturc “© éL (15(',;:(’ . Water Odors
. o f Nornal/None 1 Sewage
> g ")
Speeific Conductance Cz I 2§ AL /5 o O Peticloum O Chemical
0O Fishy 3 Other
Dissolved Oxygen __ 2+ 9~ 1 [.3 A4 M /('
o Water Surface Oils
pH__{ - f E O Stick O Sheen O Globs O Flecks
/A ElNone O Other
Turbidicy ___ 2 o A )a: .
~ 5 . g -
. Turbidity (if not measured)
y - TR 3 . . .
WQ Instrument Used P’qi 5 {( G‘j 4] #:xf) Clear O Slightly turbid O Turbid
’ O Opaque O Stained {3 Other
SEDIMENT/ Odors Deposits
SUBSTRATE g, Normal 0 Sewage 0O Petroleun 3 Sludge O Sawdust O Paper fiber  J Sand
& Chemical 0 Anacrobic O None 0 Relict shells O Other
O Other
Looking at stones which are not deeply
Oils embedded, are the undersides biack in color?
)ELAbscnt 0 Slight O Mederate O Profuse 1 Yes A% No
INORGANIC SUBSTRATE COMPONENTS ORGANIC SUBSTRATE COMPONENTS
(shoutd add up to 106%) {does not necessarily add up to 100%)
Substrate . % Composition in Substrate ! . : % Comtpositien in
Type Diameter Sampling Reach Type Characteristie Sampling Area
Bedrock . Sticks, wood, coarse plant
Detritus ..
Boulder > 256 mm (1) materials {CPOM)
Caobble 64-256 mm {2.3" - 10 SO Black, very fine orsanic
" . P Muck-Mud (FPOM
Gravel 2-64 o (0,17 = 2.5™) {5 )
Sand (.06 — 2mm (gritty) < Grey, shell [ragments
Silt (1.004-0.06 mm Marl
Clay <0.004 mm (slick)
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (FRONT)

1. Epifaunal
Substrate/
Available Cover

2, Embeddedness

SCORE

3. Velocity/Depth
Regime

SCORL

Parameters to be evaluated in sampling reach

4, Sediment
Deposition

SCORE

5, Channel Fiow
Status

SCORE

substrate favorable for
epifaunal colonization and
fish cover; mix of snags,
submerged logs, undercut
banks, cobble or other
stable habitat and at stage
to atlow fuli colonization

habitat; well-suited for
fuil colonization potential;
adequate habitat for
maintenance of
populaticns; presence of
additional substrate in the
forin ol newfall, but not

STREAM NAME g,_? LOCATION
STATION # \J-‘-p RIVERMILE STREAM CLASS
LAT LONG RIVER BASIN
STORET # AGENCY
INVESTIGATORS  "T1{) BJ 4
FORM COMPLETED BY | DATE /30 REASON FOR SURVEY
LD TIME Hoo @@ e
Habitat Condition Category
Parameter Optimal Subontimal Marginal LPoor
Greater than 70% of 40-70% mix of stable 20-40% mix of stable Less than 20% stable

habitat; habitat
availability less than
desirabie; substrate
[requently disturbed or
removed.

habitat; lack of habitat is
obvious; substrate
unstable or facking.

SCORE

2058 R 7

Gravel, cobble, and
boulder particles are 0~
25% surcounded by fine
sediment. Layering of
cobble provides diversity
of niche space,

Gravel, cobble, and

potential (i.e., logsfsnags { yet prepaved for
that are not new fall and | colonization (may rate at
not transient). high end of scale).

RES LD ATEEVEO RS REY

boulder particles are 25-
50% surrounded by [ine
sediment.

Gravel, cobble, and
boulder particles are 50-

75% surrounded by [ine
sediment.

Gravel, cobble, and

boulder particles are imors
than 75% surrounded by
fine sediment.

All Four velocity/deptl

regimes present (slow-
deep, slow-shallow, fast-
deep, [ast-shallow).

(Slow is <0.3 m/s, deep is
=>{L.5m,)

15 14
Only 3 of the 4 regimes
present (if fast-shallow is

missing, score lower than
if missing other regimes).

130020000 R0

Oniy 2 ol tlse 4 habitat

regimes present (if [ast-
shallow or slow-ghallow
are missing, score low).

Dominated by | velocity/

depth regime (usually
slow-deep).

Little or no enlargement
ol'islands or point bars
and less than 5% of the
bottom affected by
sediment deposition,

207195718 T 16

Some new increase in bar
formation, mostly from
gravel, sand or fine
sediment; 5-30% ol the
bottom affected; slight
deposition in pools.

SRR IR B e

Moderate deposition of

new gravel, sand or fine

seditment on old and new

bars; 30-50% of the

bottom affected; sediment

deposits at obstructions,

consirictions, and bends;

moderate deposition of

Heavy deposits of [ine

material, inereased baz
development; more than
50% of the bottom
changing frequently;
pools almost absent due to
substantiat sediment
deposition.

both lower banks, and
minimal amount of
channet substrate is
exposed.

19 181718

Water reaches base of

Water fills >75% of the
available channel; or
<25% of channel
substrate is exposed,

Gl 13
Water fills 25-75% of the

available channet, and/or

riffle subsirates are mostly

pools prevalent.

exposed.

Very little water in
channel and mostly
present as standing pools.

20 19 °(f8,

15 14

13 12 1

Rapid Bioassessment Protocols For Use in Sireams and Wadeable Rivers: Periphylon, Benthic
Macroinvertebrates, and Fish, Second Edition - Form 2
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HABITAT ASSESSMENT FIELD DATA SHEET—HIGH GRADIENT STREAMS (BACK)

Condition Category

7. Frequency of
Riflles {or bends)

SCORE

8. Bank Stability
(score eacl bani)

Note; determine left
or right side by
[acing downstreant.

SCORE __ (LB)
SCORE __(RB)

9. Yegetative
Protection (score
cach bank)

Parameters to be evaluated broader than sampling reach

SCORE __(LB)

10. Riparian
Vegetative Zone
Width (score each
bank riparian zone)

SCORE __(LB)

Totai Score

minimal; stream with
normal pattern.

of bridge abutments;
evidence of past
channelization, i.e.,
dredging, {greater than
past 20 vr) may be
present, but recent
channelization is not
present.

Habitat
Parameter Optimal Suboptimal Marginal Poor
6, Channel Channelization or Some channelization Channelization may be Banks shored with gabion
Alteration dredging absent or present, usually in areas extensive; embankiments | or cement; over 80% of

or shoring structures
present on both banks;
and 40 to 80% of streamy
reacly channelized and
disrupted.

the stream reach
channelized and
distupted, Instroam
l:abitat greatly aliered or
removed entirely.

QOceurrence of riflles
relatively frequent; ratio
of distance between riflles
divided by width of the
stream <7:1 {generally 5
to 7); variety of habitat is
key. Instreams where
riffles are continuous,
placement of boulders or
other large, natural

N IR

Qccurrence of tiflles
infrequent; distance

between riffles divided by
the width of the streaim is
between 7 to 15.

A2y

QOccagional riffle or bend;

bottom contours provide
some habitat; distance

between riffles divided by

the width of the stream is
between 15 fo 25,

BELTIORY: i R NN

Generally ali flat water or
shallow riflles; poor
Labitat; distance between
riffles divided by the
width of the stream isa
ratio of 25,

2001971817716

obstruction is important,

Banks stable; evidence of
erosion or bank failure
absent or minimal; little
potential for fiture
problems, <5% of bank
alfected,

Modcrately stable;
infrequent, simall areas of
crosion mostly healed
over. 5-30% of bank in
reach has areas of erosion.

1514§312 “- e

Moderately unstable; 30-
60% of bank in reach has
areas of erosion; high
erosion potential during
floods.

Unstable; many eroded
areas; "raw" areas
frequent along straight
scctions and bends;
obvious bauk sloughing;
60-100% of bank has
erosional scars.

Lok 10

R

Right Bank 10

More than 90% of the
streambank surfaces and
immediate riparian zone
covercd by native
vegetation, including
frees, understory shrubs,
or nonwoody
macrophytes; vegetative
disruption through
grazing or mowing
minitnal or not evident;
almost all plants aliowed
to grow naturally.

70-90% of the
streambank surtaces
covered by native
vegetation, but one class
of planis is not weli-
represented; disruption
evident but not affecting
ful plant growth potential
to any great extgnt; more
than one-half of the
potential plant stubble
height remaining,

50-70% of the

streambank surfaces
covered by vegetation,
disruption obvious;
patches of bare soil or

closely cropped vegetation

common; less than one-
haif of the potential plant
stubble Leight remaining,

Less than 50% of the
streamnbank surfaces
covered by vegetation;
disruption of streambank
vegetation is very high;
vegctation has been
removed to

5 centimeters or less in
average stubble height,

Left Bank - 10:(9) |-

L SCORE __(RB)

Right Bank 107 (50 |

Width of riparian zone
>18 meters; human
activities (i.e,, parking
lots, roadbeds, clear-cuts,
lawns, or crops) have not

Width of riparian zone
12-18 meters; human
activities have impaeted
zone only minimally.

5

Width of riparian zone 6-

12 meters; hunan
activities have impacted
zone a great deal,

Width of riparian zone <6

meters: little or no
riparian vegetation due to
human activities.

Left Bank 10

impacted zone.
&/

T

ML) LT

Ca

<%

P

7 6 _ ]
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APPENDIX F

Benthic Invertibrate Taxa and Counts from Spring and Fall Surveys



Table F.1. Benthic invertebrate taxa counts for the unnamed tributary during the spring survey (June 14, 2010).

Percent Relative
Subclass Order Family Genus Total Organisms | Feeding Group Abundance
Diptera Chironomidae 40 GC 22.99
Decapoda Cambaridae Cambarus 1 GC 0.57
Trichoptera Hydropsychidae Hydropsyche 6 FC 3.45
Trichoptera Hydropsychidae | Cheumatopsyche 9 FC 5.17
Oligochaeta 90 GC 51.72
Amphipoda Hyalellidae Hyalella 2 GC 1.15
Basommatophora Physidae Physa 1 SC 0.57
Basommatophora Lymnacidae Pseudosuccinea 2 SC 1.15
Trichoptera Philopotamoidae Chimarra 1 FC 0.57
Ephemeroptera Caenidae Caenis 8 GC 4.60
Diptera Tipulidae 6 SH 3.45
Diptera Tabanidae 2 PR 1.15
Ephemeroptera Baetidae Baetis 2 GC 1.15
Odonata Coenagrionidae Argia 1 PR 0.57
Coleoptera Haliplidae Peltodytes 2 SH 1.15
Odonata Aeshnidae Boyeria 1 PR 0.57
Totals 174 ] 100




Table F.2. Benthic invertebrate taxa and counts for Brushy Creek at BCO during the spring survey (June 15, 2010).

Percent Relative
Order Family Genus Total Organisms | Feeding Group Abundance
Diptera Chironomidae 55 GC 28.21
Trichoptera Hydropsychidae Hydropsyche 50 FC 25.64
Trichoptera Philopotamoidae Chimarra 4 FC 2.05
Ephemeroptera Caenidae Caenis 30 GC 15.38
Trichoptera Hydropsychidae Cheumatopsyche 37 FC 18.97
Decapoda Cambaridae 1 GC 0.51
Coleoptera Elmidae Stenelmis 8 SC 4.10
Ephemeroptera Heptageniidae Stenonema 2 SC 1.03
Ephemeroptera Heptageniidae Stenacron 1 SC 0.51
Isopoda 3 GC 1.54
Diptera Tipulidae 3 SH 1.54
Odonata Aeshnidae Boyeria 1 PR 0.51
Totals 195 ] 100




Table F.3. Benthic invertebrate taxa and counts for Brushy Creek at BC1 during the spring survey (June 14, 2010).

Percent Relative
Class Order Family Genus Total Organisms | Feeding Group Abundance
Trichoptera Hydropsychidae | Cheumatopsyche 2 FC 1.20
Diptera Chironomidae 38 GC 22.89
Ephemeroptera Baetidae Baetis 2 GC 1.20
Ephemeroptera Caenidae Caenis 5 GC 3.01
Decapoda Cambaridae 1 GC 0.60
Coleoptera Gyrinidae Dineutus 5 PR 3.01
Coleoptera Elmidae Stenelmis 8 SC 4.82
Coleoptera Elmidae Dubiraphia 1 GC 0.60
Ephemeroptera | Heptageniidae 2 SC 1.20
Odonata Coenagrionidae | Amphiagrion 17 PR 10.24
Odonata Macromiidae Macromia 2 PR 1.20
Odonata Gomphidae Progomphus 1 PR 0.60
Odonata Gomphidae Dromogomphus 5 PR 3.01
Odonata Calopteryginidae Calopteryx 1 PR 0.60
Basommatophora Physidae Physa 8 SC 4.82
Coleoptera Hydrophilidae Berosus 3 PR 1.81
Hemiptera Gelastocoridae Gelastocoris 1 SC 0.60
Pelecypoda 60 FC 36.14
Hemiptera Veliidae Rhagovelia 2 PR 1.20
Diptera Tabanidae 2 PR 1.20
Totals 166 ] 100




Table F.4. Benthic invertebrate taxa and counts for Stennitt Creek at SCO during the spring survey (June 15, 2010).

Total Feeding | Percent Relative
Class Subclass Order Family Genus Organisms Group Abundance

Trichoptera Hydropsychidae Potamyia 12 FC 8.63
Trichoptera Hydropsychidae | Hydropsyche 3 FC 2.16
Diptera Chironomidae 34 GC 24.46
Odonata Coenagrionidae Argia 1 PR 0.72
Odonata Coenagrionidae 1 PR 0.72
Isopoda 19 GC 13.67
Basommatophora Ancylidae Laevapex 2 SC 1.44
Pelecypoda 24 FC 17.27
Coleoptera Elmidae Dubiraphia 10 SC 7.19
Ephemeroptera Heptageniidae 4 SC 2.88
Diptera Simuliidae 1 FC 0.72
Odonata Gomphidae | Dromogomphus 1 PR 0.72
Oligochaeta 16 GC 11.51
Coleoptera Elmidae Ancyronyx 2 OM 1.44
Trichoptera 4 2.88
Plecoptera Perlidae Neoperla 1 PR 0.72
Odonata Macromiidae Didymops 1 PR 0.72
Decapoda Cambaridae 2 GC 1.44
Basommatophora Physidae Physa 1 SC 0.72
Totals 139 ] 100




Table F.5. Benthic invertebrate taxa and counts for Clear Creek at REF during the spring survey (June 16, 2010).

Total Feeding Percent Relative
Subclass Order Family Genus Organisms Group Abundance

Trichoptera Hydropsychidae | Cheumatopsyche 29 FC 16.57
Trichoptera Hydropsychidae Hydropsyche 1 FC 0.57
Ephemeroptera Baetidae Baetis 7 GC 4.00
Amphipoda 16 GC 9.14
Basommatophora Planorbidae Gyraulus 1 SC 0.57
Basommatophora Lymnaeidae 46 SC 26.29
Diptera Chironomidae 9 GC 5.14
Ephemeroptera Heptageniidae 36 SC 20.57
Odonata Aeshnidae Boyeria 2 PR 1.14
Odonata Gomphidae Stylogomphus 1 PR 0.57
Odonata Gomphidae Dromogomphus 1 PR 0.57
Oligochaeta 3 GC 1.71
Trichoptera Philopotamoidae Chimarra 9 FC 5.14
Megaloptera Corydalidae Nigronia 2 PR 1.14
Coleoptera Psephenidae Ectopria 10 SC 5.71
Coleoptera Elmidae Stenelmis 2 SC 1.14
Totals 175 100




Table F.6. Benthic invertebrate taxa and counts for unnamed tributary during the fall survey (September 29, 2010).

Total Feeding Percent Relative
Class Subclass Order Family Genus Organisms | Group Abundance

Diptera Chironomidae 14 GC 14.14
Decapoda Cambaridae Cambarus 1 GC 1.01
Trichoptera Hydropsychidae | Cheumatopsyche 1 FC 1.01
Oligochaeta 22 GC 22.22
Isopoda 14 GC 14.14
Basommatophora Physidae Physa 22 SC 22.22
Ephemeroptera Caenidae Caenis 1 GC 1.01
Coleoptera Elmidae Stenelmis 1 SC 1.01
Basommatophora | Lymnaeidae Fossaria 6 SC 6.06
Odonata Libellulidae Libellula 4 PR 4.04
Odonata Coenagrionidae 2 PR 2.02
Diptera Stratiomyidae 2 GC 2.02
Pelecypoda 9 FC 9.09
Totals 9 [ 100




Table F.7. Benthic invertebrate taxa and counts for Brushy Creek at BCO during the fall survey (September 29, 2010).

Total Feeding Percent Relative
Class Subclass Order Family Genus Organisms Group Abundance

Diptera Chironomidae 9 GC 4.81
Odonata Calopteryginidae Calopteryx 3 PR 1.60
Odonata Coenagrionidae Argia 26 PR 13.90
Oligocheata 10 GC 5.35
Odonata Gomphidae Gomphus 1 PR 0.53
Coleoptera Hydrophilidae Berosus 1 PR 0.53
Coleoptera Elmidae Dubriaphia 5 GC 2.67
Hemiptera Gerridae Trepobates 1 PR 0.53
Hemiptera Gerridae Limnoporus 1 PR 0.53
Basommatophora Lymnacidae Pseudocuccinea 2 SC 1.07
Basommatophora Physidae Physa 1 SC 0.53
Gastropoda 1 SC 0.53
Trichoptera Philopotamoidae Chimarra 7 FC 3.74
Ephemeroptera Caenidae Caenis 5 GC 2.67
Trichoptera Hydropsychidae Hydropsyche 2 FC 1.07
Trichoptera Hydropsychidae | Cheumatopsyche 15 FC 8.02
Decapoda Cambaridae 4 GC 2.14
Coleoptera Elmidae Stenelmis 20 SC 10.70
Ephemeroptera Heptageniidae 65 SC 34.76
Coleoptera Gyrinidae Dineutus 2 PR 1.07
Isopoda 2 GC 1.07
Diptera Tipulidae 3 SH 1.60
Odonata Aeshnidae Boyeria 1 PR 0.53
Totals 187 100




Table F.8. Benthic invertebrate taxa and counts for Brushy Creek at BC1 during the fall survey (September 30, 2010).

Total Feeding Percent Relative
Class Order Family Genus Organisms Group Abundance

Trichoptera Hydropsychidae Cheumatopsyche 2 FC 1.20
Diptera Chironomidae 38 GC 22.89
Ephemeroptera Baetidae Baetis 2 GC 1.20
Ephemeroptera Caenidae Caenis 5 GC 3.01
Decapoda Cambaridae 1 GC 0.60
Coleoptera Gyrinidae Dineutus 5 PR 3.01
Coleoptera Elmidae Stenelmis 8 SC 4.82
Coleoptera Elmidae Dubiraphia 1 GC 0.60
Ephemeroptera Heptageniidae 2 SC 1.20
Odonata Coenagrionidae Amphiagrion 17 PR 10.24
Odonata Macromiidae Macromia 2 PR 1.20
Odonata Gomphidae Progomphus 1 PR 0.60
Odonata Gomphidae Dromogomphus 5 PR 3.01
Odonata Calopteryginidae Calopteryx 1 PR 0.60
Basommatophora Physidae Physa 8 SC 4.82
Coleoptera Hydrophilidae Berosus 3 PR 1.81
Hemiptera Gelastocoridae Gelastocoris 1 SC 0.60
Pelecypoda 60 FC 36.14
Hemiptera Veliidae Rhagovelia 2 PR 1.20
Diptera Tabanidae 2 PR 1.20
Totals 166 100




Table F.9. Benthic invertebrate taxa and counts for Brushy Creek at BC2 during the fall survey (September 30, 2010).

Total Feeding | Percent Relative
Class Subclass Order Family Genus Organisms | Group Abundance

Trichoptera Hydropsychidae | Cheumatopsyche 1 FC 0.47
Odonata Libellulidae Libellula 8 PR 3.74
Odonata Coenagrionidae Argia 8 PR 3.74
Diptera Chironomidae 116 GC 54.21
Ephemeroptera Baetidae Baetis 1 GC 0.47
Ephemeroptera Caenidae Caenis 30 GC 14.02
Isopoda 1 GC 0.47
Diptera Brachycera 1 0.47
Pelecypoda 8 FC 3.74
Coleoptera Elmidae Dubiraphia 3 SC 1.40
Coleoptera Elmidae Stenelmis 4 SC 1.87
Coleoptera Hydrophilidae Berosus 1 PR 0.47
Coleoptera Haliplidae Peltodytes 1 SH 0.47
Oligochaeta 20 GC 9.35
Decapoda Cambaridae 2 GC 0.93
Basommatophora Physidae Physa 9 SC 4.21
Totals 214 [ 100




Table F.10. Benthic invertebrate taxa and counts for Stennitt Creek at SCO during the fall survey (September 29, 2010).

Total Feeding Percent Relative
Class Subclass Order Family Genus Organisms Group Abundance

Trichoptera | Hydropsychidae | Cheumatopsyche 3 FC 1.56
Odonata Calopteryginidae Hetaerina 1 PR 0.52
Odonata Calopteryginidae Calopteryx 2 PR 1.04
Diptera Chironomidae 70 GC 36.46
Odonata Coenagrionidae Argia 10 PR 5.21
Odonata Macromiidae Macromia 2 PR 1.04
Odonata Gomphidae Progomphus 2 PR 1.04
Odonata Gomphidae Dromogomphus 6 PR 3.13
Isopoda 17 GC 8.85
Pelecypoda 7 FC 3.65
Coleoptera Elmidae Dubiraphia 18 SC 9.38
Coleoptera Elmidae Stenelmis 18 SC 9.38
Oligochaeta 20 GC 10.42
Ephemeroptera| Heptageniidae 9 SC 4.69
Gastropoda Planorbidae Planorbula 1 SC 0.52
Gastropoda Planorbidae Helisoma 1 SC 0.52
Coleoptera Elmidae Ancyronyx 3 OM 1.56
Decapoda Cambaridae 2 GC 1.04
Totals 192 100




Table F.11. Benthic invertebrate taxa and counts for Clear Creek at REF during the fall survey (September 30, 2010).

Total Feeding Percent Relative
Subclass Order Family Genus Organisms Group Abundance

Trichoptera Hydropsychidae | Cheumatopsyche 29 FC 16.57
Trichoptera Hydropsychidae Hydropsyche 1 FC 0.57
Ephemeroptera Baetidae Baetis 7 GC 4.00
Amphipoda 16 GC 9.14
Basommatophora Planorbidae Gyraulus 1 SC 0.57
Basommatophora Lymnaeidae 46 SC 26.29
Diptera Chironomidae 9 GC 5.14
Ephemeroptera Heptageniidae 36 SC 20.57
Odonata Aeshnidae Boyeria 2 PR 1.14
Odonata Gomphidae Stylogomphus 1 PR 0.57
Odonata Gomphidae Dromogomphus 1 PR 0.57
Oligochaeta 3 GC 1.71
Trichoptera Philopotamoidae Chimarra 9 FC 5.14
Megaloptera Corydalidae Nigronia 2 PR 1.14
Coleoptera Psephenidae Ectopria 10 SC 5.71
Coleoptera Elmidae Stenelmis 2 SC 1.14
Totals 175 P 100




APPENDIX G

TDS and Sulfate Data from Outfall 001



Table G.1.  Monitoring data for TDS and SO4? and proportion of TDS as SO, at
Outfall 001, from 2003 to 2011.
TDS SO,? TDS SO,?

Date (mg/L) (mg/L) |SO,*/TDS| Date (mg/L) (mg/L) | SO,*/TDS
01/29/2003 590 NM NA 02/27/2006 654 NM NA
02/27/2003 566 NM NA 03/22/2006 621 NM NA
03/26/2003 496 NM NA 04/25/2006 704 NM NA
04/29/2003 664 NM NA 05/24/2006 690 NM NA
05/27/2003 510 NM NA 06/27/2006 623 NM NA
06/23/2003 630 NM NA 07/20/2006 802 NM NA
07/28/2003 672 NM NA 08/24/2006 676 NM NA
08/27/2003 728 NM NA 09/22/2006 562 NM NA
09/25/2003 784 NM NA 10/24/2006 720 NM NA
10/29/2003 704 NM NA 11/27/2006 601 NM NA
11/19/2003 588 NM NA 12/18/2006 538 NM NA
12/18/2003 648 NM NA 01/18/2007 379 NM NA
01/20/2004 492 NM NA 02/20/2007 536 NM NA
02/24/2004 432 NM NA 04/26/2007 526 NM NA
03/25/2004 477 NM NA 05/24/2007 520 NM NA
04/22/2004 502 NM NA 06/25/2007 559 NM NA
05/24/2004 444 NM NA 07/30/2007 580 NM NA
06/22/2004 566 NM NA 09/24/2007 674 NM NA
07/27/2004 482 NM NA 10/24/2007 712 NM NA
08/25/2004 490 NM NA 11/26/2007 566 NM NA
09/23/2004 570 NM NA 12/19/2007 630 NM NA
10/26/2004 428 NM NA 01/22/2008 557 NM NA
11/17/2004 466 NM NA 02/25/2008 514 NM NA
12/21/2004 498 NM NA 03/25/2008 390 NM NA
01/27/2005 424 NM NA 04/25/2008 404 NM NA
02/24/2005 450 NM NA 05/25/2008 427 NM NA
03/28/2005 440 NM NA 06/25/2008 498 NM NA
04/26/2005 438 NM NA 07/22/2008 592 NM NA
05/31/2005 460 NM NA 08/25/2008 582 NM NA
06/27/2005 541 NM NA 09/25/2008 526 NM NA
07/27/2005 580 NM NA 10/25/2008 628 NM NA
08/24/2005 566 NM NA 11/25/2008 542 NM NA
09/26/2005 694 NM NA 12/25/2008 544 NM NA
10/24/2005 632 NM NA 02/24/2009 500 200 0.4
11/28/2005 654 NM NA 12/14/2009 494 164 0.33
12/20/2005 610 NM NA 01/25/2010 388 112 0.29
01/30/2006 719 NM NA 02/23/2010 362 111 0.31




Table G.1. Continued.

TDS S0,? TDS S0,?

Date (mg/L) (mg/L) | SO,*/TDS Date (mg/L) (mg/L) | SO4*/TDS
03/24/2010 436 72 0.17 09/28/2010 530 190 0.36
04/19/2010 360 130 0.36 10/20/2010 554 135 0.24
04/26/2010 327 91 0.28 11/15/2010 410 142 0.35
05/10/2010 400 140 0.35 11/23/2010 609 134 0.22
05/24/2010 428 105 0.24 12/13/2010 570 159 0.28
06/15/2010 430 120 0.28 01/25/2011 618 132 0.21
06/28/2010 496 127 0.26 02/22/2011 600 250 0.42
07/26/2010 495 156 0.31 03/21/2011 469 114 0.24
08/18/2010 470 150 0.32 04/25/2011 394 108 0.27
08/24/2010 582 115 0.20 05/23/2011 384 74 0.19
09/27/2010 570 171 0.30 06/22/2011 459 78 0.17




APPENDIX B

Membrane Alternatives



EXAMPLE CALCULATIONS

Determine overall flow that must be treated to assure complaince with TDS and Sulfate
Assume mixing of treated and untreated flow to achieve compliance based on treatment efficiency

Treatment Plant Hours of operation per day (recommend 8) 8 hrs/day
Treatment plant safety factor (recommend 1.5) 1.5
Average Daily Flow (QA) 0.384 mgd
Initial concentration TDS 394 mg/L
Initial Concentration sulfate 101.1 mg/L
Target concentration TDS 240 mg/L
Target Concentration sulfate 30 mg/L
Removal percentage of TDS 95 % 0.05
Removal percentage of sulfate 95 %
Reject ratio (RR) 30 %

No of passes (NP) 3

Example Design based on TDS - Determine the treated flow rate (QT)
to reduce the overall conc of TDS down to compliance level
Design flow (QD) considers 1.5 safety factor and 8 hr/day operation

QT = Avg Total flow (QA) - untreated flow (QU) = 0.384 - QU 0.226
(0.384-QU)*(394*0.05) + 394*QU = 0.384*240
(394-19.7)*QU=92.16-7.56

QU=0.23 MGD Qu 0.226 mgd

QU=0.23 MGD

QT=0.154 mgd Qr 0.158 mgd

QD=0.154*1.5*%24/8 =.71 mgd Qb 0.711 mgd

Reject Ratio Factor (RRF) = RR/100~NP = 30/1003 = .027 RRF 0.027

(WT) weight sludge = amount of solids generated by treated flow WT 493.194 Ib/day

=QT*TDSi*RTDS/100*8.34 = |bs/day=488

Flow of sludge/yr (QR) = WT*365/0.027/8.34=gpy=791,000 gsl/yr QR 2200 gal/day
QRyr 803,000 gal/yr

rmr:12/18/2017



RO CALCULATIONS (TDS)

Determine overall flow that must be treated to assure compliance with TDS using RO

Assume mixing of treated and untreated flow to achieve compliance based on treatment efficiency

Treatment Plant Hours of operation per day (recommend 8)
Treatment plant safety factor (recommend 1.5)

Average Daily Flow (QA)

Initial concentration TDS
Initial Concentration sulfate

Target concentration TDS
Target Concentration sulfate

Removal percentage of TDS
Removal percentage of sulfate

Reject ratio (RR)

No of passes (NP)

See Example calcs on separate sheet

Design based on TDS - Determine the treated flow rate (QT)

to reduce the overall conc of TDS down to compliance level

Design flow (QD) considers 1.5 safety factor and 8 hr/day operation

Qu

QT
Design Flow Qb

RRF
WT

QR
QRyr

8 hrs/day
1.5

0.384 mgd

394 mg/L
101.1 mg/L

240 mg/L
30 mg/L

95 % 0.05
95 %

30 %
3

0.226

0.226 mgd

0.158 mgd
0.711 mgd

0.027
493.194 Ib/day

2200 gal/day
803,000 gal/yr



RO CALCULATIONS (sulfate)

Determine overall flow that must be treated to assure compliance with Sulfate using RO
Assume mixing of treated and untreated flow to achieve compliance based on treatment efficiency

Treatment Plant Hours of operation per day (recommend 8) 8 hrs/day

Treatment plant safety factor (recommend 1.5) 1.5

Average Daily Flow (QA) 0.384 mgd

Initial concentration TDS 394 mg/L

Initial Concentration sulfate 101.1 mg/L

Target concentration TDS 240 mg/L

Target Concentration sulfate 30 mg/L

Removal percentage of TDS 95 % 0.05
Removal percentage of sulfate 95 % 0.05
Reject ratio (RR) 30 %

No of passes (NP) 3

See Example calcs on separate sheet

Design based on SO4 - Determine the treated flow rate (QT)

to reduce the overall conc of SO4 down to compliance level

Design flow (QD) considers safety factor and partial daily operation

0.099733
Qu 0.100 mgd
QT 0.284 mgd
QD 1.279 mgd
RRF 0.027
WT 887.385 Ib/day
QR 3900 gal/day

QRyr 1,423,500 gal/yr



NF CALCULATIONS (TDS)

Determine overall flow that must be treated to assure complaince with TDS using nanofiltration
Assume mixing of treated and untreated flow to achieve compliance based on treatment efficiency

Treatment Plant Hours of operation per day (recommend 8) 8 hrs/day
Treatment plant safety factor (recommend 1.5) 1.5
Average Daily Flow (QA) 0.384 mgd
Initial concentration TDS 394 mg/L
Initial Concentration sulfate 101.1 mg/L
Target concentration TDS 240 mg/L
Target Concentration sulfate 30 mg/L
Removal percentage of TDS 60 %
Removal percentage of sulfate 95 %
Reject ratio (RR) 30 %
No of passes (NP) 3

See Example calcs on separate sheet

Design based on TDS - Determine the treated flow rate (QT)

to reduce the overall conc of TDS down to compliance level

Design flow (QD) considers 1.5 safety factor and 8 hr/day operation

0.134
Qu 0.134 mgd
Qr 0.250 mgd
Qb 1.126 mgd
RRF 0.027
WT 493.194 Ib/day
QR 2200 gal/day

QRyr 803,000 gal/yr



NF CALCULATIONS (sulfate)

Determine overall flow that must be treated to assure compliance with Sulfate using nanofiltration
Assume mixing of treated and untreated flow to achieve compliance based on treatment efficiency

Treatment Plant Hours of operation per day (recommend 8) 8 hrs/day

Treatment plant safety factor (recommend 1.5) 1.5

Average Daily Flow (QA) 0.384 mgd

Initial concentration TDS 394 mg/L

Initial Concentration sulfate 101.1 mg/L

Target concentration TDS 240 mg/L

Target Concentration sulfate 30 mg/L

Removal percentage of TDS 60 % 0.4
Removal percentage of sulfate 95 % 0.05
Reject ratio (RR) 30 %

No of passes (NP) 3

See Example calcs on separate sheet

Design based on SO4 - Determine the treated flow rate (QT)

to reduce the overall conc of SO4 down to compliance level

Design flow (QD) considers 1.5 safety factor and 8 hr/day operation

0.099733
Qu 0.100 mgd
QT 0.284 mgd
Qb 1.279 mgd
RRF 0.027
wWT 560.454 |b/day
QR 2500 gal/day

QRyr 912,500 gal/yr



ECONOMIC ANALYSIS
Unit Cost

Treated Flow (QT)

Design Treatment Flow rate (QD)
Volume of reject to be treated
Reject Volume Generated Qryr

$3.20 per gpd
$2.40 per gpd
$1.00 per gpd
$3.20 per gpd

Cap Cost of RO membrane system

Cap Cost of NF membrane system

Cap Cost of pretreatment

Cap Cost of reject water treatment
Total Cap Cost

$0.0010 per gal
$0.0012 per gallon
$0.25 per gallon disposed

Membrane Operating and maintenance cost
Pretreatment/disposal operations

Disposal Cost

Total operating Cost

Capital cost to meet limitation

Oerating cost to meet limitation

Present worth of operating cost

based on 4% interest rate and 20 year term
Totl Present worth (cap+0/M)

*Lowest total present worth (must meet both limitations)

Units

mgd
mgd
mgd
gallons/year

Smillion
Smillion
Smillion
Smillion
Smillion

Smillion/yr
Smillion/yr
Smillion/yr
Smillion/yr

$11.78

RO TDS

0.158
0.711
0.213

803,000

$2.3

$0.7
$0.7
$3.7

$0.0577
$0.0692
$0.2008

$0.328

$3.67
$0.328
$4.45

$8.12

RO SO4

0.284
1.279
0.384

1,423,500

$4.1

$1.3
$1.2
$6.6

$0.1038
$0.1245
$0.3559

$0.584

$6.60
$0.584
$7.94
$14.54

$14.54

NF TDS

0.250
1.126
0.338
803,000

$2.7
$1.1
$1.1
$4.9

$0.0913
$0.1096
$0.2008

$0.402

$4.91
$0.402
$5.46

$10.37

NF SO4

0.28426675
1.279200375
0.384
912,500

$3.1
$1.3
$1.2
$5.6

$0.1038
$0.1245
$0.2281

$0.456

$5.58
$0.456
$6.20
$11.78

$11.78



APPENDIX C

Fish Data



Table C.1.

Fish collection data set for Brushy Creek (2015) and Clear Creek (Fall 2016).

Count
BC-0A BC-1A REF
Family Scientific Name Common Name Pool 1 | Pool 2 | Pool 3 | Riffle 1 | Riffle 2| Riffle 3| Pool 1 | Pool 2 | Pool 3 | Riffle 1 | Riffle 2| Riffle 3| Pool 1 | Pool 2 | Pool 3 | Riffle 1 | Riffle 2 | Riffle 3

Campostoma anomalum central stoneroller 34 239 215 74 151 2 54 62 106 9 73 64 56 15 16 10 0 2

Chrosomus erythrogaster southern redbelly dace 0 0 0 0 0 0 0 0 0 0 0 0 36 14 18 2 0 1

Hybognathus nuchalis Mississippi silvery minnow 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0

Cyprinidae Luxilus chrysocephalus striped shiner 0 0 0 0 0 0 5 0 16 0 0 5 0 0 0 0 0 0

Luxilus zonatus bleeding shiner 2 0 3 0 0 0 3 6 3 0 4 29 2 0 1 0 0 0

Notropis boops bigeye shiner 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

Pimephales notatus bluntnose minnow 41 0 8 1 0 0 7 13 3 2 1 6 0 0 0 0 0 0

Semotilus atromaculatus creek chub 1 6 3 4 8 0 1 0 0 0 0 0 37 19 4 1 0 3

Catostomidae Erimyzon oblongus creek chubsucker 19 5 3 0 0 0 6 1 3 0 0 0 5 2 2 0 0 1

lctaluridae Ameiurus natalis yellow bullhead 0 1 3 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0

Noturus albater Ozark madtom 0 0 0 0 0 0 0 0 0 0 0 0 6 7 11 0 8 2

Aphredoderidae Aphredoderus sayanus pirate perch 0 0 0 0 0 0 0 0 0 0 0 0 2 2 0 0 0 1

. Fundulus catenatus northern studfish 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Fundulidae - -

Fundulus olivaceus blackspotted topminnow 49 38 38 6 13 8 16 10 23 0 0 3 8 11 8 0 0 2

Poeciliidae Gambusia affinis mosquitofish 4 1 0 1 4 0 0 0 0 0 0 0 0 0 0 0 0 0

Lepomis cyanellus green sunfish 4 21 7 2 0 0 9 3 7 0 2 1 11 7 5 0 0 2

Lepomis macrochirus bluegill 2 4 2 0 0 0 3 1 3 0 0 0 0 3 0 0 0 0

Centrarchidae Lepomis megalotis longear sunfish 56 86 51 12 2 0 65 40 76 4 13 6 18 9 2 0 0 3

Lepomis microlophus redear sunfish 1 0 0 0 0 0 2 0 1 0 0 0 0 0 0 0 0 0

Micropterus salmoides largemouth bass 1 0 0 1 0 0 0 0 3 0 0 2 0 0 0 0 0 0

Etheostoma blennioides greenside darter 0 0 1 0 0 0 0 2 1 0 2 7 0 0 0 0 0 0

Percidae Etheostoma flabellare fantail darter 0 0 0 1 2 1 0 0 0 3 6 9 0 0 2 8 16 8

Etheostoma uniporum current darter 2 53 42 58 109 66 1 5 0 22 12 8 10 0 10 3 7 8

Total 1,572 856 450




APPENDIX D

Metric Values and Scores



Table D.1.

from the mouth of the unnamed tributary.

Summary of Community Structure index values for fish sampling conducted in the reach of Brushy Creek upstream

BC-0A
Pools Riffles
1 2 3 All Pools 1 2 3 All Riffles | All Pools and Riffles
Biocriteria Metric S|V S V |S|V S V |[S|V|S |V |S |V S V S V
% Sensitive Individuals 1109 0 |00 111] 1 06 |1(06| 107|113 1 0.8 1 0.6
% Cyprinidae 1361 5 |540| 5 (609 5 |528|5(49.4| 5 |55.0/ 1 |26 3 45.6 5 50.4
% Ictaluridae 0(00| 1 |02]11]08] 1 041000 O |00O| 0|00 0 0.0 1 0.3
(% bullheads) -100| -- 0.2 08| -- 0.4 00| -- |00 -- |00 - 0.0 - 0.3
% Centrarchidae 11296 1 |244| 3 |16.0f 1 |225|51(94| 3 |[0.7]| 0 |0.0 3 3.2 1 16.0
(% Green sunfish) -119| -- |46 19 -- | 31 13| -- |00 - |0.0 - 0.4 - 2.2
% Percidae 1109 5 |11.7| 5 [11.4] 3 94 |51(369| 5 [38.4| 5 [87.0] 5 45.1 5 21.3
% Primary Feeders 51347 1 |526| 1 ({593 1 |[51.3|3 |469| 1 |522| 5 |26 3 43.3 3 48.7
% Key Individuals 1119 1 |11.7] 1 |120] 1 98 | 51(363| 5 |37.7| 5 [857] 5 44.3 3 21.3
Diversity 3127 1 |21|1]21] 3 24 11119 1 |15 1 |07 1 1.7 1 2.3
# Species 3113 1 |10| 1] 12 3 15 (110 1 711 4 1 10 3 16
IBI Score 16 16 19 19 26 22 19 22 23
Watershed size (sq mi) 1.35
lower index 13
upper index 17

S - Metric score; V - Metric value




Table D.2.

from the mouth of the unnamed tributary.

Summary of Community Structure index values for fish sampling conducted in the reach of Brushy Creek downstream

BC-1A
Pools Riffles
1 2 3 All Pools 1 2 3 All Riffles | All Pools and Riffles
Biocriteria Metric S V |IS|] V |[S| V S V |[S| V |[S|]V |[S|V S V S V
% Sensitive Individuals 1 |23 |1| 56 |1] 16 1 28 |1|75|1|106|5(321| 3 20.5 1 8.9
% Cyprinidae 3 |40.2|5|566 |5|520| 5 [|496|1|275(3|69.0{1|743| 3 65.9 5 55.1
% Ictaluridae 1|06 |0 00 |1]| 04 1 04 |0 00|0|00]|0]| 00 0 0.0 1 0.2
(% bullheads) - | 0.6 0.0 04| -- | 04 0.0 0.0 0.0 - 0.0 - 0.2
% Centrarchidae 1 |454)1(308|1|366| 1 |378|5(100|5|133|5| 6.4 5 9.6 1 28.2
(% Green sunfish) - | 52 2.1 28 | -- | 34 0.0 1.8 0.7 - 1.0 - 2.6
% Percidae 1 |06 |1 49 |1]04 1 16 |5|/625|5|17.7|5|171| 5 |235 3 9.1
% Primary Feeders 5 1351|1524 |3|443| 3 |435|5|275|1|655|1|500 1 52.9 3 46.7
% Key Individuals 1 23 (1] 7.7 |1] 1.2 1 32 |5|550|1]|142|5|26.4 5 25.6 1 10.9
Diversity 3 |125|1| 23 |1 23 3 24 11118 (1|18 |3 | 25 3 2.4 3 2.6
# Species 3 14 (1| 10 |3 | 13 3 16 |1 5 1 8 1) 11 1 11 3 17
IBI Score 19 12 17 19 24 18 26 26 21
Watershed size (sq mi) 1.68
lower index 13
upper index 17

S - Metric score; V - Metric value




Table D.3. Summary of Community Structure index values for fish sampling conducted in Clear Creek (reference).

REF
Pools Riffles
1 2 3 All Pools 1 2 3 All Riffles | All Pools and Riffles
Biocriteria Metric S|V |[S|V |[S|V S V |S| V |S| V |S| V S V S Vv
% Sensitive Individuals | 3232 |3|236|5|405| 3 |271|5|417|5|774|5]|33.3 5 51.1 5 31.8
% Cyprinidae 3691|5539 |5/494| 5 |610(5|542|0]| 0.0 |1]18.2 1 21.6 5 53.3
% Ictaluridae 5{31|5| 79 |5|139]| 5 66 |0| 00 |5|258|5]| 6.1 5 114 5 7.6
(% bullheads) 0.0 0.0 00| - | 00 0.0 0.0 0.0 -- 0.0 - 0.0
% Centrarchidae 111491213 |1]| 89 1 |152|0| 00 |0| 00 |1]|152 1 5.7 1 13.3
(% Green sunfish) 5.7 7.9 63| - | 64 0.0 0.0 6.1 -- 2.3 - 5.6
% Percidae 3|52 |0| 00 |5(|152]| 3 6.1 |5|458|5|742|5]|485 5 56.8 5 16.0
% Primary Feeders 3|1485|5|326|3|430| 3 |434|1|500|5|00|5]| 9.1 5 17.0 5 38.2
% Key Individuals 1162 |0 00 |1]139]| 1 64 |1]125[3]226|5|24.2 3 20.5 1 9.1
Diversity 5129 |5] 30 |5 30 5 31 |1]19 |1 15 |5 31 3 2.7 5 3.3
# Species 3| 13 |1 10 |1| 11 3 15 |1 5 |1 3 |1] 11 1 11 3 15
IBI Score 27 25 31 29 19 25 33 29 35
Watershed size (sq mi) 1.62
lower index 13
upper index 17

S - Metric score; V - Metric value




APPENDIX E

Macroinvertebrate Data



Table E.1. Benthic macroinvertebrate collection data set from the five-minute travel kick
method in Brushy Creek during Fall 2015.

Subsample Count

Family Scientific Name BC-0A BC-1A

(e}
e}

Acari

Atractides sp.

Hygrobates sp.

Acari .
Lebertia sp.

Limnesia sp.

Sperchon sp.

Aulodrilus pigueti

Branchiobdellidae

Branchiura sowerbyi

Bratislavia unidentata
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Enchytraeidae

,_
—
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N

Annelida Limnodrilus hoffmeisteri

Limnodrilus rubripenis

Lumbricina

Nais sp.

Tubificidae w/ cap setae sp.

OO (OO |O

Tubificidae w/o cap setae sp.

W
O

Corbicula sp.

Bivalvia Pisidium sp.

Sphaeriidae

Berosus sp.

Dubiraphia sp.

Ectopria sp.

Elmidae

Helichus basalis

Helichus lithophilus

Coleoptera
Heterosternuta sp.

Hydrophilidae

Microcylloepus sp.

Peltodytes sp.
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Psephenus herricki
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Stenelmis sp.

Amphipoda

Cambaridae

Crangonyctidae

Crustacea
Crangonyx sp.

N
W

Lirceus sp.
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(e}

Orconectes sp.




Table E.1. Benthic macroinvertebrate collection data set from the five-minute travel kick
method in Brushy Creek during Fall 2015 (continued).

Subsample Count

Family Scientific Name BC-0A BC-1A

Ablabesmyia mallochi 0 0

Ablabesmyia sp.

Chironomus sp.

Cladotanytarsus sp.

Clinotanypus sp.

Corynoneura sp.

Cricotopus bicinctus gr.

Cricotopus sp.

Cryptochironomus sp.

Cryptotendipes sp.

Dicrotendipes fumidus

Dicrotendipes modestus

Dicrotendipes sp.

Diplocladius sp.

Eukiefferiella brevicalcar gr.

Eukiefferiella sp.

Hydrobaenus sp.

Larsia sp.

Limnophyes sp.

Microtendipes pedellus gr.

Diptera-Chironomidae :
Nanocladius sp.

Nilotanypus sp.

Orthocladius Complex

Orthocladius sp.

Parakiefferiella sp.

Parametriocnemus sp.

Paraphaenocladius sp.

Paratanytarsus sp.

Paratendipes sp.

Phaenopsectra sp.

QICIC|IQ IO (RO R|ICIC|IQC|IC|ICIC|IC|ICIC|IC|IC|ICC|IC|o— oI |C|C |

Polypedilum aviceps

—
(e}

Polypedilum flavum

Polypedilum halterale gr.

Polypedilum illinoense gr.

Polypedilum scalaenum gr.

Polypedilum sp.

Polypedilum tritum

Procladius sp.

Pseudochironomus sp.
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Rheocricotopus sp.




Table E.1. Benthic macroinvertebrate collection data set from the five-minute travel kick
method in Brushy Creek during Fall 2015 (continued).

Family

Scientific Name

Subsample Count

BC-0A

BC-1A

Diptera-Chironomidae

Rheotanytarsus exiguus gr.

0

1

Stempellinella sp.

Stictochironomus sp.

Tanytarsini

Tanytarsus sp.

Thienemanniella sp.

Thienemannimyia gr. sp.

Tvetenia bavarica gr.

Zavrelimyia sp.

Diptera

Atrichopogon sp.

Bezzia/Palpomyia sp.

Ceratopogoninae

Chrysops sp.

Dasyhelea sp.

Dolichopodidae

Hemerodromia sp.

Hexatoma sp.

Hybomitra sp.

Limonia sp.

Simulium sp.

Tipula sp.

Ephemeroptera

Baetis sp.
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Caenis latipennis
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Caenis sp.
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Centroptilum sp.
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Isonychia sp.
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Maccaffertium sp.
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Maccaffertium terminatum
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Stenacron interpunctatum

Stenacron sp.

Stenonema femoratum

Tricorythodes sp.

Gastropoda

Ancylidae

Ferrissia sp.

Gyraulus sp.

Lymnaeidae

Physa sp.

Planorbidae

Hemiptera

Belostoma sp.

Ranatra sp.
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Table E.1. Benthic macroinvertebrate collection data set from the five-minute travel kick
method in Brushy Creek during Fall 2015 (continued).

Subsample Count

Family Scientific Name BC-0A BC-1A

Megaloptera Corydalus cornutus 0 0

Anisoptera

Argia sp.

Calopterygidae

Calopteryx sp.

Odonata Coenagrion/Enallagma sp.

Coenagrionidae

Gomphidae

Hetaerina sp.

Progomphus sp.

Acroneuria sp.

Plecoptera Neoperla sp.
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Plecoptera
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Cheumatopsyche sp.

Chimarra sp.

Helicopsyche borealis

Hydropsyche betteni

Hydropsyche sp.
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Hydroptila sp.
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Trichoptera Limnephilidae

Oecetis persimilis

Oecetis sp.

Oxyethira sp.

Polycentropodidae

Polycentropus sp.

Pycnopsyche sp.

Hydra sp.

Nematoda

Other Organisms
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Prostoma sp.
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Turbellaria

Total 338 327




Table E.2. Benthic macroinvertebrate collection data set from the five-minute travel kick
method in Clear Creek during Fall 2016.

Subsample Count

Family Scientific Name REF-R2 REF-R3

Amphipoda Gammarus sp. 3 7
Ectopria sp. 0 7

Dubiraphia sp. 0 3

Helichus sp. 1 2

Coleoptera Macronychus glabratus 1 0
Microcylloepus sp. 5 5

Optioservus sp. 2 1

Decapoda Cambaridae 1 0
Atrichopogon sp. 0 1

Brillia sp. 2 1

Caloparyphus/Euparyphus sp. 1 0

Corynoneura sp. 2 3

Cricotopus/Orthocladius sp. 0 1

Empididae 1 0

Hemerodromia sp. 1 1

Microtendipes pedellus gr. 0 2

Parametriocnemus sp. 1 1

Paratanytarsus sp. 1 0

Diptera Polypedilum aviceps 12 4
Polypedilum flavum 15 17

Rheotanytarsus pellucidus gr. 1 0

Simulium sp. 5 2

Stempellinella sp. 0 1

Stenochironomus sp. 0 1

Tanytarsus sp. 0 5

Thienemanniella sp. 17 1

Thienemannimyia gr. sp. 0 5
Tipula sp. 22 14

Tvetenia bavarica gr. 7 4

Baetis flavistriga 0 5

Baetis sp. 3 0

Caenis sp. 1 5

Ephemeroptera Ephemerellidae 1 0
Isonychia sp. 5 12
Maccaffertium sp. 26 56
Stenacron sp. 4 18

Hoplonemertea Prostoma sp. 0 2
Lepidoptera Petrophila sp. 1 0




Table E.2. Benthic macroinvertebrate collection data set from the five-minute travel kick
method in Clear Creek during Fall 2016 (continued).

Subsample Count

Family Scientific Name REF-R2 REF-R3
Littoridinomorpha Pleuroceridae 30 19
Corydalus cornutus 1 0
Megaloptera Nigronia serricornis 1 1
Argia sp. 1 0
Calopteryx sp. 0 2
Odonata Gomphidae 4 0
Stylogomphus sp. 0 7
Plecoptera Perlodidae 1 0
Cheumatopsyche sp. 49 29
Chimarra sp. 74 26
Helicopsyche borealis 1 8
Trichoptera Hydropsyche sp. 2 1
Limnephilidae 1 0
Oecetis sp. 4 7
Polycentropus sp. 2 1
Trombidiformes Torrenticola sp. 1 0
Aulodrilus pigueti 0 1
Tubificida Branchiura sowerbyi 0 2
tubificoid Naididae w/o cap setae 0 1
Veneroida Pisidium sp. 1 8
Other Organisms Turbellaria 1 1
316 301




Table E.3. Benthic macroinvertebrate collection data set from the modified multi- habitat
approach based on Barbour et al. (1999) in Stennitt Creek during Fall 2016.

Subsample Count

Family Scientific Name SC-0 SC-1

Amphipoda Hyalella sp. 0 3
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Dubiraphia sp.

Helophorus sp.

Macronychus glabratus

leopt —
Coleoptera Scirtidae

Stenelmis sp.

Tropisternus sp.

Decapoda Cambaridae

Ablabesmyia mallochi

Ablabesmyia sp.

Anopheles sp.
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Bezzia/Palpomyia sp.
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Ceratopogoninae

Chironomus sp.

Chrysops sp.

Clinotanypus sp.

Corynoneura sp.

Dasyhelea sp.

Dicrotendipes fumidus

Hemerodromia sp.

Hydrosmittia sp.

Labrundinia sp.

Limnophyes sp.

Dipt - -
iprera Microtendipes pedellus gr.

Myxosargus sp.
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Nilothauma sp.

—
—

Paratanytarsus sp.

Pericoma/Telmatoscopus sp.

Paraphaenocladius sp.

Paratanytarsus sp.

Phaenopsectra sp.

Polypedilum fallax gr.
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Polypedilum flavum
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Polypedilum illinoense gr.

Potthastia longimana gr.

Probezzia sp.

Pseudochironomus sp.
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Rheocricotopus sp.




Table E.3.

Benthic macroinvertebrate collection data set from the modified multi- habitat

approach based on Barbour et al. (1999) in Stennitt Creek during Fall 2016
(continued).

Family

Scientific Name

Subsample Count

SC-0 SC-1

Diptera

Rheotanytarsus exiguus gr.
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Rheotanytarsus pellucidus gr.

Stempellinella sp.

Stenochironomus sp.

Tanytarsus sp.

Thienemanniella sp.

Thienemannimyia gr. sp.

Tribelos sp.

Zavrelimyia sp.

Enchytraeida

Enchytraeidae
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Ephemeroptera

Caenis sp.
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Maccaffertium sp.

Stenacron sp.

Hoplonemertea

Prostoma sp.

Hygrophila

Ferrissia sp.

Laevapex fuscus

Lymnaeidae

Micromenetus sp.

Physa sp.
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Isopoda

Lirceus sp.
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Littoridinomorpha

Hydrobiidae

Littoridinomorpha

Pleuroceridae

Megaloptera

Sialis sp.

Odonata

Argia sp.

Coenagrion/Enallagma sp.

Gomphidae

Hagenius brevistylus

Trichoptera

Cheumatopsyche sp.

Leptoceridae

Limnephilidae

Oecetis sp.

Trombidiformes

Lebertia sp.

Pionidae

Tubificida

Aulodrilus pigueti

Dero digitata

Dero flabelliger

Limnodrilus sp.

Pristina jenkinae

Slavina appendiculata

tubificoid Naididae w/ cap setae
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Table E.3. Benthic macroinvertebrate collection data set from the modified multi- habitat
approach based on Barbour et al. (1999) in Stennitt Creek during Fall 2016

(continued).
Subsample Count
Family Scientific Name SC-0 SC-1
Tubificida tubificoid Naididae w/o cap setae 2 6
. Corbicula sp. 20 3
Veneroida Pisidium sp. 54 10
Acari 1 0
th i
Other Organisms Nematoda 0 "
Total 305 303




Table E.4.

Benthic macroinvertebrate collection data set from rock bag artificial substrates at BC-0A in Brushy Creek during Fall 2015.

Family

Scientific Name

Subsample Count

BC-0 R1 USRB

BC-0R1 MRB

BC-0 R1 DSRB

BC-0 R2 USRB

BC-0 R2 MRB

BC-0 R2 DSRB

BC-0 R3 USRB

BC-0 R3 MRB

BC-0 R3 DSRB

Acari

Acari

(e}

==

==

(e}

==

[um—

Atractides sp.

Hygrobates sp.

Lebertia sp.

Limnesia sp.

Sperchon sp.

Annelida

Aulodrilus pigueti

Branchiobdellidae

Branchiura sowerbyi

Enchytraeidae
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Limnodrilus hoffmeisteri
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Limnodrilus rubripenis

Lumbricina

Tubificidae w/ cap setae sp.

Tubificidae w/o cap setae sp.
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Bivalvia

Pisidium sp.
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Coleoptera

Berosus sp.
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Dubiraphia sp.
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Ectopria sp.

Helichus basalis

Microcylloepus sp.

Psephenus herricki
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Stenelmis sp.
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Crustacea

Amphipoda

Cambaridae

Crangonyctidae

Crangonyx sp.
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Lirceus sp.
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Orconectes sp.

Diptera-Chironomidae

Ablabesmyia mallochi

Ablabesmyia sp.

Chironomus sp.

Cladotanytarsus sp.

Clinotanypus sp.

Corynoneura sp.

Cricotopus bicinctus gr.

Cricotopus sp.

Cryptochironomus sp.

Dicrotendipes modestus

Dicrotendipes sp.

Diplocladius sp.

Eukiefferiella brevicalcar gr.
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Table E.4.

Benthic macroinvertebrate collection data set from rock bag artificial substrates at BC-0A in Brushy Creek during Fall 2015 (continued).

Subsample Count

Family Scientific Name BC-0R1USRB | BC-0OR1MRB | BC-OR1DSRB | BC-0R2USRB | BC-0R2 MRB | BC-0R2DSRB | BC-0R3USRB | BC-0R3MRB | BC-0 R3 DSRB
Eukiefferiella sp. 0 0 0 0 1 0 0 0 0
Hydrobaenus sp. 0 0 2 0 0 0 1 0 0

Larsia sp. 1 0 0 0 0 0 4 0 0
Limnophyes sp. 0 0 0 0 0 0 0 0 1
Microtendipes pedellus gr. 2 0 3 2 0 1 1 1 5
Orthocladius Complex 1 2 0 0 0 1 0 1 0
Orthocladius sp. 0 1 1 1 4 5 1 1 1
Parakiefferiella sp. 0 1 0 0 0 0 0 0 0
Parametriocnemus sp. 2 3 40 0 16 3 3 1 0
Paraphaenocladius sp. 0 0 0 0 0 0 0 1 0
Paratanytarsus sp. 0 2 0 0 0 0 4 2 0
Paratendipes sp. 0 1 0 0 5 1 2 0 0
Phaenopsectra sp. 0 0 0 0 0 0 1 0 0
Diptera-Chironomidae Polypedilum aviceps 0 0 1 0 0 0 0 0 0
Polypedilum flavum 0 0 30 0 0 1 0 0 0
Polypedilum halterale gr. 0 0 0 0 0 2 0 1 2
Polypedilum scalaenum gr. 1 0 0 0 5 4 1 0 11
Polypedilum sp. 1 4 0 1 8 0 4 1 2
Procladius sp. 0 0 0 1 0 0 0 0 1
Pseudochironomus sp. 3 0 0 0 0 1 1 2 0
Rheotanytarsus exiguus gr. 1 5 6 0 4 0 0 0 3
Stempellinella sp. 0 0 0 0 0 0 1 0 0
Stictochironomus sp. 6 0 0 0 0 5 1 1 4
Tanytarsus sp. 1 0 9 3 0 0 2 0 1
Thienemannimyia gr. sp. 6 12 21 21 16 15 38 13 20
Tvetenia bavarica gr. 0 0 3 0 3 0 0 0 0
Zavrelimyia sp. 0 0 0 1 0 1 0 0 1
Atrichopogon sp. 0 0 0 0 1 0 0 0 0
Bezzia/Palpomyia sp. 1 1 0 0 0 0 3 8 0
Ceratopogoninae 0 0 0 0 0 2 0 0 2
Dasyhelea sp. 1 0 1 0 4 0 3 1 1
Diptera DoIichopodi_dae 0 0 0 1 0 0 0 0 0
Hemerodromia sp. 0 5 7 0 3 3 0 8 5
Hexatoma sp. 1 2 0 2 0 3 7 7 11
Hybomitra sp. 0 0 0 1 0 0 1 0 4
Limonia sp. 1 0 1 0 0 0 1 0 0
Tipula sp. 1 0 8 3 5 2 2 0 0




Table E.4. Benthic macroinvertebrate collection data set from rock bag artificial substrates at BC-0A in Brushy Creek during Fall 2015 (continued).

Subsample Count

Family Scientific Name BC-OR1USRB | BC-OR1MRB | BC-0R1DSRB | BC-0R2USRB | BC-OR2MRB | BC-0R2DSRB | BC-0R3USRB | BC-0R3 MRB | BC-0 R3 DSRB
Caenis latipennis 0 0 0 0 0 0 0 0 90
Caenis sp. 50 99 23 86 66 125 100 163 0
Isonychia sp. 0 0 0 0 1 0 0 0 1
Ephemeroptera Maccaffe rtium sp. 0 0 6 5 6 5 4 2 17
Maccaffertium terminatum 0 9 0 0 0 0 0 0 0
Stenacron interpunctatum 0 8 0 16 6 3 0 0 0
Stenacron sp. 0 0 0 0 0 0 3 1 0
Stenonema femoratum 1 10 1 5 3 4 1 0 0
Ancylidae 0 0 0 10 0 0 0 2 2
Gastropoda Ferrissiz_i sp. 4 8 3 0 0 4 4 0 0
Lymnaeidae 2 0 0 0 1 0 1 1 0
Physa sp. 1 1 0 0 0 0 0 1 0
Megaloptera Corydalus cornutus 0 0 1 0 0 0 0 0 0
Anisoptera 1 0 0 0 0 0 0 0 0
Argia sp. 0 0 2 1 1 1 2 2 1
Odonata Calopteryx sp. 1 0 0 0 0 0 1 0 0
Coenagrion/Enallagma sp. 0 0 0 0 0 0 0 0 1
Hetaerina sp. 0 0 0 1 0 1 0 0 1
Plecoptera Acroneuria sp. 0 0 0 0 0 0 1 0 0
Plecoptera 0 0 3 0 2 0 0 0 1
Cheumatopsyche sp. 1 6 18 0 12 3 6 1 10
Chimarra sp. 0 1 7 1 1 2 0 0 0
Helicopsyche borealis 3 0 3 0 0 8 7 5 10
Hydropsyche betteni 0 2 26 2 9 0 0 0 0
Hydropsyche sp. 0 0 0 0 0 1 1 0 0
Trichoptera Hydroptila sp. 0 2 5 0 1 0 0 1 0
Limnephilidae 1 3 0 1 7 3 0 2 0
Oecetis sp. 2 1 0 0 0 0 6 8 0
Polycentropodidae 0 1 0 0 0 1 0 0 0
Polycentropus sp. 0 0 0 1 0 0 0 0 0
Pycnopsyche sp. 0 0 8 0 0 0 3 0 0
. Prostoma sp. 2 0 0 0 1 1 0 1 7
Other Organisms Turbellaria 0 2 3 0 6 3 4 4 4
Total 317 312 298 209 283 333 325 354 309




Table E.5.

Benthic macroinvertebrate collection data set from rock bag artificial substrates at BC-1A in Brushy Creek during Fall 2015.

Subsample Count

Family Scientific Name BC-1R1USRB | BC-1R1MRB | BC-1R1DSRB | BC-1R2USRB | BC-1R2MRB | BC-1R2DSRB | BC-1R3USRB | BC-1R3MRB | BC-1 R3 DSRB

Acari Lebertia sp. 0 0 0 0 0 0 1 0 0
Sperchon sp. 1 0 1 0 0 0 0 0 2

Bratislavia unidentata 0 0 0 0 0 0 1 0 5

Enchytraeidae 0 0 1 1 0 0 0 0 0

Annelida Limnodrilus hoffmeisteri 0 0 0 0 0 0 9 3 5
Nais sp. 1 0 0 1 0 0 0 0 1

Tubificidae w/o cap setae sp. 2 0 3 5 1 0 0 0 0
Corbicula sp. 9 1 21 67 32 5 33 59 30

Bivalvia Pisidium sp. 0 0 0 0 0 0 0 3 0
Sphaeriidae 1 0 2 5 1 0 1 0 2

Berosus sp. 1 0 0 1 2 1 0 0 1

Dubiraphia sp. 2 0 1 1 7 1 4 6 1

Coleoptera Helichus lithophilus 0 0 0 0 0 0 0 1 0
Microcylloepus sp. 5 1 2 0 6 1 2 8 3

Stenelmis sp. 4 6 15 19 18 4 7 11 11

Crustacea Lirceus sp. 3 0 0 0 0 2 1 0 1
Ablabesmyia sp. 0 0 0 1 0 0 0 0 0

Cladotanytarsus sp. 0 0 0 0 1 0 0 2 0

Corynoneura sp. 0 0 0 0 0 1 0 0 0

Cricotopus bicinctus gr. 0 1 2 0 0 4 0 0 9

Cricotopus sp. 2 32 15 1 10 20 19 4 12

Cryptochironomus sp. 1 0 0 0 0 0 1 0 1

Cryptotendipes sp. 1 0 0 1 0 0 0 0 0

Dicrotendipes sp. 0 1 0 0 0 1 0 0 1

Eukiefferiella brevicalcar gr. 1 7 2 0 0 0 0 0 0

Eukiefferiella sp. 1 0 0 0 0 0 0 0 1

Larsia sp. 2 1 0 0 0 0 0 1 0

Diptera-Chironomidae Nanocladius sp. 0 0 0 0 0 0 0 0 1
Nilotanypus sp. 2 0 0 0 1 0 1 0 1

Orthocladius Complex 6 0 2 0 1 9 5 0 1

Orthocladius sp. 1 0 0 0 1 1 0 1 0

Parakiefferiella sp. 0 0 1 0 0 0 0 0 0

Parametriocnemus sp. 8 4 6 20 20 19 12 7 0

Paraphaenocladius sp. 0 0 0 0 0 0 1 0 0

Paratanytarsus sp. 0 0 0 0 0 0 2 0 0

Paratendipes sp. 0 0 0 0 0 0 0 0 1

Polypedilum flavum 74 109 75 42 58 109 50 46 39

Polypedilum scalaenum gr. 2 0 2 4 2 1 0 1 8

Pseudochironomus sp. 3 0 0 0 0 0 0 0 0




Table E.5.

Benthic macroinvertebrate collection data set from rock bag artificial substrates at BC-1A in Brushy Creek during Fall 2015 (continued).

Subsample Count

Family Scientific Name BC-1R1USRB | BC-1R1MRB | BC-1R1DSRB | BC-1R2USRB | BC-1R2MRB | BC-1R2DSRB | BC-1R3USRB | BC-1R3MRB | BC-1 R3 DSRB

Rheocricotopus sp. 0 0 0 0 0 2 0 0 0
Rheotanytarsus exiguus gr. 3 4 6 1 3 19 15 21 12

Stempellinella sp. 0 0 0 2 0 0 0 0 0

. . _ Tanytarsini 0 0 0 0 0 1 0 0 0
Diptera-Chironomidac Tanytarsus sp. 0 2 0 1 0 0 12 1 5
Thienemanniella sp. 1 1 0 0 0 0 0 0 4

Thienemannimyia gr. sp. 8 9 6 30 12 8 17 13 9

Tvetenia bavarica gr. 0 1 0 1 0 2 1 0 2

Bezzia/Palpomyia sp. 0 0 0 0 1 0 0 1 0

Ceratopogoninae 0 0 0 2 0 0 0 2 1

Dasyhelea sp. 2 0 0 4 1 0 0 3 3

Diptera Hemerodromia sp. 13 6 14 16 14 13 3 10 3
Hexatoma sp. 0 0 0 3 1 0 0 0 0

Simulium sp. 3 0 0 0 0 0 0 0 0

Tipula sp. 1 0 0 4 2 0 0 0 0

Caenis sp. 9 5 5 6 13 2 37 35 25

Isonychia sp. 1 0 1 0 1 0 0 0 0

Ephemeroptera Maccaffertium sp. 18 0 0 24 17 0 11 19 0
Maccaffertium terminatum 0 35 43 0 0 10 0 0 19

Ancylidae 0 0 3 0 2 0 0 0 0

Ferrissia sp. 3 3 0 8 0 5 22 25 44

Gyraulus sp. 0 1 0 1 0 0 0 0 0

Gastropoda Lymnaeidae 0 0 0 1 0 0 0 0 0
Physa sp. 1 0 0 0 0 0 0 0 0

Planorbidae 0 0 0 0 0 0 0 1 0

Megaloptera Corydalus cornutus 0 0 0 0 1 1 0 0 0
Argia sp. 0 0 2 6 4 2 1 6 3

Calopterygidae 0 0 0 1 0 0 0 0 0

Coenagrion/Enallagma sp. 0 0 0 0 0 0 1 0 1

Odonata Gomphidae 0 0 0 0 0 0 1 0 0
Hetaerina sp. 0 2 1 0 1 2 1 0 0

Tricorythodes sp. 0 0 0 0 2 1 1 0 0

Plecoptera Plecoptera 0 0 0 0 0 0 0 0 1
Cheumatopsyche sp. 70 38 45 31 80 37 24 26 23

Chimarra sp. 11 17 17 8 29 30 2 4 3

Helicopsyche borealis 0 0 0 0 0 0 1 7 1

. Hydropsyche betteni 0 3 16 0 6 4 0 0 4
Trichoptera Hydropsyche sp. 2 0 0 0 0 0 1 5 0
Hydroptila sp. 1 1 1 0 0 0 0 1 4

Limnephilidae 0 0 0 0 0 1 0 0 0

Oecetis persimilis 0 0 0 0 0 0 0 1 0




Table E.5. Benthic macroinvertebrate collection data set from rock bag artificial substrates at BC-1A in Brushy Creek during Fall 2015 (continued).
Subsample Count
Family Scientific Name BC-1R1USRB | BC-1R1MRB | BC-1R1DSRB | BC-1R2USRB | BC-1R2MRB | BC-1R2DSRB | BC-1R3USRB | BC-1R3MRB | BC-1 R3 DSRB
Oecetis sp. 2 0 2 0 1 0 2 0 0
Oxyethira sp. 1 0 0 0 0 0 0 0 1
Trichoptera Polycentropodidae 0 0 0 0 0 0 0 0 1
Polycentropus sp. 0 0 0 0 0 0 0 0 1
Pycnopsyche sp. 1 0 0 0 0 0 0 0 0
Hydra sp. 1 0 0 0 0 0 0 0 0
Other Organisms Nematoda 0 0 0 1 0 0 0 0 0
Prostoma sp. 0 0 0 0 0 0 0 0 1
Turbellaria 13 2 8 5 5 7 0 0 2
Total 298 293 321 325 357 326 303 334 310




Table E.6.

Benthic macroinvertebrate collection data set from Hester-Dendy artificial
substrates in Stennitt Creek during Fall 2016.

Subsample Count

SC-0 SC-0 SC-0 SC-1 SC-1 SC-1
Family Scientific Name AS1 AS2 AS3 AS1 AS2 AS3
Ancyronyx variegatus 0 2 0 0 0 0
Berosus sp. 1 0 0 0 0 0
Coleoptera Dubiraphia sp. 1 10 0 0 1 1
Hydroporinae 0 0 0 0 0 1
Macronychus glabratus 2 0 0 0 0 0
Ablabesmyia mallochi 49 75 53 11 6 20
Bezzia/Palpomyia sp. 0 0 1 0 0 0
Ceratopogoninae 0 1 0 0 0 0
Chironomus sp. 3 4 0 0 0 1
Cladotanytarsus sp. 11 30 2 0 0 0
Cryptochironomus sp. 0 0 3 0 0 0
Dicrotendipes modestus 12 3 0 0 0 0
Dicrotendipes neomodestus 0 9 20 0 1 0
Dicrotendipes sp. 0 19 0 0 0 0
Labrundinia sp. 7 10 2 0 0 0
Limnophyes sp. 0 1 0 0 0 0
Micropsectra sp. 0 0 1 0 0 0
Microtendipes pedellus gr. 0 1 0 0 1 0
Nanocladius sp. 1 4 0 0 0 0
Parakiefferiella sp. 0 7 0 0 0 0
Diptera Paratanytarsus sp. 1 14 6 2 0 2
Paratendipes sp. 0 13 1 0 0 0
Phaenopsectra sp. 1 1 1 0 0 1
Polypedilum fallax gr. 2 3 13 2 1 2
Polypedilum halterale gr. 0 0 0 0 0 5
Polypedilum illinoense gr. 0 10 0 3 0 3
Polypedilum scalaenum gr. 0 13 8 1 0 0
Probezzia sp. 1 0 0 0 0 0
Rheotanytarsus exiguus gr. 0 0 6 0 1 1
Rheotanytarsus sp. 0 1 0 0 0 0
Stempellinella sp. 0 0 0 0 0 1
Stictochironomus sp. 0 1 0 0 0 0
Tanytarsus sp. 22 32 15 2 0 2
Thienemanniella sp. 6 1 0 0 0 0
Thienemannimyia gr. sp. 2 10 11 2 1 3
Tribelos jucundum 1 1 0 1 0 0
Caenis latipennis 0 8 0 0 0 0




Table E.6.

Benthic macroinvertebrate collection data set from Hester-Dendy artificial

substrates in Stennitt Creek during Fall 2016 (continued).

Subsample Count

SC-0 SC-0 SC-0 SC-1 SC-1 SC-1

Family Scientific Name AS1 AS2 AS3 AS1 AS2 AS3
Caenis sp. 3 0 0 1 0 1
Ephemeroptera Maccaffert_ium sp. 0 2 1 0 0 0
Stenacron interpunctatum 0 4 0 0 0 0
Stenacron sp. 8 0 4 1 0 0
Hoplonemertea |Prostoma sp. 1 2 0 0 0 0
Ferrissia sp. 0 5 0 0 0 0
Hygrophila Laevapex fuscus 2 3 0 0 0 0
Micromenetus sp. 0 2 0 0 0 0
Megaloptera Corydalus cornutus 0 0 0 0 0 1
Sialis sp. 0 1 0 0 0 0
Odonata Argia sp. 1 2 0 5 0 1
Plecoptera Taeniopteryx sp. 0 1 0 0 0 0
Rhynchobdellida | Helobdella sp. 0 1 0 0 0 0
Hydroptila sp. 4 1 0 0 0 0
Mystacides sepulchralis 1 0 0 0 0 0
Trichoptera Nyctiophylax sp. 1 0 1 0 0 0
Oecetis sp. 0 1 1 0 0 0
Polycentropodidae 0 1 0 0 0 0
Trombidiformes Koenik_ea sp. 0 0 0 0 0 0
Lebertia sp. 0 1 1 0 0 0
Tubificida tubificoid Naididae w/o cap setae 0 1 0 0 0 1
Veneroida Corbicula sp. 0 10 0 0 0 1
Other Organisms | Turbellaria 1 3 1 1 0 1

Total

145

325

152
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APPENDIX F

Summary Tables-Macroinvertebrate Data



Table F.1.

Corrected abundance and percent composition of the 10 most abundant taxa from

instream sampling at the BC-0A, BC-1A, and REF locations.

Loc | CA | % | Cum % CLASS ORDER FAMILY GENUS
541 | 37 37 Insecta Ephemeroptera Caenidae Caenis
275 | 19 55 Malacostraca Isopoda Asellidae Lirceus
48 3 59 Clitellata Tubificida Tubificidae Limnodrilus
48 3 62 Insecta Coleoptera Elmidae Stenelmis
<<3F 48 3 65 Insecta Trichoptera Limnephilidae
= 39 | 3 68 Insecta Coleoptera Elmidae Dubiraphia
39 3 70 Insecta Trichoptera Hydropsychidae Hydropsyche
35 2 73 Insecta Ephemeroptera Heptageniidae Stenacron
35 2 75 Insecta Odonata Coenagrionidae Argia
35 2 78 Turbellaria
473 | 21 21 Insecta Ephemeroptera Caenidae Caenis
411 | 18 39 Insecta Ephemeroptera Heptageniidae Maccaffertium
405 | 18 57 Bivalvia Veneroida Corbiculidae Corbicula
103 | 5 62 Insecta Coleoptera Elmidae Stenelmis
ﬁ. 96 4 66 Clitellata Tubificida Tubificidae Limnodrilus
= 69 | 3 69 Insecta Diptera Chironomidae Polypedilum
69 3 72 Insecta Trichoptera Hydropsychidae Cheumatopsyche
69 3 76 Turbellaria
55 2 78 Malacostraca Isopoda Asellidae Lirceus
48 2 80 Insecta Odonata Coenagrionidae Argia
158 | 19 19 Insecta Ephemeroptera Heptageniidae Maccaffertium
82 | 10 28 Insecta Trichoptera Hydropsychidae Cheumatopsyche
73 9 37 Insecta Trichoptera Philopotamidae Chimarra
54 6 43 Gastropoda Littoridinomorpha Pleuroceridae
E 51 6 49 Insecta Ephemeroptera Heptageniidae Stenacron
% 48 6 55 Insecta Diptera Chironomidae Polypedilum
40 5 59 Insecta Diptera Tipulidae Tipula
34 4 63 Insecta Ephemeroptera Isonychiidae Isonychia
23 3 66 Bivalvia Veneroida Sphaeriidae Pisidium
23 3 69 Insecta Trichoptera Helicopsychidae Helicopsyche
254 | 30 30 Insecta Trichoptera Philopotamidae Chimarra
168 | 16 16 Insecta Trichoptera Hydropsychidae Cheumatopsyche
103 | 9 25 Gastropoda Littoridinomorpha Pleuroceridae
89 8 33 Insecta Ephemeroptera Heptageniidae Maccaffertium
aoL s |7 40 Insecta Diptera Tipulidae Tipula
Ml 8| 5| 46 Insecta Diptera Chironomidae Thienemanniella
51 5 50 Insecta Diptera Chironomidae Polypedilum
41 4 54 Insecta Diptera Chironomidae Polypedilum
24 2 56 Insecta Diptera Chironomidae Tvetenia
17 2 58 Insecta Coleoptera Elmidae Microcylloepus

Loc - location; % - percent composition; Cum % - cumulative percent composition; CA - abundance corrected for sub-sampling




Table F.2.

Corrected abundance and percent composition of the 10 most abundant taxa from
the artificial substrate (rock basket) samplers at the BC-0A and BC-1A locations.

Loc CA | % C‘;om CLASS ORDER FAMILY GENUS
1467 | 30 30 | Insecta Ephemeroptera Caenidae Caenis
745 | 15 45 | Bivalvia Veneroida Sphaeriidae Pisidium
283 | 6 50 | Insecta Coleoptera Elmidae Stenelmis
261 | 5 55 | Insecta Diptera Chironomidae Thienemannimyia
<o:: 231 5 60 | Clitellata Tubificida Tubificidae Limnodrilus
8 137 ] 3 63 | Malacostraca | Isopoda Asellidae Lirceus
123 | 2 65 | Insecta Coleoptera Elmidae Dubiraphia
121 | 2 68 | Insecta Diptera Chironomidae Polypedilum
89| 2 70 | Insecta Ephemeroptera Heptageniidae Maccaffertium
88| 2 71 | Insecta Diptera Chironomidae Cryptochironomus
6610 | 24 24 | Insecta Diptera Chironomidae Polypedilum
3476 | 13 37 | Insecta Trichoptera Hydropsychidae | Cheumatopsyche
1939 | 7 44 | Bivalvia Veneroida Corbiculidae Corbicula
1715| 6 51 | Insecta Ephemeroptera Heptageniidae Maccaffertium
3. 1493 | 6 56 | Insecta Diptera Chironomidae Cricotopus
g 1343 | 5 61 | Insecta Trichoptera Philopotamidae | Chimarra
1181 | 4 66 | Insecta Ephemeroptera Caenidae Caenis
998 | 4 69 | Insecta Diptera Chironomidae Thienemannimyia
990 | 4 73 | Insecta Diptera Chironomidae Parametriocnemus
909 | 3 76 | Gastropoda | Basommatophora | Ancylidae Ferrissia

Loc - location; % - percent composition; Cum % - cumulative percent composition; CA - abundance corrected for sub-sampling




Table F.3. Corrected abundance and percent composition of the 10 most abundant taxa from
instream sampling at the SC-0 and SC-1 locations.

Loc | CA | % | Cum % CLASS ORDER FAMILY GENUS
1037 | 18 18 Bivalvia Veneroida Sphaeriidae Pisidium
576 | 10 28 Insecta Coleoptera Elmidae Dubiraphia
557 |10 37 Insecta Diptera Chironomidae Polypedilum
499 | 9 46 Insecta Ephemeroptera Caenidae Caenis

o 384 | 7 52 Bivalvia Veneroida Corbiculidae Corbicula

8 307 | S 57 Insecta Diptera Ceratopogonidae
250 | 4 62 Malacostraca Isopoda Asellidae Lirceus
154 | 3 64 Gastropoda Hygrophila Planorbidae Ferrissia
154 | 3 67 Insecta Diptera Chironomidae Dicrotendipes
154 | 3 70 Insecta Diptera Chironomidae Paratanytarsus
3584 | 18 18 Insecta Ephemeroptera Caenidae Caenis
2944 | 15 34 Insecta Coleoptera Elmidae Dubiraphia
2624 | 14 47 Insecta Diptera Chironomidae Polypedilum
768 | 4 51 Insecta Diptera Chironomidae Rheotanytarsus

vli 704 | 4 55 Insecta Diptera Chironomidae Paratanytarsus

8 704 | 4 58 Insecta Diptera Chironomidae Polypedilum
640 | 3 62 Bivalvia Veneroida Sphaeriidae Pisidium
448 | 2 64 Gastropoda Littoridinomorpha Hydrobiidae
448 | 2 66 Insecta Diptera Chironomidae Stempellinella
448 | 2 69 Insecta Diptera Chironomidae Thienemannimyia

Loc - location; % - percent composition; Cum % - cumulative percent composition; CA - abundance corrected for sub-sampling



Table F 4.

Corrected abundance and percent composition of the 10 most abundant taxa from
artificial substrate (Hester-Dendy) samplers at the SC-0 and SC-1 locations.

Loc CA | % C;om CLASS ORDER FAMILY GENUS
182 | 28 28 | Insecta Diptera Chironomidae Ablabesmyia
71111 39 | Insecta Diptera Chironomidae Tanytarsus
65110 49 | Insecta Diptera Chironomidae Dicrotendipes
51] 8 57 | Insecta Diptera Chironomidae Polypedilum
8 451 7 64 | Insecta Diptera Chironomidae Cladotanytarsus
N 22| 3 68 | Insecta Diptera Chironomidae Paratanytarsus
22 3 71 | Insecta Diptera Chironomidae Thienemannimyia
20| 3 74 | Insecta Diptera Chironomidae Labrundinia
15| 2 76 | Insecta Diptera Chironomidae Paratendipes
15| 2 79 | Insecta Ephemeroptera Caenidae Caenis
37 | 40 40 | Insecta Diptera Chironomidae Ablabesmyia
17 |18 58 | Insecta Diptera Chironomidae Polypedilum
6| 6 65 | Insecta Diptera Chironomidae Thienemannimyia
6| 6 71 | Insecta Odonata Coenagrionidae | Argia
8 4| 4 75 | Insecta Diptera Chironomidae Tanytarsus
2 41 4 80 | Insecta Diptera Chironomidae Paratanytarsus
21 2 82 | Insecta Coleoptera Elmidae Dubiraphia
21 2 84 | Insecta Ephemeroptera Caenidae Caenis
21 2 86 | Insecta Diptera Chironomidae Rheotanytarsus
21 2 88 | Turbellaria

Loc - location; % - percent composition; Cum % - cumulative percent composition; CA - abundance corrected for sub-sampling




Table F.5. Selected metric values from Brushy and Clear Creek instream samples.

Site ID BC-0A BC-1A REF-R2 REF-R3
Metric Type Collection Date 11/24/15 11/24/2015 10/26/16 10/26/16
Abundance Corrected Abundance 1,475 2,242 1,083 850
Species Richness 43 49 43 44
EPT Richness 11 11 14 11
Ephemeroptera 6 4 6 5
Richness Plecoptera 0 1 1 0
Trichoptera 5 6 7 6
Chironomidae 8 11 9 13
Oligochaeta 2 2 0 3
Non-Chiro. Non-Olig. 33 36 34 28
% Ephemeroptera 43 41 13 32
% Plecoptera 0 0 0 0
% Trichoptera 9 7 42 24
) % EPT 52 48 55 56
Commutlnlt Y % Coleoptera 9 8 3 6
Composition -
% Diptera 6 10 28 21
% Oligochaeta 4 5 0 1
% Chironomidae 4 7 18 15
% Hydropsychidae 5 3 16 10
% Filterers 7 24 44 28
] % Gatherers 10 32 15 20
gligigonal % Predators 11 11 5 7
Composition % Scrapers 10 26 19 30
% Shredders 6 5 17 13
% Piercer-Herbivores 0 0 0 0
% Unclassified 57 2 0 2
Filterer Richness 5 7 8 8
) Gatherer Richness 11 13 12 16
gﬁgﬁ;onal Predator Richness 14 16 10 8
Composition Scraper Richness 5 6 5 5
Shredder Richness 3 6 7 5
Piercer-Herbivore Richness 0 0 0 0
Unclassified 5 1 1 1
o Shannon-Weaver H 3.67 3.95 3.96 4.47
Eiiifélys Margalef's Richness 5.76 6.22 6.01 6.38
Measures Pielou's J' 0.68 0.70 0.73 0.82
Simpson's Heterogeneity 0.82 0.88 0.89 0.93
Biotic Indices % Indiv. w/ HBI Value 96 98 98 97
Hilsenhoff Biotic Index 6.81 5.94 4.90 4.83




Table F.6.

Selected metric values (averaged across all 9 substrate units form each location)
from Brushy Creek artificial substrates.

Site ID BC-0A BC-1A
Metric Type Collection Date 11-23-2015 11-23-2015
Abundance Corrected Abundance 552 30,079
Dominance % Dominant Taxon 34.2 234
Species Richness 44 .4 35.2
EPT Richness 8.9 7.8
Ephemeroptera Richness 3.6 2.7
) Plecoptera Richness 0.4 0.1
Richness - -
Trichoptera Richness 4.9 5.0
Chironomidae Richness 15.7 12.3
Oligochaeta Richness 2.2 1.6
Non-Chiro. Non-Olig. Richness 26.6 21.3
% Ephemeroptera 339 11.9
% Plecoptera 0.3 0.01
% Trichoptera 7.4 19.6
% EPT 41.6 31.6
Community % Coleoptera 8.6 52
Composition % Diptera 25.6 45.0
% Oligochaeta 4.9 1.4
% Chironomidae 21.1 40.6
% Ephemerellidae 0.0 0.0
% Hydropsychidae 3.7 14.4
% Filterers 16.3 31.8
% Gatherers 41.5 14.5
% Predators 15.4 11.2
% Scrapers 13.4 14.7
% Shredders 5.2 27.0
% Piercer-Herbivores 0.3 0.4
Functional Group % Unclassified 7.7 0.3
Composition Filterer Richness 53 6.9
Gatherer Richness 13.2 10.4
Predator Richness 11.3 8.2
Scraper Richness 6.6 4.0
Shredder Richness 4.7 4.2
Piercer-Herbivore Richness 0.4 0.8
Unclassified 2.7 0.7
Shannon-Weaver H' (log 2) 3.9 3.9
Diversity/Evenness Margalef's Richness 7.0 4.3
Measures Pielou's J' 0.7 0.8
Simpson's Heterogeneity 0.8 0.9
Biotic Indices % Indiv. w/ HBI Value 91.2 94.8
Hilsenhoff Biotic Index 6.64 5.82




Table F.7. Selected metric values from Stennitt Creek instream samples.

Metric Type Site ID SC-0 SC-1
Collection Date
Abundance Measures Corrected Abundance 5,856 19,392
Species Richness 55 52
EPT Richness 4 6
Ephemeroptera Richness 1 3
Richness Measures Plécoptera Ri(?hness 0 0
Trichoptera Richness 3 3
Chironomidae Richness 19 18
Oligochaeta Richness 5 6
Non-Chiro. Non-Olig. Richness 31 28
% Ephemeroptera 9 20
% Plecoptera 0 0
% Trichoptera 2 2
% EPT 11 22
Community Composition % C9leoptera 11 18
% Diptera 36 40
% Oligochaeta 3 4
% Chironomidae 27 37
% Hydropsychidae 0 1
% Odonata 1 2
% Filterers 26 13
% Gatherers 35 47
% Predators 14 10
% Scrapers 6 6
% Shredders 11 19
% Piercer-Herbivores 0 0
Functional Group Composition % Unclas§1ﬁed ! 4
Filterer Richness 4 8
Gatherer Richness 21 17
Predator Richness 15 12
Scraper Richness 6 5
Shredder Richness 4 5
Piercer-Herbivore Richness 0 0
Unclassified 3 3
Shannon-Weaver H' 4.61 4.44
Diversity/Evenness Measures Margalefs Richness 6.22 217
Pielou's J' 0.80 0.78
Simpson's Heterogeneity 0.93 0.91
_ . % Indiv. w/ HBI Value 93 94
Biotic Indices - —
Hilsenhoff Biotic Index 6.64 6.59




Table F.8.

SC-0 and SC-1 locations.

Selected metric values from artificial substrate (Hester-Dendy) samplers at the

Metric Type Site ID SC-0 SC-1
Collection Date
Abundance Measures Corrected Abundance 214.6 31.0
Species Richness 30.3 12.7
EPT Richness 6.0 1.0
Ephemeroptera Richness 2.3 1.0
Richness Measures Ple.coptera Ric.hness 0.3 0.0
Trichoptera Richness 33 0.0
Chironomidae Richness 15.7 8.3
Oligochaeta Richness 0.3 0.3
Non-Chiro. Non-Olig. Richness 14.3 4.0
% Ephemeroptera 4.4 2.8
% Plecoptera 0.1 0.0
% Trichoptera 2.8 0.0
% EPT 7.3 2.8
Community Composition Yo C(.)leoptera 2.2 4.1
% Diptera 83.7 83.4
% Oligochaeta 0.1 0.7
% Chironomidae 83.2 83.4
% Hydropsychidae 0.0 0.0
% Odonata 2.0 5.9
% Filterers 14.5 10.4
% Gatherers 23.4 12.7
% Predators 43.9 57.6
% Scrapers 1.9 0.7
% Shredders 8.5 12.4
% Piercer-Herbivores 0.3 0.0
Functional Group Composition % Unclas.s1ﬁed 6.4 6.2
Filterer Richness 3.0 2.0
Gatherer Richness 9.7 3.7
Predator Richness 9.3 4.0
Scraper Richness 2.3 0.3
Shredder Richness 3.0 2.0
Piercer-Herbivore Richness 0.7 0.0
Unclassified 1.7 0.7
Shannon-Weaver H' 3.7 2.9
Diversity/Evenness Measures Margalefs Richness 3.3 34
Pielou's J' 0.76 0.82
Simpson's Heterogeneity 0.87 0.81
. . % Indiv. w/ HBI Value 94.9 924
Biotic Indices ; .
Hilsenhoff Biotic Index 6.28 5.72




APPENDIX G

Cluster Analysis Dendrograms



Figure G.1.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Brushy Creek
using the single linkage method with Euclidean distances.

Figure G.2.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Brushy Creek
using the complete linkage method with Euclidean distances.



Figure G.3.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Brushy Creek
using the average linkage method with Euclidean distances.

Figure G.4.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Brushy Creek
using the centroid linkage method with Euclidean distances.



Figure G.5.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Brushy Creek
using the median linkage method with Euclidean distances.

Figure G.6.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Brushy Creek
using the weighted linkage method with Euclidean distances.



Figure G.7.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Stennitt Creek
using the single linkage method with Euclidean distances.

Figure G.8.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Stennitt Creek
using the complete linkage method with Euclidean distances.



Figure G.9.  Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Stennitt Creek
using the average linkage method with Euclidean distances.

Figure G.10. Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Stennitt Creek
using the centroid linkage method with Euclidean distances.



Figure G.11. Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Stennitt Creek
using the median linkage method with Euclidean distances.

Figure G.12. Dendogram resulting from the hierarchical cluster analysis of benthic
macroinvertebrate metrics from rock bag artificial substrates in Stennitt Creek
using the weighted linkage method with Euclidean distances.
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