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TENNESSEEOS MUPRENFCRRTERIADEVEL OPMENT

SEPTEMBER 2007

I. INTRODUCTION

This plan describes the approach the Division of Water Pollution Control, Tennessee
Department of Environment and Conservation, will use to identify and adopt additional
water quality standardsr nutrient related parameters that protect against measurable
impacts to the aquatic environment. Tennessee has already made great strides in
incorporating nutrient and biological criteria into its water quality standards. This plan is
designed to bid upon and refine the achievements already attained in the state.

Tennesseebs plan for nutrient criteria devel
mandate requiring the adoption of nutrient criteria into state water quality standards by

2004. EPA hastated that since both the process for developing standards and the

available resources may differ significantly between states, some may not have to adopt
standards by 2004 as long as evaluations of progress show that criteria development is
wellunderwayand t he statebs efforts are consistent

I f U. S. EPA feels a stateds plan is not appr
by 2004, the U.S. EPA administrator may exercise authority under section 303(c)(4)(B)

of the Clean Water Aand find that promulgation of nutrient criteria for the state is

necessary to meet the requirements of the Clean Water Act.

The push for nutrient criteria adoption is driven by state water quality inventories that

repeatedly cite nutrients asamajoucae of wat er quality use | mpe
national water quality summary reports to Congress consistently identify excessive
nutrients as one of the top three | eading ca

(along with siltation and pathogens). Tlennessee, nutrients are the fourth leading cause
of use impairment in rivers and streams after siltation, habitat alteration, and pathogens
(Figure 1). Nutrients are the third leading cause of pollution in reservoirs and lakes after
PCBs and siltation.

Under section 303(d), States identify waters that are not attaining water quality standards

and submit a list of those impaired waters to EPA. These lists also frequently identify

excessive nutrients as a leading cause of impairment. In Tennessedan@gb00

stream miles have been identified as impaired due to nutrients. These ninnpaineéd

stream segments are found in most of the sta
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Figure 1: Relative impacts of pollution in assessed rivers and streams in Tennessee
(2006 305(b) report)

Tennessee has made considerable progress developing nutrient targets for wadeable
streams. However, less progress has been made for other waterbody types such as lakes,
reservoirs, wetlands and large rivers. The purpose of this dotisriendentify

methods that, resources permitting, could be used to identify nutrient goals for all the

various waterbody types.

IMPORTANT NOTE:

This document is a plan that describes potential approaches for
the refinement of existing nutrient @rta and the future
development of specific criteria for additional waterbody types.
Implementation of this plan will require either additional program
resources or the diversion of resources from other program areas|.

Nothing in this document shouli taken to obligate the Division
of Water Pollution Control to a course of action in the absence
of program resources.




II. CRITERIA DEVELOPMENT OPTIONS

In 1998, EPA developed a National Nutrient Strategy for the development of a set of

national criteia recommendations for nutrients for various waterbody types. The strategy

was based on a statistical analysis of data aggregated from Level Ill ecoregions (Figure

2). Tennessee has three of these nutrient regions: Region IX (Southeastern Temperate

Forested Plains and Hills), Region X (Texasuisiana Coastal and Mississippi Alluvial

Plains), and Region XI (Central and Eastern Forested Uplands). However, only a small
portion of Tennesseeds | and area (Mississipp

As of 2004 EPA has published national nutrient criteria for streams and rivers, lakes, and
wetlands. However, the criteria developed for wetlands are only applicable to a small
portion of Florida (Region XIll). Additionally, even for streams and lakes, not aélLe

lIl ecoregions are covered.

Diraft Aggregations of Level 11 Ecoregions
for the National Nutrient Strategy

-~ . é | '
M | Willamette and Central 1.:1|' f
Il Western Forested Mountains

i Xerie West
IV, Grent Plains Grass and Shrublands
V. South Central Cultivated Great Plamns
VI Corn Balt andMorthern Greaf Plains
VIE Mostly Glecinied Doiry Region
VIIL Mubrient Poor |'..1u'||._"r'|'_|.' GlLaciated i!-]'.lpr-r Midwest and Notrhenst
IX. Bouthensiern Temperate Foresied Plains and Hifls
X Texas-Lowsiann Coasial and Mississipps Alluvial Plains

M Xi. Central and Enstern Foresied Uplonds
KL Sowthern Coastal Plain
AL Sowthern Florida Constal Plan
NIV, Eastern Constal Plain

FIGURE 2. Level lll ecoregions of the United States. (Source: EPA Office of
Water web page.)



Dr. Sherry Wang and Greg Denton of the Tennessee Division of Water Pollution Control
participated in the development of thational nutrient criteria for rivers and streams as
members of the national criteria development team. A case study from Tennessee
appeared in the rivers and streams criteria document. Additionally, Mr. Denton and Dr.
Wang serve on the nutrient criteRa&gional Technical Advisory Group (RTAG) for

Region IV.

The following tables summarizes the EPA national nutrient criteria recommendations for
the three Level Il nutrient regions in Tennessee for rivers and streams (Table 1), plus
two regions for lakeand reservoirs (Table 2). As stated previously, there are no national
nutrient criteria for wetlands in any of the three Level Ill ecoregions in Tennessee. The

source of these data was EPAGO6s nutrient crit
CriteriaDocuments, which can be accessed at
(http://www.epa.gov/waterscience/criteria/nutrient/ecoregions/).

Table 1. Aggregate ecoregions for rivers and streams

PARAMETER ECOREGION IX ECOREGION X | ECOREGION XI

Total Phosphorus (ug/L 36.56 128.00* 10.00

Total Nitrogen (mg/L) 0.69 0.76 0.31

Chlorophylla (ug/L) 0.93 2.10 1.61

Turbidity (FTU/NTU) 5.70 17.50 2.30

* EPA believes that this value may be a statistical anomaly and recommends further

evaluation.

Table 2. Aggregate ecoregions foekes and reservoirs

PARAMETER ECOREGION IX ECOREGION X ECOREGION XI
Total Phosphorus (ug/L 20.00 Under developmen 8.00
Total Nitrogen (mg/L) 0.36 Under developmen 0.46
Chlorophylla (ug/L) 4.93 Under developmen 2.79
Secchi Depth (meters) 153 Under developmen 2.86

If EPA were required to promulgate nutrient criteria for individual states, the criteria

woul d be

based

on

EPAOGS

publ i

shed

stated clearly that federal promulgation is not their prefeapproach and instead,

recommends that whemer possible, the states should develop nutrient criteria that fully
condi ti

reflect |
preferred approach.

ocal i

zed

ons

and

nat i

protect



EPA has also stated alligness to provide states with some flexibility concerning the
parameters or constituents that provide the basis for criteria development. Causative
factors are the pollutants such as nitrogen or phosphorus that stimulate excessive
biomass. Responsectars are measurements of the effects of the excess nutrients, such
as elevated chlorophydl levels, reduced water clarity or an adverse alteration in the
benthic community composition. While EPA has recommended that states base criteria
on both causaterand response factors, many states appear to have a preference for one
or the other. EPA has acknowledged that approaches that emphasize one set of factors
over another can be acceptabl e. Tennesseeobs
focuses on botbhause and response variables and will continue to do so for all waterbody
types..

[ T TENNESSEEGS WADEABLE STREAM NUTRI ENT
DEVELOPMENT

For wadeable streams, Tennessee has selected an approach to criteria development that
blendsec ommendati ons from EPA with the stateds
levels in various parts of the state. In fact, when the national nutrient strategy document

was developed in 1998, Tennessee was already several years into a project studying wate
quality at carefully selected reference streams.

The Tennessee Ecoregion Project began in 1993 when Tennessee, with the help of
104(b)(3) funds, arranged for James Omernik and Glen Griffith from the EPA National
Health and Environmental Research Lattory to subregionalize and update the national
Level 11l ecoregions that were developed in 1986.

During the delineation process, maps containing information on bedrock and surface
geology, soil, hydrology, physiography, topography, precipitation, laedand

vegetation were reviewed. Interagency cooperation widened the base of maps,
information and resources available to delineate subregions. Much of this information
was digitized to produce draft maps of ecoregion and subregion boundaries.

Multiple agencies were invited and represented at three ecoregion meetings held during
199495. Attendees included aquatic biologists, ecologists, foresters, chemists,
geographers, engineers, university professors and regulatory personnel from 37 state and
federd agencies as well as universities and private organizations. The judgment of these
experts was applied throughout the selection, analysis and classification of data to
determine the final ecoregion and subregion boundaries in Tennessee (Griffith, 1997).

Ecoregion delineation culminated in 1997 with the publication of a map outlining 25
Level IV ecoregions (Figure 3).
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Figure 3: Level IV ecoregions of Tennessee
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In parallel with the delineation efforts, in 1994, work began to identify reference streams
throughout the stat(Arnwine et al, 2000). Reference streams were least impacted, but
representative, waterbodies in each of the subecoregions. Candidate reference streams
were selected based on lamsk and the general absence of {distlurbing activities.
Candidate seams were initially surveyed and approximately 100 were selected for
intensive monitoring. Except for some of the very small subecorogions, three to five
reference streams were established in each area.

For the next three years, the division intensivabnitored each reference stream for
physical, biological, and chemical characteristics. Total phosphorus and nitrate+nitrite
data were included in these analyses, however, total nitrogen was not. Reference sites
have continued to be sampled since tlen,in conjunction with the watershed cycle,
rather than intensively as before.

In 2001, the division published a document entitelyelopment of Regionallyased
|l nterpretations of Tenne $Derdoe étal, 2004)r That i v e
report:

1. Documented the 75and 98" percentiles of the total phosphorus and
nitrate+nitrite data from each subecoregion.

2. ldentified adjoining Level IV subregions that could be combined due to the lack
of a statistically significant difference in the d&tam each.

3. Tested both the #5and 98" percentiles with the benthic community survey
results at test sites to see how well each potential criteria level predicted
biological impairment.

4. Proposed the 90percentile as the basis for clean water gokinse

5. Established an implementation procedure for application of the narrative criteria.

In 2002, the division formally proposed to the Water Quality Control Board that the total
phosphorus and nitrate-+nitrite targets based on tHgé&@entile estdished in the 2001
nutrient document be promulgated as water quality criteria. Additionally, the division
suggested that a narrative nutrient criterion for protection of the recreational use be
adopted. The following language was suggested:

The waterslsall not contain nutrients in concentrations that stimulate aquatic plant life
and/ or algae growth to the extent that t
other downstream waters are detrimentally effected.

The set of revisions was drafted antbmaking procedures were initiated.

Nut

he p



I n the spring of 2003, a court case chall eng
impaired waters and to set permit limitations for nutrients, due to the lack of a water

quality criterion specific to thatomdition. In response, the Board approved an

emergency rule for nutrients. The emergency rule, which was narrative in nature, stated:

(m)The waters shall not contain nutrients in concentrations that stimulate aquatic
plant and/or algae growth to the extetitat aquatic habitat is substantially
reduced and /or the biological integrity fails to meet regional goals. Additionally,
the quality of downstream waters shall not be detrimentally affected.

Interpretation of this provision may be made using theudmmt Development of
Regionallyb a s e d I nterpretations of Tennesseebd
and/or other scientifically defensible methods.

The wording of the emergency rule did several significant things. First, as part of the

criteria for protetion of fish and aquatic life, it applied to all waters, since all waters in

Tennessee have that designated use assigned to them. Since the criterior was non

specific, it applied to all waterbody types and established the importance of physical

(habitat)and biological data in interpreting the criterion. Additionally, for wadeable
streams, it established the divisionds proce
preferred method of interpretation. This emergency rule, once promulgated, was then

appoved by EPA in December, 2003.

In August, 2003, EPA raised concerns about the promulgation of numeric criteria based
on the 98' percentile of the reference stream data. Additionally, the public and the
regulated community did not appear to support mmeeiteria. In response, the division
removed the proposed numeric criteria and substituted the narrative criterion language
from the emergency rule.

All the proposed revisions to water quality standards were promulgated by the Board in
September, 2003 Foll owing certification by the Att
rulemaking hearing rules were transmitted to EPA. The state rulemaking process was

completed in January, 2004. In September 2004, EPA formally approved almost all of

T e nnes s e e dnsludingthe inaratieemstrient criterion. (As stated previously,

EPA had already approved the same language in the emergency nutrient criterion.)

There are sever al reasons that Tennessee cho
recommendatias for wadeable streams. The first and most obvious is that EPA stated a
preference that states develop their own regiofiled nutrient criteria. The national

database used by EPA included data from large rivers and streams that crossed Level IV

(@ands omet i mes Level Il 1'l') ecoregion boundari es.
restricted to streams that had at least 80% of the upstream drainage included within the

targeted Level IV subregion.



A Level IV or ecological subregion approach is muchrenefined and indicative of

local conditions. Subregions in Tennessee were often statistically different from other
subregions in the same Level lll ecoregion. Basing criteria on Level Il data is not
sensitive to obvious regional differences.

Anothers our ce of concern about EPAG6s national n
a statistical approach was used to derive the national criteria without consideration of

causeeffect relationships. Tennessee has utilized an approach that incorporately not

the identification of the reference condition, but also considers the effects of nutrient

enrichment to the biological community. The state considers this approach a more

appropriate method of determining nutrient thresholds for the protectionighasl

uses.

Regarding other waterbody types such as lakes and reservoirs, Tennessee is not certain

that an ecoregional framework will be as helpful as it was with rivers and streams.

Although Florida used such an approach for their lakes, most ofakeg are of natural

origin, while most of Tennesseeds are i mpoun
seem to be more controlled by the size and type of dam, the contours of the flooded

valley, retention times, and inflow and outflow rates.

Tennesse is waiting on guidance from EPA before attempting to develop nutrient criteria
for wetlands.

IV. CLASSIFICATION BY WATERBODY TYPE

As previously stated, all waterbody types in Tennessee are currently covered by the

st at e-approvEdmArrative nuémt criterion. Under this rule, a methodology for
interpreting the criterion in wadeable streams is specified. In order to continue
development of more specific nutrient criteria, groups need to be identified for the
various waterbody types. Classificen refers to the way waterbodies can be grouped for
criteria development.

Tennessee plans to classify waterbodies in the following manner:

Streams and Rivers

Wadeable Streams

For nutrient criteria purposes, these waters have also been groupetliént regions

(total phosphorus and nitrate+nitrite) based on statistical similarity between reference
data in the Level IV ecological subregions (Figures 4 and 5). From the 25 Level IV
subregions in Tennessee, nutrient regions have been group&8 mtoate+nitrite and

15 total phosphorus. Although both groups have 15 regions, they do not exactly overlap.



Reference conditions have not yet been established for wadeable streams that cross more

than one nutrient region. However, the majority efths t at ed6s wadeabl e str
covered. If a stream crosses more than one region, a decision is made on which region

has the most influence on the stream flow and the criterion for that region is used.

The wadeable stream criteria are used in conjunetiimregional biocriteria for a cause

and effect approach. Macroinvertebrates were selected as the principal indicator of

nutrient enrichment although algal density is also considered when assessing streams.
Tennessee selected macroinvertebratesrrdtha periphyton as a nutrient indicator in

wadeabl e streams because of the stateds exi s
Shifts in the macroinvertebrate community such as an increase in the abundance of

nutrient tolerant organisms, an increas filterers and scrapers, an increase in worms

and midges and a decrease in EPT taxa are generally measured in nutrient enriched

waters. These changes are generally a response to an increase in algal growth which

results in dissolved oxygen depletidmss of habitat and a shift in available food types.

The division recognizes the value of periphyton as an additional nutrient indicator.
Periphyton density measures are already used in special studies such as the probabilistic
monitoring of streams l@w impoundments and diurnal dissolved oxygen study

conducted in 2004 and 2005. However, based on these preliminary studies periphyton
density was not always a reliable predictor of nutrient levels. At many test sites, nutrients
were elevated, but perigton abundance was similar to reference levels. Many streams,
especially small ones, have dense canopies that block sunlight and keep water
temperatures down which inhibits algal growth. In addition, the abundance of grazing
animals such as snails wouldve an impact on algal density. As federal funding and
expertise is made available, the state will consider the development of a periphyton index
for use in wadeable streams as a supplement to the macroinvertebrate index. Algal
density will continue tde a supplemental tool in special studies.

Nonwadeable streams and rivers

It is likely that Tennessee will continue to use the ecoregion approach to establish

nutrient criteria in these systems. Caaffect relationships between nutrient

concentratios and macroinvertebrates, and possibly fish and algae, will be explored.
Nitrate+nitrite, total phosphorus, turbidity and suspended solids data will also be

analyzed. The first challenge will be to try and target reference reaches on these large

systems A review of TVAGs fixed station monitc
sources has been requested.

Reference conditions have been established fowaateable waters in ecoregions 74b

and 73a (for both nitrate+nitrite and total phosphorus). Refestreams have not been
established for newadeable flowing water in other regions or for those waters that cross
multiple subregions. Four potential reference sites were targeted and monitored as part
of a 104(b)(3) grant in summer 2004 for rivers aargé streams crossing ecoregions 65e
and 74b in west Tennessee (Arnwine et. al, 2005).

10
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Figure 4: Nitrate+Nitrite regions for wadeable streams in Tennessee
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Figure 5: Total phosphorus regions for wadeable streams in Tennessee
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Lakes and Reservais

Tennessee initiated development of specific nutrient guidelines for lakes and reservoirs
beginning with a review of existing data. For the initial review of data, lentic systems were
divided into the following broad categories. It is possible thélybeifurther divided into sub
categories or that small and medium reservoirs will be grouped. It is too early to determine
whether the ecoregion concept will be applicable to lakes and reservoirs or whether some other
classification approach needs todsyeloped. It is likely that a different approach that focuses

on lake management and retention times will need to be used for larger reservoirs that are
managed for power production or flood control. It is possible the ecoregion approach may be
used forsmaller reservoirs that are contained within a single bioregion and are not routinely
drawn down or fertilized to promote fish production.

Natural Lakes

Many of Tennesseeds significant natur al | akes
MississippiRiver in the Alluvial and Loess Plains ecoregions. (It is often, but not correctly, said
t hat Reel foot Lake is Tennesseebs only natur a

acres. The other natural lakes are well under 250 acres invglage it might be possible to

have an ecoregional basis for these small natural lakes, the problem in West Tennessee would be
that the significant amount of agricultural land conversion and extensive hydrological

modification (leveeing and channelizatiohtributaries) would make it difficult to find suitable
reference sites. However, 16 small natural lakes located in wildlife refuges and state natural
areas in these two ecoregions may provide baseline information. A representation of these lakes
will be monitored when staffing and money are available. It may also be possible that
neighboring states may have reference quality lakes in this subregion.

Extensive water quality investigations were conducted at Reelfoot Lake in the 1980s (TDHE,
1984 and Deton, 1987). This lake is already listed as nutrient impaired due to elevated
chlorophylla levels and nuisance aquatic plants. The dense stands of aquatic plants interfere
with recreational boating.

Large Reservoirs (> 1000 acres)

Tennessee has 28ge reservoirs over one thousand acres. They range in size from the 1,749
acre Chilhowee Reservoir on the Little Tennessee River to the 99,500 acre Kentucky Lake on the
Tennessee River. Twensgven of these reservoirs are managed by the Tennessee Valle
Authority (TVA) or the U.S. Army Corps of Engineers (USACE). Chilhowee is managed by
Alcoa Aluminum and Woods is managed$ Air Force's Arnold Engineering Development

Center All but four of these large reservoirs are routinely monitored by thegearent

agency. Six are shared with other states including Kentucky Lake, Lake Barkley and Dale
Hollow (Kentucky); South Holston Lake (Virginia); Guntersville Lake (Alabama); and Pickwick
Lake (Alabama and Mississippi). Expertise and data are availabheali these sources and will

be useful as part of the criteria development process. In the 2006 water quality standards, WPC
has adopted nutrient criteria for Pickwick La
stations in Tennessee, contingent ¢tAEpproval.

12



Medium Reservoirs (250 1000 acres)

Tennessee has 16 reservoirs falling in this category. Five are fishing lakes managed by the
Tennessee Wildlife Resources Agency (TWRA). Reelfndian Creek #1 was one of 10

reservoirs that was constited to control sediment transport into Reelfoot Lake and is now
managed as a recreational lake by TWRA. Eight of the reservoirs are managed by TVA, mostly
for flood control. Three of these are routin
Monitoring Program. Calderwood is managed by Alcoa Aluminum for power production.
Meadow Park Lake, is a water supply reservoir for the city of Crossville on the Cumberland
Plateau. A factor to consider is that the TWRA impoundments are fertilized to prorhote fis
production and are periodically drained. While the Division of Water Pollution Control has
strong reservations about this practice, it may be that criteria in these fishing reservoirs need to
focus more on the protection of downstream reaches, ratireptevention of over enrichment

in the reservoir water column.

Small Reservoirs (< 250 acres)

Tennessee has 1,302 documented reservoirs under 250 acres (Figure 6). This number only
includes reservoirs that were permitted under the Safe Dams or ARjdRt{c Resources

Alteration Permit) programs. There are probably many more. The documented reservoirs
include one TVA managed reservoir (Wilbur Lake), municipal lakes, state parks, city parks,
resorts, community developments, agricultural ponds andtprlakes. There is little historic

data on many of these impoundments. The studies that have been done indicate that many of
these lakes are eutrophic. It is possible that an ecoregion approach can be used on these lakes
since they are generally comtad in one ecological subregion although lake management will
need to be a consideration.

Wetlands

Tennessee has approximately 787,000 acres of wetlands. The Division has identified 54,811
impacted wetland acres. The largest single cause of ingagisting wetlands is loss of
hydrologic function due to channelization and leveeing.

Wetlands are currently covered under the general narrative nutrient criteria. Tennessee does not
currently have the resources or data available for developmertlaihd specific nutrient

criteria. Protection and restoration of wetlands from physical alterations has historically been
considered a higher priority.

Tennessee was one of the first states in the nation to have a wetlands protection strategy and has
been recognized by EPA as establishing a national model for wetlands planning. The division is
currently reviewing the draft guidance provided by EPA . Wetland nutrient criteria will be
considered after nutrient criteria for flowing waters and reseraogrgstablished and federal
assistance for monitoring and criteria development is provided.

13



V. CRITERIA DEVELOPMENT APPROACH BY WATERBODY
TYPE

The focus of Tennesseeds nutrient criteria st
nutrient concetrations and impairment of designated uses. Both causative variables such as
phosphorus and nitrate+nitrite as well as response variables such as the health of the
macroinvertebrate community, algal density and chloroghigVels are taken into

consideation. The establishment of nutrient criteria has been and will continue to be founded on

the results of comprehensive cause and effasted study and analysis for all waterbody types.

Wadeable Streams

Tennessee has been researching nutrient leveladeable streams since 1995 and has used

these data to develop nutrient criteria as outlined in the docubesetopment of Regionally

Based I nterpretations oGCriteflos, (Derdosn stale2004). Thsr r at i v
document is referenced a translator (along with other scientifically defensible data) in
Tennesseebdbs narrative nutrient criterion, whi
criterion is tiedin with the biological criteria for an effeetssed approach.

The gudelines are based on data collected primarily from 1996 to 1999, consisting of chemical,
physical and biological samples collected in leagiacted, yet representative, streams in 25
Level IV ecological subregions across the state. Data continues ¢tldier] from these

streams on the fivgear watershed cycle. Several studies have been conducted to develop and
refine the regionalized nutrient criteria guidelines.

Ecoregion Reference Stream Study

Three hundred and fiftthree potential reference st were evaluated as part of the ecoregion
project. The reference sites were chosen to represent the best attainable conditions for all
streams with similar characteristics in a given subregion. Reference conditions represented a set
of expectations fophysical habitat, general water quality and the health of the biological
communities in the absence of human disturbance and pollution.

Selection criteria for reference sites included minimal impairment and representativeness.
Streams that did not floacross subregions were targeted so the distinctive characteristics of

each subregion could be identified. Based on EPA recommendations, three reference streams per
subregion were considered the minimum necessary for statistical validity. Only two streams

could be found in some smaller subregions. Seventy streams were targeted for intensive
monitoring beginning in 1996. Af ter anal ysi s
minimum of five streams per subregion would be more appropriate. e/gbssible, additional
reference streams were added. However, in smaller subregions or those with widespread human
impact this was not possible. Foffyur reference streams were added to the study resulting in
intensive monitoring at 114 sites beginnindall 1997. There were between two and eight

reference streams targeted in each subregion.

14



All reference sites were monitored quarterly for three consecutive years. Since 1999, sites have
been monitored quarterly as part of the five year watershaé. ciew reference sites are added

as they are located during watershed or probabilistic monitoring. Conversely, some of those
originally selected have been dropped due to increased disturbances or unsuitability. There are
currently 104 active referensées.

During the nutrient criteria development process, the data were analyzed for relationships
between other parameters and nutrient levels at reference streams. Relationships were
investigated primarily for turbidity, total organic carbon (TOC) totdl suspended solids.
Somewhat weak relationships between total organic carbon and turbidity were documented with
total phosphorus levels. This study is documented in the USEPA repor8EF2:-00-002,

Appendix A). These relationships will continuelte analyzed as more data become available.

Nutrient concentrations were compared between each subregion to determine groupings for
nutrient regions. Fi sherds Protected Least S
used to determine whidubregions could be combined. Reference data from the Alabama
Department of Environmental Management was used to support pooling of small subregions in

the Southeastern Plains (65).

Tennesseebs regional n u tMpercenietof refarence dataifonemch we r e
region (Denton et al 2001). Since Tennessee is using causal responses based on
macroinvertebrate communities to define nutrient criteria violations, both theneo75'

percentile of reference data were evaluated foertaitdevelopment. Relationships between

biological stream health and nutrient concentrations were explored using reference stream data,
probabilistic data, and data from targeted monitoring.

Based on a comparison to biocriteria guidelines throughowstdte, the 78 percentile often

targeted streams as nutrient enriched that showed no biological impairment. Therefore, regional
nutrient criteria were proposed for both NO2+NO3 and total phosphorus aftper@@ntile of

reference data.

In 2006, bblogical data were once again compared to tifea®@ 7%' percentile of regional
reference data and EPAG6s nutrient criteria re
match for cause and effect (Figure 6). Ninety six sites where the magtebrate community

passed regional guidelines and both nitrate+nitrite and total phosphorus samples had been

collected were used in the evaluation. For both nitrate+nitrate and total phosphoru$, the 90
percentil e of Tennes gheedarest relationshe gvithdialogicaé f er en c e
integrity. At sites where the macroinvertebrate community did not respond to nutrients above

the 90" percentile, the stream was wehaded or there were other factors that would retard algal
growth.
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Figure 6: Comparison of sites supporting biological integrity with proposed nutrient
criteria at 75" and 90" percentiles of reference data and EPA recommended nutrient
criteria.

At the time the guidelines were published in 2016 data points from reference streams were

used to calculate regional criteria guidelines for total phosphorus and nitrate+nitrate 4t the 90
percentile. Values are checked annually using additional data collected from reference sites
through the yeafTables 4 and 5). In 2007 there were twice as many data points. There has been
very little change over the last five years indicating that the criteria are an accurate reflection of
background levels in each region.

Tennessee intends to continue to stigate nutrient levels at reference and test sites. However,

the division is satisfied that guidelines set at th& @€rcentile using regional reference data are
appropriate and can be justified. The fourteen years of research and eleven years of data

collection used to establish these regional guidelines indicate that'tipe@@ntile is a better
predictor of biological I mpairment in Tenness
the 28" percentile of aggregated Levels Il data or th8 @&rcentile of Tennessee data.

After sever al yeards experience, the division
nutrient criteria in conjunction with biocriteria to be an effective tool for assessments while

providing flexibility to use mee stringent numbers for TMDLs. Tennessee will continue to

refine and test implementation of the narrative nutrient criteria with numeric translators. The

state will consider the possibility of promulgating the translators as numeric criteria depending

on EPAOGs progress toward developing categori ca
clarification about implementation of numeric criteria including the incorporation of biological

response criteria.
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Table 4: 90" and 75" percentile of reference total fnosphorus data by ecological subregion
(mg/L)

August 2001 September 2007
N =916 N = 1835
Grouped Subregiond 90" | 75" | Count | Grouped Subregions| 90" 75" | Count
73a 0.25| 0.19 19] 73a 0.32| 0.23 57
74a 0.12| 0.11 28| 74a 0.17| 0.11 55
74b 0.10| 0.06 42| 74b 0.12| 0.06 91
65a, 65b, 65€e, 65i 0.04| 0.04 741 65a, 65b, 65€, 65i 0.10| 0.04 142
65j 0.04| 0.01 53] 65j 0.04| 0.01 81
71le 0.04| 0.02 38| 71e, 0.04| 0.03 69
71f, 719 0.03| 0.02 112] 71f, 71g 0.05| 0.02 254
71h, 71i 0.18| 0.10 105] 71h 0.09| 0.06 94
71i 71i 0.24| 0.13 152
68a, 68c 0.02| 0.01 101) 68a, 68c 0.03| 0.01 212
68b 0.04| 0.03 31| 68b 0.08| 0.04 50
69d 0.02| 0.01 50] 69d 0.03| 0.01 102
67f, 67h, 67i 0.04| 0.02 721 67f, 67h, 67i 0.04| 0.02 217
679 0.09| 0.06 251 679 0.09| 0.05 54
66d, 66e, 669 0.01| 0.01 114] 66d,66e, 669 0.02| 0.01 252
66f 0.02| 0.02 22| 66f 0.03| 0.02 53

Table 5: 90" and 75" percentile of reference nitrate+nitrite data by ecological subregion
(mg/L)

August 2001 September 2007
N = 885 N =1834
Grouped Subregiong 90" 75th | Count | Grouped 90" 75" | Count
Subegions

73a 0.39| 0.26 19] 73a 0.35| 0.24 59
74a 0.22| 0.15 27| 74a 0.25| 0.15 53
74b 1.19| 0.72 42| 74b 1.04| 0.56 91
65a, 65b, 65€, 65i 0.34| 0.25 741 65a, 65b, 65€, 65i, 0.32| 0.25 142
65j 0.22| 0.19 53] 65j 0.25| 0.22 82
71le 3.48| 3.11 37| 71e 369| 3.12 70
71f 0.38| 0.19 69| 71f 0.38| 0.25 175
71g, 71h, 71i 0.94| 0.64 148] 71g, 71h, 71i 0.93| 0.67 325
68a 0.23| 0.13 73| 68a 0.22| 0.12 153
68b 0.45] 0.33 31] 68b, 0.48| 0.36 50
68c 0.31| 0.25 28] 68c 0.34| 0.29 59
69d 0.27| 0.16 50] 69d 0.27| 0.16| 100

67f, 6/g, 67h, 67i 1.22] 0.95 971 671, 679, 67h, 67i 1.12| 0.88 272
66d 0.50| 0.22 321 66d 0.52| 0.29 92
66e, 66f, 669 0.31| 0.21 105] 66e, 66f, 669 0.30| 0.21 213
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The use of regional reference data foll ows EP
guideines when possible. Theuseofthd®er centi |l e meets Tennesseed
nutrient guidelines on a cause and effect relationship rather than a purely statistical approach and

i's consistent with both Tennedelssesx Pastcenceths EPAOG s
EPA has expressed with Tennesseebs approach h
Appendix A.

Tennessee is performing many studies relating to nutrient enrichment as described in the next
section. These studies are expectednthance the understanding of the effects of nutrient
enrichment on streams. However, Tennessee feels that the regional nutrient guidelines'at the 90
percentile in conjunction with documentation of macroinvertebrate assemblages is an effective
way to &sess nutrient impairment and intends to go forward with this as the primary approach.

Inner Nashville Basin Probabilistic Monitoring Study

In 2001, 104(b)(3) grant monies were awarded to extend a probabilistic study of water quality in
the Inner Nastille Basin (ecoregion 71i). The focus of this phase of the study was to explore
the relationship between nutrient levels and the biological community (Arnwine et. al., 2003).
The metric with the strongest response to total phosphorus was EPT richgess T The

percent chironomids and oligochaetes (%0OC) was the biometric most affected by nitrate+nitrite
concentrations (Figure 8).

The relationships between nutrients and macroinvertebrate biometrics were strengthened when
percent canopy was incled as a variable (Tables 6 and 7). Data show the absence of canopy
played a significant role in the response of macroinvertebrates to elevated nutrient levels.

This study has resulted in percent canopy measures routinely being added to biologigal surve
When possible, periphyton abundance is also measured, especially if nutrients are a concern.
Due to manpower, expertise and funding constraints, it is unlikely Tennessee will include
periphyton surveys requiring taxonomic identification as a regulasey activity although it

may be included in special projects.
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Total Phosphorus

Y =6.372-5.041 * X; R*2 =.302, p=.004

Figure 7: Relationship between total phosphorus levels and EPT taxa richness during low
flow conditions. Data represents 21 probabilistic monitoring sites and two ecoregion
reference sies in the Inner Nashville Basin.
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Figure 8: Distribution of Oligochaeta and Chironomidae abundance at sites with
nitrate+nitrite levels above (fail) and below (pass) regional guidelines. Data represent 21
probabilistic sites and two ecoregion refenace sites collected in fall 2000 in the Inner
Nashville Basin
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Table 6: Relationship (adjusted K) between nutrient levels and nine biometrics at 50 test
sites and two reference sites. Values in bold p < 0.05.

Fall Spring

Biometric NO2-3 TP NO2-3 TP NO2-3 TP NO2-3 TP
Count 26 26 26 101 101 101
TM™MI -.001 -.086 .010 -.001 +.025 .005
TR +.049 -.014 ..057 -.006 +.012 .016
EPT +.071 -.302 .283 -.002 +.004 .005
%EPT -.149 -.016 110 +.004 +.00003 .004
%0C +.190 +.004 137 +.003 +.025 011
NCBI -.042 +.117 .067 -.020 -.011 .015
%DOM -.005 +.002 .006 +.001 -.036 .016
%CLING +.009 -.133 .060 -.002 -.091 .073
%NUTOL +.221 +.009 .186 -.003 +.013 .015

Table 7: Relationships (adjusted B) between nutrient levels, canopy cover and nine

biometrics. Samples collected at 50 probabilistic monitoring sites and two reference sites.

Values in bold are statistically significant (p < 0.05)

Fall Spring

Bio-metric | Canopy CanopyN | CanopyT | Canopy Canopy CanopyN | CanopyT | Canopy

02-3 P NO2-3 02-3 P NO2-3

TP TP

Count 16 16 16 16 92 90 90 90
TMI +.243 161 .566 .549 +.007 .007 .013 .002
TR +.080 .082 .084 .017 +.012 .001 .031 .023
EPT +.053 .058 .280 237 -.022 017 .002 .025
%EPT +.039 .143 .078 .103 -.021 .002 .018 .026
%0C +.027 .567 131 .615 -.046 .036 .057 .064
NCBI -.180 .054 417 373 +.087 .108 .089 .108
%DOM -.030 .033 125 126 +.001 .002 .028 .019
%CLING +.221 .133 .641 .626 -.018 .006 .055 .078
%NUTOL +.001 .018 .082 .062 -.016 .015 .016 017

Update of Tennessee Macroinvertebrate Index for Wael&ileams

In 2006, the state revised the Tennessee Macroinvertebrate Index as part of the annual Quality
System Standard Operating Procedure (QSSOP) review and the triennial review of Water
Quality Standards. In an effort to make the index more semstinutrient and sediment

impairment, the percent dominant taxon metric was replaced with the percent nutrient tolerant
metric presented in a paper on determining nutrient impairment using biological and other non
chemical indicators in Kentucky (Brumley al, 2003).
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The metric combines 14 tatfaat were frequently found in streams containing elevated total
phosphorus (TP) and nitrogen (TN order for taxa to be selected, they individually comprised

a minimum of >5% of the total number of individsian the sample. The %NUTOL was
significantly (p<0.0001) correlated with increasing TN, TP, and the interaction term (Pearson's
r=0.48, 0.58, and 0.59, respectively). During the Southeaster Water Pollution Biologist
Association annual meeting in 200%ei€ucky biologists indicated the metric was a better
indicator of sedimentation. The seven taxa includedumatopsyche, Lirceus, Physella, Baetis,
Psephenus, Stenelmis, Simulium, Elimia, Oligchaeta, Polypedilum, Rheotanytarsus, Stenacron,
CricotopusandChironomusspp. With the exception &tenacronandPsephenushese taxa

are often abundant in nutrient enriched streams in Tennessee.

In 2003, WPC began calculating this metric on all squantitative macroinvertebrate samples

to determine if the mat was more sensitive than the percent dominant metric to various levels
of i mpairment. I't had been observed by the
generally only sensitive in cases of severe impairment, although it is also conaidertednt
indicator.

Although the biological assessment would not change at most of the sites where the index score
was lowered, the use of the %NUTOL would enable the division to pick up more subtle changes
in the benthic community. This would hédlogists keep track of which sites may have begun
degrading or were starting to show improvement. The use of this metric would also help in
determination of causes of impairment. Sites meeting nutrient and sediment guidelines generally
scored a 6 (higkst possible score) in %NUTOL (Figure 9).

O % Pass

Nutrients Sediment %NUTOL
n=>511

Figure 9: Comparison of samples passing regional nutrient and/or sediment guidelines to
samples scoring a 6 in %NUTOL metric.
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First Order Streams

Nutrient guidelines deveped for larger wadeable streams are currently being applied to first

order streams although the response variable (macroinvertebrates) is adjusted. The existing
biocriteria does not apply to first order streams in all bioregions. When first orddre¢asts

are sampled, an upstream or watershed reference is collected at the same time. The division is
gathering this information into a first order reference database. When enough data are available,
a multimetric index and regional expectations spedii first order streams will be developed.

This will help finetune the existing wadeable stream nutrient criteria to these smaller systems.
This process could be accelerated if federal assistance were provided for the targeting and
monitoring of firstorder reference streams.

Periphyton

Tennessee recognizes the value of additional biological indicators although the
macroinvertebrate index has proven to be a reliable assessment tool for nutrient impairment.
When possible, generally as part of spesiaties funded by 104(b) grants, the division is
conducting rapid periphyton density surveys as a supplement to the macroinvertebrate surveys.
The first priority has been to get baseline data on reference streams. At least one and typically
two or more periphyton density surveys have been completed on every reference stream with
suitable substrate. Preliminary estimates of background levels of microalgae and macroalge
have been made.

In 2002, Tennessee was awarded federal nutrient criteria develojumésto conduct algal
density field surveys and nutrient sampling for comparison to diurnal dissolved oxygen patterns
of 78 reference and impaired streams in 15 ecological subregions (Arnwine and Sparks, 2003).

Based on this preliminary study, peripby density was not always a good predictor of nutrient
enrichment. At many test sites, nutrients were elevated, but periphyton abundance was similar to
reference levels. Many streams, especially small ones, have canopies that block sunlight and
keep wagr temperatures down which inhibits algal growth. In addition, the abundance of

grazing animals such as snails would have an impact on algal density.

Dissolved oxygen levels appeared to be affected by the amount of periphyton present in the
streams. Alough levels generally stayed above regional criteria, diurnal fluctuations were more
pronounced when algal densities were above reference stream conditions (Figures 10 and 11).
Previous studies have indicated that extreme changes in dissolved oxydendaeveave a
detrimental affect on aquatic life even when criteria for minimum concentrations are met. The
type of periphyton (macroalgae or microalgae) did not appear to be as strong an influence on
dissolved oxygen fluctuations as the abundance.

This study demonstrated the value of collecting and comparing canopy measurements and
macroinvertebrate data (grazer abundance) when conducting periphyton surveys.
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Figure 10: Diurnal dissolved oxygen and temperature data, Island Creek reference site,
Cumberland Plateau (68a). Readings every 30 minutes for 162 hours.
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Figure 11: Diurnal dissolved oxygen and temperature data, Pine Creek test site,
Cumberland Plateau (68a). Readings every 30 minutes for 142 hours.
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A seconddiurnal dissolved oxygen study was conducted in summer 2004. This study included
nutrient sampling, macroinvertebrate collections and periphyton abundance surveys (Arnwine et
al, 2005). One of the goals of this study was to characterize periphytoraaband reference
streams where data were not available. Typical background levels of periphyton were estimated
for 19 ecological subregions. Periphyton were typically not abundant in reference streams.
Ecological subregions in the Interior Plateau geltyhad the highest densities.

There were two goals for the nutrient data collection. One was to increase the reference database
to further test regional goals. The second was to test the reliability of using nitrate probes that
could potentiallycut monitoring time and analysis costs while providing diurnal nutrient

information. The nitrate probes proved unreliable during field testing.

Nutrient Periphyton abundance surveys were also included in the 2004 probabilistic survey of 75
streams beloumpoundments (Arnwine, et al, 2006). When compared to ecoregion or first order
reference sites, about half of the impounded streams had elevated periphyton density. Algae were
abundant at more sites in the fall than in the summer probably due to lepy eaad lower flow

in the fall. More sites had elevated microalgal density than filamentous macroalgae. However,
the sites with filamentous algae had more severely impaired macroinvertebrate communities.
Macroalgae showed a direct relationship with Tk @ercent canopy (R 0.71). There were

no measurable correlations with microalgae.

In general, it appears that streams with an abundance of either microalgae or macroalgae affect
macroinvertebrate populations in different ways. Microalgae are nketg to shift the

population toward a high abundance of a few facultative EPT taxa that filter or collect algae such
asCheumatopsychgpp. Sites with an abundance of filamentous macroalgae support an increase
in oligochaetes and chironomids. Macroineerate index scores tend to be substantially lower

in sites with abundant macroalgae.

Below the impoundments, macroinvertebrate communities were a better indicator of nutrient
enrichment than periphyton abundance. At the 71 sites where both macronaverésiol

periphyton were surveyed, 54% of the sties had elevated total phosphorus. The majority of these
sites had failed to meet macroinvertebrate biocriteria while approximately half had elevated
periphyton density (Figure 12). All of the sites witkwlted nitrate+nitrite failed to meet
macroinvertebrate criteria. Half the sites had elevated periphyton density. This supports
Tennesseebs decision to use macroinvertebrate
wadeable streams although algahsiey will continue to be used as a supplemental indicator.
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Figure 12: Percent of impounded streams sites failing to meet nutrient and
macroinvertebrate criteria and those with dense algal populations compared to referea
condition.

I n 2005, Tennessee parti ci-ptedamendtrientn EPAGs Sout
and biological response (SPINBR) Studit the 2005 Periphyton Workshop in Athens, GA
Region 4 biologists agreed to a regional approach for developing a diaghatom tool for use

in investigating nutrient dynamics in streams. A collaborative project was proposed that
included collecting periphyton samples and aquatic nutrient samples from a large number of
streams within a common ecoregion in Region 4. siteams were selected from a broad range
of impairment conditions so that the relationship of nutrients and periphyton could be analyzed
along a gradient of disturbance. The participating parties included biologists from all Region 4
states and from EPSESD. The ultimate goal of the project is to describe the relationship
between human disturbance, periphyton occurrence, and nutrient concentration levels. The
Jackson Environmental Field Office collected samples at ten survey sites as part ofiyhis stu
Dependent on EPA support, Tennessee hopes to continue to participate in this and similar
projects.

Ecoreqgion delineation updates

Tennessee was one of the first states in the southeast to have Level IV subecoregions delineated.
The borderingstate have now compl eted the process. Thr
subecoregions have been further divided into five Level IV ecoregions while the nomenclature

has changed on three others. Federal support is needed to update the ecoregion delineations in
Tennessee and publish a new map which will match the regional boundary lines and

nomenclature in bordering states. This would facilitate data sharing and help the division

determine where additional reference data are needed. The estimated cost fovithigsac

$70,000 to update the maps and $13,000 for printing (Jim Omernik/Glen Giriffith).
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In ecoregion 66, the Blue Ridge Mountains, four subregions were delineated in Tennessee: 66d
(Southern Crystalline Ridges and Mountains), 66e (Southern SedimBidges), 66f

(Limestone Valleys and Coves), and 66g (Southern Metasedimentary Mountains). The area of
southeastern Tennessee known as the Copper Basin was included with subecoregion 66g.

Tennessee proceeded to identify and intensively monitor refestneeens in each subregion. In
669, the reference sites were five very high quality streams: the Middle Prong Little Pigeon
River, the Little River, Citico Creek, North River, and Sheeds Creek. None of the reference
streams for 66g were located in thepfer Basin, an area dramatically impacted by historical
copper mining activities.

A few years later, the subecoregions of both North Carolina and Georgia were delineated. At
that time, it was noted that areas similar to the Copper Basin appeared stalesh It was

decided that these areas were distinct enough to warrant subecoregion status and were called
subecoregion 66j, Broad Basins. In addition to the Copper Basin, 66j includes areas around the
communities of Hiawassee and Blue Ridge, Geopies Franklin, Canton, and Asheville in

North Carolina.

Unlike the other subecoregions in Tennessee, the division does not have a clear sense of what the
biological integrity and nutrient goals should be in the Broad Basins. This information will be

crii cal to the stateds ability to set clean wat

efforts in the Copper Basin. Unfortunately, due to the dramatic alterations of the Copper Basin
area, suitable reference streams may not be available ie3se

Tennessee has requested EPA assistance, along with our counterparts in North Carolina and
Georgia, to help us identify suitable reference streams in subecoregion 66j and to collect data
consistent with Tennessee's SOPs for biological surveyshemiical monitoring. (It may be

that reference streams have already been established in these areas in Georgia and North
Carolina.) Tennessee will perform the analysis of biological samples and will share the
information with EPA, Georgia, and North Chardo n a . Additionally, the
seek suitable reference streams in the portion of 66j in Tennessee in the hope that some suitable
sites occur outside of the impacted area.

Tennessee would also be available to assist in the reconmaisggootential sites in conjunction
with North Carolina and Georgia. These data would be helpful to all three states in setting
nutrient goals.

Until remapping is accomplished it is unknown whether reference streams are located in the
other ecologicalbregions that have been divided. These include another subregion in the Blue
Ridge- 66i (High Mountains), two subregions in the Cumberland Mouniatfd (Dissected
Appalachian Plateau) and 69e ( Cumberland Mountain Thrust Block) and one subrelgeon in t
Mississippi Alluvial Plaini 73b (Pleistocene Valley Trains).
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Non-wadeable streams and rivers

Nonwadeable streams and rivers are covered under the general narrative nutrient criteria for fish
and aquatic life in the 2004 water quality standaidew that regional guidelines have been
developed for wadeable streams and rivers, Tennessee is beginning to focusvaileaivie

flowing water. Because Tennessee feels strongly that nutrient criteria should consider the
cause/effect relationships, biologl guidelines for nonwadeable streams will be developed at

the same time.

Nutrient and biological guidelines have already been developed fovadeable streams

contained within the Loess Plains ecoregion (74a) and the Northern Mississippi Aflaal

(73a) as part of the wadeable streams criteria development. The division intends to collaborate
with other resource agencies in the effort to develop regional guidelines for nonwadeable
streams and rivers in other ecoregions. While these guidelneebeing developed, the state is
taking steps to maintain the quality of these downstream waters. Protection of these waters is
accomplished through assessments of headwaters, larger feeder streams and upstream wadeable
portions that contribute to thrutrient loading of these larger systems, nutrient monitoring and
biological sampling in the nonwadeable portions, TMDL development, coordination with the
Tennessee Department of Agriculture for BMPs and the addition of nutrient limits and/or
monitoring equirements to pertinent discharge permits.

Individuals with expertise in large river water quality from TDEC, TVA, and EPA have been
contacted for review of strategies to develop nutrient and biological guidelines-wadaable

flowing waters. Therera three potential strategies for collecting macroinvertebrates. TDEC

currently uses rooted bank samples on smallesweaxteable rivers in west Tennessee but this

may not be sufficient in larger rivers or other areas of the state. TVA uses PONAR gfrabs an

has supplied 10 years of macroinvertebrate data from 18 fixed stations. Seven of these are
potentially useful as reference sites. Although an extensive amount of water quality data were
coll ected at these sites ipteshaveebeericdlieciledsnceand e a
t hen. It is |ikely this method will prove to
program. The large river bioassessment protocols being developed by Joe Flotemersch, EPA are
also under consideration. Tessee intends to participate in the national rivers assessment

project and is sending a representative to the planning meeting in January 2007. Participation in

this project will help the state determine what protocols are most practical and may dedside

useful for establishing baseline conditions in some regions.

One of the difficulties associated with reradeable streams and rivers is they often cross Level

IV and even Level Ill ecoregional boundaries. Potential reference reaches in riversgcrossi

regions 65e and 74b have already been targeted and were monitored as part of a federally funded
104(b) diurnal dissolved oxygen study in 2004 (Arnwine et al, 2005). The reaches selected for
study were fully supporting river reaches where existing nitageaebrate data demonstrated a
healthy community, habitat scores were high for the region and water quality data were within
acceptable ranges.
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Four stations were found to be meeting these guidelines: Hatchie River at mile 80.8, Wolf River
at mile 444, South Fork Forked Deer River at mile 65.6, and the North Fork Forked Deer River

at mile 20.5. These four rivers represent all the major drainages that cross these two subregions,
except the Obion and Loosahatchie where potential reference reachesatdaddocated based

on existing data.

The potential reference reaches were monitored for diurnal dissolved oxygen, nutrients, flow,
macroinvertebrates, temperature, conductivity and pH. In addition, fluvial geomorphological,
canopy and habitat measunents are being taken. For comparison, the same study was
conducted at five impaired sites on the Middle Fork Obion, North Fork Forked Deer, South Fork
Forked Deer and Loosahatchie Rivers. These sites are alswadeable and drain ecoregions

65e and 4b.

Results of the nowadeable stream monitoring indicated that data were generally not
comparable to existing wadeable stream guidelines (Table 8). It is likely that separate biological
and nutrient guidelines will need to be developed for thesanstrgpes. Additional monitoring

will be necessary before this can be accomplished. The division intends to follow up on this as
soon as funding and personnel are available for monitoring and laboratory analyses.

Table 8: Comparison of nutrient data from biologically diverse nonwadeable streams in
the Southeastern Plains and Hills and the Loess Plains in Tennessee. Data are in mgl/l.

Nitrate+Nitrite Number of Total Phosphorus| Number of

(mgll) Observations (mgll) Observations
65e Guidelines for 0.34 42 0.04 42
Wadeale Streams
90" Percentile Non 0.88 9 0.13 9
wadeable 65e
Streams with Good
Macroinvertebrate
Diversity
74b Guidelines for 1.19 42 0.11 42

Wadeable and Nen
wadeable Streams

90" percentile 74b 0.32 31 0.31 31
Nonwadeable
Reference Stream

1)

90" percentile Non 0.64 41 0.28 41
wadeable Streams
Crossing 65e/74b
with Good
Macroinvertebrate
Diversity
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As funding allows, notwadeable reference reaches will be targeted in other regions. When

possible, these will be selected based ontiegislata. It is hopeful that three to five potential

reference sites can be located in each targeted region. Due to the lack of existing data, a

minimum of three years of reference stream monitoring will need to be conducted prior to
developmentofprelmi nary gui del i nes. (During Tennesse
development process, EPA recommended ten years of data).

If sufficient sites cannot be located based on existing data, field reconnaissance and screening of
water quality and biological pameters will be used to supplement existing data. Since TDEC
does not currently have staff or funding available for this activity, monitoring and subsequent
criteria development in newadeable systems will be dependent on federal funds and/or
assistancérom other agencies. TVA has already indicated that they will not be able to assist due
to an agency moratorium on additional monitoring activities.

Ecoregions and groups of ecoregions that will be targeted fewadeable reference monitoring
will be:

73a Northern Mississippi Alluvial Plain (completed)
74b Loess Plains (completed)
65e/74b Loess Plains draining Southeastern Plains and Hills (One year completed,

subsequent monitoring dependent on federal funding)

65e Loess Plains

71f Western Highland Rim (TVA fixed station monitoring on Buffalo River)

71f/71h Western Highland Rim draining Outer Nashville Basin

71h/71i Outer Nashville Basin draining Inner Nashville Basin

71h/71g Outer Nashville Basin draining Eastern HighlanchR

71i/71h Inner Nashville Basin draining Outer Nashville Basin

67fghi Ridge and Valley (TVA fixed station monitoring and TDEC data are available for
the upper Clinch, Powell and North Fork Holston Rivers.) . Note that although
the North Fork Holsto does not meet recreation uses due to legacy mercury, it

supports a diverse benthic community and should not have elevated nutrients.

679/66e/66g Southern Shale Valleys draining the Blue Ridge Mountains: TVA fixed station
monitoring available from theiWassee River.
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67f/669 Southern Limestone/Dolomite Valleys and Low Rolling Hills draining Southern
Metasedimentary Mountains (TVA fixed station monitoring on French Broad
River)

6609 Southern Metasedimentary Mountains

67f/66e Southern Limestone/Dotoite Valleys and Low Rolling Hills
draining Southern Sedimentary Ridges

66e/66d Southern Sedimentary Ridges draining Southern Crystalline
Ridges and Mountains

68a/69d Cumberland Plateau draining Cumberland Mountains. (TVA fixed station
monitoling data available on the Emory River near Deermont.)

Lakes and Reservoirs

Lakes and reservoirs are covered under the general narrative nutrient criterion for fish and

aguatic life established in the 2003 emergency rule and promulgated in the 200Q\\#itgr

Standards. Tennessee intends to work closely with TVA, USACE, USGS, neighboring states

and other agencies to develop more specific reservoir criteria. It is unlikely that Tennessee will
choose to adopt EPAG6s n at lakesmadlresarvoiis.t Irestedd,dor r e c o m
large lakes and reservoirs, the state will seek to develepptafic goals. The state will review

with interest the findings of the national lake and reservoir study. As with nutrient development

in wadeable strems, cause and effect relationships will be used.

Natural Lakes

Reelfoot is the only natural lake larger than 250 acres. As mentioned earlier, extensive water
guality investigations were conducted at Reelfoot Lake in the 1980s (TDHE, 1984 and Denton,
1987). This lake is already listed as nutrient impaired due to elevated chlom[@wdls and
nuisance aquatic plants. The dense stands of aquatic plants interfere with recreational boating.

The majority of smaller natural lakes are in two ecmmegin west Tennessee. Provided suitable
reference lakes can be found, it is likely that the ecoregion reference approach will be applicable
to develop nutrient criteria for these lakes. Sixteen small natural lakes located in wildlife refuges
and state atural areas in these two ecoregions may provide sufficient baseline information. A
representation of these lakes will be monitored when staffing and money are available.

Large Reservoiré> 1000 acres)

As part of the 2006 triennial review of water qtyatandards, TDEC has adopted nutrient

criterion in a reservoir shared with Alabama, contingent on EPA approval. Pickwick Reservoir
includes those waters impounded by Pickwick Dam on the Tennessee River. The reservoir has a
surface area of 43,100 acedull pool, 9,400 acres of which are within Tennessee. The

criterion states that the mean of the phatoe composite chlorophylsamples collected

monthly April through September shall not exceed 18 ug/l, as measured over the deepest point,

30



mainrver channel |, dam forebay. This was an adop
necessarily reflect how criteria in other reservoirs will be developed. Pickwick was randomly
selected as one of the reservoirs included in the National Lakes Assessingitlt faa

monitored in 2007 as part of that study.

For other large reservoirs, there has been a data search and compilation to target data gaps and
monitoring needs. The majority of available data has been be provided by TVA and USACE.
Data are availale on 27 of the 29 reservoirs. There are no current data available on Chilhowee
Reservoir, which is managed by Alcoa Alluminum and Woods Reservoir, which is managed by
the U.S. Air Force Arnold Engineering Development Center.

TVA conducts vital signsnonitoring on 18 of these reservoirs (Dycus and Baker, 2001). Data
that may be pertinent to developing nutrient criteria include secchi disc, temperature, pH, DO,
conductivity, chlorophyll, nutrients, TOC, benthic macroinvertebrates and fish. These
paraneters will be used to help determine if there are reservoirs that can be used to establish a
reference condition for nutrient enrichment or to develop reservoir specific criterion.

The U.S. Army Corps of Engineers collects the same data, exceptdishaamoinvertebrates on

the seven lakes they manage in Tennessee. They have macroinvertebrate data on five of these
lakes. However, sampling techniques are different from TVA and may not be comparable. Itis
unlikely that TDEC will use fish assemblagasce many of these lakes are stocked and do not

have ecologically balanced assemblages. Also, previous comparison studies in impaired systems
have shown fish tend to be less sensitive to nutrient enrichment than macroinvertebrates.

Tennessee hasagdket o partici pate in EPAOGs National L a
active participant in the method development and planning phase of this study. Twelve

reservoirs have been randomly selected in Tennessee. Participation in the project will help

dewelop reservoir monitoring protocols. It is also possible that data from the national lake and
reservoir study will be useful in determining what constitutes a healthy reservoir. Five of the
randomly selected reservoirs are over 1,000 acres: NickajaokeOPickwick, Cheatham and

Douglas and will help supplement existing information. The other seven reservoirs are under

250 acres.

The data search was completed in 2006 and is currently being reviewed. The time frame for
criteria development will be gendent on data availability, sampling needs, the comparability of
biological sampling protocols and how much additional sampling can be provided by TVA and
USACE. TVA has already indicated they will not be able to assist with additional monitoring
outsice of their vital signs monitoring. If the state must collect data, federal funding will be
necessary and criteria development may be delayed.

Until these preliminary tasks are accomplished, it is uncertain how lakes and reservoirs will be
grouped for dteria development. Although the ecoregion framework will be evaluated, it is
unlikely that this classification system alone will be adequate for developing criteria especially in
the larger reservoirs. Other factors such as retention times, seasoagemant, and depth will

have to be considered.
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Medium Reservoir§2517 1000 acres)

Tennessee has 16 impoundments between 251 and 1000 acres. They include three
impoundments routinely monitored by TVA as part of their vital signs monitoring program.

data search showed that additional data is needed on the 13 reservoirs not currently monitored by
TVA. Federal assistance will be needed for this activity.

Ecoregion boundaries may be a more useful framework for establishing guidelines in these
moderately sized systems. Most are contained within a single ecoregion (or even subregion). It
is also possible these can be grouped with the smaller lakes.

Lake management will need to be considered, especially the five TWRA lakes in this size
categorythat are routinely fertilized to promote game fish production. Itis likely that TDEC will
use stream data immediately downstream of the impoundments to establish guidelines to insure
protection of both systems.

Once data are available, the parametemswill be evaluated include chlorophyll, secchi

readings, turbidity, nutrients, dissolved oxygen and macroinvertebrates. As mentioned
previously, fish are considered less appropriate since many of these lakes are stocked and do not
have ecologically Hanced assemblages. Also, previous comparison studies in impaired systems
have shown fish tend to be less sensitive to nutrient enrichment than macroinvertebrates.

Small Reservoirg250 acres or smaller)

Reservoirs less than 251 acres will be treatgghrately (unless data show these are similar to the
moderately sized impoundments). Tennessee has 1,302 documented reservoirs under 251 acres
(Figure 13). They include one TVA reservoir, TWRA fishing lakes, municipal lakes, state parks,
city parks, reorts, community developments, farm ponds and private lakes. There are many
more that are not referenced in any database.

: .. o . "‘, d

Small Impoundments

Figure 13: Location of documented impoundments less than 250 acres in Tennessee
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None of these small impoundments are rolyingonitored although there are some historical

data. Although small, these reservoirs are often in headwater areas and have the potential to
affect downstream areas. They are generally contained with a single ecological subregion and
this approach mayebuse useful for assessment providing suitable references can be found.

There are 36 small reservoirs on protected lands (state natural areas, state parks, national forest,
state forest, state historic area, national wildlife refuge) that could be neshitbdetermine if

this approach is feasible for establishing baseline conditions (Figure 14).

These reservoirs occur in 15 ecological subregions that represent all bioregions except the
Transition Hills (65j), the Cumberland Mountains (69d), the Setiai/alley (68b) and the
Mississippi Valley Alluvial Plain (73a). Only two percent of the documented reservoirs in the
state have been constructed in these four regions Although ecoregion guidelines may be useful,
there may need to be additional grougimgsed on type of reservoir. It is also possible that an
emphasis on downstream impacts, especially in the smaller impoundments, will prove more
appropriate,

Two of these reservoirs, have been selected
Assesment. They are Lake Woodhaven in Montgomery Bell State Park (Ecoregion 71f ) and
Burgess Falls Lake in Burgess Falls State Park (Ecoregion 71g). The data from Lake
Woodhaven may be useful for evaluating background levels, but the Burgess Falls Lake is
heavily silted in.

71 71i
65abei-74b | 68c 68a69d 67fghi
73a—4 " 2 g
L , G ~ 66defg
’ « Natural Lakes
65] 71fgh 68b Reservoirs

Figure 14: Location of small lakes and reservoirs located on protected lands in Tennessee

If additional federal funding is available, these impoundments as well as downstream reaches
will be monitored for three years to establishriemt levels that support designated uses.
Additional impoundments will be selected based on review of existing biological data of
downstream reaches and field reconnaissance for any large ecoregions where suitable
impoundments were not located during piebabilistic study. Selection of suitable
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impoundments for nutrient criteria development will be based primarily on downstream biotic
assemblages. Ideally, three to five impoundments will be targeted in each bioregion (15).
Impoundment monitoring wilinclude, at minimum, nutrients, turbidity, secchi reading,
macroinvertebrates, chlorophyll, temperature and dissolved oxygen. The same parameters will
be measured downstream of the impoundment. The large reservoigmogkwill be asked to
review the mall to medium impoundment strategy as it is developed.

In 1991, the Division conducted a survey of forty selected lakes and reservoirs throughout the
state as part of the Clean Lakes Program (Hansel et al, 1992). This was a continuation of a
survey condcted in 1980. Thirtghree of the sites were impoundments less than 250 acres. The
Carlson Index was used to determine trophic status. Sixty one percent of the small
impoundments were either eutrophic or hypereutrophic. Of these, only two showed
improvement from an earlier survey conducted in 1980. Five years later a survey was conducted
on 13 TWRA and two municipal managed lakes (Arnwine, 1996). All but one of the lakes in the
1996 study were either eutrophic or hypereutrophic.

Although they arsmall, these reservoirs are often in headwater areas and have the potential to
affect downstream reaches. As part of a 104(b)(3) probabilistic study, Tennessee is monitored
the downstream reaches of 75 small reservoirs across the state. The repolliiaiasdomn

September 2006 (Arnwine et al). Only four of the streams passed biological criteria downstream
of the reservoirs. Eightiour percent had elevated levels of total phosphorus and/or

nitrate+nitrite at least one season sampled (Figures 15 and 16

Figure 15: Location of impounded test sites with total phosphorus concentrations above
regional guidelines.
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