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FLEM NG CREEK WATER QUALI TY SPECI AL PRQIECT
PRE- BMP REPORT

| NTRODUCTI ON

The Fleming Creek Water Quality Special Project was initiated
by a group of local |and owners concerned about the water quality
of Flem ng Creek. They formed the Fleming Creek Water Quality
Conmi ttee which was dedi cated to assessing the needs and interests

of all local citizens. Early on in project developnent, this
committee coordinated with local farners and governnent agencies
and represented the farners. As the project evolved, the

Conmunity Farm Alliance (CFA) becane the principal grassroots
coordi nati ng organi zati on.

The principal land use within the Flem ng Creek watershed is
| i vestock production. Approxi mately eighty-five aninmal feedlots
are |located here, of which at |east sixty are dairy operations.
This high density of farm animals has resulted in water quality
degr adati on. In response to the pollution problem and the |oca
interest in renedying the problem the US. Departnent of
Agriculture (USDA) requested and received funding for ani mal waste
pol lution control for the watershed.

I n FFY 1992, USDA all ocated $200, 000 through the Agricultura
Conservation Program (ACP) for the purpose of providing cost-share
nmoni es for ani mal waste managenent systens. USDA awar ded anot her
$17,500 to the project for the installation of constructed
wet | and. During FFY 1994 farnmers within the Flemng Creek
wat ershed received $152,000 in USDA Witer Quality Incentive
Program (WQ P) funds for the inplenmentation of non-structural
agricultural BMPs. The WQJ P noney is being used for itens such as
ani mal exclusion (from streans) and nmanure nmanagenent, as well as
for agronomc activities. It is anticipated that state funds w |
also be allocated to this project for the construction of aninal
wast e managenent systens pursuant to a recently passed cost-share
program (H. B. 377). Further, an application was submtted to the
Nat i onal Forum on  Nonpoi nt Source Pollution (a private
organi zation dedicated to finding solutions for nonpoint source
pollution control) by DOW soliciting additional funds for anina



wast e managenent systens. AT present the National Forum has not
informed the Division as to their decision.

Kent ucky Division of Water, Nonpoint Source Section received
U S. EPA 319 funds during FFY 1991, 1992, and 1993 for the purpose
of docunmenting and denonstrating the effectiveness of the BMPs in
improving water quality within the Flem ng Creek watershed. The
mai n pol lutants of concern are nutrients and fecal coliforns. In
order to fulfill project water quality nonitoring objectives a
t hree phased sanpling approach is being enpl oyed.

Phase | involves a pre-BMP and post-BMP bacteri ol ogi cal / wat er
quality survey on a watershed-wi de basis. Phase Il consists of
| ong-term physicochem cal water sanpling at selected |ocations,
and Phase |11 enpl oyees biological sanpling. Specific nonitoring

obj ectives of this project include: 1) a determ nation of water
quality conditions prior to the installation of aninal waste BMPs
within the watershed (pre-BWMP), and 2) docunentation of changes in
water quality as a result of this BWMP installation (post-BW).
The details of the water quality data collection for this project
are outlined under the water quality Mnitoring Program section.

Land used data is being collected by the Kentucky Division of
Conservation. This information is being used for the purpose of
establishing a correlation between |and use activities (i.e.
i vestock production) and water quality. Refer to the Land Use
Tracking section under for specific information concerning this
t opi c.

Farm field days wll be held at selected operations to
denmonstrate the benefit of BMPs to vicinity farners. It is
envisioned that an increased nunber of farnmers wll then
incorporate BMPs on their operations. In addition, CFA has

initiated an educational project, funded in-part through U S. EPA
319 noni es, designed to pronote conservation of water resources

t hroughout the Flem ng Ceek watershed. Not only wll school
students be taught about conservation, they wll be used as an
outreach tool to help enlighten the |ocal farm ng conmunity.






STUDY AREA DESCRI PTI ON

Locati on | nformati on:

The Flemng Creek watershed is contained alnost entirely
within Fleming County, in northeastern Kentucky (Figure 1).
However, a short reach at the nouth, flows into N cholas County.
FIl em ngsburg, the largest town within Flem ng County, is situated
in the eastern portion of the watershed. This conmmunity lies
approxi mately 23 mles northwest of Mrehead, Kentucky.

Ceol ogi ¢ I nformati on:

The Flemng Creek drainage lies primarily wthin the
Bl uegrass and Quter Bluegrass physiographic regions (Quarternan
and Powell 1978). The |andscape is characterized by gently

sloping ridgetops and steep and noderately steep hillsides.
El evations within the watershed range from 580 feet above MSL at
the nouth to 800 feet above MSL in the headwaters.

The geology is unique in that it varies dramatically within a

short distance. The uppernost headwaters of Flemng Creek
transect the Upper Devonian and Lower and Mddle Silurian systens
(Morris 1965). However, the major portion of the remnmaining

wat er shed overlies Ordovician rock (Peck 1969).

The Upper Devonian systemis characterized by a dark gray to
bl ack, highly carbonaceous stratum known as the Chio Shale. The
Lower and Mddle Silurian systens are conprised of clayey shale
and alternating |linmestone and shale |ayers of the CGrab Orchard and
Brassfield Formations. The Odovician system is dom nated by
| i mest ones. As is characteristic of certain |inmestones, sone
pl aces along Flem ng Creek are karstic and sinkhol es are common in
t hese areas.

Soils Information:

Most of the soils on the ridgetops and hillsides within the
study area are fornmed from residual |inestones, siltstones and
shal es, and overlie clayey subsoils (SCS 1992). Soil types found



in these areas include the Lowel |, Beasley, Faywood and Shrouts.
Some ridgetop soils here were forned with a silty mantle of |oess
over clay weathered from residual |inestones, siltstones and
shal es. Associated soil types at such |ocations are the Sandview,
Ni chol ason and Crider. In addition, soils on certain steep
hillsides were weat hered frominterbedded |inestones, siltones and
shal es (Eden, Faywood and Cynthiana soil types). These steep
hillside soils tend to be a shallower than other soils in the
wat er shed.

Hydrol ogi ¢ | nformation:

The Flem ng Creek drainage flows generally from east to west
where it confluences with the Licking Rver (RM 106.9) in
northeastern N cholas County. It's mainstem is 39 mles |ong,
draining an area of 61,670 acres (DOW 1984). The average gradient
drop for this streamis 7.7 feet per mle. According to Proctor,
Davis, and Ray (no date), the estimted seven day, ten year |ow
flow (7QL0) within the mainstem at RM 12.2 near Hilltop, KY is
0.39 ft%s, however Sullavan (1980) derived a 7QLO of 0.0 ft3*'s at
this point.

Land Use | nformati on:

The predom nant |land use within the Flem ng Creek watershed
is agriculture. Thirty-one percent (19,118 acres) of the
wat ershed area is used for cropland with corn and tobacco being
the principal row crops. Another 59 percent (36,385 acres) of the
wat ershed i s managed for hayl and and pasture, primarily to support
dairy operations (Figure 2). Based on the average nunber of mlk
cows on farms, Flem ng County ranks in the top three in tota
nunber of dairy cows statew de. (KY Dept. Ag. 1990-91)

The bulk of the animal waste pollution within the project
area is likely caused from dairy feedlots. The total dairy cow
popul ation in Flemi ng County exceeds 10,000 head, with the average
herd size being 50 cows. Approxi mately 48,500 total head of
cattle occur in this county. Mreover, an estimated 1,700,000 ft?
of animal waste has the potential to be washed into area streans
annually fromdairies alone. (SCS 1992)

Ni ne percent (5,500 acres) of the remaining land within the






wat ershed is wooded, and only one percent (617 acres) is urban.
The town of Fl em ngsburg accounts for the majority of the county's
popul ati on with just over 2800 peopl e.

As of February 1993, there were eleven facilities within the
Flem ng Creek watershed permtted by DOW Five of these were
poi nt source dischargers, and four were No Discharge Operationa

Permtted animal waste managenent facilities. The other two
permts (both no discharge) involve a restaurant and a catch basin
for Kentucky Stone Conpany |inestone quarry. There have been

several nore aninal waste nanagenent facilities installed since
February 1993.

There have been several nore aninmal waste nanagenent
facilities installed since February 1993.

O her operations of interest are a stockyard adjacent to Town

Branch, and the Carpenter Landfill next to Flemng Creek proper
sout heast of Fl em ngsburg. For a time, there was |oca
controversy over the landfill for accepting out-of-state garbage

and for exceeding permt boundaries. The site was closed in July
1992 (DOW 1992).

Only operations which will or may contribute to nutrient or
bacteria |loads will be of significant inportance to this project.
Those facilities include the Fl em ngsburg Sewage Treatnent Pl ant,
Farmers Stockyard and the |and application sites. A Notice of

Viol ation was issued agai nst the stockyard in Decenber 1992. As a
result, the owners of this facility agreed to renove large piles
of manure and to inplenent a nmanure collection system









As for stream uses, Jones (1970) reported that Flem ng Creek
receives heavy fishing pressure, especially from the nouth to
about 20 mles upstream Angler success was reported fair to good
for game speci es. Mor eover, according to KDFWR (no date), both
nmuskie and walleye may occur at the nouth of Flemng O eek.
Anot her significant streamuse is that of nunicipal water supply
from upper Town Branch

LAND USE TRACKI NG

The Kentucky Division of Conservation has the responsibility
of tracking pertinent |and use activities within the Flem ng Creek
wat ershed. The U.S. Natural Resource Conservation Service is also
providing |land use information. The project area was divided into
eight zones for conpiling the data (Figure 3). This was
acconplished in order to derive <correlations between |[and
managenent activities within certain sub-watersheds of particular
interest and individual water quality nmonitoring stations. Hence,
progress, or lack thereof, can be nonitored on a sub-watershed by
sub- wat ershed basis with respect BMP effectiveness. Regionalizing

the project area in this manner will also assist in targeting
remai ni ng probl emareas within the Flemi ng Creek watershed in need
of additional BMPs. Specific types of Jland use data being

conmpi l ed within each zone incl udes:

1) | ocation of feedlots (Figure 2);
2) feedlots within 100 feet of a stream
3) | ocation of aninmal waste managenent systens installed

as a result of USDA cost-share funding and those
installed through other neans (Figure 4);

4) nunber of animals-broken out by beef cattle, dairy
cattle, swi ne, sheep, etc. (Appendix 2);

5) tons of aninmal waste produced per unit tinme (Appendi X

2);

6) agronom c activities-broken out by crop and acreage
(Appendi x 3);

7) tons of fertilizer applied (Appendix 3); and

8) | ocation of straight-pipes, package plants, problem on-

site waste water treatnent systens and simlar itens
which could have an influence on the water quality
nmoni tori ng program (as known).
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WATER QUALI TY MONI TORI NG PROGRAM

Met hodol ogy:

The Nonpoi nt Source (NPS) Section of the Kentucky D vision of
Water (DOW has been gathering physicochem cal, bacteriological
and biological data designed to target the worst animal waste
pollution problens within the Flemng Creek watershed and to
establish general pre-BWMP conditions. Monitoring will continue
after the installation of animal waste BWMPs to docunent and
denmonstrate water quality inprovenents resulting from BW
i npl ement ati ons. Specific responsibilities of the NPS Section
i ncl udes: coordination of nonitoring activities wth other
agencies; inplenentation of water quality nonitoring activities;
and docunentation of water quality changes as a result of BW
instal |l ation.

Water quality data is also being collected for the
constructed wetland by the University of Kentucky. Thi s
monitoring is funded by U S. EPA 319 nonies FFY 1992 and FFY 1993.

For nore details concerning this activity, refer to reports
specific to that project.

DOV water quality monitoring efforts conmenced in the Spring
of 1992, and wll continue through several seasons. Thi s
nmonitoring is being executed in three phases.

Phase |: V  (Bacteriol ogi cal Survey) 27/ 28 stations were
established throughout the project area and to the nouth of
Flem ng Creek for bacteriological/chem cal sanpling Appendix 1,
Figure 5). Many of these stations were located in Flem ng Creek
mai nstream upstream and downstream of confluences wth mgjor
tributaries and at the nouths of those tributaries. Addi ti onal
stations were established as needed at 3 to 5 mle intervals
wWthin the mnmainstream down to the nouth. This stations
arrangenent was incorporated so that

12






various portions of the watershed could be eval uated separately.

Bact eri ol ogi cal / chem cal data for Phase | included both high-flow
(May 18, 1992) and |lowflow (August 18, 1992) events. Phase |
sampling was conducted prior to BMP installation and wll be

repeated after BMP installation to help docunment inprovenments in
water quality as a result of BM inplenentation.

Anal ysis for fecal coliform bacteria was acconplished using
the nmenbrane filter procedure as outlined in the Division of
Water's "Methods for Assessing Biological Integrity of Surface
Wat ers”. Al'l sanples were processed and incubated within six
hours from tinme of collection. Beginning and ending quality
assurance checks were negative for contam niation or carry-over
of bacteria on both occasions. Approximtely ten percent of the
sanpl es were duplicated for quality assurance.

The focus of Phase | is on fecal coliform counts; however
nutrient sanmples (TKN-N, NHs- NHi-N, NO-NO-N and Total P) are al so
bei ng coll ect ed. The initial purpose of Phase | was 1) to

docunent existing conditions within the watershed with respect to
poi nt and nonpoi nt pollution sources, and 2) to target portions of

the watershed nost inpacted from aninmal wastes. I nf ormati on
obt ai ned from pre-BMP Phase | data has been nade avail able to NRCS
to assistin BWP placenent. This information will also be used to

hel p denonstrate inprovenents in water quality by conparing pre-
BMP versus post-BMP results. Refer to Appendix 4 for results of
t he pre-BMP bacteri ol ogi cal survey.

Phase Il (Long-term Physi cochenm cal Monitoring: Fromthe initia
(Phase 1) stations, five long-termwater quality nonitoring sites
were selected (Appendix 1, Figure 6). The selection of these five
stations was based upon 1) areas with a high concentration of
feedlots, 2) apparent inpact from feedlot operations wthin
subwaters (from Phase | pre-BWMP data), and 3) proposed placenent
of BMPs (frominitial USDA BWP sign-ups). The purpose of Phase |
is to docunent a trend in water quality inprovenents over tineg,
resulting fromBM inplenmentation, in a holistic fashion

More specifically, Phase Il stations were established at
Al'lison Creek, Logan Run, and Craintown Branch because these

14



tributaries were found to be inpacted fromani mal waste based upon
prelimnary water quality data and because ani mal waste nmanagenent
systens were proposed for these subwatersheds. Anot her station
was established on Fleming Creek at the Flem ngsburg-Beechburg
road (H ghway 3301) bridge intended to isolate the headwater
portion of the project area for evaluation. The fifth Phase |1
station was established on Flemng Creek at H ghway 170. Thi s
station was |ocated downstream of all proposed aninmal waste
systens for the purpose of evaluating the entire project area
holistically.

Phase Il nonitoring centers around stormevent sanpling,
however sonme |owflow data has been collected. Water sanples for
this phase have been collected by depth integrated sanpling.
Field paranmeters neasured for Phase Il include water tenperature,
pH, dissolved oxygen, conductivity, and turbidity using portable
net er s. Laboratory analyses include total Kjeldahl nitrogen,
ammoni a- anmoni um  ni trogen, nitrate-nitrite ni t rogen, t ot al
phosphorus, total suspended solids, total organic carbon, and 5-
day biochem cal oxygen denand. BOD>s anal ysis was discontinued
because initial nmeasurenments were consistently | ow.

Precipitation data is being gathered by two automatic rain
gauges |located within the watershed being nonitored by Kentucky
Departnment of Mlitary Affairs. This information is also being
obt ai ned from Western Kentucky University. As water |evels allow,
stream flow is being neasured at each station using a Marsh-
McBirney analog flow neter. The flow data is being used to
estimate |oading of various constituents within the watershed.
Refer to Appendi x 4 for physicochem cal data.

Phase 111 (Biological Mnitoring): Physicochem cal and bi ol ogi cal
data is being collected at three of the nore inpacted sites, based
on Phase Il data (Figure ). Two of these stations are |ocated
near the nouth of inpacted tributaries whose watershed wll
receive BWPs (Allison Ceek and Craintown Branch. The third
station is located in Flemng Creek proper (at H ghway 170)
downstream of all BMPs.

Three sets of biological data were collected prior to BM

15



i npl ementation, wth the exception of algal data which was
collected only once. Physi cochem cal data collected for
bi ol ogical nonitoring has been conpiled with Phase Il data. The
same field and |ab P-chem paraneters have been analyzed for the
bi ol ogi cal nonitoring.

Bi ol ogical nonitoring has been conducted annually in the
Spring for fish and nacroinvertebrate conmunities. Spring
sampling was preferred because many Flemng Creek tributaries go
dry during summer and fall. Sanpling nethods and | evel s-of -effort
have been identical from station to station, and wll remain so
t hroughout the Iife of the project.

Fi sh have been collected by seine for one hour at each Phase
1l station from all habitats present. Three unit effort
travel ling-kick net (TKN) repetitions have al so been performnmed at
each station for collecting nmacroinvertebrates (Hornig and Pol | ard
1978). Approximately two square neters have been sanpled for each
TKN repetition. Additionally, the macroinvertebrate data has been
suppl enented through "selective sanpling" to ensure that al
aquatic habitats present are represented. Macroinvertebrates were
"picked" in the field. Fish samples were preserved in a 10
percent formalin solution and macroi nvertebrates were preserved in
70 percent et hanol

The index of biotic integrity (Karr 1981) wll be used to
evaluate fish popul ations. The EPT index (Epheneroptera,
Pl ecoptera, Trichoptera), Macroinvertebrate Biotic Index (MBl)
H | senhoff Biotic Index (H Isenhoff 1977, 1982, 1987, 1988) and
coefficient of comunity |oss (Courtemanch and Davis 1987) and/or
simlarity index wll be wused for nmacroinvertebrates. The
biological data wll be used wth the physicochemcal and
bacteriological data in an effort to docunent inprovenents in
water quality over tinme. Fish data conpiled to date is provided
at Appendix 5, and the mnmacroinvertebrate data is conpiled at
Appendi x 6.

Because algae is an excellent indicator of nutrient
enrichnent, periphyton (attached algae) sanples were collected
from Fleming Creek, Alison Branch and Craintown Branch for
chlorophyll a analysis on My 12, 1993. These sanples were
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collected to estimate the anmount of al gal biomass that was present
in the stream prior to installation of BMs. Nui sance | evel s of
peri phyton, primarily cladophora (a filnmentous green alga), were
present in both Allison Branch and Craintown Branch. Fi l ament s
| onger than one neter were observed in those streans, and the
substrate of Craintown Branch was 100% covered w th C adophora.
Flemng Creek did not have such extensive growhs, however
peri phyt on was abundant .

At each site, three replicate sanples were scraped and
suctioned from 52.8 cnf circular areas of bedrock using a section

of PVC pipe and an aspirator. The algae plus water collected in
this manner was iced and returned to the |laboratory, where it was
honogenized in a 1 liter waring stainless steel industrial

blender. A 1.0 ml subsanple was used for chlorophyll a analysis.
Each replicate was analyzed separately using a Turner Mdel 10
fluroneter using nethods outlined in Standard Methods (APHA 1992).

Quality Assurance/ Quality Control

Sanpling locations, water quality paraneters, and project
objectives are provided in the project study plan. Sanpl i ng
techniques and handling procedures being enployed follow the
criteria outlined in the Ecological Support Sections' Quality
Assurance/ Quality Control Quidelines and Standard Operating
Procedures Manuals (DOW 1987, 1993). U. S. EPA approved field and
| aboratory nethods and procedures will also be followed, where
appropri ate.

Al pertinent field equi prent has been calibrated according
to manufacturer's recomendations prior to sanpling. Dupl i cat es
or splits have been collected and analyzed for at least ten
percent of the water sanples. Mor eover, proper chain-of-custody
procedures have been followed for all sanples. Taxonom ¢
verifications have been perforned for at |east ten percent of the
fish and nacroinvertebrate sanples by DOW Ecol ogical Support
Section biologist's with an in-depth know edge of the subject
gr oups. A log has been maintained for all water and biol ogica
sanpl es.

17



D scussi on of pre-BMP Findings (Wter Quality):

Phase | (Bacteriol ogical Survey): According to the results of the
storm event bacteriol ogical sanpling, every major tributary within
the Flem ng Creek project area yielded high fecal coliformlevels.
Col ony counts from tributary stations ranged from a |ow of 500
(Flat Run) to over 16,000 colonies/100 m (Allison Creek, Town
Branch, and Logan Run), wth an overall average of nore than 9, 000
colonies/100 m for tributary stations. Wth the exception of
Town Branch and Allison Creek, bacteria counts for the tributary
sanpl es were nmuch lower for the lowflow event. Refer to Appendi x
4 for results of the bacteriol ogical survey.

The elevated colony counts observed for the stormevent
sanples is an indication that runoff containing animl waste is
the principal source of bacteria contamnation within Flemng
Cr eek. If straight pipes, failing septic systens, or aninal
access were mmjor contributors, then bacteria |evels should have
been nmuch higher for the lowflow event. Although, animal access
is a serious problem at certain |locations (e.g., WIson Run and
Sl eepy Run). Furthernore, the high bacteria counts for Town
Branch can largely be attributed to the Flem ngsburg Wastewater
Treatnment Plant and a stockyard | ocated adjacent to the creek.

Phase |l Long-term Physi cochem cal Mbnitoring): Six sets of pre-
BMP, stormevent, physicochemcal data and four sets of |ow
fl ow normal - fl ow physi cochem cal data have been collected for this
project. Nutrient |evels have not been detected at significantly
hi gh concentrations on a consistent basis. On a few occasions,
nitrate and total Kjeldhal nitrogen have been observed in excess
of 3.5 nyg/l, and phosphorus val ues have been detected as high as
2.0 to 3.0 no/l. Only a few stormevent folw nmeasurenents were
obt ai ned because water |evels were often too high.

Al gal bl oons are frequent accurrence within the Fl em ng Creek
wat ershed. This is a strong indication of a nutrient-rich system
The reason that observed nutrient valves, for the nost part, have
been relatively low con largely be attributed to problens
associated with |ong-distance, stormevent, grab sanpling. In

18



many cases, periods of peak nutrient |oads and even stormevents
t hensel ves have sinply been m ssed. Because of the small vol une
of water quality data collected and the questionabl e useful ness of
theis data for depicting worse case conditions, nore credence wll
be given to biological paraneters for ascertaining water quality
changes.

Refer to Appendix 5 for results of the water quality data.

Phase |11 (Biological Monitoring): Karr's (1981) Index of Biotic
Intergrity (IBl) was derived for each flemng Creek fish sanple
(Appendi x 6). The 1Bl is conprised of twelve equally weighted
nmetrics that con be grouped into three gerneral categories:

species richness and conposition; trophic conpsition; and fish
abundance and conditi on. Each netric is assigned a 5, 3, or 1
val ue depending upon whether the obtained value strongly
approximates the expected value (5), sonmewhat approxinmates the
expected value (3), or does not approxinmate the expected val ue

(1).

The twelve individual netric values are summed to provide an
| Bl score, which will range between 12 to 60 (or no fish). A
classification based on IBl scores is then assigned to describe
the quality of the fish community at a given |ocation. Pr e- BMP
I Bl scores for Allison Creek ranged from 24 to 34, which is an
indication of poor to very poor water quality conditions.
Crai ntown Branch pre-BWP | Bl scores ranged from30 to 36, which is
an indication of poor to poor-fair water quality conditions. Pre-
BWMP |1 Bl scores were sonmewhat better for the Flem ng Creek nainstem
station ranging from38 to 47, which is an indication of ppor-fair
to good-fair water quality conditions. The higher 1Bl values from
the Flem ng Creek nmainstem station can be primarily attributed to
the larger stream size and superior habitat present at that
| ocation (as conpared to the Allison Creek and Craintown Branch
stations). Contam nant dilution probably also played a role.
Despite the inprovenent in IBlI scores at the mainstem station
fish diversity is not what it should be for a streamof this size
and habitat suitability.

Sever al nmetrics were used to evaluate the pre-BW
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macr oi nvertebrate community (Appendix 7). These netrics included
taxa richness, the Epheneroptera-Plecoptera-Trichoptera (EPT)

| ndex, and the Hlsenhoff Biotic Index (HBI). Taxa richness
refers to the total nunber of distinct taxa present in a sanple
(Karr 1981). 1In general, the greater the taxa richness the better

the water quality, habitat diversity and/or habitat suitability.
Pre-BMP counts for Flem ng Ceek macroinvertebrate data ranged
from?28 to 49. This would be considered relatively high for the
Interior Plateau physiographic region (KDOWunpublished data).

The EPT Index is derived by enunerating the total nunber of
taxa within the generally pollution-sensitive insect orders of
Epheneroptera (mayflies), Plecoptera (stoneflies), and Trichoptera
(caddisflies). A high EPT Index value will usually indicate good
water quality, habitat diversity, and/or habitat suitability.

Pre-BMP values for Allison Creek and Crai ntown Branch ranged
from8 to 13 (fair to good), as conpared to the nainstem station
which yielded values of 14 to 17 (good to excellent). ( KDOW
unpubl i shed dat a). The higher EPT values for the Flem ng Creek
station can primarily be attributed to better riffle habitat at
that station as opposed to the two tributary stations.

The Hi I senhoff Biotic Index (HBI) is intended to characterize
the overall pollution tolerance of a benthic nmacroinvertebrate
community (Lenat 1988 and 1993). A pollution tolerance value (ai)
is assigned to each taxon within a sanple. The total nunber of
individuals within each taxon, up to 25, is multiplied by the
tolerance value for that taxon (Lenat 1993). Al'l products are
then summed and divided by the total nunber of individuals to
derive the HBI val ue.

HBI val ues can range fromO to 10.0, and HBI interpretations
are adjusted by ecoregion. Higher HBI values indicate poor water
quality and | ower val ues indicate good water quality. Pre-BWw HBI
values for Allison Creek and Craintown Branch were significantly
higher than those of the Flemng Ceek nainstem station,
indicating a higher prevalence of tolerant species at the two

tributary stations. Even still, HBI values for Allison Creek and
Craintown Branch (5.17 to 6.29) are considered fair to good-fair
for the nmountain ecoregion (Lenat ibid.). HBI values for the
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mai nstem station (4.60 to 4.91) would be considered good for the
nmount ain ecoregion. The inproved IBl values at the Flem ng Creek
mai nstem station can |ikely be explained by pollutant dilution.

Once post-BWMP data has been collected, pre- and post- BMW

macroi nvertebrate data will be conpared for each station
individually by a coefficient of community |oss (courtenmanch and
Davies, 1986) and/or simlarity index. The coefficienct of

community loss (1) is derived by the follow ng equation..

wher e: a = nunber of taxa from post-BM dat a;

b = nunber of taxa from pre-BMP data

¢ = nunber of taxa common to both pre- and post-BW
dat a.

The coefficient of community loss is designed to neasure the
effects of wastewater on aquatic conmmunities. Values derived by
this calculation range from O, indicating no harnful effects, to
infinity, where there is a conplete loss of a comunity.
Macr oi nvertebrate data suggests that values exceeding .8 are
reflective of excessively harnful change in biological comunity
structure (1bid.).

Flemng Creek, Allison Branch, and Craintown Branch had
chlorophyll a nmean values of 304, 462, and 500, my/ nf,
respectively (Appendix B). Nuisance bionass filanentous algae is
represented by levels greater than 100-150 (Welch et al., 1988)
and growh of d adophora is controlled by a nunber of factors

including tenperatures, nutrients and |ight (Dodds, 1990). It
appears that a conbination of these factors is contributing to the
nui sance algal growmh at all three sites. Wil e reduction of

nutrient levels instream would hypothetically reduce nuisance
al gal biomass, the critical nutrient concentrations necessary to
avoid algal bloons in streans are presently insufficient to guide
wat er nmanagers (Biggs 1985), and woul d be dependent upon rel ated
abiotic factors including flow, current velocity, tenperature, and
l'ight.
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Sunmary of Pre-BMP Fi ndi ngs

Bact eri ol ogi cal dat a, al gal (chl or ophyal | a) dat a,
macroi nvertebrate data, fish data, and |and-use data are being
enpl oyed in order to evaluate pre- vs. post- BM water quality
conditions for the Flem ng Creek project. Water chem stry data
collected thus far is insufficient to provide nuch insight as to
wat er quality conditions. The bacteriological, chlorophyll a, and
fish results all indicate that pre-BMP water quality is somewhat
degraded within the study area. This is supported by a high
quality density of aninmal feedlots wthin the Alison Creek
subwat ershed as well as other portions of the study area. The
relatively favorable values derived from the nacroinvertebrate
data may appear to contradict those results, especially for the
Allison Creek and Craintown Branch stations. Keep in mnd
however, t hat high nutrient loads can increase overall
bi oproductivity up to a point. Hence, the apparent fertility of
the Flemi ng Creek watershed may be enhancing the macroi nvertebrate
comuni ty. Furt her nore, macroi nvertebrate diversity could
actually decrease as water qulaity inproves, since tolerant
organi sms shoul d becone | ess nunerous.
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APPENDI X 1
FLEM NG CREEK PRQIECT STATI ONS

Station #

Locati on

Data to be
Col | ect ed

Station RM-RM
of Confl uence
of Tribs with
mai nstemin

Par ent hesi s

05029003

FIl emi ng Creek nai nstem
at Hwy 32 bridge, in
Ni chol as County.

Bacteri a (Phase

1.3

05029004

Fl em ng Creek mai nstem

adj acent to Yin Road, in

Fl em ng County.

Bacteria (Phase

4.8

05029005

Unnaned trib to Flem ng
Creek adjacent to
Hammonds Road, in

FIl em ng County.

Bacteri a (Phase

0. 3( 4. 28)

05029006

Fl em ng Creek mai nstem
adj acent to Pi ke Bluff
Road,

in Flem ng County.

Bacteria (Phase

8.75

05029007

Popl ar Creek at nouth,
in Flem ng County.

Bacteri a (Phase

0.1(9. 4)

05029008

Fl em ng Creek mai nstem
just downstream of Doty
Creek confluence, in

FIl em ng County.

Bacteria (Phase

12.6

05029009

Doty Creek at nouth, in
FIl emi ng County.

Bacteri a (Phase

0. 1( 12. 65)

05029010

Fl em ng Creek mai nstem
just upstream of Doty
Creek confluence, in

Fl em ng County.

Bacteria (Phase

12. 7

0502911

FIl emi ng Creek nmai nstem
j ust downstream of

Crai ntown Branch

confl uence adj acent to
Hw 57, in Flem ng
County.

Bacteri a (Phase

15.9

05029012

Fl em ng Creek mai nstem
just upstream of
Crai nt own Branch
confluence at Hwy 57
bridge, in Flem ng
County.

Bacteria (Phase

15. 85




APPENDI X 1 (Conti nued)

05029013 Fl em ng Creek mai nstem Bacteria (Phase I) 17.8
just upstream of Fl at
Run confl uence, in
FIl em ng County.
05029014 Fl at Run near nouth, in Bacteria (Phase I) 1. 0(16. 55)
FI em ng County.
05029015 Crai ntown Branch at Bacteria (Phase 1), |0.1(15.9)
mouth, in Flemng Long-term wat er
County. noni tori ng (Phase
1)
05029016 Fl emi ng Creek nmai nstem Bacteria (Phase I) 20. 05
j ust downstream of
Cassi dy Creek
confluence, in Flem ng
County.
05029017 Cassidy Creek at Hw 11 Bacteria (Phase |) 0. 4(20. 06)
bridge, in Flem ng
County.
05029018 FIl emi ng Creek nmai nstem Bacteria (Phase I) 20. 65
just upstream of Cassidy
Creek confluence, near
Hw 11, in Flem ng
County.
05029019 Fl em ng Creek mai nstem Bacteria (Phase I) 22.7
just upstreamof Allison
Creek confl uence,
adj acent to Kendal
North Road, in Flemng
County.
05029020 Al'lison Creek just Bacteria (Phase 1), |0.8(22.65)
downstream of Smth's Long-term wat er
dairy near Hw 697, in qual ity nonitoring
FIl em ng County. (Phase 11), and
bi ol ogi cal
nmoni tori ng (Phase
L11)
05029021 FIl em ngsburg Treat nent Bacteria (Phase I) 0. 6(25. 95)

Plant effluent on Town
Branch, in Flem ng
County.
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05029022 Fl em ng Creek mai nstem Bacteria (Phase I) 25.9
just downstream of Town
Branch confl uence, in
Fl em ng County.
05029023 Town Branch at nouth, in |Bacteria (Phase I) 0. 1(25.95)
FI em ng County.
05029024 Fl em ng Creek mai nstem Bacteria (Phase I) 26.0
just upstream of Town
Branch confl uence at Hwy
32 bridge, in Flemng
County.
05029025 W1 son Run near nouth, Bacteria (Phase 1), |0.2(28.0)
j ust downstream of Hwy may be sanpl ed for
559 bridge, in Flemng Phase |1 dependi ng
County. on BMP pl acenent
05029026 Fl em ng Creek mai nstem Bacteria (Phase I) 28.2
at Hw 559 bridge, just
upstream of WI son Run
conf | uence.
05029027 Sl eepy Run downstream of | Bacteria (Phase |) 0. 9(30.05)
Hw 57 bridge, in
FI em ng County.
05029028 Fl em ng Creek mai nstem Bacteria (Phase 1), [31.0
at Hw 3301 bridge, in Long-term wat er
FIl em ng County. quality nonitoring
(Phase I1)
05029029 Logan Run at nouth Bacteria (Phase 1), |[0.1(32.75)
adj acent to Hwy 57, in Long-term wat er
FIl emi ng County. qual ity nonitoring
(Phase I1)
05029030 Fl em ng Creek mai nstem Bacteria (Phase I) 32.8
just above Logan Run
confl uence near Hwy 57,
in Flem ng County.
05029031 Fl emi ng Creek nmai nstem Long-term wat er 12.3
j ust downstream of Hwy qual ity nonitoring
170, in Flem ng County. (Phase 11),
Bi ol ogi cal
nmoni tori ng (Phase
L11)
05029032 Al lison Creek just Long-term wat er 0. 9(22.65)

upstreamof Smth's
dairy near Hw 697, in
Fl em ng County.

quality nonitoring
(Phase I1)




APPENDIX 2

LIVESTOCK PRODUCTION LAND USE DATA (DOC 1995)

Parameter

Zonel

Zone 2

Zone 3

Zone 4

Zoneb

Zone 6

Zone7

Zone 8

Totals

No. of beef operations

25

18

15

28

9

34

11

19

159

Ibs. manure/day
produced by beef
operations

85,250

61,380

51,150

95,480

30,690

115,940

37,510

64,790

542,190

Ibs. manure/yr produced
by beef operations

31,116,250

22,403,700

18,669,750

34,850,200

11,201,850

42,318,100

13,691,150

23,648,350

197,899,350

Beef operations with
waste systems installed*

Beef operations with
waste systems planned*

No. of dairy operations

11

15

63

Ibs. manure/day
produced by dairy
operations

40,700

25,438

25,438

55,963

45,788

76,313

40,700

10,175

320,515

Ibs. manure/yr produced
by dairy operations

14,855,500

9,284,870

9,284,870

20,426,495

16,712,620

27,854,245

14,855,500

3,713,875

116,987,975

Dairy operations with
waste systems installed*

Dairy operations with
waste systems planned*

Average herd size

50

50

50

50

50

50

50

50




APPENDIX 3

AGRONOMIC LAND USE DATA (DOC 1995)

Parameter Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Zone 6 Zone 7 Zone 8 Totals
Number of farms 44 35 24 63 31 65 24 21 307
Total acres 8,275 4,923 3,540 7,661 3,588 11,758 2,239 4,147 46,131
Cropland acres 4,589 3,741 2,801 5,878 2,519 7,837 1,615 3,087 32,067
Acres corn 796 652 391 873 408 1,231 119 398 4,868
Acres soybeans 104 90 63 163 66 177 41 82 786
Acres tobacco 158 120 79 190 80 252 60 112 1,051
Acres rotational hayland 947 744 517 1,259 430 2,897 567 794 8,155
Acres other cropland 0 0 0 0 0 0 0 0 0
Acres permanent 5,412 2,874 2,073 4,480 2,095 6,143 1,251 2,333 26,661
pasture/ hayland
Acres woodland 858 443 417 697 509 1,058 201 428 4,611




APPENDIX 4

FLEMING CREEK BACTERIOLOGICAL SURVEY

LICKING RIVER BASIN 1992
Station No. Source/Receiving Milepoint | Bacteria per 100ml May 18 Aug 18
Stream Storm Event* Low-flow
05029003 Fleming Creek 1.3 | Fecal Coliform; 400 20/30
05029004 Fleming Creek 4.8 | Fecal Coliform: 560 60
05029005 Unnamed Trib. to 0.3(4.28) | Fecal Coliform: 9,200 100
Fleming Creek
05029006 Fleming Creek 8.75 | Fecal Coliform: 4,600 100
05029007 Poplar Creek 0.1(9.4) | Fecal Coliform: 9,200 260
05029008 Fleming Creek 12.6 | Fecal Coliform: 750 60
05029009 Doty Creek 0.1(12.65) | Fecal Coliform: 5,000 80
05029010 Fleming Creek 12.7 | Fecal Coliform: 740/650 140
05029011 Fleming Creek 15.85 | Fecal Coliform: 250 120
05029012 Fleming Creek 15.9 | Fecal Coliform: 460 30/60
05029013 Craintown 0.1(15.9) | Fecal Coliform: 520 90
Branch
05029014 Flat Run 1.0(16.55) | Fecal Coliform: 500 10
05029015 Fleming Creek 17.8 | Fecal Coliform: 500 130
05029016 Fleming Creek 20.05 | Fecal Coliform: 210 210
05029017 Cassidy Creek 0.4(20.6) | Fecal Coliform: 2,400/1,800 10
05029018 Fleming Creek 20.65 | Fecal Coliform: 500 270
05029019 Allison Creek 0.8(22.65) | Fecal Coliform; >16,000 >16,000
05029020 Fleming Creek 22.7 | Fecal Coliform: 420 250
05029021 Flemingsburg 0.6(25.95) | Fecal Coliform; ND 3,600
WWTP
05029022 Fleming Creek 25.9 | Fecal Coliform: 15,000 1,000
05029023 Town Branch 0.1(25.95) | Fecal Coliform: >16,000 6,800
05029024 Fleming Creek 26.0 | Fecal Coliform: 500 1,100
05029025 Wilson Run 0.2(28.0) | Fecal Coliform: 5,600 720
05029026 Fleming Creek 28.2 | Fecal Coliform: 1,400 490/530




APPENDIX 4 (Continued)

05029027 Sleepy Run 0.9(30.05) | Fecal Coliform: 16,000 500
05029028 Fleming Creek 31.0 | Fecal Coliform: 12,000 200
05029029 Logan Run 0.1(32.75) | Fecal Coliform: >16,000 100
05029030 Fleming Creek 32.8 | Fecal Coliform: 3,200 530

WWTP = Wastewater Treatment Plant

* 75 inches of rain over the previous 12 hours.




APPENDIX 5

PRE-BMP FLEMING CREEK PHYSICOCHEMICAL DATA

ALLISON CREEK

Sampling Event

Parameter 5/8/9 | 5/12/92 | 5/18/9 | 8/18/92 | 1/5/93 | 2/21/93 3/17/93 | 4/3/ | 5/12/9 | 5/12/94
2 2 93 3
Water temperature (c°) 13.8 27.8 22.9 25.0 8.3 - 4.9 6.9 22.7 17.0
Dissolved oxygen (mg/1) 10.4 11.0 8.1 10.2 115 - 11.7 11.8 8.2 10.8
Turbidity (NTU) 46.0 11.2 9.0 1.3 67.0 >200 106.0 169.0 5.0 10.5
Conductance (umhos/cm) 524 522 447 - 480 146 293 210 389 432
pH 6.8 7.5 7.6 6.8 7.5 7.6 6.7 7.0 7.3 79
Total suspended solids (mg/1) 142.0 5.0 6.0 6.0 38.0 658.0 42.0 106.0 16.0 18.0
Organic carbon (mg/1) 16.6 53 53 116 8.2 13.0 54 10.0 14.9 -
BODs (mg/1) - 5.6 6.5 - 3.7 - - 3.7 - -
Ammonia-nitrogen (mg/1) 919 .208 1.090 512 ND 222 071 .084 1.600 1.130
Total Kjeldhal nitrogen (mg/l) 3.920 .819 1.290 567 .846 3.920 .748 1.20 3.070 1.940
Nitrate (mg/1) .048 209 .070 .098 1.400 .869 .808 827 177 637
Phosphorus, total (mg/1) .603 .078 237 1.430 161 1.540 A71 324 446 429
Flow * * - - - - * 367cfs * *
Rain amount (inches during 1.0 0.0 T 0.0 1.0+ 1.5-2.3 10-12" .65 0.0 0.0
previous 24 hrs) snow melt,
light rain

ND = Not detected

* Computer program malfunction, values not calculated yet.
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CRAINTOWN BRANCH

Sampling Event

Parameter 5/8/92 5/12/92 5/18/92 8/18/92 1/5/93 2/21/93 3/17/93 4/3/93 5/12/93 5/12/94
Water temperature (Co) 13.0 Not 244 24.6 8.3 - 44 6.7 22.9
sampled

Dissolved oxygen (mg/1) 11.3 " 10.3 7.1 11.5 - 11.8 11.3 12.6 8.8
Turbidity (NTV) 34.2 " - 67.0 >200 82.0 199.0 4.6 6.4
Conductance (umhos/cm) 452 " 300 281 480 148 228 232 243 466
ph 5.8 " 8.4 7.3 75 7.6 6.4 7.2 8.0 7.9
Total suspended solids (mg/1) 12.0 " ND 4.0 34.0 597.0 44.0 126.0 6.0 9.0
Organic carbon (mg/1) 52 " 3.7 3.8 4.1 114 8.4 12.6 4.8 -
BODs (mg/1) - " 13 - 2.9 - - 5.6 - -
Ammonia-nitrogen (mg/1) .058 " ND ND ND 222 152 227 ND .066
Total Kjeldhal nitrogen (mg/1) 737 " 333 .053 .661 4.050 1.480 2.090 .633 ND
Nitrate (mg/1) 227 " 109 071 2.800 937 1.410 1.050 011 1.050
Phosphorus, total (mg/1) 187 " .030 .047 .343 2.920 521 1.070 .099 136
Flow * " . . * . * * * *
Rain amount (inches during 1.0 " 7 0.0 1.0+ 15-2.3 10-12" .65 0.0 0.0
previous 24 hrs.) snowmelt,

light rain
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LOGAN RUN
Sampling Event
Parameter 5/8/92 5/12/92 5/18/92 8/18/92 1/5/93 2/21/93 3/17/93 4/3/93 5/12/93 5/12/94

Water temperature (Co) 13.7 ** 18.7 20.1 8.0 - 4.4 5.8 *x *x
Dissolved oxygen (mg/1) 10.4 b 8.6 8.2 115 - 11.8 11.8 *x o
Turbidity (NTV) 66.0 *x 310.0 15.0 915 >200 82.0 >132 * *
Conductance (umhos/cm) 398 b 330 555 331 142 228 203 *x *
pH 6.6 ** 7.6 6.9 7.0 7.4 6.4 7.1 *x **
Total suspended solids (mg/1) 30.0 b 116.0 7.0 40.0 618.0 46.0 99.0 *x o
Organic carbon (mg/1) 3.9 *x 7.5 2.3 5.6 12.2 5.3 7.6 *x *x
BODs (mg/1) - o 4.9 - 2.4 - 3.2 o *
Ammonia-nitrogen (mg/1) ND *x .068 ND ND .109 .060 ND *x *x
Total Kjeldhal nitrogen (mg/1) .681 b 1.450 ND .700 3.21 .786 1.300 *x o
Nitrate (mg/1) 135 *x 1.080 1.200 1.980 .880 1.300 1.270 * *x
Phosphorus, total (mg/1) .061 *x 151 .019 .100 .628 135 176 *x *x
Flow * wx . . * . * . ok wx
Rain amount (inches during 1.0 b T 0.0 1.0+ 15-2.3 10-12" 65 *x *
previous 24 hrs.) snowmelt,

light rain

*Not sampled.

* Not sampled on these dates because these sites are not biological sampling stations.
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FLEMING CREEK AT FLEMINGSBURG-BEECHBURG ROAD (HWY 3301) BRIDGE

Sampling Event

Parameter 5/8/92 | 5/12/9 5/18/92 8/18/92 1/5/93 2/21/93 3/17/93 4/3/93 5/12/93 | 5/12/9
2 4
Water temperature (C°) 13.6 *x 20.6 18.8 8.5 - 3.1 55 *x *x
Dissolved oxygen (mg/1) 10.5 o 7.4 5.8 11.2 - 12.0 116 *x *x
Turbidity (NTV) 320 ** 71.0 18.0 188.5 >200 122 >200 *x *x
Conductance (umhos/cm) 350 b 376 396 256 152 184 178 *x *x
pH 7.1 ** 7.6 6.9 7.0 7.5 6.5 7.1 *x *x
Total suspended solids (mg/1) 10.0 o 40.0 7.0 88.0 930.0 106.0 138.0 *x *x
Organic carbon (mg/1) 3.8 *x 3.7 3.7 12.7 9.6 7.9 9.6 *x *x
BODs (mg/1) - o 2.9 - 4.2 - - 3.8 o o
Ammonia-nitrogen (mg/1) ND *x .056 ND .050 .186 127 146 *x *x
Total Kjeldhal nitrogen (mg/1) .563 *x .700 .061 1.200 4.010 962 1.780 *x *x
Nitrate (mg/1) .165 *x .659 618 1.590 .889 1.060 1.290 * *
Phosphorus, total (mg/1) .029 *x .061 .041 181 1.030 201 276 *x *x
Flow * wx . . * . * . ok ok
Rain amount (inches during 1.0 o T 0.00 1.0+ 1.5-2.3 10-12" .65 *x *x
previous 24 hrs.) snowmelt,
light rain

* Not sampled on these dates because these sites are not biological sampling stations.

** Not sampled.
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FLEMING CREEK AT FLEMINGSBURG-BEECHBURG
ROAD (HWY 3301) BRIDGE

Sampling Event

Parameter 5/8/92 5/12/92 | 5/15/92 8/18/92 1/5/93 2/21/93 3/17/93 4/3/93 5/12/93 | 5/12/94

Water temperature (C°) 14.8 21.8 234 224 9.4 - 3.9 6.1 22.9 17.8
Dissolved oxygen (mg/1) 11.0 105 75 10.3 11.0 - 11.9 11.8 4.4? 7.9
Turbidity (NTV) 9.0 17.0 7.7 8 >200 >200 197.0 >200 - 11.8
Conductance (umhos/cm) 463 499 439 456 321 200 244 228 351 460
pH 6.4 7.5 7.5 7.6 1.7 7.7 6.8 7.2 7.0 7.7
Total suspended solids (mg/1) 2.0 10.0 ND 3.0 208.0 777.0 146.0 225.0 13.0 13.0
Organic carbon (mg/l) 35 3.9 3.1 4.8 12.1 11.2 5.79 10.3 55 -
BOD:s (mg/1) - 18 - - 5.6 - - 5.0 - -
Ammonia-nitrogen (mg/1) .050 ND ND ND ND 332 110 153 ND ND
Total Kjeldhal nitrogen 310 .367 392 .064 1.560 414 1.42 1.790 17 ND
(mg/1)
Nitrate (mg/1) .089 1.190 406 560 1.820 1.08 1.09 1.250 113 1.530
Phosphorus, total (mg/1) .057 .078 .053 .093 513 1.99 376 .603 0.87 123
Flow * * . . * . . . * *
Rain amount (inches during 1.0 0.0 T 0.0 1.0+ 1.5-2.3 10-12" .65 0.0 0.0
previous 24 hrs.) snowmelt

Iight’ rain

* Not sampled on these dates because these sites are not biological sampling stations.




APPENDIX 6

PRE-BMP FLEMING CREEK FISH DATA (PRE-BMP)

Number of Specimens

1992 1993 1994
Species Allison | Craintown | Fleming | Allison | Craintown | Fleming | Allison | Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Striped shiner (Luxilus chrysocephalus) 22 ** 34 - 8 19 19 61 41
Redfin shiner (Lythrurus umbratilis) 20 o 92 4 - 101 29 2 33
Sand shiner (Notropis stramineus) - o 5 - - 18 - - -
Silver shiner (N. photogenis) - ** - - - 6 - - 11
Bluntnose minnow (Pimephales notatus) 36 o 53 31 16 56 3 93 3
Fathead minnow (P. promelos) 36 ** 1 16 11 - 34 3 -
Goldfish (Carassius auratus) 1 o - - - - - - -
Central stoneroller (Campostoma anomalum) 2 o 10 - 2 6 7 25 2
Creek chub (Semotilus atramaculatus) 10 o 3 - 1 - - 8 -
White sucker (Catostomus commersoni) - o - 7 - - - 1 -
Golden redhorse (Moxostoma erythrurum) - o - - - - - 1 -
Brook silverside (Labidesthes sicculus) - o 1 - - - - - -
Yellow bullhead (amiurus natalis) - ** - - - - - - -
Green sunfish (Lepomis cyanellus) 13 o 5 3 82 9 4 10 -
Bluegill (L. macrochirus) - ** 9 - 6 2 2 14 -
Longear sunfish (L. megalotis) - ** 2 - 2 3 - 1 -
Hybrid sunfish (probably L. megalotis x cyannellus)* - ** 1 - - - - - -
Hybrid sunfish (probably L. megalotis x - ** - - 1 - - - -

macrochirus)*




APPENDIX 6 (Continued)

Largemouth bass (Micropterus salmoides) - o - - 1 - - - -
Small mouth bass (M. dolomieui) - o - - - 1 - - -
Rock bass (Amoloplites rupestris) - ** 1 - - 5 - - 2
Logperch (Percina caprodes) - o - - - 1 - - -
Greenside darter (Etheastoma blennioides) - ** 1 - - 2 - - -
Johnny darter (E. flabellare) - o - - - - - - -
Fan tail darter (E. flabellare) - o 5 - 5 1 - 7 3
Rainbow darter (E. caeruleum) 3 o 2 - - 1 - - -
Orangethroat darter (E. spectabile) 17 - 17 7 1 18 22 2
Number of Specimens 160 - 225 71 145 233 116 248 97
Number of Species 10 - 15 5 12 17 8 13 8

IBI 32 - 42 24 30 47 34 36 38

(poor) (Fair (very (Poor) (Good- (Poor) (Poor-fair) (Poor-
poor) fair) Fair)

* Not included in species counts.

** Fish not sampled.




APPENDIX 7

PRE-BMP MACROINVERTEBRATE DATA

1992 1993 1994
HBI
Value
(ai)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixXni ni nixni ni nixXni ni nixXni ni nixni ni nixXni ni nixXni ni nixni ni nixni

Gastropoda (snails)

Lymnaeidae

Lymnaea (Goniobasis) sp.

- - - ok i - - 1 - 2 - 34 - - - 1 - 13 -

Pleuroceridae

Pleurocera sp. - 8 - b * 40 - - - - - - - - - - - - -
Ancylidae

Ferrisa rivularis 6.9 - - *x ** 6 41.4 - - - - - - - - - - - _
Planorbidae

Gyraulus sp. - 1 - * * 2 - 6 - - - - - - - 1 - - -

Heliosoma sp. 6.5 - - ok ** - - - - - - - - - - 1 6.5 - -
Physidae

Physella (Physa) sp. 9.1 35 2275 ok i 2 18.2 27 2275 5 455 - - 4 36.4 34 2275 - -
Pelecypoda (Mussels)

Sphaeriidae

Sphaerium sp. 7.7 - - ok i - - 4 30.8 4 30.8 18 138.6 - - - - 16 132.2

Pisidium sp. 6.8 - - ok i 3 204 - - - - - - - - - - - -
Unionidae

Lampsilis radiata - - * * * - - * - - *

* Several
** Not sampled




APPENDIX 7 (Continued)

1992 1993 1994
HBI
Value
(ai)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixni ni nixni ni nixni ni nixni ni nixni ni nixni ni nixni ni nixni

Decapoda (crayfish)

Cambaridae

Cambarus robustus 8.1 2 16.2 * * - - - - 2 16.2 - - 14 1134 1 8.1 -

Orconectes rusticus 2.7 - - * * 26 67.5 12 324 17 45.9 25 67.5 1 2.7 8 21.6 15 40.5
Amphipoda (Suds or
Sideswimmers)

Gammaridae

Crangonyx shoemakeri 8.0 10 80.0 * * 2 16.0 34 200.0 73 200.0 10 80.0 48 200.0 57 200.0 15 120.0
Isopoda (Pillbugs)

Asellidae

Lirceus lineatus 7.7 298 192.5 * * 249 192.5 23 192.5 318 1925 105 1925 | 155 | 1925 138 1925 110 192.5

3

Oligochaeta (worms)

Enchytracidae

Enchytracus sp. 10.0 - - * * - - - - 1 10.0 - - - - - - - -
Lumbriculidae

Rhynchelmis rostrata 7.3 - - * * - - - - - - - - - - 18 131.4 - -
Lumbricidae

Lumbriculus sp. - - - * * - - - - - - - - - - - - - -
Tubificidae

Tubifex tubifex 10.0 - - * * - - 3 30.0 - - - - 8 80.0 1 10.0 - -

Brachiura sowerbyi 8.4 - - * * - - - - - - - - - - - - 2 16.8
Hirudinea (Leaches)

Hirudidae

Haemopsis grandis - 1 - * * - - - - - - - - - - - - - -
H. marmorata - - - * * - - 5 - - - - - 2 - 2 - - -

* Not sampled




APPENDIX 7 (Continued)

1992 1993 1994
HBI
Value
(a)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixni ni nixni ni nixni ni nix ni nix-Ni ni nixni ni nixni ni nixni
ni
Erpobdellidae 7.8 - - * * - - - - 1 7.8 - - - - - - - -
Mourevhdella fervida
Hirudinea sp. (leech case) - - - * * - - - - - - - - - - - - 1 -
Coleoptera (Beetles) 54 49 135.0 * * 15 135.0 18 97.2 152 | 135. 214 135.0 20 108.0 | 124 | 135.0 107 135.0
Elmidae 3 0
Stenelmis sp.
Ancyronyx sp. 6.9 - - * * 11 75.9 - - - - 1 6.9 - - - - - -
Microcylloepus sp. 2.1 - - * * - - - - - - 1 2.1 - - - - - -
Haliplidae 8.5 4 34.0 * * 1 85 8 68.0 17 144. 8 68.0 6 51.0 8 68.0 - -
Peltodytes sp. 5
Hydrophilidae 8.6 1 8.6 * * - - - - - - - - - - - - - -
Berosus sp.
Tropisternus sp. 9.8 5 49.0 * * 1 9.8 11 107.8 6 58.8 - - 1 9.8 1 9.8 - -
Enochrus sp. 8.5 1 8.5 * * - - 3 255 - - - - - - - - - -
Cymbiodyta sp. - - - * * - - 1 - - - - - - - - - - -
Hydrobius sp. - - - * * - - - - - - - - 1 - - - - -
Psephenus 25 1 25 * * 4 10.0 - - 24 60.0 29 62.5 - - 1 25 5 12.5
Psephenus herrick
Gyrinidae 55 - - * * - - 5 275 - - - - - - - - - -
Dineutus sp.
Dytiscidae 10.0 - - * * - - 1 105 2 20.0 - - 6 60.0 - - - -
Laccophilus sp.
Hydroporus sp. 8.9 - - * * - - 5 445 1 8.9 - - - - 5 445 - -
Scirtidae - - - * * - - 24 - - - - 1 - - - - -
Elodes sp.

* Not sampled.




APPENDIX 7 (Continued)

1992 1993 1994
HBI
Value
(a)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixXnNi ni nixni ni nixXnNi ni nixXnNi ni nix-ni ni nixXnNi ni nixXnNi ni nixXnNi

Hydraenidae - - - * * - - - - - 7.8 - - 2 - - - 1 R

Limnebius sp.

Staphylinidae - - - * * - - - - - - - - 1 - - - - -

Bledius sp.

Dryopidae 5.4 - - * * 1 5.4 - - - - - - - - - - - R

Helicus sp.
Hemiptera (True bugs) 9.8 4 394 * * 2 19.6 4 394 - - - - 2 19.6 2 19.6 - -
Belostomatidae

Belostoma sp.

Corixidae 9.0 - - * * 1 9.0 - - - - - - - - R - R B,
Tricorixiz sp.

Hesperocorixia sp. 9.0 - - * * - - 11 99.0 2 18.0 1 9.0 - - - - 3 27.0
Veliidae - - - * * - - 2 - 1 - 1 - - - - - - -
Rhagovelia sp.

Microvelia sp. - - - * * - - - - - - - - 2 - - - - -
Gerridae - - - * * - - - - 1 - - - - - - - - -
Trepobates sp.
Megaloptera (Dobsonflies) 5.6 - - * * 2 11.2 - - 2 11.2 5 28.0 - - - - - -
Corydalidae

Corydalus cornutus

* Not sampled.




APPENDIX 7 (Continued)

1992 1993 1994
HBI
Value
(a)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixXnNi ni nixni ni nixXnNi ni nixXnNi ni nix-ni ni nixXnNi ni nixXnNi ni nixXnNi

Odonata (Dragonflies, 9.4 1 9.4 * * - - - - - - - - - - - - - _
Damselflies

Coenagrionidae

Ishnora sp.

Coenagrion sp. - - - * * 10 - - - - - - - - - - - 5 -
Argia sp. 8.7 - - * * 1 8.7 2 174 - - 3 26.1 - - 1 8.7 - -
Amphiagarion sp. - - - * * 4 - - - - - - - - - - - R -

Enallagma sp. 9.0 - - * * - - - - - - 14 126.0 - - - - - -
Calopterygidae 6.2 - - * * - - - - - - 2 12.4 - - - - - -

Hataerina sp.

Libellulidae 9.8 - - * * - - 11 - 107.8 - - 1 938 - - - -

Libellula sp.

Erythemis sp. 7.7 1 7.7 * * - - - - - - - - - - 1 7.7 - -
Aeshnidae 6.3 - - * * 1 6.3 - - - - 1 6.3 - - - - - -
Boyeria sp.

Aeshna sp. - - - * * 1 - - - - - - - - - - - - -
Corduliidae 5.8 1 5.8 * * - - - - - - - - - - - - - R

Neurocordulia sp.

Gomphidae 6.2 - - * * - - - - - - - - * - - - 1 6.2
Gomphus sp.

* Not sampled.




APPENDIX 7 (Continued)

1992 1993 1994
HBI
Value
(ai)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixXnNi ni nixni ni nixXnNi ni nixXni ni nix-ni ni nixXnNi ni nixXnNi ni nixXnNi
Plecoptera (Stoneflies) 0.0 38
Perlidae 0.0 85 0.0 * * 85 0.0 38 0.0 - - 42 0.0 40 0.0 20 0.0 63 0.0
Perlesta sp. A.
Perlesta sp. B 0.0 - - * * - - - - - - - - 1 0.0 - - 1 0.0
Agnetina sp. 0.0 - - * * - - - - - - - - - - - - 1 0.0
Neoperla sp. 1.6 - - * * 1 1.6 - - - - - - - - - - - -
Perlodidae 55 1 55 * * - - - - - - - - 1 55 - - 4 22.0
Isoperla bilineata
Nemouridae 3.4 - - * * - - - - - - - - - - - - 2 6.8
Amphinemura sp.
Leuctridae 7 - - * * - - - - - - - - - - - - 1 7
Leuctra sp.
Trichoptera (Caddisflies) 6.6 10 66.0 * * - - - - 7 46.2 - - - - - - - -
Hydropsychidae
Cheumatopsyche sp.
Hydropsyche sp. 4.0 - * * 27 .100.0 - - 1 4.0 9 36.0 - - 6 24.0 1 4.0
Rhyacophilidae 9 27 225 * * 1 9 11 9.9 5 45 - - 9 8.1 5 45 5 45
Rhyacophila fenestra
Polycentropidae 35 - - * * - - - - - - - - - - - - 1 35
Polycentropus sp.
Philopotamidae 2.8 - - * * 3 8.4 - - 13 36.4 3 8.4 - - - - 16 44.8
Chimarra sp.
Hydroptilidae 7.2 - - * * - - 1 7.2 2 144 1 7.2 32 180.0 6 43.2 1 7.2
Orthotrichia sp.
Leucotrichia sp. 43 - - * * - - - - 1 4.3 - - - - - - - -

* Not sampled.




APPENDIX 7 (Continued)

1992 1993 1994
HBI
Value
(a)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixXnNi ni nixni ni nixXnNi ni nixXni ni nix-ni ni nixXnNi ni nixXnNi ni nixXnNi
Ephemeroptera (Mayflies) 35 190.0 * * 20 152.0 35 190.0 12 91.2 9 68.4 2 15.2 3 22.8 4
Caenidae 7.6
Caenis sp.
Heptageniidae 75 - - * * - - 8 60.0 - - 11 75.0 - - - - 5 304
Stenonema femoratum
Stenomema sp. 34 16 54.4 * * 16 54.4 1 34 2 6.8 1 34 - - - - - 375
Leucrocuta (Hexagenia) sp. 0.0 - - * * - - 11 0.0 - - - - - - 1 0.0 - -
Stenocron sp. 3.9 - - * * - - - - 3 11.7 - - - - - - 1 39
Nixe (Hexagenia) sp. 4.7 - - * * - - - - - - - - 3 14.1 - - - -
Heptigenid sp. - - * * - - - - - - - - - - 1 - - -
Leptophenbidae 12 4 4.8 * * 1 12 7 8.4 - - - - 12 144 1 1.2 - -
Paraleptophlebia sp.
Baetidae 3.6 - - * * - - - - - - - - - - - - 3 10.8
Acentrollo amphus
Baetis sp. A 5.4 1 5.4 * * 25 135.0 2 10.8 6 324 21 113.4 1 54 1 54 12 64.8
Baetis sp. B 5.4 2 10.8 * * 15 81.0 - - - - - - - - - - - -
Baetis sp. C 5.4 1 5.4 * * - - - - - - - - - - - - - -
Ephemerellidae 17 - - * * 25 425 - - 8 136 34 425 - - - - 5 8.5
Serratella (Ephemerella) sp.
Oligoneuriidae 3.8 - - * * 4 15.2 - - 1 3.8 - - - - - - - -
Isonychia sp.
Ephemeridae 4.7 - - * * 1 4.7 - - 1 4.7 - - - - - - - -
Hexagenia sp.
Ephemoroptera sp. A - - - * * 1 - - - - - - - - - - - - -

* Not sampled.




APPENDI X 8

Chl orophyl I'a val ues (no/ n?) for Flem ng Creek
May 12, 1992)

X mn max sd %C. V.
Fl em ng Creek 304 282 337 29.1 9.6
Al'l'i son Branch 462 314 673 187.9 40. 7

Cr ai nt own Branch 500 459 551 46. 7 9.4




APPENDIX 7 (Continued)

1992 1993 1994
HBI
Value
(ai)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixni ni nixXnNi ni nixXni ni nixni ni nix-ni ni nixXnNi ni nixXnNi ni nixni

Diptera (Flies, Midges, - - - * * - - 2 - 1 - - - - - - - - -
Mosquitoes)

Certatopogonidae

Bezzia sp.

Ephydridae - - - * * - - 1 - - - - - - - - - - -

Dictya (probably pictipes)

Tabanidae - - - * * - - - - - - 1 - - - - - - -

Limnophila sp.

Tabanus sp. 9.7 - - * * - - - - 1 9.7 1 9.7 - - - - - -
Tipulidae 7.3 - - * * - - - - - - - - 1 7.3 - - - -
Psuedolimnophila sp.

Tipula abdominalis 7.7 - - * * 1 7.7 - - - - - - - - - - 1 7.7
Simulidae 8.7 - - * * - - 20 174.0 5 435 - - 3 26.1 - - - -
Simulium vittatum

Simulium sp. 4.4 8 352 * * - - - - - - - - - - - - - -
Prosimulium sp. 2.6 23 59.8 * * - - - - - - - - - - - - - -
Chironomidae 9.8 69 245.0 * * - 119 245.0 2 19.6 - - 4 39.2 1 9.8 - -
Chironomus sp.

Dicrotendipes sp. 7.9 - - * * - - 3 23.7 - - - - - - - - - -
Stictochironomus sp. 6.7 - - * * - - 54 167.5 4 26.8 - - 1 6.7 3 20.1 - -
Phanenosectra sp. 6.8 - - * * - - 8 54.4 - 54.4 - - - - - - - -
Microtendipes sp. 6.2 - - * * - - 4 24.8 - - - - - - 2 12.4 - -

* Not sampled.
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1992 1993 1994
HBI
Value
(a)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixni ni nixni ni nixni ni nixni ni nixX-nNi ni nixni ni nixni ni nixni
Polypedilum sp. 6.9 - - * * 4 27.6 4 27.6 - - - - - - - - 1 6.9
Paracladopelma 6.4 - - * * - - 1 6.4 - - - - - - - - - N
(probably doris
Cryptochironomus sp. 7.4 - - * * - - 1 7.4 - - - - - - - - - R
Chironomini sp. A - 90 - * * - - - - - - - - - - - - R -
Chironomini sp. B - 1 - * * - - - - - - - - - - - - R -
Thienemannimyia sp. - - - * * - - 6 - 13 - - - - - - R 3 R
Procladius sp. 9.3 - - * * - - 1 9.3 - - - - - - - - - R
Clinotanypos sp. 9.1 - - * * - - - - - - - - - - 1 9.1 - -
Psectrotanypus sp. 10.0 - - * * - - - - - - - - 1 10.0 - - - -
Tanypodinae sp. A - 1 - * * - - - - - - - - - - R - R i,
Paratanytarsus sp. 1.7 - - * * - - 2 15.4 - - - - - - - - - -
Tanytarsus sp. 6.7 - - * * - - 21 140.7 - - - - - - - - - -
Tanytarsini sp. A - - - * * 1 - - - - - - - - - - - R -
Orthocladius sp. A - - - * * - - 1 - - - - - 17 - - - - -
Orthocladius sp. B - - - * * - - 1 - - - - - - - - - - -
Parametriocnemus sp. 37 - - * * - - - - 1 3.7 - - - - - - - -
Cricotopus sp. 7.0 - - * * - - - - 1 7.0 - - - - - - - -

* Not sampled.
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1992 1993 1994
HBI
Value
(ai)
Allison Craintown Fleming Allison Craintown Fleming Allison Craintown Fleming
Creek Branch Creek Creek Branch Creek Creek Branch Creek
Species ni nixni ni nixni ni nixni ni nixni ni nixni ni nixX-nNi ni nixni ni nixni ni nixni
Eukiefferiella potthasti 3.7 - - * - - - - - - - - - 250 92.5 - - - -
Symposiocladius sp. 5.4 - - * * - - - - - - - - 1 5.4 - - - R
Paraphaenocladius sp. - - - * * - - - - - - - - 6 - 18 - - -
Parachaetocladius sp. - - - * * - - - - - - - - 1 - - - - -
Paracladius sp. - - - * * - - - - - - - - 2 - - - 1 -
Psectrocladius sp. 3.8 - - * * - - - - - - - - 1 3.8 - - - -
Orthocladiinae sp. A - 1 - * * 3 - 2 - 2 - - - - - - - - R
Orthocladiinae sp. B - - - * * - - - - - - - - - - 1 - - -
Orthocladiinae sp. C - - - * * - - - - - - - - - - 1 - - -
Chironomidae sp. A - 5 5 * * - - - - - - - - - - - - - -
Chironomidae sp. B - 1 - * * - - - - - - - - - - - - - -
Chironomidae sp. C - 1 - * * - - - - - - - - - - - - - -
Chironomidae sp. D - 2 - * * - - - - - - - - - - - - - -
Number of taxa 39 39 49 42 28 39 35 35
EPT 10 14 9 13 9 8 99 17
Number of specimens 811 751 796 723 612 664 491 426
HBI 5.17 4.60 6.43 5.91 491 5.75 6.29 481

* Not sampled.




