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DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
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process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 
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1.0 INTRODUCTION 

Ashland Syn the t i c  Fuels,  Inc. (ASFI) and A i r c o  Energy Company, Inc. 

(AECI) have recen t l y  formed t h e  Breck in r idge  P r o j e c t  and a re  c u r r e n t l y  

conduct ing a  process and economic f e a s i b i l i t y  study o f  a  commercial sca le  

f a c i l i t y  t o  produce s y n t h e t i c  l i q u i d  f u e l s  from coal .  The coal  conversion 

'I@ process t o  be used i s  t h e  H-Coal, Process, which c u r r e n t l y  i s  i n  t h e  p i l o t  

p l a n t  t e s t i n g  stage under t h e  auspices o f  t h e  U.S. Department o f  Energy a t  

t h e  H - ~ o a l @ P i l o t  P lan t  P r o j e c t  near Ca t l e t t sbu rg ,  Kentucky. The p re l im -  

i n a r y  p l a n s  f o r  t h e  commerc ia l  p l a n t  a r e  f o r  a  18,140 m e t r i c  t o n / d a y  

(24,000 ton/day ) nominal coa l  assumpti on capac i ty  u t  i 1 i z i n g  t h e  abundant 

h i gh  s u l f u r  Western Kentucky coals. , The Western Kentucky area o f f e r s  a  

source o f  t he  coal  along w i t h  adequate water, power, labor ,  t r anspo r ta t i on .  

and o the r  f a c t o r s  c r i t i c a l  t o  t h e  succesfu l  s i t i n g  o f  a  p l an t .  Var ious 

s tud ies  by Federal and S ta te  governments, as we l l  as p r i v a t e  i ndus t r y ,  have 

reached s i m i l a r  conc lus ions regard ing  t h e  s u i t a b i l i t y  o f  such p l a n t  s i t e s  

i n  Western Kentucky. O f  t h e  many i n d i v i d u a l  s i t e s  evaluated, a  s i t e  i n  

Breck in r idge  County, Kentucky, approximately 4  k i l ome te rs  (2.5 m i l e s )  west 

o f  t h e  town o f  Stephensport, has been i d e n t i f i e d  as t he  p l a n t  l oca t i on .  

Ac t ions  have been taken t o  o b t a i n  op t ions  t o  i nsu re  t h a t  t h i s  s i t e  w i l l  be 

a v a i l a b l e  when needed. 

ASFI and AECI have i n i t i a t e d  base l ine  environmental s t ud ies  o f  t he  

proposed s i t e  t o  cha rac te r i ze  t h e  e x i s t i n g  environment. These w i  11 he1 p  

determine t h e  c o n s t r a i n t s  p laced on t h e  l o c a t i o n  and des ign o f  the  f a c i l -  

i t i e s  w i t h i n  t h e  p l a n t  due t o  t h e  need t o  m i t i g a t e  any adverse impacts o f  

t h e  p l an t .  These base l ines  s tud ies  w i l l  enable ASFI and AECI t o  p l a n  and 

proceed i n  accordance w i t h  t h e  o ther  requirements o f  t he  Nat ional  Environ- 
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mental  P o l i c y  Act  (NEPA) and o the r  Federal  and S ta te  environmental pro- 

t e c t i o n  s ta tu tes .  

Th is  - r epo r t .  con ta ins  an overview o f  t he  reg iona l  s e t t i n g  and r e s u l t s  

o f  t h e  base1 i n e  environmental  s tud ies.  These s tud ies  inc luded  co l  1  e c t i o n  

o f  da ta  on ambient a i r  and water  q u a l i t y ,  sound, aqua t i c  and t e r r e s t r i a l  

b i o l o g y  and geology. Data on h i s t o r i c a l  and archaeolog ica l  f ea tu res  a re  

conta ined i n  a  separate repor t .  Th is  r e p o r t  con ta ins  t h e  f o l l o w i n g  chap- 
0 

t e r s ;  i n t r o d u c t i o n ,  rev iew o f  s i g n i f i c a n t  f i nd ings ,  ambient a i r  qua1 i t y  

mon i to r ing ,  sound, aqua t i c  ecology, vegetat ion,  w i l  d l  i f e ,  geology, so i  1  s, 

su r f ace  water, and ground water. 





2.0 REVIEW OF SIGNIFICANT FINDINGS 

Although data c o l l e c t i o n  f o r  c e r t a i n  d i s c i p l i n e s  has n o t  been com- 

p l e t e d  y e t ,  t h e  s i g n i f i c a n t  f i n d i n g s  conta ined i n  t h i s  d r a f t  r e p o r t  have 
. . 
been summarized. Discussions a re  d i v i d e d  i n t o  a i  r qua1 i t y ,  sound, aqua t i c  

ecology , vegetat ion,  w i  l d l  i fe ,  geology, s o i  1  s, sur face water and ground- 

water. 

A i r  q u a l i t y  da ta  from two qua r te r s  ( s i x  months) i n d i c a t e  t h e  area has 

v i r t u a l l y  no a i  r q u a l i t y  r e l a t e d  problems. A1 1 c r i t e r i a  p o l l u t a n t s  show 

a t ta inment  by wide margins. Only one day w i t h  a  maximum hou r l y  average 

c o n c e n t r a t i o n  above t h e  0.12 ppm s t a n d a r d  o c c u r r e d .  The s t a n d a r d  i s  

a t t a i n e d  when t h e  expected number o f  days pe r  ca lender  yea r  w i t h  maximum 

hou r l y  average concent ra t ions  above 0.12 ppm i s  equal t o  o r  l e s s  than 

one, as determined by Appendix H o f  40 CFR 50. Therefore,  t he  area pres- 

e n t l y  a t t a i n s  t h e  ozone standard. Two t r a c e  element concentrat ions,  n i c k e l  

and be ry l  1  ium, were h i ghe r  than gene ra l l y  repor ted  i n  t h e  l i t e r a t u r e .  

N icke l  values were h igher  f o r  t h e  ~ u g u s t  t o  October quar ter .  However, 

n i c k e l  values were w i t h i n  t h e  range o f  ambient da ta  f o r  t h e  S R C - I  p ro j ec t .  

S i m i l a r l y  b e r y l l i u m  values which a re  h i gh  a r e  a l s o  w i t h i n  t h e  range r e p o r t  

f o r  t h e  S R C - I  p ro j ec t .  It i s  our b e l i e f  t h a t  t h e  values f o r  these param- 

e t e r s  a r e  normal background i n  t h i s  area and may be der ived  from weathered 

sha le  i n  t h e  region. Fu r the r  study i s  r equ i red  t o  p i n p o i n t  t h e  causes o f  

these background l eve l s .  

Sound data a t  t h e  s i t e  was measured once f o r  s i x  l oca t i ons .  Ambient 

sound values a re  low and a re  t y p i c a l  of r u r a l  areas. 

Aquat ic  ecology program cons is ted  o f  q u a r t e r l y  sampl i n g  f o r  one year. 

Plankton, peryphyton, macrophytes, macro inver tebrates,  mussels, a d u l t  and 



l a r v a l  f i s h e s  were sampled. Also f i s h  and mussel t i s s u e  was analyzed f o r  

se lec ted  o rgan ic  compound and t r a c e  elements. No federa l  l y  threatened o r  

endangered species were c o l  l e c t e d  d u r i n g  these  surveys. 

Ohio R i v e r  p lank ton  communities showed g rea te r  taxonomic r i chness  and 

g e n e r a l l y  h i ghe r  d e n s i t i e s  than those p lank ton  communities observed i n  Town 

Creek and B u l l  Creek. The p lank ton  communities represen t ing  these s i g n i f i -  

c a n t l y  d i f f e r e n t  eco log i ca l  areas were t y p i c a l  f o r  t h e i r  r espec t i ve  habi -  

t a t c s .  

Per iphy ton  were c o l l e c t e d  from t h e  Ohio River ,  B u l l  and Town Creeks. 

L i t t l e  s u i t a b l e  h a b i t a t  e x i s t  f o r  per iphy ton  i n  t h e  Ohio R i ve r  which l i m i t s  

t h e i  r e c o l o g i c a l  importance, a1 though a  d i ve rse  community does e x i s t .  The 

pe r i phy ton  a r e  e c o l o g i c a l l y  impor tan t  i n  bo th  creeks and a r e  q u i t e  d iverse.  

Macrophytes surveys were conducted i n  t h ree  areas Ohio River ,  B u l l  and 

Town Creeks. However, macrophytes e x i s t e d  on l y  i n  t h e  embayment areas o f  

b o t h  creeks where s u i t a b l e  h a b i t a t  e x i s t .  L im i t ed  d i s t r i b u t i o n  and low d i -  

v e r s i t y  of macrophytes a t  t h e  s i t e  i s  normal f o r  these types o f  hab i t a t .  

B e n t h i c  m a c r o i n v e r t e b r a t e s  c o l l e c t e d  f r om t h e  Ohio R i v e r  showed 

s i m i l a r  taxonomic composi t ion and o v e r a l l  d e n s i t i e s  compared t o  o t h e r  lower  

Ohio R i ve r  s tud ies .  The most s i g n i f i c a n t  f i n d i n g s  a t  t h e  Ashland s i t e  were 

t h e  d i  s t r i  b u t i  on o f  taxonomic and f u n c t i o n a l  groups re1 a t i v e  t o  macro- 

i nve r teb ra te  dens i t i es .  Dens i t i es  were general l y  h igher  and taxonomic 

d i v e r s i t y  and f u n c t i o n a l  feed ing  groups l e s s  complex near t h e  Kentucky s i de  

o f  t h e  r i v e r .  Ben th ic  communities showed t h e  converse t o  t h i s  r e l a t i o n s h i p  

nea r  t he  Ind iana  s i d e  o f  t h e  r i v e r .  The mid-channel ben th i c  macro inver te-  

b r a t e  communities gene ra l l y  showed reduced d i v e r s i t y  and abundance of 

organisms a1 though i s o l a t e d  except ions t o  t h i s  re1 a t i o n s h i  p  occasional  l y  



occurred. Town Creek and B u l l  Creek c o n s i s t e n t l y  had a  more r i c h  and 

d i ve rse  ben th i c  fauna than t h e  Ohio River .  

The f reshwater  mussel resource was found t o  be very sparse a long t h e  

Kentucky s i de  o f  t he  Ohio R i ve r  below t h e  B u l l  Creek o u t l e t .  Mussels here 

represented on l y  a  sca t te red  d i s t r i b u t i o n  and were comprised o f  re1  a t  i ve ly  

common Ohio R i v e r  species. Freshwater mussels were no t  captured f rom Town 

Creek o r  B u l l  Creek. 

When compared t o  o the r  Ohio R i v e r  pools  s tud ied  by t h e  Kentucky F ish-  

e r i e s  D i v i s i o n ,  t h e  Cannelton Pool and i t s  backwater areas prov ides an ou t -  

s t and i ' ng  s p o r t  f i s h e r y  f o r  l a rgemou th  bass and p a n f i s h .  L a r v a l  f i s h  

( i ch thyop lank ton)  d e n s i t i e s  were q u i t e  h i gh  i n  t h e  embayment areas o f  B u l l  

and Town Creeks which i n d i c a t e s  t h e i r  impor tan ts  t o  t h e  f i s h e r i e s  o f  the  

Ohio River.  

Tissue analyses o f  f i s h  and mussels revealed low amounts o f  most 

o rgan ic  and i no rgan i c  c o n s t i t u t e n t s .  Copper appeared t o  be t he  o n l y  t r a c e  

metal  t h a t  was h igher  than found i n  f i s h  t i s s u e  o f  o t h e r  s tud ies.  Most 

c o n s t i t u e n t s  were found i n  g rea te r  amounts i n  mussels than i n  f i s h ,  and a t  

t imes a  few t r a c e  metals approached t h e  l e v e l s  found i n  t h e  sediments. 

Thus, as found i n  several  o the r  s tud ies,  t h e  l e v e l s  o f  c o n s t i t u e n t s  i n  t h e  

b i o l o g i c a l  compinent o f  t h e  ecosystem were h i ghe r  than i n  t he  water b u t  

u s u a l l y  l e s s  than i n  t h e  sediments. 

Vegetat ion and w i l d 1  i f e  q u a r t e r l y  sampl i n g  i s no t  complete. However, 

c o l l e c t i o n s  t o  da te  i n d i c a t e  a  moderately p roduc t i ve  area i n  t he  waste 

d i  sposal areas and bottom1 and a1 ong Town Creek. No f ede ra l  l y  threatened 

o r  endangered species have been co l  lec ted.  However, s p e c i f i c  sampl i n g  t o  

document t h e  presence o r  absence o f  t h e  Ind iana Bat has no t  been conducted. 

The geology o f  t h e  proposed p l a n t  s i t e  and waste d isposal  areas i s  



t y p i c a l  o f  t h e  Ohio R i v e r  Val ley.  The p l a n t  i s  loca ted  on t he  a l l u v i a l  

depos i t s  of t h e  Ohio River .  The proposed waste d isposal  areas a r e  i n  t h e  

upper p o r t i o n s  of B u l l  and Town Creeks. These areas a r e  surrounded by 

M i s s i s s i p p i a n  age fo rmat ions  o f  l imestone and shale o r  sandstone and shale. 

The Rough Creek F a u l t  Zone i s  t h e  c l o s e s t  s t r u c t u r a l  f e a t u r e  t o  t h e  s i t e  

and l i e s  50 km t o  t h e  south. 

A s o i l  i n v e s t i g a t i o n  program was conducted a t  t he  p l a n t  s i t e  and 

southern waste d isposa l  area. Data trom t h i s  progr-dl11 i s  presented i n p a r t  

i n  t h i s  r epo r t .  However, t h e  f u l l  r e p o r t  i s  under separate cover. The 

p l a n t  s i t e  i s  covered by deep depos i t s  o f  a l l u v i a l  s o i l s  which a re  loamy. 

Residual  s o i l s  cha rac te r i ze  t h e  waste d isposa l  areas. Approximately 70 

percen t  o f  t h e  s o i l s  on t h e  p l a n t  s i t e  a re  c l a s s i f i e d  as pr ime farmland. 
. G  

Only a  minor  p o r t i o n  o f  t h e  s o i l s  i n  t h e  water d isposa l  areas a re  c l a s s i -  

f i e d  as pr ime farmland. 

Surface water  and. sediment were sampled q u a r t e r l y  f rom two s t a t i o n s  

on t h e  Ohio R iver ,  and one s ta t i .on  each on B u l l  and Town Creeks. The 

sur face  waters o f  t h e  s i t e  were gene ra l l y  o f  good qua1 i t y .  However, t h i s  

p o r t i o n  o f  t h e  Ohio R i ve r  i s  c l a s s i f i e d  as "e f f l uen t  l i m i t e d " .  C o n s t i t -  

uen ts  which exceeded standards i n  these water  bodies i nc l ude  manganese, 

i r o n ,  mercury and f e c a l  co l i fo rms.  Almost no d i u r n a l  v a r i a t i o n s  on t h e  

Ohio R i v e r  f o r  pH, d i sso l ved  oxygen, c o n d u c t i v i t y  occurred d u r i n g  t h e  f o u r  

q u a r t e r l y  samplings. 

Sediments conta ined much h ighe r  l e v e l  s  o f  chemical c o n s t i t u e n t s  than 

d i d  surface water. Al though most o rgan ic  and i no rgan i c  m a t e r i a l s  were pre- 

sen t  i n  low amounts, t h e  t r a c e  meta ls  coba l t ,  chromium, copper, n i c k e l ,  and 

z i n c  were h i ghe r  than many values repor ted  i n  t h e  l i t e r a t u r e .  Most metal 

l e v e l s  were lower  i n  t he  creek sediments as compared t o  r i v e r  sediments. 



The major ground water  a q u i f e r  .on s i t e  i s  t he  Ohio R i ve r  a l l u v i a l  

p l a i n .  Bedrock aqu i f e r s  a1 so e x i s t  i n  t he  sandstones and 1  imestone around 

t h e  waste d isposal  areas and r e s u l t  i n  sp r ings  and seeps which recharge 

B u l l  and Town Creeks. Ground water i n  t h e  a1 l u v i a l  a q u i f e r  on s i t e  f lows  

towards t h e  Ohio R i v e r  bu t  i s  a f fec ted  l o c a l l y  by Town Creek. The bedrock 

a q u i f e r s  f o l l o w  t h e  reg iona l  t r e n d  towards t h e  west. Ground water q u a l i t y  

i s  gene ra l l y  good w i t h  occasional  h i gh  values f o r  manganese, i r o n  and f eca l  

c o l i f o r m s  bac te r ia .  The l a t t e r  i s  probably due t o  animal wastes i n  t h e  re -  

change zone. 





3.0 AMBIENT A IR .  QUALITY MONITORING 

3.1 SUMMARY 

Ashland Synthetic. Fuels, Inc.  and t h e  A i r co  Energy Company, Inc .  have 

j o ined  together  t o  b u i l d  a coal t o  o i l  conversion p l a n t  i n  Kentucky. It 

w i l l  be loca ted  near the  c o a l f i e l d s  i n  Western Kentucky. 

Basel ine ambient a i r  q u a l i t y  mon i to r ing  a t  t he  proposed s i t e  i s  requ i red  

t o  s a t i s f y  t he  S ta te  and Federal requirements o f  t h e  Prevent ion o f  S i g n i f i c a n t  

D e t e r i o r a t i o n  (PSD) regu la t i ons  under the  Clean A i r  Act  and the  environmental 

impact assessment requirements o f  t he  Nat ional  Environmental P o l i c y  Act.  Th is  

repo r t  descr ibes the  moni tor ing p lan  being used t o  ob ta in  representa t i ve  a i r  

qua1 i t y  base1 i n e  data a t  the  proposed s i t e .  

The proposed p l a n t  s i t e  l i e s  i n  Breck in r idge  County, Kentucky, along the  

Ohio R iver  and i s  p resen t l y  p r i m a r i l y  used f o r  a g r i c u l t u r e  w i t h  some wooded 

lands. The c l ima te  and meteorology a t  t h e . s i t e  a re  descr ibed i n  t e r n s  o f  

t h e  observat ions made a t  the  Evansvi l le ,  Indiana, .Nat ional Weather Serv ice 

S ta t ion .  E x i s t i n g  a i r  q u a l i t y  i s  character ized on the  basis  o f  e x i s t i n g  

mon i to r ing  data a v a i l a b l e  f o r  nearby areas s ince  no such data i s  p resen t l y  

a v a i l a b l e  f o r  t h i s  remote r u r a l  s i t e .  On the  whole, a i r  q u a l i t y  a t  t he  s i t e  

i s  un i f o rm ly  good, w i t h  no ambient a i r  q u a l i t y  standards l i k e l y  t o  be ex- 

ceeded. 

Increments o f  a i r  q u a l i t y  under t he  PSD program have been consumed i n  

t he  area due t o  app l i ca t i ons  t o  cons t ruc t  by two major sources approx imate ly .  

9.7 km (6  m i )  t o  t h e  west; however, both sources a re  t o  be w e l l  c o n t r o l l e d  

and o n l y  a small f r a c t i o n  o f  t he  increments have been a l l oca ted  t o  these 

sources. S u f f i c i e n t  increments a re  a v a i l a b l e  i n  the  area o f  t he  proposed 

3-1 



coal liquefaction plant so that no maximum all.owable increments are or will 

be exceeded by the plant. construction. 

The air quality monitoring will be by U. S. EPA Reference or Equivalent 

Methods for the criteria. pollutants. continuous analyzers will be used for 

sulfur dioxide, carbon monoxide, nitrogen dioxide and ozone, while particulate 

concentrations will be measured using the integrated sampling technique 

specified by the applicable EPA Method; Ambient concentrations of other air 

pollutants such as polyaromatic hydrocarbons, sulfates, trace metals and total 

reduced sulfur will also be determined in order that existing air quality may 

be ful ly characterized. ~eteorol ogical parameters are to be measured as we1 1 . 
The air quality and meteorological observations will be made in accordance 

with "Ambient ~onitoring Guide1 ines for PSD." , EPA-45012-78-019, 1978. 

The monitoring site 1 ocation and instrument exposure have been selected 

so as to satisfy the criteria contained in the above U.S. EPA guidelines. 

All instrumentation will .be operated and calibrated within the requirements 

of the guidelines, including daily zero and span checks on all analyzers. 

A description of the eqliipment and rout.ine operating procedures has been pro- 

* vided in this report. 

Quality assurance procedures to be used will be as defined by regulations 

under 40 CFR 58, Appendix B,  "Quality Assurance Requirements for PSD Air 

Monitoring". Precision and accuracy statistics will be generated as provided 

for in the regulations and independent audits will be performed qua'rterly so 

as to assure generation of valid data; 

Data wi 11 be reduced manual ly and quarterly reports containing a1 1 val id 

data generated over the previous monitoring period will be compil.ed and made 

available to the regulatory agencies. Summaries of. the data, together with 



comparisons t o  t h e  ambient standards and t he  requ i  red qua1 i t y  assurance data 

w i l l  a l s o  be included. The mon i t o r i ng  program commenced on J u l y  1, 1980 and 

w i l l  cont inue f o r  a pe r i od  o f  one calendar year. The e f f o r t  w i l l  p rov ide  

base l ine  a i r  q u a l i t y  data t h a t  can be used i n  complying w i t h  t h e  a i r  q u a l i t y  

requirements o f  t h e  app l i cab le  S ta te  and Federal laws and r e g u l a t i o n s .  



3 . 2  INTRODUCTION 

Ashland Synthetic Fuels, Inc. (ASFI) and Airco Energy Company, Inc. 

(AECI) have recently formed the  Breckinridge Project  and a r e  currently con- 

ducting a process and economic f e a s i b i l i t y  study of a commercial scale  f a c i l -  

i t y  t o  produce synthet ic  l iquid  fuels  from coal. The basic conversion pro- 

cess t~ be used is  the H-Coal ~ rocess@,  which currently is  i n  the p i l o t  plant 

t e s t ing  s tage  under the  auspices of the  U. S. Department of Energy a t  the H- 

Coal P i lo t  Plant Project  near Catlet tsburg,  Kentucky. The preliminary plans 

f o r  the commercial plant are f o r  a 24,000 t p d  nominal coal consumption capacity 

u t i l i z i ng  the abundant high su l fu r  Western Kentucky coals.  The Western Ken- 

tucky area o f fe r s  a source of the  coal along w i t h  adequate water, power, labor,  

t ransportat ion and other  fac tors  c r i t i c a l  t o  the successful s i t i n g  of a plant. 
.-. 

Various s tud ies  by Federal and S ta te  governments, as well as pr ivate  industry, 

have reached simi 1 a r  conclusions regarding the sui tabi  1 i ty  of such plant  - s i t e s  

i n  Western Kentucky. Of the many individual s i t e s  evaluated, a s i t e  i n  ' 

Brecki nridge County, Kentucky, approximately 2-1/2 m i  1 es  west of the town of 

Stephensport, has been ident i f ied  as the plant location.  Actions have been 

taken t o  obtain options t o  insure t ha t  this s i t e  wil l  be available when needed. 

ASFI and AECI a re  i n  the  process of i n i t i a t i n g  ambient a i r  qual i ty  monitoring 

as par t  of the  baseline.environmenta1 s tudies  of the  proposed s i t e  t o  

character ize  the ex i s t ing  environment. 



3.2.1 'Purpose and Objectives 

The Clean Air Act Amendments of 1977 ( the  Act) codified in to  law, and 

considerably expanded the Prevention of Significant  Deterioration (PSD) of 

Air Qua1 i t y  Program in i t i a t ed  by the U.S. EPA i n  December 1974 as  a r e su l t  

of legal action brought against  i t  by the  Sierra  Club. Part C of the Act 

provides fo r  a comprehensive preconstruction review and permit program to  

ensure t ha t  a l l  a i r  pollution sources w i t h  emissions of c r i t e r i a  pollutants 

in excess of 100 tons per year in cer ta in  specified categories,  Table 3.1, 

comply w i t h  the control technology and incremental and ambient a i r  qual i ty  

requirements of the Act. The purpose i s  t o  minimize preventable degredation 

of a i r  qual i t y  i n  areas where the a i r  i s  cleaner than the level represented 

by the National Ambient Air Qual i ty  Standards (NAAQS). The currently effec- 

t i ve  U.S. EPA regulations governing the PSD program are  contained in 40 CFR 

52.21 and para l le i  requirements are  contained in the Kentucky S ta te  Implemen- 

ta t ion Plan (SIP),  Appendix I ,  401 KAR Chapters 50 and 51. 

These regulations require t ha t  each applicant f o r  a PSD permit conduct 

one year of a i r  qual i t y  monitoring f o r  each c r i t e r i a  pollutant  f o r  which the  

source would be c lass i f i ed  as  major under the  PSD regulations. The present 

regulatory monitoring provi s i  ons have been successful l y  chall enged in the U .S. 

Court of Appeals f o r  the Dis t r i c t  of Columbia, and remanded t o  EPA f o r  recon- 

s,ideration. New regulations were adopted on August 7, 1980 which was a f t e r  the  

monitoring plan was approved. The E P A  has obtained a stay from the  Court t o  

a1 low an orderly t ransi t ion through continued enforcement of the exist ing regu- 

l a t ions  i n  the interim. ASFI constantly monitors changes t o  these regulations 

and plans t o  adopt revisions t o  the monitoring network a s  required. 

The purpose of the a i r  qual i ty  monitoring network under the  PSD program 



Table 3.1 

28 SOURCE TYPES WITH POTENTIAL EMISSIONS OF 1 0 0  TONS PER YEAR, 

AND ALLOWABLE EMISSIONS GREATER THAN 5 0  TONS PER YEAR, AS FOLLOWS: 

1 .  F O S S I L  FUEL-F IRED STEAM E L E C T R I C  PLANTS OF MORE THAN 2 5 0  
M I L L I O N  B R I T I S H  THERMAL U N I T S  PER HOUR HEAT I N P U T  

2 .  COAL C L E A N I ~ G  PLANTS (WITH THERMAL UNITS)  

3. KRAFT PULP H I L L S  

4 .  PORTLAND CEMENT PLANTS 
f 

5 .  PRIMARY Z I N C  SMELTERS 

6 .  IROR AND STEEL M I L L  PLANTS 

7. PRIMARY ALUMINUM ORE REDUCTION PLANTS 

8. PRIMARY COPPER SMELTERS 

9. M U N I C I P A L  INCINERATORS CAPABLE OF CHARGING MORE THAN 2 5 0  
TONS OF REFUSE PER DAY 

1 0 .  HYDROFLUORIC A C l D  PLANTS 

1 1 .  S U L F U R I C  A C l D  PLANTS 

1 2 .  N I T R I C  A C l D  PLANTS 

1 3 .  PETROLEUM R E F I N E R I E S  

1 4 .  L I M E  PLANTS 

1 5 .  PHOSPHATE ROCK PROCESSING PLANTS 

1 6 .  COKE OVEN BATTER1 ES 

17. SULFUR RECOVERY PLANTS 

1 8 .  CARBON B L A C K  PLANTS (FURNACE PROCESS) 

1 9 .  PRIMARY LEAD SMELTERS 

2 0 .  F U E L  CONVERSION PLANTS 

2 1  . S I NTER I NG PLANTS 

2 2 .  SECONDARY METAL PRODUCTION PLANTS 

23 .  C H E M I C A L  PROCESS PLANTS 

2 4 .  F O S S I L  F U E L  B O I L E R S  (OR COMBING'TIONS THEREOF) T O T A L I N G  MORE 
THAN 2 5 0  M I L L I O N  B R I T I S H  THERMAL U N I T S  PER HOUR HEAT INPUT 

2 5 .  PETROLEUM STORAGE AND TRANSFER U N I T S  W I T H  A TOTAL STORAGE 
.. C A P A C I T Y  EXCEEDING 300 THOUSAND BARRELS 

26. T A C O N I T E  ORE PROCESSING PLANTS 

2 7 .  GLASS F I B E R  PROCESSING PLANTS 

28. CHARCOAL PRODUCTION PLANTS 



is two-fold. The first is to establish the baseline air quality in the area 

if no PSD increment consuming sources have been permitted previously in the 

region. Maximum a1 1 owabl e increments have been establ i shed for particulate 

and sulfur dioxide by law. The second objective is to determi-ne if allowable 

increments or the National Ambient Air Qual-ity Standards (NAAQS) are being 

exceeded in the area. Since there has already been increment consumption in 

the site area due to the permitting of the Willamette Industries paper mill 

expansion at Hawesville and more.is expected due to the. reservation of the 

increments for the proposed Kentucky Uti 1 i ties Power Pl ant in Hancock County, 

the purpose of the ASFI/AECI air quality monitoring will be to determine how 

much increment remains and whether ambient standards will be exceeded in the 

area of the plant site. An additional purpose will be the determination of 

the baseline air quality for criteria p'ollutants for .which the increment 

scheme does not exist (CO, 03, NOx, Pb) and for non-criteria pollutants such 

as polyaromati c hydrocarbons, trace metals , reduced sul fur compounds and sul- 

fates, which are air pollutants and which may require an air quality impact 

analysis under regulations to be promulgated in the future. The data will 

also be used to satisfy various governmental policies concerning environmental 

impact assessment under NEPA. 

3.2.2 Ambient Air Monitoring Program 

The preconstruction ambient air monitoring program at the proposed plant 

site wi 11 be implemented by a national ly known environmental consulting company 

under contract to ASFI/AECI. The essential elements of the monitoring plan 

will be: 



a ) .  Se l ec t i on  o f  the p o l l u t a n t s  t o  be monitored 

b)  Design of  the monitoring system network, including s i te  

s e l e c t i o n  

c )  I n s t a l l a t i o n  and opera t ion  of the network 

d )  Qua1 i t y  assurance ,  and 

e )  Data processing and repor t ing .  

. The c r i t e r i a  p o l l u t a n t s  f o r  which ambient monitoring w i l l  be conducted 

a r e  s u l f u r  d iox ide  (SO2), t o t a l  iuspended p a r t i  cul a t e s  (TSP) , cdrbon monoxide 

(CO) , ozone (03) ,  n i t rogen  d l  oxide (NO2) and 1 ead (Pb) . . A1 1 monitoring f o r  

c r i t e r i a  p o l l u t a n t s  will be by continuous methods except  TSP and Pb, which 

w i l l  be by i n t e g r a t e d  sampling methods. Total reduced s u l f u r  (TRS) will a l s o  

be monitored cont inuously.  

In add i t i on  t o  monitoring t h e  c r i t e r i a  a i r  p o l l u t a n t s ,  on - s i t e  meteoro- 

l o g i c a l  d a t a  will a l s o  be co l l ec t ed .  Instrumentat ion will be provided t o  

monitor wind speed,  wind d i r e c t i o n  and temperature a t  t h e  s tandard 10 meter 

tower he ight .  These da t a  w i l l  be useful  i n  subsequent d i spe r s ion  analyses  

and i n  determining sources  of  any abnormal a i r  pol 1 u t i  on concent ra t ions .  

Analyses o f  the TSP samples will be performed f o r  Pb, var ious  polyaromatic 

hydrocarbons (PAH1s) and t r a c e  elements. A1 so ,  microscopic ana lyses  w i  11 be 

performed t o  c h a r a c t e r i z e  the p a r t i c u l a t e  f o r  those  days on which h i g h  loadings 

occur.  The U.S.  Department o f  Energy has recommended t h a t  samples be analyzed 

f o r  t h e  spec i e s  l i s t e d  i n  "Environmental Monitoring Handbook f o r  Coal Conver- 

s i on  F a c i l i t i e s " ,  ORNL-5319, prepared by the Oak Ridge National Laboratory. 

These spec i e s  a r e :  

Polyaromatic Hydrocarbons 

2-Methyl naphthalene 
Fl uoranthene 



2-Methyl f l  uoranthene 
Pyrene 
Benzo (c )  phenanthrene 
Chrysene 
5-Methyl chrysene 
Benzo (b) f l  uoranthene 
Benzo (j) f l  uoranthene 
Benzo (a)  pyrene 
o-Phenylene pyrene 
Di benz (a ,c) anthracene 
Di benz (a ,  h )  anthracene 
Benzo (g , h , i ) peryl ene 
Dibenzothiophene 

Trace Elements 

Arsenic 
Beryl 1 i um 
Cadmi um 
Chromi um 
Cobalt 
Iron 
Mercury 
Lead 
Manganese 
Nickel 
Ti tani um 
Vanadi um 
Zinc 

Others 

Sulfates 

A1 1 ambient and meteor01 ogi cal monitoring wi 11 be done in accordance 

with the methods and procedures specified in "Ambient Monitoring Guide1 ines 

for  Prevention of Significant ~e ter iora t ion ' " ,  EPA-45012-78-019, May 1978. 

Air quality monitoring will be by approved methods considered to  be the 

reference or equivalent methods under 40 CFR 50. For meteorological data, 

the equipment wi 11 be equivalent to National Weather Service speci.fi cations 

as required by the above referenced guideline. The quality assurance pro- 

cedures will be as specified in 40 CFR 58, Appendix B ,  "Quality Assurance 

Requirements for Prevention of Significant Deterioration (PSD) Air Monitor- 



ing." 

Operations are to be conducted such that data recovery exceeds 80% for 

air quality parameters and 90% for meteorologica.l.parameters, as required by 

the Federal guidelines. The data will be reduced to provide summary results 

as well as hard copy of the, raw data. Additionally, it will be encoded in 

SAROAD format on magnetic tape for transmission to the permit reviewing au- 

thority. Considerable flexibility has been built into the overall program so 

as to allow reasonable changes to be made ,tu bt~e u ~ ~ y u , i n g  iiionitoring effort 

if necessitated by the changing PSD regulations. 



3.3 STUDY AREA CHARACTERISTICS 

3.3.1 Climate 

The climate in thev ic in i ty  of the proposed source i s  essentially contin- 
" 

, ental in character, being within the paths of storms in the belt  of the westerly 

winds. I t  i s  therefore characterized by moderately cold winters and warm summers. 

Precipitation occurs with the systems which generally move from west to  east .  

Warm moist a i r  predominates during the summer months and the relat ive humidity 

remains consistently high (U.S. Department of Commerce, 1959). 

The nearest f i r s t  order National Weather Service climatological station 

i s  the Dress Regional Airport, Evansville, Indiana, which i s  83 km (52 mi) 

northwest of the s i t e .  The normal mean monthly temperature a t  the Airport 

ranges from a low of 1°C (33°F) in January to  a high of 26°C (78°F) in July 

(U.S. Department of Commerce, 1976). Temperatures a t  the proposed s i t e  are 

expected to  show a similar variation. 

Wind speeds and directions observed a t  the airport  are shown in the wind 

rose in Figure 3.1. The predominant wind direction i s  south to  southwest (23% 
0 

of the time) and north. to northwest (21% of the time). The proposed s i t e  i s  

expected to  show a similar pattern, although the  presence of the nearby Ohio 

River vall ey may resul t  in some 1 ocal ized channelization of surface winds. 

Annual precipitation a t  Evansville averages 106.4 cm (41.6 i n ) ,  with March 

experiencing the highest mean precipitation of 11.9 cm (4;7 in )  and October 

the lowest of 6.4 cm, or 2.5 in (U.S. Department of Commerce, 1976). Pre- 

cipitation in the form of snow or s lee t  can occur from October through April. 

Mean annual snowfal! amounts to 32.8 cm (12.9 i n ) ,  with the highest mean 



TOTAL % O F  WINDS 
FROM INDICATED DIRECTION 

EVANSVILLE. INDIANA 1967- 1976 
RECORDING STATION 

Figure 3.1 - Wind Rose for Evansville 
Source: National Weather Service 



monthly snowfall o f  8.1 cm (3.2 i n )  occurr ing i n  January and February (U.S. 

Department o f  Commerce, 1976). The average number o f  days w i t h  measurable 

p rec ip i t a t i on  varies between 110 t o  115 per year f o r  the area o f  the proposed 

p lan t  (At las  o f  Kentucky, Univers i ty  Press o f  Kentucky, 1977). 

Extended stagnation periods occur a t  the loca t ion  o f  the plant .  Figure 

3.2 shows the number o f  stagnation days which occurred i n  connection w i th  

stagnation periods of four days o r  more during a t h i r t y  year per iod (Kentucky 

Revised SIP, 1979, a f t e r  Korshover). The number o f  such days i n  the v i c i n i t y  

of the s i t e  are estimated t o  be 190 over the per iod 1936 t o  1965, o r  an 

average o f  6 stagnation days per year. 

Heavy fogs are ra re  i n  Kentucky. L i gh t  morning fog i n  the Ohio River 

I s  va l l ey  i s  a more comnon occurrence through the autumn and spr ing months. The 
3 
%> - 
2- 

average number o f  days w i t h  heavy fog varies. between 8 and 17 during the year, 

&>A 

w i th  the ma jo r i t y  occurr ing during the months of September through March i n -  k('-. 
g? c l  usive (Kentucky Revised SIP, 1979). 

Maximum mixing depths i n  the atmosphere vary during the day and by season. 
d .  - 

. Average values from data by Holzworth', assembled i n  the Kentucky Revised SIP,  

1979, f o r  Paducah and Loui'svil le are as follows i n  meters: 

Winter Spri  n_g Summer - Fa1 1 

Paducah 1050 1720 1810 1430 

Lou i sv i l l e  950 1680 1760 1380 

The proposed s i t e  i s  expected t o  be intermediate of these values. 

l~olzworth, G.C. , 1964, Estimates o f  Mean Mixing Depths i n  Contiguous 
United States. Monthly Weather Review, May. 
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FIGURE 3.2 NUMBER OF STAGNATION DAYS, 1936-1965 (AFTER KORSIIOVER) 



2 Holzworth has a1 so  defined episode days of 1 i m i  ted dispersion as  days 

during periods i n  which the mixing layer did not exceed 1500 m (4900 f t )  and 

the wind i n  the  mixing layer did not exceed 4 m/sec (9  mph) f o r  a t  l e a s t  two 

days ( f ive  consecutive radiosonde observations). Over a f i v e  year period, he 

found somewhat l e s s  than 50 such days over Western Kentucky. The number i n  

the  v ic in i ty  of the s i t e  is expected t o  be comparable. 

3.3.2 Topography 

The 1600 acre proposed s i t e  is  located i n  northwestern Kentucky on the  

banks of the Ohio River a t  Mile 706. The Ohio River forms the  border with 
PPr 

the  S ta te  of Indiana t o  the north and west. Part  of a rural s e t t i ng ,  the?. . 

s i t e  is located i n  Breckinridge County, which is predominately agr icu l tu ra l ,  

and borders Perry County, Indiana (Figure 3.3). 

The nearest  communities t o  the s i t e  a re  the  hamlet of Stephensport, Ken- 

tucky, located about 5.6 km (34 mi) northeast of the  s i t e  and Cloverport, Ken- 

tucky which is 9.7 km (6 mi) t o  the  southwest. The City of Owensboro, i n  

Daviess County, is approximately 45 km (28 mi) t o  the  west while Louisvil le,  

Kentucky, 1 i e s  approximately 80 km (50 mi) t o  the northeast.  

The s i t e  l i e s  en t i re ly  i n  Breckinridge County, w i t h  the  Ohio River looping 

around i t  t o  the  west and north approximately. The topography of the  s i t e  is 

f l a t ,  ranging from 122 t o  131 m (400 t o  430 f t )  above mean sea level along the  

Ohio River, and r i s ing  gradually t o  over 210 m (700 f t )  towards the  southeast 

Ho1 zworth, G.C.,  1970, Meteorological Potential f o r  Urban Air Pol 1 ution i n  
the Contiguous United Sta tes .  Presented a t  the Second International Clean 
Air Congress, Washington, D. C. 



Figure 3.3 Proposed -ASFI Plant 
Site Location SCALE 1 24W3 

CONTOUR I N T E R V A L  10 FFL- 
DATUM 15 MEAN SF* LEVEL 



corner of the s i t e .  The Ohio River i s  a t  116.7 m (383 f t )  above mean sea 

level. The land across the Ohio River in Perry County, Indiana, to  the west 

of the s i t e  r ises  steeply from the river to  elevations of over 210 m (700 f t ) .  

I t  i s  .par t  of the Hoosier ~ a t i o n a l  Forest. The land to the east  and south of 

the s i t e  in Breckinridge County, Kentucky, also increases in elevation to  over 

244 m (800 f t ) .  

Drainage from the area i s  t o  the Ohio River and Town Creek, wh.ich flows 

southeast through the s i t e  and into the Ohio River a t  the southern boundary 

of the s i t e .  A number of small agricultural ponds dot the s i t e  area as well. 

In summary, the basic s i t e  topography i s  f l a t  bottomland, resulting from 

original ly being part of the Ohio River uncontrol led floodplain, with uplands 

away from the river. The Ohio ~ i v e r '  i s  now controlled by the Cannellton 

Locks and Dam, approximately 26 km (16 m i )  downstream.. 

3.3.3 Land Use 

The predominant act ivi ty  a t  the project s i t e  i s  agriculture. Approximately 

two-thirds of the s i t e  acreage consists of farm f ields  and farm ponds with some 

of th i s  in use as road and railway rights of way. The remainder of the s i t e  i s  

wooded upland, particular,ly towards the southeast corner of the s i t e .  

The major crops grown.in the area are corn, soybeans, wheat and tobacco. 

This i s  consistent w i t h  the agricultural patterns in th i s  part of the State 

where low-lands. support agriculture and uplands are in timber. The change in 

use from agricultural to  industrial act ivi ty  would not cause a displacement 

of any significant population since the s i t e  had previously been acquired by 

ASARCO for a smelter operation. A1 1 the dwellings, mostly along Kentucky 144, 



had previously been vacated when the inhabitants sold t h e i r  property to  the 

previous industr ia l  owner. There w i l l ,  therefore,  be no s ignif icant  change 

i n  terms of displacement of people from conditions t ha t  have existed fo r  

over a decade. 

The nearest  major industrial  a c t i v j  ty .  i s  i n .  H.ancock. County .to the 

west. An exis t ing paper mill and a proposed power plant l i e  approximately 

9.5 km (.6 mi) t o  the west a t  Ski.lman Bottoms along . the Ohio. Ri.ver. .Brebkinridge 

County i t s e l f  has only one major source, a rock quarry, approximately 16 km 

(10 mi) t o  the southwest of the plant  s i t e ,  There a re  no other major industr ia l  

f a c i l i t i e s  i n  the  v ic in i ty  of t h i s  remote, rural s i t e .  

3.3.4 Current Air Qua1 l t y  Status 

The proposed project  s i t e  l i e s  i n  the North Central Air Qual i ty  Control 

Region (AQCR) , an intrast 'ate airshed which has. few local ized a i r  pol 1 ution 

problems and r e l a t i ve ly  good ambient a i r  qual i ty .  This i s  evidenced from the 

low prio.rity designations assigned the AQCR i n  1971 fo r  the various c r i t e r i a  

pol lu tan t s  pursuant t o  40 CFR 51, Section 3 (Ky. Revised SIP, 1979). Since 

the  Commonwealth has largely abandoned the "example region" concept i n  devel- 

oping the current  implementation plan and gone to  the  more exact county .by 

county system, the  p r io r i t y  designations are  largely academic and only r e f l ec t  

conditions a t  the  time of designation, v iz ,  1971. 

Owing t o  the absence of any s ign i f ican t  source i n  Breckinridge County, 

and the lack of the  potential f o r  a i r  pollution i n  the largely rural area,  there 

a r e  no a i r  qual i ty  monitoring s i t e s  operated by the  Kentucky Division of Air 

Pollution Control i n  t h i s  county. There i s ,  therefore,  no past a i r  qual i ty  



monitoring da ta  ava i l ab l e  from governmental agencies.  Kentucky U t i l i t i e s  

Company (KU) , a pub1 i c  u t i l i t y  has had an a i r  qua1 i t y  monitoring program f o r c  

PSD purposes i n  t he  general a rea  s ince  J u l y  1, 1979, b u t ' t h e  da ta  co l l ec t ed  

t o  da t e  i s  cu r r en t ly  unavai lable  t o  ASFIIAECI and t h e  S t a t e .  The monitoring 

i s  only f o r  t o t a l  suspended p a r t i c u l a t e s  (TSP) , s u l f u r  d i o x i d e  (SO2), and 

ozone (03) and by i t s e l f  inadequate f o r  PSD purposes because of t he  cour t  

dec is ion  i n  Alabama Power e t  a l .  v. C.nstle. 

Breckinridge County is  e i t h e r  a t ta inment  o r  cannot be c l a s s i f i e d  due t o  

lack  of da ta  f o r  a l l  of t h e  c r i t e r i a  p o l l u t a n t s ,  401 KAR 51.010. I t  i s ,  

t he re fo re ,  wholly a Class  I1  a rea  f o r  purposes of PSD .review,. Sect ion 162(b) 

of t he  Act. The nea re s t  Class I area i s  Mammoth Cave National Park, approx- 

imately 80 km .(50 mi) t o  t he  south of t h e  proposed s i t e . -  Moderate growth of  

new emission 'sources is  allowed i n  PSD Class  I1 a r eas  whereas growth a f f e c t i n g  

Class I ( p r i s t i n e )  a reas  i s  more . s eve re ly  r e s t r i c t e d .  

Based on ambient monitoring and/or modeling da t a  from 1975 t o  1977, t h e  

at ta inment  s t a t u s  des igna t ions  in  40 CFR 81.300 show t h a t  a l l  count ies  i n  Ken- 

tucky and Indiana ad jacent  t o  Breckinridge County a r e  e i t h e r  a t ta inmgnt  o r  not  

- c l a s s i f i a b l e .  This  includes Hancock, Ohio, Grayson, Hardin, and Meade Counties 

i n  Kentucky and Perry County i n  Indiana. Non-attainment a r eas  f o r  t h e  pol lu-  

t a n t s  spec i f i ed  and t h e i r  d i s t ances  from t h e  p r o j e c t  s i t e  a r e  a s  fol lows:  

Owensboro in  Daviess County, Kentucky - 48 km (30 mi ) west (TSP,S02) 

Muhlenberg County, Kentucky - 64 km (40 mi) south (TSP, SO2) 

Shepherdsvi l le  i n  B u l l i t t  county, Kentucky - 40 km (25 mi) e a s t  (TSP) 

Je f f e r son  County, Kentucky - 48 km (30 mi) no r theas t  (TSP, SO2, C O Y  03) 

All t he  non-attainment a r eas  i n  Indiana a r e  even f a r t h e r  t o  t h e  west and north 



and, therefore,  outside the area of impact of the  proposed plant .  

The l a t e s t  annual a i r  qual i ty  report  available fo r  the Commonwealth of 

Kentucky i s  f o r  1978. Based on t ha t  data fo r  the counties adjacent t o  Breck- 

ipridge,  i t  i s  possible t o  obtain some characteriz.ation.-of the  background 

leve l s  which.may e x i s t  a t  the monitoring s i t e .  Table 3.2 l i s t s  the s ta -  

t i s t i c s  f o r  the monitoring s ta t ions  nearest the s i t e  i n  each Kentucky county 

bordering.Breckinridge County. Table 3.3 presents the Kentucky ahbient a i r  

qual i ty  standards and Table 3.4 the applicable maximum albowable increments 

under the PSD .:program. 

The maximum recorded ambient concentrations fo r  SO2, NO;, Pb and TSP a re  

respectively 16.7, 38.8, 36 and 87 percent of the corresponding ambient stan- 

dards. No s t a t i s t i c s  f o r .  ozone or  carbon monoxide a re  available fo r  contiguous 

counties but Owensboro, the nearest urban area,  i s  attainment f o r  both pollu- 

t an t s ,  a1 though the  ozone leve l s  a re  99% of the NAAQS. Levels of these trans- 

portation re la ted pollutants a re  expected t o  be well below the standards a t  

the  remote s i t e  chosen fo r  the  ASFIIAECI plant. 

Sulfur dioxide a i r  qual i ty  modeling for  a l l  exist ing sources within 60 

km (37 mi) of the  KU Power Plant s i t e  was performed by KU i n  t he i r  permit appl i -  

cation,  dated July  26, 1978. (Preconstruction Review and Prel iminary. Deter- 

mination by Roger Cook;Kentucky Division of Air Pollution Control, October 

12, 1979). A l i s t i n g  of these sources i s  contained in Table 3.5. Figure 

3.4 i s  the  isopleths of the predicted annual mean SO2 concentrations (ug/m') 

f o r  a l l  major exis t ing sources i n  the v ic in i ty  of the.KU.Hancock County s i t e .  

This location i s  only 9.6 km (6 mi). west of the ASFIIAECI Breckinridge County 

s i t e .  The modeling indicates t h a t  the en t i r e  proposed s i t e  area 1 i e s  between 



Table 3.2 A i r  Qua1 i ty S t a t i s t i c s  f o r  .Contigyous Areas. 

Sul ' fur Dioxide:Stat i  s t i c s  
( i n  .micrograms per  'cubic  meter) 

Annual 
Mean 

5.9 

14.2 

8.6 

S i t e  Address and No. 

Hawesvil l e  Meth. Ch. , 
Hancock County 
(4127) 

U.S. 62, Beaver Dam, 
Ohio County 
(4207) 

C i t y  Swim Pool , N. 
El  izabethtown , 
Hardin County 
(7138) 

i 

Report ing 
Per iod 

1/78 - ,12178 

1/78 - 12/78 ' 

1/78 - 11/78 

No. 
Qbs. . 

54 

375 

46 

24-hour ' . 

Maximum 

31.2 

68.1 

3-hour .' 

Maximum 

201.7 

l 7  / 



Table 3.2 (Continued) 

Ni t rogen Dioxide S t a t i s t i c s  
( i n  micrograms per cubic meter) 

Lead S t a t i s t i c s  
( i n  micrograms per cubic meter) 

I ;S i te  Address and No. 

Hawesvi 11 e ~ e t h o d i  s t  
Church, Hancock County 
(4127) 

City Sw im Pool , North 
El i zabethtown, 
Hardi n County 
(7138) 

. ' Obs. 

52 

43 

ReportingNo. 
Period 

1/78 - 12/78 

2/78 - 11/78 

Annual 
Mean 

26.3 

33.8 

- 

S i t e  Address and. No. 

Hawesvi l le Methodist 
Church, Hancock County 
(4127) 

Beaver Dam, U.S. 62, 
Ohio County 
(4207) 

City Swim Pool , North 
E l  izabethtown 
!Hardin County 
l(7138) 

l ~ i r e  Dept. , E l m  S t . ,  
/West Po in t  
'Hardi n County 

.. ' No. 
. .  Obs. 

11 

11 
O 

8 

6 

Reporting 
Per iod 

1/78 - 12/78 

1/78 - 12/78 

1/78 - 12/78 

7/78 - 12/78 

Q u a r t e r l y  
Maximum 

0.42 

0.32 

0.46 

I 0.54 

117234) 

I 

I i 1 I 1 

i 
I 1 

1 



Table 3.2 (Continued) 

Tota l  Suspended Pa r t i cu la tes  S t a t i s t i c s  
( i n  micrograms per cubic meter) 

. 

S i t e  Address and No. 

Hawesvi l le Methodist  
Church, Hancock County 
(4127) 

U.S. 62, Beaver Dam, 
Ohio County 
(4207) 

L e i t c h f i e l d ,  E. Main 
Street ,  F i r e  S ta t ion ,  
Grayson County 
(7141) 

N. Elizabethtown, C i t y  
S w i m  Pool, Hardin 
County 
(7138) 

West Po in t  F i r e  Dept. 

/:B:di:r;~:n t y  
l(7234) 

I 

Report ing 
Period 

1/78 - 12/78 

1/78 - 12/78 

1/78 - 11/78 

1/78 - 11/78 

7/78 - 12/78 

'NO. o f  
Observations 

5 7 

5 2 

4 0 

4 5 

28 

Annual 
Geom . 
Mean 

6 7 

5 8 

46 

5 3 

- - 

5 

24 

Max :, 
163 

135 

124 

138 

131 

Hour 

2nd Max 

131 

123 

110 

9 6 

111 

Times 
> 150 

1 

0 

0 

0 

0 



Table 3.3 Ah1uII:NT AIR (2UAJ-I'I'Y S'l'hXl)i\Rl)S 

The foliowing air cont;lminml conuentralions shall a l ~ p l y  a t  any  single lminl location: 

I CONTAMINANT 

I Sulfur Oxides (Sulfur Dioxide) - pg/m3 
Annual Arithmetic hlcan, n o t  t o  cxcecd 

I Xlaximum Twenty-Four- l lour  hvcragc 
Maximum Thrce-llour Avcraec 

I l'articulatc Matter - pg/m3 
Arlr~ual (;cornctric Mcan. not  t o  cxccccl 

I h l a x i m u ~ n . l ~ ~ i ~ 1 1 t - l l e 1 u r  Avcngc  
hi;~ximum Onc-llour Avcragc 

-- 

PRIMARY 
STANDARD 

Salnc as ~ ~ r i t r ~ a r ?  
Samc as ~ ~ r i r n a r y  

t!ronc - 1.iLl/m3 
Maximum Avcrngc 

I Iydrocubons  - p g / m 3 0  
(measured as C1i+ a n d  corrected fo r  Methane) 

Maximum Three-Hour hiorning Average (6-9 A.M.)' 

Nitrogen Dioxide - pg /m3  
Annual Arithmetic Mean. n o t  t o  exceed 

Lead - pg/m3 
.\laximum Arithmetic Mean averaged.over a 

calendar quarter 

'l'a~ral. 1:luoriclrs I,pm 
lJrv wa:i#ltt I~as is  (as flua~riclr iorl) i r ~  ar~cl.or~. 
I ; ,ra~c for collsurnl~tion I J ~  g r a~ . ing ' r~~minan t s  

Hydrogen Sulfide - py.jm3 
Maximum One-lfour Average 

~ a i e o u r  Fluorides - (expressed a s  HE) - pg/m3 
Annual Arithmetic Mean, n o t  t o  exceed 
Xlaximum One-Month Average 
Maximum One-Week Average 
hfaximum Twenty-Four-Ilour Avcragc 
M u x i ~ n ~ ~ m  'I'wrlvc-I l ou r  Avcragc: 

.l 'l~c Folluwing concentrations are  no t  t o  bc  cxccedcd: 

235 (0.1 2 ]>pm)@ 

1 6 0  (0.24'ppm)t 

1 0 0  (0.05 ppm)  

1.5 

.fiverage conccntration o f  monthly  samples over 

Same as 11rinlary 

Samc as j)rirnary 

Same M primary 

Same as primary 

- 
4 0 0  (0.5 pprn) - 

8 0 0  (.I .0 p p m ) t  -- 

growing season (not to cxcced 6 consecutivc months)  
Two-Xlonth Average 
One-hlonth Average 

1 4  (0.01 p p m j t  . 

-- 
0.50 (0.60 p p b ) ~  
0.80 (0.97 p p b ) t  
2.86 (3.50 p p b ) t  
3 -68  (4.50 ~1l111jt 

Odors  

4 0 p p m  (wIw) 
6 0  p p m  (wlw) 
8 0  ppm (w/w I 

At  any time when 1 
volume unit U! 

. ambient air is mixed 
with 9 volumc unlts 
of odorless air, rilc 
mixturc must havr it,. 
dctcctablc odor .  

1-c~ntnotcs: 
t' 'I'llis avcragc: i s  r a c ~ r  I I J  IIL. c x ~ e c ~ l c d  m o w  than oncc [tcr ycar. 

'I'ltis sc.c~~rrclary ; i ~ ~ r l ~ r ; r l  stclrrclartl is I ~ I  Ilc ilscd as a xuiclc. in assc.xxirlr: ~ r n ~ ~ l c t r ~ c : r r ~ a ~ r r , ~ ~  ~ ) l a n s  to sc:t~~c:vc t i i t  :: :. 

I ' t ~ t r r  (24) I I I I I I ~  s ta~~clartl .  
Q '1'11c st~~rrrlarcl is attai11c11 \vttc.r~ I ~ I I .  C A ~ I ~ . C I C I ~  rr i~rnl~e~r a ~ l  day3 11cr I ;tic.~~tiar ycdr with rnaxirnu~r~ 1 1 0 1 r r ~ ~  :: ,.: 

I r ~ i ~ c . ~ . n ~ r a t i c ~ r ~ ~  :~IIIIVI.  0 . 1 :  I I I I W .  ( 23 :~  px /m3)  is c<111:1l 111 t a r  less 111ar1 I .  4s c l t~~cr~n i i~a~c l  t ~ y  Af~i*cniiix I 1  l n i  41 !.,.I 1.. 
50. 

0 'I'llis s~anclarcl is to I I ~  uscd +i a ~ u i e l r  in clcvisinK iml~lcmcntat ion ~ ~ l a n s  t o  actlicvc ~~ t to tochcmica l  oxidant st.,nt: ' 

Source: Kentucky State Implementation Plan, Appendix I, 401 KAR 53: 010. 



Table 3.4 Maximum Allowable Concentration Increments for so2 and TSP 
Under the PSD. Regul ationsa 

Maximum A1 lowable Conc ntration Increments 
(pg/mS) 

Pol 1 utant Class I Class I1 Class I11 

Sulfur Dioxide (SO2) 

Annual Arithmetic Mean 2 2 0 40 

24-Hour Maximum b 5 9 1 182 

3-Hour Maximum b 

C;' Total Suspended Particulates (TSP) 
IU 
Cn 

Annual Geometric Mean 

24-Hour Maximum b 

a " ~ ~ ~  Regulations on Approval and Promulgation of Implementation Plans" . 
40 CFR 52.21, as amended by 42 FR 57459, November 3, 1977 pursuant to the 
1977 Clean Air Act Amendments. 
b ~ a y  be exceeded once per year for that time period. 



' Tab1 e 3.5 INVENTORY OP MISSION SOURCES UITllIN A 50-KILOMETER M P U S  

. OF TllE PROI'OSED IIANCOCK POWER PLANT 

. . . .  UTM COOllOINATtjS . , TOTAL POLLUTANT .EMISSION RATES (>. 100. tone/yr.at.) . 
. . .  SOUR^' . . ~ i r ~ e  COUNTY. ' (km) . . TSP . Sea NO, IIC . - co 

tlulrcr C ~ ~ l l e d  Stone Crnuford 556.7 E 518 
4,220.5 N 

Unltrd Wood Product8 DuBoie 520.0 E 124 
4,230.0 N b 

Htilzcr Crunhed Stone Perry 

T e l l  Ci ty Chair Co. 

Ccneral E l e c t r i c  

Rockport San i ta ry  
Pot tery Inc. 

Vhlte Stone Co. 

Kentucky Stone Co. 

W. R. Grace Co. 

Clrnmore D i s t i l l i n g  
Co . 
0uensl)oao Brick 
and T i l e  

, Perry ' 

Perry 

Spencer 

Spencer 

Dreckenridge 

Breckenridge 

Daviess 

Davieea 

Daviees 



Table 3.5 Continued. 

-* 

UTtl COOllDIllATES TOTA ...-. #I...\ 

O.H.U. Illurc'r S~n!tl~ U.~vlt!ss 

Dovicus 

Duvlaas  

Deviese  

Dovices 

D A V ~ ~ B O  

D a v i e s s  

Doviese 

Deviess  

t ! u r p l ~ y - K t l l r r  Co. 

F i e l d  Packing  Co. 

Ovcnsboro C r a i n  Co. 

Cl~evron  USA 

0 
I 
IU Medley D i s t i l l i n g  Co. 

S o u t h e r n  S t a t e s  
Coop IIIC.  

Creen Coal  CO.. 

V c s t r r n  K r a f t  
P a p r r  Croup 

lluncock 

8 1 s  ~ i v e i e  E l e c t r i c  . Iluncock 

N n t l o n i ~ l  S o u t h v i r r  llancock 
Alum1 uun 

V e s t c r n  K r a f t  
P ~ p e r  Croup 

llancock 



Table 3.5 , Continued, I 

UTtl COOIUIIHATES TOTAL POLLUTANT DIISSION IU_TES 100 ~ o n s l y c n r )  ,- 
SOUItCE t:A!!E COU3TY. (knd TSP so! No& IIC (:I) 

Ilancock Co. Rcady 
1ll r; 

O l l n  Curp. 

F l i n k o t e  Co. 

Scacc C o n t r a c t i n g  . 
anJ  S c o ~ ~ e  Co. 

S t a t e  C o l ~ t r a c t A o ~  
~ I I J  S t o r ~ u  Co. 

Spencer  l lockport  Power 
1'1 AllLn 

Ilancock 

T e l l  C i t y  ~ l t a l r ~  . L'crry 

h'otr: A l l  vrt lues in cone pa s  year.. 

"l 'oint aouscea  g r a n t e d  cons t rucc iocs  psamitr efnce J a n u ~ r y  6 ,  1975, of-  having p e r m i t  a p p 1 i c a t l o n s  s u b m i t t e d  p r i o r  to Auguet 1, 1978, 
CJIIC r n l  l r J  e m i e a i u l ~ a  I f r c e d .  . A- 

b ~ J t P  llot 0 ~ 0 1 I . l b l c .  



Figure 3.4 Isop le ths  o f  p red ic ted  agnual mean 
SO Concentrations (pg/m ) from major e x i s t i n g  2 
p o i n t  sources i n  the  v i c i n i t y  o f  the  ASFI p l a n t  s i t e  

Source: Preconstruct ion Review and Pre l im inary  Determinat ion, 
Kentucky U t i l i t i e s  Co., Hancock Power Plant ,  KY D i v i s i o n  
o f  A i r  P o l l u t i o n  Contro l ,  Oct. 12, 1979. 



3 the  2 and 3 pg/m annual SO2 mean isopleths result ing from exist ing major 

sources p r io r  t o  any construction of PSD increment consuming sources. The 

nearest  S t a t e  operated monitor a t  Hawesvi1l.e shows an annual SO2 mean of 

5.9 pg/m3 fo r  1,978 (Table 3.2).  The. maximum concentrat ionsdue t o  modeling 
3 of a l l  new PSD sources to  the  west amounts t o  l e s s  than 5 pg/m fo r  the SO2 

annual mean. The SO2 a i r  qual i ty  i n  the  s i t e  v ic in i ty  i s ,  therefore,  f a i r l y  

3 uniform and between 5 and 15 pg/m f o r  the annual SO2 mean. This compares 

very favorably w i t h  the  Soh NAAQS of 85 pg/m3, annual average. 

For par t i cu la te  matter, the  Willamette Industries.  permit application 

(' 'Preconstruction and Final Determi nation", by Sam Bruntz, Kentucky Division 

of Air Pollution,  April '30, 1980) contains 1979- a i r  qual i ty  monitoring data 

fo r  par t icula te  matter. Although both monitoring locations near the  paper mill 

were affected by the  exis t ing mi.11 operations, the  following s t a t i s t i c s  f o r  
3 TSP i n  pg/m. , were generated: 

S i t e  1 S i t e  2 

Highest Concentration 

Second Highest Concentration 

Annual Geometric Mean 

3 3 These show compl iance w i t h  the .75 pg/m annual and 150 pg/m dai ly  average 

standards. Maximum annual and dai ly  increment consumption have. been 3.1 and 

9.4 ug/m3 respectively,  due t o  other' PSD sources ( Ib id)  . The location of the  

Willamette Industries paper mill i s  on the eastern edge of considerable i n -  

dust r ia l  a c t i v i t y  and a l so  affected by the towns of Hawesville, Kentucky and 

Tell City, Indiana. The TSP levels  a t  the remote Breckinridge County s i t e  

cannot, therefore,  be d i r ec t l y  interpolated from the  above data.  I t  i s  

su f f ic ien t  to  indicate,  however, t ha t  the  TSP levels  9.6 km (6 m i )  fur ther  tc 



the eas t  and i n  a remote forested and agr icul tura l  area a r e  l i ke ly  t o  be con- 

siderably lower. I t  i s  l i ke ly  t ha t  values somewhat lower than the  above men- 

tioned Willamette S i t e  1 would ex i s t  a t  the  Breckinridge County plant s i t e .  

In summary, the ambient a i r  q u a l i t y . a t  the ASFIIAECI plant  s i t e  i s  gen- 

e r a l l y  good w i t h  no ambient standard exceedances having been recorded near- 

by. Increment consumption f o r  SO2 and TSP up  t o  the  present have been very 

small and no increments a r e  being exceeded near the plant s i t e .  The remote- 

ness of the s i t e  from any large major.source r e su l t s  i n  f a i r l y  uniform a i r  

qua1 i t y  over the  en t i r e  s i t e  area. Transportation re1 ated a i r  pol 1 u tants  

such as  CO,  NO2,  03, and P b  a r e  a1 so not expected t o  show elevated levels  due 

t o  the lack of any signif.icant t r a f f i c  o r  populated areas i n  the  v i c in i t y  of, 
-. 
F 

the  proposed plant  s i t e .  .. . 



3 . 4 . 1  Site Selection 

The 'purposes of the ambient monitoring have been- previously d i scussed 

in Section 3 . 2  as being the determination of any exceedance of PSD air quality 

increments or the ambient standards together with baseline determination for 

other pollutants at or near the proposed plant site. 

The only existing major source in the impact area of the'proposed plant 

site is the existing Willamette Industries paper mill near Hawesville, 6 mi 

(9.6 km) to the west. The ,proposed KU Power Plant and the paper mi 11 ex- 

pansion, which are both subject to PSD requirements, are also at this same 

location. 

Ambient air qua1 ity modeling was performed by the Kentucky ~ t i l  ities 

Company and Willamette Industries in support of the respective PSD permit 

applications. Particulate~preconstruction monitoring was also conducted by 

Willamette Industries at two sites for a one year. period ending on January 
.- . 

18, 1980. The results, as summarized in Section 3 . 3 ,  indicate that the air 

quality at the Breckinridge County site is fairly uniform and unaffected by 

the existing major sources or by those now being built approximately 9.6 km 

to the west. The existing air quality at the site, therefore, based onthe 

above mentioned air quality analyses and data, as well as. existing land use, 

proper1.y classifies the site as a re'mote rural area for monitoring purposes 

under the EPA PSD monitoring guide1 ines, EPA-45012-78-019 (p.. 14). 

Table 3  of the same EPA guideline document lists typical network sizes, 



s i t e  locations and monitoring frequency and duration for  a number of source 

categories. In general, one s i t e  i s  considered sufficient for  remote areas 

(Ibid,  p.. 10). ASFI/AECI, based on the recommendat.ion of the consultant, 

therefore, proposes to establish one monitoring s i t e  for  the a i r  quality and 

meteor01 o'gical monitoring network. 

The guidelines further go on to s t a t e  (Ibid,  pp. 15-1.6) that  on-site 

monitoring i s  generally satisfactory for remote areas although the area of 

maximum. impact i s  the preferred location. Air qua1 i ty model ing by the EPA 

CRSTER model using the stack parameters shown in Table 3.6 was performed 

for  the proposed ASFIIAECI plant. 1973, 1974, 1977 and 1978 meteorological 

data for the Dress Regional Airport a t  Evansville, Indiana was available and, 

therefore, used. Since the exact stack locations are not yet known, a l l  the 

stacks were collocated, even though th i s  gives a higher value than i f  the 

stacks were distributed. The r e s u l t s  i n d i c a t e  t h a t  t h e  maximum 

ground level concentrations due to  the plant occur. a t . t h e  points in Indiana 

along the ridges bordering on the Ohio River. The general direction of these 

receptors i s  240 to 300 degr.ees from the north and approximately 1.5 km from 

the stack location. Each of these receptors i s  on steeply sloping land which 

i s  inaccessable for monitoring purposes. Being generally forested, with no . 

e lec t r ic  power nor roads existing i n  t h i s  section of the Hoosier National 

Forest, the area i s  further cut off from the plant s i t e  due to  the nearest 

Ohio River crossing being downstream a t  Hawesvi 11 e. The EPA monitoring guide- 

1 ines, however, provide for  f l  exi b i  1 i ty in remote and inaccessable areas by 

allowing concessions in the s i t e  location. Alternate s i t e s  are  considered 

appropriate i f  the purposes of the ambient monitoring are not los t  in the pro- 

cess (Ibid,  p .  15).  Consideration of these. factors i n  se-l.ecting the monitor- 

ing s i t e  are  discussed next. 



T a b l e  3.6 STACK PAWKCEPS AND E M ~ S S ~ O M  UTES 0011 A 60,000 U / D  LIIDN DGNOP 
SOLVLHT B U H T  (01-SITE EECCClP1L.Y C L t E M T l O N )  U I t U  W U S S I O N S  C O b t e O W O  

- - 

llou Mate  '  rack b m i s ~ i o n a  ( a i l  a racka)  
( a 1 1  mtacka) f w p .  l l e i y l ~ t  DIuncCer Velodcy ( e t a )  

L o c r t i o n  U c ~ c r i g t i c m  ok I J L I L ~  (.'/a) ice). ~ t r k *  (m) (m ) ( m l  r ) P r r t ~ c u l e l s r  SO NO 

C 
I s u l i ~ r  plane  r r i l  pna 

i n c i n e r a t o r  4 1 I20 1 65 2.28 11 0 - 4 .1  0.40 

6 U t i l i t y  b o i l o r  48 210 I 20 1.46 LO 0.10 1 I 3.4 

1 Yovcc plant .  394 120 I ' 50 4.48 2 5 4.1 ,130 91  



No v i o l a t i o n s  o f  ambient a i r  q u a l i t y  increments f o r  TSP and SO2 are ex- 

pected i n  the  area. Table 3 .7  has been compiled from the modeling r e s u l t s  

f o r  the  Kentucky U t i l i t i e s  Company and the  Wi l lamet te Indus t r i es  permi t  ap- 

p l  i c a t i o n s  (Preconstruct ion Review and F ina l  Determination, Appendix C, by 

Sam Bruntz, Kentucky D i v i s i o n  o f  A i r  Po l l u t i on ,  dated A p r i l  30, 1980) as we l l  

as the  CRSTER modeling f o r  t he  proposed p lan t .  It shows t h a t  none of the 

increments a l lowable w i l l  i n  f a c t  be exceeded. Therefore, t he  necessi ty  t o  

moni tor  a t  the  p o i n t  o f  maximum increment consumption i s  no t  c r i t i c a l .  A l l  

incremental consumptions can be documented by modeling. 

With regards t o  the NAAQS, the known background and monitored values i n  

t he  p l a n t  v i c i n i t y  a re  on l y  a small f r a c t i o n  o f  the  SO2, CO, and NOx standards. 

The modeling shows t h a t  the  actual  emissions from the  p l a n t  would cause none 

o f  these ambient standards t o  be threatened. Only ozone and TSP concentra- 

t i o n s  appear t o  be o f  concern i n  determining the  l o c a t i o n  of the  s i t e  s ince 

the  nearest monitors have recorded values up t o  99 and 87 percent o f  t he  r e -  

spec t ive  NAAQS. Since ozone i s  an area-wide problem, the  mon i to r ing  s i t e  l o -  

c a t i o n  may be anywhere w i t h i n  the  proper ty  area f o r  ob ta in ing  background con- 

cen t ra t i ons  o f  t h i s  po l l u tan t '  a t  the  p l a n t  s i t e .  

P a r t i c u l a t e  mat ter  i s  the on ly  p o l l u t a n t  which would be c r u c i a l  i .n .de ter -  

min ing moni tor ing s i t e  l oca t i on .  The CRSTER a i r  q u a l i t y  modeling shows t h a t  

t he  maximum 24-hour and annual TSP concentrat ions would occur along t h e  h i l l s  

i n  Indiana across the  Ohio River .  The most appropr iate mon i to r ing  s i t e  would, 

therefore,  be a t  those receptors. The moni tor ing s t a t i o n  cannot, however, be 

loca ted on the  steep c l i f f s  nor i n  t h e  f l o o d p l a i n  o r  r i v e r  areas due t o  l ack  

o f  access and u t i l i t i e s .  S i t e  se lec t i on  i s  f u r t h e r  complicated by the  Louis- 

v i l l e  and Nashv i l l e  Rai l road and Kentucky Highway 144 being a t  the  edge of t he  



Table 3.7 Maximum Increment Consumption Due t o  Prev iously  Permi t ted PSD Sources 
Compared t o  ' the Impact o f  the  Proposed ASFI /.AECI p l  ant .  

.. . . - .  
___-- . - 

O r i en ta t i on  o f  
Sources Maximum Receptor . Averaging '. Increment A1 1 owabl e 
Modeled To App l ican t  P o l l u t a n t  , - Time Consumed ' Consumpti on 

Mar t i n  Mar ie t ta ,  9.13 km, 290" Annual 4.4 pg/m3 20 ug/m3 s02 
Lewi sport ,  KY 

Indiana & Michigan, 
Rockport, IN  

Kentucky U t i l i t i e s  23.5 km, 288" Annual 

Western K r a f t  i 
Paper Group - 

0 . . - -___ .  , 
I Hawesvi 11 e, KY 

W 
0, 

24-hours 29.79 pg/m 3 Kentucky U t i l i t i e s  10.7 km, 273" SO, 91 pg/m3 
L 

W i : l  lamette. I ndus t r i es  8.1 km, 287" 3-hours 42 .E9 pg/m3 512 pg/m3 

M i l  lamet te In 'dust r ies 16.35 km, 281" TSP 24- hours 9.40 pglm 
3 

29 pg/m3 

ASFI (Proposed) 1.5 km, 300" TS P Annual 1.28 pg/m3 Not Known 
3 

Addison, KY 1.5 km, 240" 24-hours 19.79 pglm A t  Present 

Annual 
3 

7.0 km, 360" S02 2.37 pg/m3 Not Known 
7.0 km, 350" 24-hours 37.00 pg/m3 A t  Present 
1.5 km, 220" 

* 3-hours 182 -40 pg/m 



f l oodp la in .  The on l y  p o t e n t i a l l y  v a l i d  mon i to r ing  s i t e s ,  t he re fo re  l i e  t o  

t he  east  of. Kentucky Highway 144, w i t h  a separat ion from the roadway so as 

t o  avoid i n te r fe rence  as requ i red  by the  mon i to r ing  gu ide l ines  ( I b i d ,  pp.. 

17-26). 

~ a s e d  on guidance received from the  ~ i v i s i o n  o f  A i r  P o l l u t i o n  Control, $he 

bes t  s i t e  l o c a t i o n  would be one i n  t he  general d i r e c t i o n ' o f  t h e  annual TSP 

maximum. The r e s u l t s  o f  t he  CRSTER modeling fo r  t h a t  p o l l u t a n t  were as g iven 

below: 

Met. Data Annual Mean D i r e c t i o n  Distance 
Year Maximum (pg/m ) (degrees) (km) 

The bes t  l o c a t i o n  f o r  t he  mon i to r ing  s i t e ,  therefore, l i e s  between t h e  

d i r e c t i o n s  240 t o  300 degrees i n  r e l a t i o n  t o  the  s tack and j u s t  east  o f  Ken- 

tucky  Highway 144; The exact  descr ip t i 'on of t he  s i t e  and i t s  l ayou t  a re  con- 

t a ined  i n  t he  f o l l o w i n g  sec t ion  o f  t h i s  r e p o r t .  

3.4.2 S i t e  Locat ion  and Descr ip t ion  

On the  bas is  of t h e  ana l ys i s  i n  Sect ion 3.4.1 o f  t h i s  sect ion,  a  survey o f  

p o t e n t i a l  mon i to r ing  s i t e s  was made. The s i t e  f i n a l l y  se lec ted  as meeting a l l  t he  

c r i t e r i a  i s  shown i n  F igure 3.5. The Universal  Transverse Mercator (UTM) co- 

o rd ina tes  o f  t he  proposed s t a t i o n  a re  4193.93 N, 536.09 E. Th is  l o c a t i o n  i s  i n  

t h e  260" d i r e c t i o n  from the  t e n a t i v e  s tack l o c a t i o n  and 0.5 km (0.3 m i )  from it. 





The equipment t r a i l e r  will be located approximately 55 m (175 f t )  e a s t  

of Kentucky Highway 144 a t  the  edge of a paved parking area associated w i t h  

a nearby a,bandoned house. The 4.3 m (15 f t )  high house i s  the  nearest struc- 

tu re  b u t  will not const i tu te  an..obstruction as i t  will be lower than the ana- 

lyzer probe and only 0.3 m (1 f t )  above the high volume sampler i n l e t .  The 

house l i e s  to  the southwest a t  a distance of 20 m (65 f t )  from the  proposed 

t r a i l e r  s i t e .  There i s  a small garage approximately 3 m (10 f t )  high a t  the  

southern end of the house and approximately 24 m (75 f t )  from the s i t e .  Two 

small t r ees ,  approximately 5 m (1 6 f t )  t a l l ,  stand beyond the garage t o  the 

south. These will be approximately 30 m (90 f t )  from the t r a i l e r ,  and, there- 

fo re ,  will not screen the par t icula te  samplers. 

The intake fo r  the SO2, NO2, C O Y  03, and TRS analyzers wil l '  be located 

5 m (16 f t )  above ground level ,  and 2 m (6 f t )  above the equipment t r a i l e r .  

The high volume par t icula te  samplers will be located on top of the t r a i l e r  and 

approximately 4.5 m (14 f t )  'above ground level .  The wind and temperature sen- 

sors will be on the 10 m (32 f t )  tower which will be a t  the north end'of the . 

equipment she1 ter. I t  wil l  be located a t  l e a s t  24 m (75 f t )  from the  nearby 

house so a s  to  s a t i s fy  the c r i t e r i a  fo r  open level t e r ra in .  

The monitoring layout will provide good exposure fo r  a l l  sensors and 

minimize potential interference due t o  the separation from the  nearby struc- 

tures  and roadway. The modeling indicates t ha t  the  highest pollutant  con- 

centrat ions will occur w i t h  winds from the northeast to  southeast and the lay- 

out  will present f u l l  exposure i n  t h i s  s i tuat ion.  Furthermore, the presence 

of the nearest industrial  sources t o  the west would presumably r e su l t  i n  

highest man-made pollutant  levels  being associated with winds from.the west 

t o  northwest. The monitoring s i t e  layout will provide f u l l  exposure fo r  t h i s  



situation also. The land to the east, north, and south of the monitoring site 

is cultivated. The presence of agricultural activity will be recorded in the 

site d-iary by the local operator and, therefore, together wi.th the wind and 

particulate characterization data, provide.documentation for identifying in- 

valid data. The traffic on Kentucky Highway 144 is minimal and the highway 

is paved. When added to the separation from the road and the elevation of the 

analyzer and sampler inlets, this.should result in minimal roadway interfer- 

ence with the air quality measurements. 

Site preparation and equipment mobil.ization will commence after approval 

for using this location has been granted by the Kentucky Division of ~ i r  Pol- 

lution Control. It is be1 ieved that the site will provide representative 

ambient air quality baseline data for the area of the proposed plant. 



3 . 5  SYSTEM DESIGN AND SPECIFICATIONS 

3 . 5 . 1  Air Quality Instrumentation 

The monitoring unit will consist of a 8' x 14' x 8' mobile office trailer 

with white aluminum exterior and wood-paneled interior. It will be provided 

with cl~ctric heat a~rd dirS-condltIonli?g. I he trailer will be insulated on six 

sides to provide a stable environment for the instrumentation. The monitoring 

instrumentation will be installed in the unit and tested prior to moving it 

to the site. 

Once on site, the trailer will be protected against wind and frost-heave 

by anchoring to concrete footers or railroad ties buried vertically in the 

ground. These will also support the unit and provide a level and stable plat- 

form for the instruments. 

The specific air quality instrumentation to be used will be EPA approved 

reference or equivalent methods. The make, model number and. principle of oper- 

ation will be as shown in Table 3 . 8 .  . Al.1.. the ana-lyzers and other . equipment . 

will be.inside the trailer except for the'two TSP high..volume samplers. These 

latter instruments will be mounted on the trailer roof. The entire installation 

will be protected against theft and vandalism by an 8' tall chain link security 

fence with a locked gate. The trailer itself will also be locked. 

3 . 5 . 2  Meteorological Instrumentation 

The meteorological instrumentation will be mounted on a standard 10-meter 

tower manufactured by the Climet Instruments Company. The wind speed sensor 



Table 3.8 A i r  Q u a l i t y  Mon i to r ing  Instrument Descr ip t ion  

P o l l u t a n t  Manufacturer Model No. Year o f  Manufacture P r i n c i p l ?  o f  Operat ion 

S02 Me1 oy 

TRS Me1 oy 

SA-185-2 1975, modi f ied '78 Flame Photometric spectroscopy 

SA-185-2 1975, mod i f ied  '78 Flame P h t o m e t r i c  spectroscopy 

C 0 Bec kman 866 1979 

O3 Dasi b i .  1003AH 1978 

Nondispersive I n f r a r e d  spectro- 
scopy . . 

N o n d i s p ~ r s i v e  L i g h t  Absorpt ion 
spectroscopy 

C o l u m b i a S c i e n t i f i c  1600 1979 . . Chemiluninescent analyzer 

TSP General Metal Works 2000 1978 o High volume in tegra ted  sampler 
I 
P 
N 



wi 11 be a Teledyne Geotech Model 1564B which is  a low threshold photo- 

chopper design and the  wind direction sensor, a Teledyne Geotech Model 1565B, 

which i s  of the potentiometer type. The temperature will be measured by 

Teledyne Geotech Model 145851 u n i t ,  which is a thermistor in aspirated shie ld  

type device. The speci f ica t ions  of the  sensors are. as follows: 

Sensor - Threshold Speed Accuracy 

Wind Speed 

Wind Direction 

Temperature 

0.27 m/sec 
(0.6 mph) 

0.34 m/sec 
(0.75 mph) 

0.1 m/sec 
(0.15 mph) 



3 . 6  SYSTEM OPERATION AND MAINTENANCE 

3 i6 .1  Routine 0pera.ti.ons and .I.ns.trument- .Repair 

The monitoring equipment will be assembled in the t r a i l e r  and i n i t i a l l y  

operatedlcalibrated off s i t e .  Once a l l  instruments are tested and found to 

function properly, the t r a i l e r  will be transported to the s i t e  and anchored in 

place. The meteorological tower will be secured by guy wires and a'ttached to  

the t r a i l e r  by a bracket. Power and telephone will be instal  led and the equip- 

ment mounted in place. In i t ia l  calibrations wi 11 be performed a f t e r  checkout 

of the equipment as described under Section 3.6.2 of th i s  Section and the,monitor- 

i n g  program commenced. The Kentucky Division of Air Pollution Control will be 

kept informed and notified prior to  commencement of operations. I? 

The TSP colocated samplers will be operated from midnight to  midnight every 

three days., in phase w i t h  the schedule used by the Kentucky D'tvision of Air Pol- 

lution Control for  i t s  nearest monitor in Hawesville. The remaining analyzers 

are  a l l  continuo-us and wi l l ,  therefore, be operated continuously. 

A person who l ives  near the s i t e  will be. hired to  perform the routine tasks. . 
This person will v i s i t  the s i t e  every three days to  change the high volume 

sampler f i l t e r s  and to  check the s tatus  of a l l  the instruments. The daily puto- 
u .  

matic zero and span functions will be checked as well as other items such as 

the chart papers, recorder functions, analyzer operations, etc.  A checklist 

of these items will be provided to  the s i t e  operator and i f  any item on the l i s t  

i s  out of tolerance, the Dames & Moore office will be immediately con'tacted by 

telephone. If the problem cannot be solved over the telephone, Dames & Moore 



will immediately. dispatch an instrument technician to the site. In most cases, 

the technician stationed at Evansville, Indiana, will be dispatched to minimize 

downtime. 

Quarterly calibrations as well.as. instrument repair, maintanence and re- 

cal i brations will be performed by the instrument technician. occurrence of 

out-of-tolerance span signals will be noted by the local operator from span 

control charts maintained with each analyzer. These will immediately result 

in a site visit by the instrument technician for necessary adjustments and 

recalibrations. Use of this operating routine has been. proven- to.-result in 

acquisition of high quality data at other projects. A site diary, analyzer 

logs and calibration logs will be maintained in the trailer to keep track of 

pertinent data. An inventory of spare analyzer parts will also be kept in 

the trailer to allow quick repairs and thereby.minimize downtime. 

3.6.2 Calibration 

The calibration of the SO2 and TRS analyzers will be done with a Monitor 

Labs Model 8500 R permeation calibration device. The calibrator. will be used 

for multipoint calibrations quarterly or as required and for,the daily auto- 

matic zerolspan checks. Calibrator output concentration will be determined by . . 

two methods during the course of the monitoring. Initially the onsite cali- 

brator output will be determined by comparison with a similar calibrator which 

has been previous.ly calibrated using the pararosaniline method, 36 FR 8181, 

1971. During later calibrations, the onsite calibration output will be deter- 

mined by precision calibration of the flow, temperature and constant weight 

loss of the permeation device. 



The onsite ozone monitor (Model 1003AH) will use the ultraviolet  adsorption 

technique for  the detection of ozone. This technique i s  i t s e l f  a good reference 

technique for  calibration of ozone analyzers. .The calibration of the onsite 

analyzer will , therefore, be verified by comparison with- a Dashi b i  Model 1003PC 

ul traviol e t  adsorption ozone analyzer. In addition, the Model 1003AH has an 

internal ozone generator which will be calibrated u s i n g  the Model 1003PC 

reference instrument. The known concentration of ozone generated in the refer- 

ence instrument will then- be introduced into the onsite ozone analyzer to  

verify i t s  cal ibration. 

The NO2 analyzer.wil1 be,calibrated using the gas phase t i t r a t ion  tech- 

nique, which i s  a reference technique. The Monitor Labs Model 8500R cal'ibra- 

to r  will be used to  perform multipoint as well as the daily automatic spank 

zero checks. 
-.. . 

Multipoint calibration of the Beckmann CO analyzer will be accomplished 

by use of a standard bottle of CO i n  a i r  and a precision blender. Daily span 

checks will be from a separate bottle of CO i n  a i r .  The concentrations of the 

CO i n  the standard bottles are  referenced by the supplier. 

The f i l t e r  conditioning for  the TSP high volume samplers will be i n  a 

desiccated chamber, and the f i l t e r s  will be weighed on a Torbal analytical 

balance. The flow rates  will be i n i t i a l l y  referenced by a Roots meter, which 

i s  a standard reference. Further f ie ld  calibrations will be made using res t r ic -  

t o r  plates and a water monometer. The samplers will: be equipped with clock 

timers and variable voltage transf?rmers. 

Chemical analyses for polyaromati c hydrocarbons (PAH's), trace elements 

and sulfates  will be performed on the TSP samples subsequent to  the gravimetric 

analysis for  particulates.  Each month, a l l  of the f i l t e r s  for a designated 



high volume sampler will be combined into a composite sample for the analyses. 

The results will be reported as the average'concentration per unit volume of 

. air sampled during the month. 

The analytical method for PAH will utilize High Performance Liquid 

Chromatography with fluorescence and ultraviolet detection. This is an un- 

published method being developed by the U.S.. EPA.. A copy of the'method is 

avai 1 able on request. 

Trace elements will. be analyzed by flameless atomic absorption (US EPA, 

1974). The sulfate will be determined using a method described by the US 

EPA (1974). 

The meteor01 ogi cal equipment. will be' cal i brated using a Dencor wind speed 

calibrator, a Cl imet precision resistor box and digital and mercury ther- 

mometers. Recal ibrations will be performed every six months as required by 

the EPA guidelines. 

One additional 1 aboratory analysis wi 11 be a particulate characterization 
3 for all TSP samples which exceed 113 pg/m . Due to the presence of agricultural 

activity around the monitoring site, there is a potential for emission of 

natural fugitive soil in the area. Wind erosion from farm fields can also affect 

some samples. Analysis of the particulate samples by microscopy will identify 

what fractions of the sample were due to the natural soils and ttie wind direction 

data will help identify the source. This information will prove useful in 

validating the accuracy of samples for consideration in determining the maximum 

TSP concentrations for PSD purposes. An additional purpose would be to separate 

man-made or industrial particulate loadings from naturally occurring soi 1 s due 

to the growing realization within the U.S. EPA that the latter is considerably 



l e s s  harmful to  health and welfare. The revised c r i t e r i a  document for  par- 

t i cu la t e  matter, due i n  December 1980, i s  l ikely to  address the issue and the 

data collected could be useful fo r  future impact assessment. 



3 . 7  QUALITY ASSURANCE PROGRAM 

In order  t o  produce PSD monitoring da t a  acceptable  t o  the Division of Air 

Pol 1 ut ion and the United S t a t e s  Environmental Pro tec t ion  Agency, var ious a c t i v i t i e s  

t o  obta in  q u a l i t y  assurance of t h e  da ta  w i l l  be necessary. These can broadly 

be separated i n t o  two ca tegor ies :  

(1)  a c t i v i t i e s  t o  demonstrate t h a t  measurements a r e  made wi th in  

acceptable  control  condi t ions ,  i..e., qua1 i t y  control  a c t i o n s ,  and 

( 2 )  assessment of t he  monitoring da ta  f o r  prec is ion  and accuracy, 

namely, the q u a l i t y  assurance procedures. 

Each i s  'described be1 ow toge ther  w i t h  t h e  indepe"dent a u d i t  program. 

3 . 7 . 1  Q u a l i t y  Control 

These will be d i f f e . r e n t . f o r  t he  continuous methods and t h e  in t eg ra t ed  

sampl ing method (TSP sampl ing)  and, therefore ,  a r e  discussed sepa ra t e ly .  

For cont,inuous methods, t he  following ac t ions  w i l l  be taken t o  demonstrate 

within control  condi t ions:  

(1) Reference o r  equiva len t  method requirement - A1 1 continuous 

monitors w i l l  be EPA designated Reference o r  Equivalent 
. . 

Methods, a s  descr ibed i n  Sect ion '3.5.1. 

( 2 )  Cali b ra t ion  requirement - A1 1 continuous ana lyzers  w i  11 be 

c a l i b r a t e d  by gaseous ca l . ib ra t ion  s tandards  t r aceab le  t o  

Standard Reference Materi a1 s (SRM) of t h e  National Bureau 

of Standards.  The s p e c i f i c  d e t a i l s  a r e  contained i n  Sect ion 

3 . 6 .  



Analyzers wi 11 be cal i brated during instal  1 ation and recal i brated when-- 

ever any one of the following conditions occur: 

- control l imit  i s  exceeded fo r . the  span check 

- a f t e r  repair of any ma.1 functioning , .a~a~yze.ys and 

- a f t e r  replacement of any major component of an analyzer. 

Zero plus a minimum of . f ive  calibrat-ion points equally spaced over the 

analyzer range .wi 1 1 be used to  generate .a cal i brati on curve. 

(3) Span check requirements. - A daily automatic span check will 

be made on each analyzer.with concentrations between 0.08 

and 0.10 ppm for  SO2, NO2, 03, and TRS analyzers and between .. 

8 and 10 ppm for  the CO analyzer. 

If the control 1 imits of t0.025 ppm for  So2, N O z y  03, and TRS analyzers 

and 52 ppm for  the CO analyzer are  exceeded., the analyzer will be removed:from 

ambient monitoring, checks made to  determine cause and corrective action'taken 

before return of the monitor to monitoring'duty. On returning to  use, the 

zero plus f ive point calibration over the analyzer range will be performed. 

The span check will also be used to  assess the precision of the monitoring data. 

For the reference method TSP high volume j ampler, the following quality 
\ 

control ac.tions will .be .taken: 

(1) Sampling flow ra te  check - In i t ia l  flow rate  readings will be 

observed for  each sampler and i f  the flow ra te  i s  over 515% 

of the establ ished average i n i t i a l  flow ra te ,  recal ibration 

. using f ive  flow res t r i c to r  plates and a.  water monometer will 

be performed in accordance with the reference method. 

(2) Exposed f i l t e r  reweighing - A sample of randomly selected 

exposed f i l t e r s  will be reweighed. Agreement between original 



and repeat weighings must be k5.0 mg or less .  If any reweighed 

exposed f i l t e r  differs  more than 5.0 mg from i t s  original 

weight, the ent i re  l o t  of f i l t e r s  will be reweighed. 

( 3 )  Recalculation of sample concentration - A sample of randomly 

3 selected calculated TSP values ( in  pg/m ) will be recalculated. 

If the original calculation does not agree with the repeat cal- 

culation, a l l  the calculations in the l o t  will be checked and 

corrected as necessary.. 

3.7.2 Qua1 i.ty Assurance Proc.edures 

Precision of each analyzer or sampler will be calculated and reported 

quarterly. For the continuous analyzers, the precision will be computed from 

routine biweekly span checks made by the operator'during normal operations. 

For the high volume TSP sampler, the precision will be calculated from the 

resul ts  of the coll  ocated sampler. All calculation and reporting procedures 

specified in "Ambient Monitoring Guide1 ines for  Prevention of Significant" 

Deterioration", EPA-45012-78-019, May 1978, will be used during,the program. 

The accuracy of the analyzers will be assessed.once per quarter. This 

will be accomp.'li.shed by use of the independent .calibration audit of the ana.1~- 

zers performed by the Division of Air Pollution Control using different refer- 

ence standards than those used for  routine primary calibrations. This audit 

i s  performed by Air Pollution Control personnel. Calculation procedures will 

be in accordance with the above referenced PSD monitoring guideline. 



3. .7 .3  Qua1 i ty Assurance for ~eteorol'ogbcal. Data 

All new equipment is to be used for the meteorological monitoring. Field 

checkout and calibration procedures recommended by the manufacturer, Teledyne 

Analytical Instr~me~ts, will be used. 

An independent meteorological audit will be performed to provide an onsite 

evaluation of the network installation, inspection, maintenance, and data spot 

checks. Further, data audits will be made for those days for which TSP data 

are audited. This-is expected to be at least four randomly chosen days per 

month. The results will be reported quarterly. 



3.8 APPROVAL OF MONITORING PLAN BY KENTUCKY DEPARTMENT OF NATURAL 
RESOURCES AND EPA. 

The following l e t t e r  was received approving the ambient a i r  qual i ty  moni- 

toring plan. 



JACKIE SWIGART 
Secretary 

JOHN Y .  BROWN, jR. 
Go- erno or 

COMMON'FIEALTH OF KE3TUCKY 

DEPARThlENT FOR NATURAL FiESGURCES AfiD E?~\i'!RG~lFBIEMTAL ?ROTECTION 
BU3EAU OF ENVlil3riMEFJTAL ?RCTECTION 

DlVlSlON OF AIR POLLUTION C9:JTFtOL 
'NEST FRkNXFCilT OFFICE COM?l.EX 

lOGO U.S. 117 9YPASS SOUTH 
FRASXFQRT, KENTUCXY 50639 

July 24, 1980 

... , . 
;r .: .13 .w ;.;... ... 

Mr. Jay J. Hill 
. . . .  Ash1 and Synthetic Fuel s , Inc. . .  .... ........ . . . . . .  
. . .  .-. ,_". . .  - I [ ~ I ~ D  .:.-: - . '  I IqbI-CO\-Zl 
. .... P.Oo Box 391 ,a- --.:.;; ..a. 

. . . . . . .  ..... _____ ._  - - . .- -- ...... ..... Ash1 and, Kentucky 41 101 - --.-. --- . -. 
-- . - .- _ _-.. 

RE: Proposed Breckinridge County - 
Coal Lfquffaction Plant 

Dear Mr. Hi l l :  

The Engineering Branch of t h i s  Division has completed its review of 
Ambient Air Quality Monitoring Plan submitted on June 17, 1980, and has ' 

concluded t h a t  the  plan meets a l l  of the  c r i t e r i a  contained i n  the  "Ambient 
. Monitoring Guide1 ines f o r  Prevention of Significant  Deterioration", EPA- 

450/2-78-019, May 1978 w i t h  respect t o  the s i te  location and pollutants 
monitored. 

Mr. Bi l l  Sudduth of the Technical Services Branch o f  t h i s  Division 
i s  reviewing the  Qua1 i t y  Assurance portion o f  t he  plan and i t  i s  expected 
t h a t  approval o r  disapproval o f  t ha t  portian w i l l  h e  forthcoming from tha t  
Branch. . 

I f  you have any questions on this matter, please do not hes i t a te  
t o  c a l l  me a t  (502) 564-6844. 

Sincerely, 

Samuel M. ~ i r ~ h ~ ,  ~f?ief  . ib'- 
Chemical Section 
Engineering and Permits Branch 



3.9 DATA PROCESSING AND REPORTS 

Continuous monitoring data on s t r i p  charts  wil l  be accumulated and processed 

for tnight ly .  The chart  data will be digi t ized by use of a custom bu i l t  d igi -  

t i z e r  which consis ts  of a s ty lus ,  the movement of which in manually tracing the  

recorder s t r i p  chart  i s  converted t o  d ig i ta l  data.  These data are  then auto- 

matically processed by a preprogramed minicomputer. .Depending on the pollutant  

being monitored, the output can be manipulated by the computer t o  produce the  

time averages necessary f o r  comparison with the par t icular  ambient standard. 

Quarterly reports  wil l  be prepared t ha t  wil l  include a l l  valid data gener- 

ated during the quarter .  These data will a lso  be summarized fo r  comparison w i t h  

a i r  qua1 i t y  standards and cl imatological data. The quarterly reports wi 11 in- 

clude the quarterly accuracy, precision, and data recovery s t a t i s t i c s .  

The hourly averaged data will a lso  be recorded on magnetic tape i n  SAROAD 

format fo r  submittal t o  the  Kentucky DAPC together w i t h  the written report no 

l a t e r  than s ix ty  days a f t e r  the end of the  quarter  being reported. 



3.9.1 Quarter ly  Summaries 

F i r s t ,  Second, Third, and Fourth Quarter ly Summaries are not included i n  

t h i s  volume, but are avai lable f o r  review i n  the Ashland off ices.  



3.9.2 Annual Summary 

3.9.2.1 I n t r o d u c t i o n  

A i r  q u a l i t y  and meteoro log ica l  mon i t o r i ng  have been conducted f o r  t h e  

p e r i o d  August 1, 1980 through J u l y  31, 1981 on a  s i t e  se lec ted  f o r  t h e  

c o n s t r u c t i o n  o f  a  proposed s y n t h e t i c  f u e l s  p l a n t  by Ashland Syn the t i c  

Fuels,  Inc .  and A i  r co  Eneray Company. The o b j e c t i v e  has been t o  document 

t h e  base l i ne  cond i t i ons  p r i o r  t o  c o n s t r u c t i o n  o f  t h e  f a c i l i t y  i n  o rder  t o  

p r o v i d e  d a t a  r e q u i r e d  t o  assess  t h e  a i r  q u a l i t y  impac t  o f  t h e  p l a n t  

c o n s t r u c t i o n  and operat ion,  

The a i r  q u a l i t y  mon i t o r i ng  s t a t i o n  was es tab l i shed  a t  a  s i t e  w i t h i n  

t h e  p roposed  p l a n t  b o u n d a r i e s  a f t e r  c o n s u l t a t i o n  and a p p r o v a l  o f  t h e  

1  oca t i on  and mon i t o r i ng  i ns t r umen ta t i on  and methodology by t h e  Kentucky 

D i v i s i o n  of A i r  P o l l u t i o n  Con t ro l .  Q u a r t e r l y  r e p o r t s  were compiled o f  t h e  

meteoro log ica l  and a i r  qua1 i ty  parameters d u r i n g  t h e  mon i t o r i ng  per iod.  

Th is  s e c t i o n  prov ides a  summary o f  t h e  data generated over  t h e  e n t i r e  

1-year p e r i o d  as repor ted  i n  t h e  f o u r  q u a r t e r l y  repor ts .  Sec t ion  3.4 

prov ides d e t a i l s  o f  t h e  mon i t o r i ng  p lan,  w h i l e  Sect ions 3.9.1 through 3.9.4 

c o n t a i n  t h e  q u a r t e r l y  repor ts .  

W i t h  t h e  e x c e p t i o n  o f  some downt ime a s s o c i a t e d  w i t h  wea the r  o r  

equipment r e l a t e d  ma l func t ions ,  t h e  mon i t o r i ng  program proceeded smoothly. 

One inc idence  o f  vandal i sm occurred d u r i n g  t h e  year,  b u t  no s i g n i f i c a n t  

damage occurred. The data recovery was s a t i s f a c t o r y  and has 'been shown 

w i t h  t h e  data summary tab les .  D a i l y  s i t e  checks towards t h e  l a t t e r  p a r t  o f  

t h e  p rogram p roduced  s i g n i f i c a n t  improvements  i n  t h e  d a t a  r e c o v e r y .  

Q u a l i t y  assu rance  was p e r f o r m e d  i n  accordance  w i t h  t h e  U.S. EPA 

Preven t ion  o f  S i g n i f i c a n t  D e t e r i o r a t i o n  (PSD) guide1 i nes. Prec i  s i  on and 

3-57 



accuracy s t a t i s t i c s  were generated th rough  use o f  span checks, c o l  l o ca ted  

samplers, and a u d i t s  performed by t h e  Kentucky D i v i s i o n  o f  A i r  P o l l u t i o n  

Con t ro l .  The da ta  were found t o  be v a l i d  and w i t h i n  t h e  p r e c i s i o n  and 

accuracy s p e c i f i c a t i o n s  r equ i r ed  f o r  ambient m o n i t o r i n g  programs under t h e  

PSD program. 

Meteor01 ogy 

Wind Speed and D i r e c t i o n  - I-lourly wind speed and d i r e c t i o n  data have 

been summarized and presented as an annual wind rose (F i gu re  3.10). These 

same data a r e  presented i n  t a b u l a r  form i n  Table 3.57. 

Dur ing t h e  August 1, 1980 through J u l y  31, 1981 per iod,  t h e  predomt- 

nan t  wind d i r e c t i o n s  were f rom t h e  southwest t o  south-southwest sectors  

and f rom t h e  n o r t h  t o  nor theas t  sectors .  Th is  i s  a l s o  t h e  approximate 
j.r 

d i r e c t i o n  o f  t h e  Ohio R i ve r  Va1le.y a t  t h e  s i t e  where t h e  10-m meteoro- 

1 og i  c a l  tower  was located.  The wind d i  r e c t i o n  data,  t he re fo re ,  i n d i c a t e d  

t h a t  t h e  su r f ace  winds a t  t h e  s i t e  were channel ized by t h e  r i v e r  v a l l e y  and 

tended t o  be almOst equa l l y  d i s t r i b u t e d  a long  t h e  l o c a l  r i v e r  channel i n  

t h e  up- and downr iver  d i r e c t i o n s  d u r i n g  t h e  year.  The annual mean wind 

speed was 6.4 mph, and t h e  maximum speed f o r  t h e  y e a r  was 30.0 mph, 

measured on March 29, 1981. Wind speeds l e s s  than t h e  t h resho ld  o f  t h e  
. . 

sensor (0.27 m/sec) occurred most o f ten  (1.19 percent  calm) d u r i n g  t h e  

f o u r t h  q u a r t e r  (May through J u l y  1981), w h i l e  i t  was most windy (0,19 

percen t  ca lm)  i n  t h e  t h i r d  q u a r t e r  ( A p r i l  th rough Ma.y 1981). The annual 

va l ue  o f  such calm per iods  was 0.84 percent  o f  t h e  t ime  a t  t h e  s i t e .  Data 

recovery  was 92.2 percent  f o r  t h e  year.  
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TABLE 3;9 

J O I N r  WIND FREQUENCY DISTRIDUTION 
DATA PERIOD: AUGUST 1 r 1980 TO JULY 31, 1981 

DATA SOURCE: ASHLAND - 10 METERS ASHLAllD SYNTHETIC FUELS 
TABLE CENERATED: 09/08/81. 08. 16. 18. A IR  MONITORING SYSTEM 

BRECKINGRIDGE COUNTY, KENTUCKY 
DAMES AND MOORE JOB NO: 11901-001-21 

FREQUENCY I N  PERCENT 
W I N 0  
DIR INTERVALS OF WIND SPEED I N  MPH 

0.0- 1.5 1.5- 3 .0  3.0- 4.5 4 .5 -  6.0 6 . 0 - 7 . 5  7 . 5 - 9 . 0  9.0-10.5 10.5-12.0 

NNE 
NE 
ENE 
E 
ESE 
SE 
SSE 
S 
ss:J 
SW 
WSLJ 
u 
WNLJ 
NW 
ttNIJ 
N 
CALI1 

TOTAL 8. 07 19. 24, 13. 58 

NUMQER OF VALID  OBSERVATIONS 0078 
NUMQER OF I N V A L I D  OBSERVATIONS 682 
TOTAL NUMBER OF OBSERVATIONS 87CO 

92.21 PCT. 
7. 79 PCT. 

100.00 PCT. 

TOTAL 

MEAN 
WIND 

SPEED 



Temperature - Hour ly  average temperature extremes and mean values are 

summarized below i n  O K ,  O C ,  and OF: 

Maxi mum 367.3 34.6 94.3 

Minimum 254.0 -19.0 - 2.2 

Mean 327.6 12.6 54.6 

Data recovery was 91.7 percent  f o r  t h e  year. 

Sul f u r  D iox ide  - The s u l f u r  d i ox i de  (SO2) concen t ra t ions  measured 

d u r i n g  t h e  one year  mon i t o r i ng  p e r i o d  d i d  n o t  exceed any o f  t h e  Kentucky 

( o r  Nat ional  ) Ambient A i r  Q u a l i t y  standards. The h ighes t  and second- 

h i g h e s t  3 -hour  c o n c e n t r a t i o n s  measured were 0.106 ppm on December 4, 

1980 and January 9, 1981 whereas the. 3-hour (secondary) standard i s  0.500 

PPm. The h i g h e s t  and second -h ighes t  24-hour  c o n c e n t r a t i o n s  measured 

were 0.045 and 0.044 ppm on January 23-24, 1981 and December 4-5, 1980 

respec t i ve l y .  These a re  cons iderably  1  ess than t h e  24-hour (p r imary )  

s tandard of 0.140 ppm. The annual mean concent ra t ion  was 0.009 ppm, which 

i s  l e s s  t h a n  33 p e r c e n t  o f  t h e  p r i m a r y  annua l  s t a n d a r d  o f  0.030 ppm. 
. . 

Table 3.58 prov ides a  summary o f  t h e  hou r l y  averaged SO2 was 96.3 

percent  f o r  t h e  year. 

Ni t rogen D iox ide  - The h ighes t  and second-highest 1-hour average 

n i t r o g e n  d iox ide  ( ~ 0 ~ )  concentrat ions measured were on February 25, 1981 

and were 0.049 and 0.047 pprn respec t i ve l y .  The annual mean conce t ra t i on  



TABLE 3.10 

SUMMARY OF SULFUR D I O X I D E  CONCENTRATION 
AUGUST 1, 1980 TO JULY 31, 1981 

1-HOUR AVERAGE 3-HOUR AVERAGE 24-HOUR AVERAGE 
CONCENTRATIONS CONCENTRATIONS CONCENTRATIONS 

Highest  Concentrat ion 0.136 ppm 0.106 ppm 0.045 ppm 

12/04/80 16:OO 12/04/80 15:OO 01/23/81 03:OO 
Time Per iod  (CST) t o  t o  t o  

12/04/80 17:OO 12/04/80 18:OO 01/24/81 03:OO 

Second-Hi ghest Concent r a t i o n  0.133 ppm 0.106 ppm 0.044 ppm 
. . 

07/07/81 09:OO 01/09/81 12:OO 12/04/80 15:OO 
Time Per iod  (CST) t o t o t o 

07/07/81 1O:OO 01/09/81 15 :00 12/05/80 15:OO 

Ambient A i r  Qua1 i ty  Standard N/A 0.500 ppm 0.140 ppm 

Number o f  Exceedances - 0 0 i: 

A r i t h m e t i c  Mean 0.009 ppm 0.009 ppm 0.009 ppm 

~ n n u a l  Average Standard 0.030 ppm 

Standard Dev ia t i on  0.011 pprn 0.010 ppm 0.007 ppm 

Percent i 1 es : 

To ta l  V a l i d  Observat ions 
To ta l  I n v a l i d  Observat ions 
To ta l  Poss ib le  Observat ions 
Percent Data Recovery 

P Pm 0.001 ppm 0.004 ppm 
PPm 0.006 pprn 0.008 ppm 
PPm 0.013 ppm " 0.013 ppm 
PPm 0.021 ppm 0,018 ppm 
PPm 0.029 ppm 0.021 ppm 
P Prn 0.048 pprn 0.030 ppm 

8,432 
328 

8,760 
96.3 percent  



was 0.009 ppm as compared t o  t h e  p r imary  s tandard of 0.050 ppm. A summary 

o f  t he  hou r l y  averaged NO2 concen t ra t ions  i s  presented i n  Table 3.59. 

The d a t a  r e c o v e r y  f o r  NO2 was 83.1 p e r c e n t ,  m a i n l y  due t o  equ ipment  

ma l f unc t i ons  i n  t h e  f i r s t  and seond qua r t e r s  o f  mon i to r ing .  

Ozone - The ozone (03) concen t ra t ions  measured d u r i n g  t h e  mon i t o r i ng  

p e r i o d  d i d  no t  exceed t h e  Kentucky s tandard o f  0.120 ppm no t  t o  be exceeded 

more than  one day a  year.  The h i ghes t  and second h i ghes t  1-hour readings 

occur red  on t h e  same day, October 9, 1980, between 1400 and 1600 hours, 

be ing  r e s p e c t i v e l y  0.125 ppm 1-hour average. No o t h e r  readings over t h e  

0.120 ppm l i m i t  were recorded d u r i n g  t h e  year.  The mean concen t ra t i on  

f o r  t h e  y e a r  was 0.029 ppm. The summary o f  t h e  h o u r l y  ave raged  O 3  

concen t ra t ions  i s  g iven  i n  Table 3.60. The O3 da ta  recovery was 80.9 

percen t  o v e r . t h e  year.  

Carbon Monoxide - Carbon monoxide (CO) concen t ra t ions  were b a r e l y  

de tec tab le  d u r i n g  most o f  t h e  year.  The h i ghes t  and second-highest 1-hour 

average concen t ra t ions  were 1.568 ppm on August 12, 1980 and 1.519 ppm on 

December 18, 1980, whereas t h e  1-hour standard i s  35.00 ppm. The h i ghes t  

and second-highest 8-hour average concen t ra t ions  bo th  occurred on August 

12, 1980 and were 1.090 and 0.914 ppm respec t i ve l y ,  as compared t o  t h e  

Kentucky Ambient Standard o f  9.00 ppm. Table 3.61 presents-  t h e  annual 

summary s t a t i s t i c s  f o r  CO. The annua l  d a t a  r e c o v e r y  was 98 p e r c e n t .  

Reduced S u l f u r  - Al though no a i r  q u a l i t y  standards f o r  t o t a l  reduced 

s u l f u r  (TRS) compounds e x i s t ,  these p o l l u t a n t s  were moni t o r e d  i n  o rder  t o  

e s t a b l i s h  a  base l ine  due t o  p o s s i b l y  h i gh  concen t ra t ions  from a  nearby 

l a r g e  paper m i l l  approx imate ly  6 m i l es  west o f  t h e  mon i t o r i ng  s i t e .  The 



TABLE 3.11 

SUMMARY OF NITROGEN DIOXIDE CONCENTRATION 
AUGUST 1, 1980 TO JULY 31, 1981 

1-HOUR AVERAGE 
CONCENTRATIONS 

Highest  Concentrat ion 0.049 ppm 

02/25/81 21:OO 
Time Per iod  (CST) t o  

02/25/81 22:OO 

Second-Hi ghes t Concent r a t i o n  0.047 ppm 

02/25/81 22 :OO 
Time Per iod  (CST) t o  

02/25/81 23 : 00 

Ambient A i  r Qua1 i ty  Standard N/A 

Number o f  Exceedances - 

- A r i t h m e t i c  Mean 

Annual Average Standard 

Standard Devi a t i  on 

Percent ' i  1 es : 
2 5 
5 0 
75 
90 
9 5 
99 

T o t a l  V a l i d  Observat ions 
To ta l  I n v a l i d  Observat ions 
To ta l  Poss ib le  Observations 
Percent Data Recovery 

0.009 ppm 

0.050 ppm 

0.006 pprn 

0.005 ppni 
0.008 ppm 
0.011 ppm - . 

0.017 ppm 
0.020 ppm 
0.029 ppm 

7,281 
1,479 
8,760 

83.1 percent 



TABLE 3.12 

SUMMARY OF OZONE CONCENTRATION 
AUGUST 1, 1980 TO JULY 31, 1981 

1-HOUR AVERAGE 
CONCENTRATIONS 

Highest  Concent ra t ion 0.125 ppm 

10/09/80 15 : 00 
Time Per iod  (CST) t o  

10/09/80 16 :00 
C 

Second-Highest Concent ra t ion 0.123 ppm 

10/09/80 14:OO 
Time Pe r i od  (CST) t o 

10/09/80 15:OO 

. Ambi en t  A i  r Qua1 i ty  Standard 0.120 ppm 

Number o f  Exceedances 2 

A r i t h m e t i c  Mean 0.029 ppm 

Standard Dev ia t i on  0.020 ppm 

Percen t i  1 es : 
2 5 
5 0 
7 5 
90 
95 
9 9 

0.013 ppm 
0.025 ppm 
0.041 ppm 
0.058 ppm 
0.069 ppm 
0.087 ppm 

To ta l  V a l i d  Observat ions 7,085 
To ta l  I n v a l i d  Observat ions 1,675 
To ta l  Poss ib le  Observat ions 8,760 
Percent Data Recove r.y 80.9 percen t  



TABLE 3.13 

SUMMARY OF CARBON MONOXIDE CONCENTRATION 
AUGUST 1, 1980 TO JULY 31, 1981 

1-HOUR AVERAGE 8-HOUR AVERAGE 
CONCENTRATIONS CONCENTRATIONS 

Highest Concentrat ion 1.568 ppm 1.090 ppm 

08/12/80 1O:OO 08/12/80 08:OO 
Time Per iod (CST) t o  t o  

08/12/80 1 1 : O O  08/12/80 16:OO 
0 

Second-Hi ghest Concentrat ion 1.519 ppm 0.914 ppm 

12/18/80 15:OO 08/12/80 05:OO 
Time Per iod (CST) t o  t o 

12/18/80 16 :OO 08/12/80 13:OO ,. 

Ambient A i  r Qua1 i t y  Standard 35.000 ppm 9.000 ppm 

Number o f  Exceedances 0 0 , * 

. 
Ar i t hme t i c  Mean 0.267 ppm 0.267 ppm 

Standard Dev ia t i on  0.169 ppm 0.132 ppm 

Percent i  l es :  
2 5 
50 
7 5 
9 0 
95 
99 ' 

0.200 ppm 0.200 ppm 
0.200 ppm 0.200 ppm 
00200 ppm 0.261 ppm 
0.588 ppm 0,473 ppm 
0Q.686 ppm 0.601 ppm 
0.833 ppm 0.735..ppm 

To ta l  Val i d  Observations 8,588 
To ta l  I n v a l i d  Observations 172 
To ta l  Poss ib le  Observations 8,760 
Percent Data Recovery 98.0 percent 



h ighes t  and second-highest l - hou r  average concentrat ions recorded were 

14 pg/m3 on September 23 and 24, 1980. Since a l l  t h e  TRS, which inc ludes  

hydrogen s u l f i d e  (H2S), d i d  n o t  exceed 14 pg/m3, t h e  1.-hour Ken tucky  

3 Ambient A i r  Qua1 i t y  Standard f o r  H2S o f  14 pg/m cou ld  obv ious ly  no t  have 

been exceeded. Table 3.62 con ta ins  t h e  summary of t h e  h o u r l y  averaged TRS 

concentrat ions.  Data recovery was 99.0 percent  f o r  t h e  year. 

T o t a l  Suspended P a r t i c u l  a t e s  : The t o t a l  suspended p a r t  i c u l  a t e  

(TSP) da ta  i n d i c a t e  t h a t  n e i t h e r  t h e  p r imary  annual geometr ic mean no r  

3  24-hour average pr imary and secondary standards o f  75,260 and 150 pg/m , 

respec t i ve l y ,  were exceeded d u r i n g  t h e  year. The h ighes t  and second- 

3  h ighes t  v a l i d  24-hour average va lues were 116 and 101 pg/m , recorded on 

October 6  and 9, 1980, r espec t i ve l y .  These a re  below t h e  corresponding 

Ken tucky  ambien t  a i  r qua1 i t y  p r i m a r y  and seconda ry  24-hour  ave rage  

standards o f  260 and 150 pg/m3, r espec t i ve l y .  

As p a r t  o f  t h e  p a r t i c u l a t e  sampling program, a l l  f i l t e r s  weighing i n  

excess o f  a  concen t ra t ion  o f  113 pg/m3 were subjected t o  microsocopic 

examinat ion t o  cha rac te r i ze  t h e  na tu re  o f  t h e  dust. Four f i l t e r s  du r i ng  

t h e  yea r  exceeded t h i s  va lue  and were t e s t e d  f u r t h e r .  As a r e s u l t  o f  t h e  

e x a m i n a t i o n ,  i t  was d e t e r m i n e d  t h a t  a l l  f o u r  c o n t a i n e d  f r o m  58 t o  85 

p e r c e n t  o f  m i n e r a l  m a t t e r ,  p r e d o m i n a n t l y  o f  s o i l  o r i g i n .  S i n c e  t h e  

mon i t o r i ng  s i t e  was l oca ted  i n  an a c t i v e  soybean f i e l d ,  poss ib l e  i n t e r -  

ference w i t h  t h e  sampling by a g r i c u l t u r a l  a c t i v i t y  was s t r o n g l y  suspected. 

No documen ta t i on  o f  such a c t i v i t y  was i n d i c a t e d  i n  t h e  s i t e  l o g  f o r  

3  Oc tobe r  6, 1980. T h i s  r e a d i n g  o f  116 pg jm  (24 -hou r  ave rage )  was, 

t he re fo re ,  considered v a l i d ;  however, on June 15, 18 and 24, 1981, readings 

3 o f  161, 217 and 165 pg/m were found t o  be in f luenced  by l o c a l l y  en t ra i ned  



TABLE 3.14 

SUMMARY OF REDUCED SULFUR CONCENTRATION 
AUGUST 1, 1980 TO JULY 31, 1981 

1-HOUR AVERAGE 
CONCENTRATIONS 

Highest  Concentrat ion 14. pg/m 3 

09/23/80 23:OO 
Time Per iod  (CST) t o 

09/23/80 24:OO 

Second-Highest Concentrat ion 14. ~ g / m  3 

-. 
09/23/80 24:OO 

. Time Per iod  (CST) t o 
09/24/80 01:OO 

Ambient A i r  Qua1 i t y  Standard N/ A 

Number o f  Exceedances 

A& thmet i c  Mean 

Standard Devi a t i  on 

Percent i 1 es : 
2 5 

To ta l  V a l i d  Observat ions 
To ta l  I n v a l i d  Observat i  ons 
To ta l  Possi b l  e Observat ions 
Percent Data Recovery 

8,676 
84 

8,760 
99.0 percent  



dus t  from p lowing and o the r  a g r i c u l t u r a l  a c t i v i t y  which was documented 

b y  t h e  s i t e  checke r  i n  t h e  s i t e  l o g  and c o n f i r m e d  b y  t h e  m i c r o s c o p i c  

examination. These samples, t he r f o re ,  had t o  be i n v a l i d a t e d  as no t  be ing  

rep resen ta t i ve  o f  ambient a i r  q u a l i t y  cond i t ions .  The d e t a i l s  o f  t h e  

f i l t e r  a n a l y s e s  a r e  c o n t a i n e d  i n  T a b l e s  3.16 and 3.52 o f  t h e  r e p o r t .  

3  The annual  g e o m e t r i c  mean f o r  TSP was 44.7 pg/m as compared t o  

3  t h e  standard o f  75 pg/m , annual geometric mean. Data recovery f o r  t h e  

yea r  was 89.3 percent. 

Po lyaromat  i c  Hydrocarbons  - The p a r t  i c u l  a t e  sampl es t h a t  were 

c o l l e c t e d  du r i ng  each month were composited and analyzed f o r  po lyaromat ic  

hydrocarbon (PAH) content.  O f  t h e  17 compounds t e s t e d  f o r ,  smal l  amounts 

o f  pyrene, benzo ( j  ) f l  uoranthene, benzo (a )  pyrene and d i  benzoth i  ophene 

o n l y  were measured. None o f  t h e  o t h e r  13 compounds were detected a t  t h e  

a n a l y t i c a l  d e t e c t i o n  l i m i t .  The r e s u l t s  f o r  t h e  yea r  have been summarized 

i n  T a b l e  3.63. The d e t e c t i o n  l i m i t s ,  i n  t h e  p i cog ram range,  have  

p r e v i o u s l y  been p r o v i d e d  i n  Tab les  3.20, 3.31, 3.42 and 3.54 o f  t h i s  

r epo r t .  

Trace El  ements - The monthly composited p a r t i c u l a t e  samples were 

analyzed f o r  13 t r a c e  elements. The r e s u l t s  a re  summarized i n  Table 3.64. 

Lead i s  t h e  o n l y  t r a c e  element w i t h  a  Nat ional  Ambient..Air Qua1 i t y  

Standard (43 FR 46246 dated October 5, 1978). The standard i s  1.5 pg/m 3  

averaged o v e r  a  c a l e n d a r  q u a r t e r .  The f o u r  c a l e n d a r  q u a r t e r  l e a d  

concent ra t ions  were c a l c u l a t e d  as 0.026, 0.030, 0.070 and 0.003 pg/m 3 

respec t i ve l y ,  which a re  we l l  below t h e  standard. Summer au to  t r a f f i c  

impacts a re  h ighes t  i n  t h e  t h i r d  qua r te r  as compared t o  t h e  n e g l i g i b l e  

va lue  du r i ng  t h e  low t r a f f i c  w i n t e r  quar ter .  



TABLE 3.15 

POLYAROMATIC HYDROCARBON CONCENTRATIONS 
MEASURED AT THE ASHLAND SYNTHETIC FUELS, INC. MONITORING S I T E  

AUGUST 1, 1 9 8 0  THROUGH JULY  31 ,  1981 

COMPOUND 

MONTHLY CONCENTRATION .. 
( ng/ms) 

HIGHEST 2nd HIGHEST MINIMUM 
- - - 

2-methyl naphtha1 ene N D ND ND 

f 1 uoranthene ND 1 ND N D 

pyrene 0.8 0.4 N D 

benzo ( c )  phenanthrene ND ND N D 

benzo (a)  anthracene ND ND ND 

chrysene ND ND ND 

N D ND 5-methyl chrysene ND 

benzo (b)  f luoranthene MD N D N D 

benzo ( j )  f luoranthene 0.4 Trace ND 

benzo (a)  pyrene 

0-phenyl ene pyrene 

Trace 

ND 

d i  benz (a,H) anthracene FlD ND N D 

benzo ( g  , h, i ) pery l  ene ND ND N D 

2-methyl f l  uoranthene ND 

d i  benz (a,c) anthracene ND 

d i  benzothi ophene 0.3 

naphtha1 ene N D 

Notes: ND = None detected (be1 ow ana ly t i ca l  de tec t ion  1 i m i  t s ) ,  



TABLE 3.16 
TRACE ELEMENT CONCENTRATIONS MEASURED 

AT THE ASHLAND SYNTHETIC FUELS MONITORING SITE 
AUGUST 1, 1980 THROUGH JULY 31, 1981 

MONTHLY CONCENTRATION 

(ng/rn3) 
ELEMENT HIGHEST 2nd HIGHEST MINIMUM MEAN 

Arsenic  

Bery l  1 i urn 

Cadrni urn 

C hromi urn 

Cobalt  

I r o n  

Mercury 

Lead 

Manganese 

N icke l  

T i tan ium 

Vanadi urn 

Z inc 



S u l f a t e  - The compos i t e  p a r t i c u l a t e  samples were a l s o  a n a l y z e d  

f o r  su l f a tes .  The maximum, second h ighes t  and average monthly values were 

3  found t o  be 15.53 pg/m i 9.99 pg/m3 and 7.08 pg/m3 respec t i ve l y .  The 

h ighes t  values occurred i n  t h e  summer months o f  May, June and J u l y  w h i l e  

t h e  lowest were recorded i n  t h e  autumn per iod,  August through October. 
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'- .L -- 1 .312/567-4003 

August 28, 1981 

Mr. Steven A. Frey 
Dames & Moore 
1550 Northwest H i g  hway 
Park Ridge, I l l  inois  60068 

Subject: Letter Report on "Microscopical Analysis of 
Three Hi-Vo.l F i l t e r  Samples" 
Dames & Moore Purchase Order No. 3360 
II'TRI Project No.' C08636 

Dear Mr. Frey : 

The microscopical analyses .of the three high volume (.hi-vol ) f i l t e r  samples 
submitted for  ident i f ica t ion and quantif icat ion of the to ta l  suspended 
par t i cu la te  (TSP) have been completed .. A1 1 of the samples were. collected a t  
the same monitoring s ta t ion  and' demons.trated TSP 1 eve1 s i n  excess of the 
secondary 24-hour TSP standard of 150 pg/m3.. The primary goal .o f  t h i s  s t u d y  was 
t o  determine the iden t i ty  and source(.s) of the aerosols c'ollected. 

The conclusions presented i n  this r e p o r t  a r e  based sole ly  on the i den t i f i -  
cation of the compounds i n  each sample since no information was provided on 
sampling s i t e  locale ,  pa r t i cu la te  emission sources, o r  meteorological conditions. 

1. . DISCUSSION OF RESULTS 

Mineral pa r t i c les  represented 115.5-147.1 ,pg/m3 of the TSP i n  the samples.. 
Soil-derived mineral types, principa1l.y quartz, feldspars and c lays ,  comprised 
the majority (>93%) of the mineral population. Other soil-derived mineral types 
i n  the TSP included t race  t o  minor concentrations of micas, f l u o r i t e ,  and 

. hydrated iron oxides. Carbonate minerals contributed an average of only 4 pg/m3 
of the  TSP. The frecpent occurrence of carbonate mineral pa r t i c les  coated w i t h  
clays suggested the carbonates were suspended 1 argely from gravel road surfaces. 
(Carbonates a r e  generally absent or  present i n  very low concentrations i n  s o i l s ,  
t h u s  carbonates a r e  assigned t 6  crushed limestone used as road aggregate.) 

The presence of both s i l i c a t e  and carbonate mineral types embedded i n  the  
rubber t i r e  fragments indicated t r a f f i c  suspension of so i l  and probably gravel 
as a source of some portion of the mineral population. Fbbber t i r e  fragments 
were r e l a t i ve ly  low i n  concentration and small i n  s i z e ,  while minerals concen- 
t r a t ions  were h i g h  and mineral pa r t i c l e  s i z e s ,  especialqy i n  the ASH4 and 
ASH-C samples, were large .  Typical urban road d u s t  samples analyzed a t  IITRI 
generally contain greater  numbers and s izes  of rubber t i r e  fragments i n  compar- 
ison w i t h  minerals concentrations and s izes  than observed i n  these samples. 
This suggests t r a f f i c  may not have been the dominant method of mineral suspension. 
However, i t  is  possible t h a t  l e s s  vehicle t r a f f i c ,  and thus fewer rubber t i r e  
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fragments, may be requ i red  t o  e n t r a i n  minera ls  f r o m  unpaved ( s o i l ,  gravel )  road 
surfaces than from s t r o n g l y  compacted paved roadways. This supposi t ion and the 
f a c t  t h a t  rubber t i r e  fragment concentrat ions increased concur ren t ly  w i t h  
minera ls  concentrat ions suggested t r a f f i c  may have been the source o f  a l a r g e  
p o r t i o n  o f  the  minera ls  present. The f i n e l y  dispersed nature o f  the m a j o r i t y  
o f  the  c l a y  p a r t i c l e s  i n  sample ASH-A (.Figure 1 )  suggested winds may have 
.suspended a p o r t i o n  o f  the  minerals.  Clay minera ls  suspended by t r a f f i c  tend 
t o  be d i s t i n c t l y  l a r g e r  agglomerates. However, t h e  l a r g e r .  mineral, g ra ins  found 
i n  samples .ASH-B (F igure  2) and ASH-C. ( ~ i g u r e  3)  were 1 i k e l y  cont r ibu ted  by 
mechanical suspension even i f  wind speeds were h igh  (>20 mph),. This  presumption 
i s  based on p r i o r  s tud ies  by I I T R I  which have shown t h a t  h,igh.wind speeds 
p r i m a r i l y  suspend p a r t i c l e s  t h a t  are e l 0  pm. Thus, l o c a l  cons t ruc t ion  or  
a g r i c u l t u r a l  a c t i v i t i e s ,  i n  a d d i t i o n  To t r a f f i c  . t o  some extent,: seem more 
probable sources o f  t h e  bulk  o f  the minera ls  present. 

Combustion source-related emissions represented 22.6-51.7 pg/m3 o f  the  TSP. 
Glassy f l y a s h  spheres. and p a r t i a l q y  combusted coal fragments present  ind ica ted  
impact from 1 ocal pu lver ized coal -burning operat ions .' Trace c o n c e n t r ~ t i o n s  o f  
i r regu lar ly -shaped.  p a r t i c l e s  o f  g lassy f lyash were a l so  noted; whether t h i s  

' ' 

component was a1 so emit ted by a pu lver ized coal combustion source o r  was an 
emission from a l ess  e f f i c i e n t  coal combustion operat ion such as a stoker-type 
coal  burner could n o t  be determined with. c e r t a i n t y .  Raw coal  .fragments were 
present  i n  concentrat ions nea r l y  equal t o  the combi ned concentrat ions '  o f  glassy 
and p a r t i a l l y  combusted coal flyash.. Both the  raw coal and p a r t i a l l y  combusted 
coal  fragments were observed t o  have woody s t ruc tures  i n d i c a t i v e  of s o f t  coal ; 
t h i s  suggests these components were cont r ibu ted  by a common source. T h i t  
secondary ammonium s u l f a t e  and n i t r a t e  aerosols were. present i n  concentrat ions 
concurrent  w i t h  those o f  the  pr imary combustion products suggested l o c a l  coal-  
burn ing operat ions were the  pr imary source(..s.): o f  these components. However, 
d i s t a n t  combustion sources and mobi le  veh ic les  are  a l s o  l i k e l y  sources o f  the 
secondary aerosols. Fine ( ~ 3  pm) carbonaceous. ma te r i a l  represented a minor 
p o r t i o n  o f  the  TSP; Sources of t h i s  component inc lude auto and d iese l  exhaust 
as we1 1 as f ine - f rac tu red  carbonaceous combustion products. 

B i o l o g i c a l  aerosols con t r i bu ted  up t o  8 pg/m3 o f  t h e  TSP. Pollens, spores, 
conid ia,  s ta rch  g ra ins  and p l a n t  h a i r s  weredthe dominant b i o l o g i c a l  p a r t i c l e  
types present and were probably cont r ibu ted  by l o c a l  vegetat ion.  

I r o n  oxides represented 13.0-19.7 pg/m3 of the  TSP. Hematite was the 
non-magnetic i r o n  ox ide most f requen t l y  encountered. S o i l  , s t r e e t  debr is ,  and 
combustion operat ions a r e  probable sources o f  t h i s  component. 

ANALYSIS METHODS 

2.1 Sample Descr ipt ions 

Three samples c o l l e c t e d  on 8" x 10" glass f i b e r  f i l t e r  substrates were 
submitted f o r  analys is ,  Tab1 e 1. The ca l cu la ted  TSP concentrat ions are based 
on a sampl i n g  du ra t i on  o f  24 hours. 



Figure 1. Sample ASH4 (226) ; slightly uncrossed polars; 2631. Large white 
particles are cl ay-coated quartz fragments; fine, gray background 
particles are mostly clays. 



Figure 2. Sample ASH-B (228); s l i g h t l y  uncrossed polars;  2631, Large quartz 
fragments and (arrows) c l ay  agglomerates a r e  abundant here. 

Figure 3. Sample ASH-C (232); sl i g h t l y  uncrossed polars;  263X. Quartz and 
c l a y  p a r t i c l e s  a r e  again numerous; arrows point  t o  a l a r g e  clay- 
coated carbonate mineral p a r t i c l e ,  (gray, s t ruc tured)  fungal conidia , 
and a f lyash  sphere. 
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Table 1. SAMPLES SUBMITTED FOR ANALYSIS 

Sampl i ng Total Average Cal cu.1 ated TSP 
. F i l t e r  No. Date Mass (g )  Flowrate (cfm) Concentrat ion (pg/m3) 

ASH-A (226) 6/15/81 . 0.2528 37 .O 169.5 

ASH-B (228) 6/18/81 0.3475 38.0 226.8 

ASH-C (232) 6/24/81 '0.2733 37.5 180,8. 

An unused f i l t e r  (no. 133930) from the corresponding l o t  o f  t he  TSP samples was 
a l so  provided as a blank. f o r  low temperature ashing and i o n  chromatographic 
analyses. 

2.2 Low Temperature Ashinq (LTA) Analys is  

A p r e c i s e l y  measured sec t i on  (7  i n ? )  o f  each f i . l t e r  was desiccated f o r  ' 

24 hours, weighed and then ashed i n  a r a d i o  frequency generated ac t i va ted  oxygen 
plasma asher. Ashing t ime f o r  complete removal o f  combustible ma te r i a l s  was 
two hours a t  550 watts.  

Upon removal from the  asher, t he  samples were cooled t o  room temperature in ,  
a des icca tor  and then weighed t o  determine the  mass l o s t  i n  ashing. From the  
mass o f  p a r t i c l e s  known t o  be present on : the  t o t a l  f i l t e r ,  the  mass o f  p a r t i c l e s  
present  on the  p o r t i o n  o f  t he  f i l t e r  ashed was ca l cu la ted  by assuming t h a t  the  
t o t a l  mass o f  p a r t i c l e s  was d i s t r i b u t e d  evenly over the f i l  t e r m s  e f f e c t i v e  c o l -  
l e c t i o n  area (7" x 9"). The mass' percent o f  ma te r i a l s  l o s t  i n  the ashing process 
(% LTA Loss) was then ca l cu la ted  from the  measured mass l o s s  (minus the  blank 
va lue)  d i v i d e d  by the  mass o f  p a r t i c l e s  assumed t o  be present on the  f i l t e r  
sec t i on  ashed. 

This procedure prov ides a q u a n t i t a t i v e  measure o f  the  t o t a l  inorgan ic  
f r a c t i o n  (mainly minera ls  and su l f a tes )  and the  t o t a l  organic  f r a c t i o n  (.rubber 
t i r e ,  coal , b i o l o g i c a l s  and e l  m e n t a l  carbon). 

2.3 I o n  Chromatographic Analyses f o r  S u l f a t e  and N i t r a t e  

A p r e c i s e l y  measured sec t i on  (7 i n ? )  was cut. from each f i l t e r  and ex t rac ted  
w i t h  d i s t i l l e d ,  de ionized water t o  d i sso l ve  water:soluble s a l t s .  The r e s u l t i n g  . 
so lu t i ons  were f i l t e r e d  t o  remove p a r t i c l e s  and the  remains o f  the  g lass f i b e r  
f i l t e r s .  The i o n  concentrat ions i n  t he  f i l t e r e d  ex t rac t s  were determined w i t h  
the  i o n  chromatograph a f t e r  d i l u t i o n  t o  a known volume. 

m e  areas under t he  su l f a te  and n i t r a . t e  peaks i n  t he  anion chromatogram 
' 

generated f o r  each sample were measured and converted t o  i o n  .concentrat ions i n  

3-A5 
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the  water ex t rac t  from standard cal ibra t ion curves. The raw data were then mu1 - 
t i p l i e d  by the  appropriate ex t rac t  volume and section area correction. factors  t o  
y ie ld  the masses of ions per 7 i n ?  of f i l t e r .  Mass concentrations of su l f a t e  
and n i t r a t e  i n  the  TSP were then calculated from the mass of ions present on 
a known f i l t e r  area (minus the blank' value) divided by the mass of to ta l  pa r t i c les  
present on t h a t  area of f i l t e r .  

2.4 Polarized L i g h t  Microscopy (PLM) 

2.4.1 a m p l e  Preparation 

Sections of each unashed and ashed h i g h  volume f t l t e r  sampl'e were mounted 
on glass- s l i de s  i n  pools of standard immersion o i l  (ng = 1.515)- under coverslips. 
The immersion o i l  rendered the glass  f ibe rs  inv i s ib le ,  thereby allowing trans- 
mission of l i g h t  and observation of par t i c le  types collected on the f i l t e r  sur- 
face  and throughout the  f i l t e r  depth. 

Pa r t i c l e  Ident i f ica t ion 

The samples were analyzed w i t h  a Zeiss optical  microscope equipped for  
polarized l i g h t  microscopy. Magnifications ranging from 65X through 407X were 
used i n  each sample analysis .  Optical .and physd'cal properties of the par t i c les  
were observed i n  each sample i n  order to  ident i fy  the par t i c le  types. Magnetic 
propert ies of par t i c les  were observed by holding and moving a small horseshoe 
magnet near the  microscope s l i de .  

The ashed.and unashed sections of each f i l t e r  mounted for  PLM ana1ysi.s were 
systematically scanned. Measurements of the l a rges t  (Tinear dime.nsi.on) par.ticle 
and estimated mean s i z e  f o r  each ident i f ied  par t i c le  type were recorded 'on the 
appended individual sample report  forms during t h i s  systematic scan. The top 
four l i ne s  o.f t h i s  form contain the sample identificati 'on i.nformation. The next 
l i n e  l i s t s  the  r e s u l t s  of the  ashing and chemical analyses. The bottom three- 
fourths of the  form a r e  where the microscopical analysis  data a r e  recorded. 

The ident i f ied  pa r t i c l e  types a r e  grouped on the repor t  form into  f i v e  
major categories which a l so  roughly group the par t i c les  according t o  emission 
sources. "Minerals" a r e  pavement, gravel and soi.'l components tha t  a r e  suspended . 

by t r a f f i c ,  w ind ,  construction,  agr icul ture ,  e tc . ,  as  .well as  materials 
suspended by bulk mineral handling or  transport  ac t iv i t i es ' .  Par t ic les  readily 
iden t i f i ed  as having been emitted by "Mobile Vehicles" are  the rubber t i r e  
fragments. "Combustion Products" a re  both primary (di rect ly 'emit ted a s  par t i c les )  
and secondary (par t i c l  es formed i n  the atmosphere from conversions and reactions 
of emitted gases) emissions from large and small scale  s ta t ionary (and mobile, i n 
the case of secondary aerosols)  combustion sources. The opaque, black, f i n e  
carbonaceous par t i c les  small er  than 3 pm i n  diameter a r e  primarily el mental  
carbon, most 1 ikely due t o  vehicle exhausts from cars  and trucks. "Biologicals" 
a r e  mostly natural aerosols primarily emitted by vegetation. The "Miscellaneous" 
category consis ts  of the  non-magnetic iron oxides. 



Mr. Steven A.  Frey 
Dames & Moore 

2.4.3 Par t ic le  Concentration Measurement 

Par t i c le  type concentrations were visua.1ly estimated by area analysis  w i t h  
the  a id  of the su l fa te  and n i t r a t e  chemical analysis  data and the LTA data. 
Component concentrations were estimated based on the area.1 concentrations 
observed. i n  the as-received sample and i n  the LTA residue sample. 

The anion concentrations were f i r s t  converted to the ammonium s a l t  concen- 
t ra t ions  by division w i t h  the appropriate factor  (0.727 for  ammonium su l fa te  and 
0.775 for  ammonium n i t r a t e )  , and . these values were entered on the individual 
sample analysis  report  forms. The presence of these ammonium sal ts .was  ver i f ied  
by polarized l i g h t  microscopy. From s ize ,  frequency and density data ,  the 
remaining par t i c le  type .concentrations were determined . i n  the ashed (.non-combusti bl e 
pa r t i c l e  types) and unashed (combustible par t i c le  types) f i l t e r  sections. 

ANALYSIS RESULTS - 

Table 2 summarizes the resu l t s  of the low temperature ashing and ion 
chroma tographic analyses. 

The microscopical analysis  r e su l t s  a re  summarized i n  Table- 3; these data 
were prepared from the  individual sample analysis  reports  included i n  Appendix A. 

4. SUMMARY 

Minerals were t h e ,  primary sample components. Traff ic ,  wind, and probable 
construction and/or agricultural  a c t i v i t i e s  were indicated a s  the dominant 
mineral sources. Other s ignif icant  ' sample components included combustion source 
emissions, primarily i n  the form of secondary ammonium su l f a t e  and n i t r a t e  
aerosol s ,  and bi 01 ogical par t ic le .  types. 

Respectfully submitted, 
IIT RESEARCH INSTITUTE 

u Elaine C .  Segers 
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T a  b l  e 2 .  LOW TEMPERATURE ASH I N G  AND I O N  CHROMATOGRAPHV AWP.CYSIS RESULTS 

- - 
Sampl  i ng TS P LTA. LOSS , SOi, NOj -  

Filter No. Date (vg/m3) % vg/mS % v9/m3' % N / m S  

ASH-A (226)  6/15/81 . 169.5 11.0 18.7 .4.9 8.3 2.3 3 . 9  

ASHiB (228) 6/18/81 . 226.8 13.0 29.4 0 22.3 2.7 6.2 . 

ASH-C (232) 6/24/81 180.8 ' 13.8 25.0  9 .8  17.7 2 .8  5 .1  



Tab1 e 3. SUMMARY OF MICROSCOPICAL ANALYSIS RESULTS 

F i l  t e r  Number 

Sampl i ng Date 

TSP (pg/m3) 

MINERALS 
s i l  i s a t e s  
carbonates. 

MOBILE VEHICLE PARTICLES. 
rubber  t i r e  fragments 

COMBUSTION PRODUCTS 
f l yash  spheres.& pa r t .  comb. coal 
raw coal  
f i  ne carbonaceous m a t e r i a l  
ammonium sul  f a t e s  
ammonium n i t r a t e s  
i r regu la r l y -shaped g lassy  f l y a s h  

ASH-A . (226) 

611 5/81 

169.5 

ASH-B ('228) ASH-C (232) 

6/18/81 6/24/81 

226.8 180.8 

BIOLOGICALS 3.1 5.3 3.2 7.3 4.4 8.0 

MISCELLANEOUS 11.6 '19.7 7.0 15.9 7.2 13.0 

TOTALS 99.8 169.3. 99.9 226.5 99.6 180.2 



PROJECT C08636 FILTER NO. ' ASH-A (226) 
AGENCY Dames 81 Moore TSP (v9/m3) 169.5 
MICROSCOPIST ECS SAMPLING SITE -- 

' ' REPORT DATE 8/28/81 SAMPLING DATE 611 5/81 

- - - 
11.0 % COMB.USTIBLE - 4.9 % SO,, - 2.3 % NO3 

. . 

A - Sire  ranges were not determined since these part ic les  recrystallized 
on the f i l t e r ,  

B - Si t e  ranges were not determined for these particles because of the i r  
low concentrations and obvious natural source. 

. i 

' 

COMPONENT 

MINERALS 
quartz, feldspars 
carbonates 
c l  ay , humus 
other mineral s 

MOBILE VEHICLE PARTICLES 
rubber t i r e .  fragments 

COMBUSTION PRODUCTS 
flyash spheres 
raw coal 
par t ia l ly  combusted coal 
f ine  carbonaceous material 
ammonium sul fates  

.ammonium ni t rates  
irregularly-shaped glassy flyash 

BIOLOGICALS 
pollens, spores, conidia 
plant hairs, fragments 
starch 

MISCELLANEOUS 
non-magnet i c  "iron ox ides 

CONCENTRATION 
.(WEIGHT %) 

50.4 
1.2 

10.3 
. 8.2 

1.7 

0.4 
1 , 5  
0.9 
0.8 
6.7 
3.0 

~0.9 

1,5 
1 

1.5 
0.1 

11.6 

GEOMETRIC 
MEAN 

10 
8 
2 

If 

12 

3 
10 
3 
0.2 

4 

S I f  E, pm 
RANGE 

... . 

0.2-83 
0 -2-36 
0.5-81 

1-7 5 

1-37 

0.2-25 
3-105 
3-3G 

0.2-3 
A 
A 

10-25 

B 
B 
B 

0.2-40 



PROJECT C08636 FILTER NO. ASH-B (228) 
AGENCY Dames & Moore TSP (pg/m3) 226.8 
MICROSCOPIST ECS SAMPLING SITE -- 
REPORT DATE 8/28/81 SAY PLING DATE 6/18/81 

- - - 
13.0 % COMBUSTIBLE 10.0 % Sot, - 2.7 % NO3 

A - Size ranges were not determined since these part ic les  recrystallized 
on the f i l t e r .  

B - Size ranges were not determined for  these particles because of the i r  
low concentrations and obvious natural source. 

i 

COMPONENT 

MI  NERALS -- , , . . ., . - . .- 
quartz, feldspars 
carbonates 
clay, humus 
other minerals 

MOBILE VEHICLE PARTICLES 
rubber t i r e  fragments 

COMBUSTION PRODUCTS 
flyash spheres 
raw coal 
par t ia l ly  combusted coal 
f ine  carbonaceous material 
ammonium sul fates  
ammonium ni t rates  
irregularly-shaped glassy flyash 

BIOLOGICALS 
pol lens,  spores, conidia 
plant hairs, fragments 
starch 

M ISCE~LANEOUS 
non-magnetic..iron ox ides 

CONCENTRATION 
(WEIGHT %) 

50.1 
1.3 
8.3 
5.2 

2.0 

0.9 
2.1 
1.2 
1.2 

13.8 
3.5 

<0.9 

2.2 
0.7. 
0.3 

7.0 

GEOMETRIC 
MEAN 

13 
8 
6 

11 

1 4  

. 3 . 

1 2  
3 
0.2 

2 4 

10 

4 

SIZE, pm 
RANGE 

... . 

0.2-122 
0.2-65 
0.5-86 

1-81 

1-65 

0.2-36 
3-73 
3.- 97 

0 . 2 - 3 '  
A 
A 

10-100 

B 
B 
B 

0.2-61 
. 



PROJECT C0863 6 FILTER NO. ASH-C (232) 
AGENCY Dames & Moore TSP (ug/m3) 180.8 
MICROSCOPIST ECS SAMPLING SITE -- 
REPORT DATE 8/28/81 SAMPLING DATE .6/24/81 

'13.8 % COMBUSTIBLE 

A - Size  ranges were not determined-since these pa r t i c l e s  recrys ta l l ized 
on the f i l t e r .  

. - 
COMPONENT 

MI NERALS 
quar tz ,  feldspars 
carbonates 
c1 ay , humus 
other minerals 

MOBILE VEHICLE PARTICLES 
rubber t i r e  fragments 

COMBUSTION PRODUCTS 
f lyash  spheres 
rah  coal 
p a r t i a l l y  combusted coal 
f i n e  carbonaceous material 

. ammonium su l f a t e s  
ammonium n i t r a t e s  
irregularly-shaped glassy f lyash 

BIOLOGICALS 
pol l ens , ,  spores, conidia 
p lant  hai rs ,  fragments 
s tarch 

MISCELLANEOUS 
non-magnetic. iron ox ides 

-. 

B - Size ranges were not  determined fo r  these pa r t i c l e s  because of t h e i r  
low concentrations and obvious natural source. 

CONCENTRATION 
(WEIGHT .$) 

44.. 4 
4.1 
9.3 
6.1 

2.3 

1 .O 
1.8 
0.8 
l .I 

13.5 
3.6 

c0.9 

1.9' 
2.2 
0.3 

7.2 

GEOMETRIC 
MEAN 

11 
6 
5 

10  

1 5 

3 ' 

12 
3 
0.2. 

20 

1 0 

4 

SIZE, um 
RANGE 

... . 

0.2-97 
0.2-73 
0.5-73 

f -81 

1-73 

0.2-32 
3-101 
3-1 09 

. 0.2-3 
A 
A 

10-7 4 

B 
B 
B 

0,2-105 





4.0 SOUND 

4.1 INTRODUCTION 

The' range o f  sound pressured t h a t  can be heard by people va r i es  f rom 

two-ten-thousand-mi 11 i o n t h s  ( 2  x  10 - l o )  o f  an atmosphere (sound ba re l y  

aud ib l e  t o  humans) t o  two-thousandths (2  & o f  an atmosphere (sounds 

s u f f i c i e n t l y  l oud  t o  be p a i n f u l ) .  The dec ibe l  n o t a t i o n  system i s  used t o  

descr ibe  sould l e v e l s  over  t h i s  wide phys ica l  range. E s s e n t i a l l y ,  t h e  

d e c i b e l  u n i t  compresses t h i s  t o  a  w o r k a b l e  r a n g e  u s i n g  t h e  f o l l o w i n g  

l o g a r i t h m i c  r e l a t i o n s h i p :  

P Sound l e v e l  i n  dec ibe l s  (dB) = 20 loglO (%) 
where' Po i s  a  re fe rence  sound pressure requ i red  f o r  

a  minimum sensat ion o f  hear ing, and 

P i s  t h e  sound pressure 

Zero dec ibe l s  i s  assigned t o  t h e  sound l e v e l  producing a minimum sen- 

s a t i o n  o f  hear ing  and 140 dec ibe l s  t o  t h e  minimum sound l e v e l  which i s  

p a i n f u l  t o  humans. Thus, a  range whose upper l i m i t  i s  about 10 m i l l  i o n  

t imes i t s  lower  l i m i t  i s  expressed on a sca le  o f  zero t o  140. 

The human ear does no t  perce ive  sounds a t  low f requencies i n  t h e  same 

manner as those a t  h i ghe r  frequencies. Low frequency sounds. do no t  seem 

as l oud  as those o f  equal i n t e n s i t y  a t  h i ghe r  f requencies.  The A-weight ing 

network i s  prov ided i n  sound ana l ys i s  systems t o  s imu la te  t h e  human ear. 

A-weighted sound l e v e l s  a re  expressed i n  u n i t s  o f  dec ibe ls .  These A- 

weighted sound l e v e l s  a re  used t o  eva lua te  hear ing  damage r i s k  (OSHA) o r  

communi t y  annoyance impact. These values a re  a1 so used i n  federal ,  s t a te ,  

and 1 ocal  no ise  o r d i  nances. 



Sound i s  v a r i a b l e  over t ime. Consequently, a  s t a t i s t i c a l  ana l ys i s  

i s  necessary t o  desc r i be  t h e  temporal d i s t r i b u t i o n  o f  sound and t o  compute 

single-number d e s c r i p t o r s  t h a t  cha rac te r i ze  t h e  t ime-vary ing  sound. Th is  

r e p o r t  con ta ins  t h e  f o l l o w i n g  s t a t i s t i c a l  A-weighted sound 1  evel  s: 

Lx -- Th is  i s  t h e  sound l e v e l  exceeded X percent  o f  

t h e  t i m e  d u r i n g  t h e  measurement per iod.  For 

examp 1  e  : 

Lgo -- This  i s  t h e  sound l e v e l  exceeded 90% o f  

t h e  t i m e  d u r i n g  t h e  measurement p e r i o d  

and i s  o f t e n  used t o  represent  t h e  

" res idua l  " sound l e v e l .  

L50 -- This  i s  t h e  sound l e v e l  exceeded 50% o f  - 

t h e  t i m e  d u r i n g  t h e  measurement pe r i od  

and i s  used t o  represent  t h e  "median" 

sound l e v e l .  

L1o -- This  i s  t h e  sound l e v e l  exceeded 10% o f  

t he  t ime  d u r i n g  t h e  measurement p e r i o d  and 

i s  o f t e n  used t o  represent  t h e  " i n t r u s i v e "  

sound l e v e l .  

Cumulative D i s t r i b u t i o n  -- The sound 1  evel  values, 

u s u a l l y  p l o t t e d ,  of L, from L1 t o  LIOO f o r  a  mea- 

surement per iod.  

Leq 
-- Th i s  i s  t h e  equ i va len t  steady sound l e v e l  t h a t  

prov ides an equal amount o f  acous t i c  energy as 

t h e  t ime-vary ing  sound. 

Ld -- Day sound 1  eve l  , 
Leq 

f o r  t h e  daytime pe r i od  

(0700-2200) on ly .  



Ln -- N igh t  sound l eve l ,  L  f o r  t h e  n i gh t t ime  per- 
eq ' 

i o d  (2200-0700) on ly .  

Ldn -- Day-night sound l e v e l ,  de f ined  as: 

(L + 10)/10)/241 
Ld n = 1 0  loglO [ ( I 5  x 1 0 ~ d / l O  + 9 x 10 n 

Note: A 10 dB c o r r e c t i o n  f a c t o r  i s  added t o ' t h e  

n i  g h t t  ime sound l e v e l .  

Th is  chapter  presents t h e  r e s u l t s  of an ambient sound survey which 

w i l l  be used i n  t he  p r e d i c t i o n  of sound  impacts o f  t h e  proposed p lan t .  

Format f o r  t h i s  chapter  i s  i n t r oduc t i on ,  sampling methodology and f r e -  

quency, measurement l oca t i ons ,  i ns t rumen ta t i on  and q u a l i t y  assurance, 

sound sources, r e s u l t s  and d iscuss ion,  and references. 



4.2 SAMPLING METHODOL.0GY AND FREQUENCY 

The s t a t i s t i c s  o f  t h e  ambient sound, f o r  example, LlO, a re  obta ined 

b y  r e p e a t e d ,  u n i f o r m  s a m p l i n g  o f  t h e  sound. The samples a r e  used  t o  

determine t h e  cumula t i ve  d i s t r i b u t i o n  o f  t h e  sound by n o t i n g  t h e  percentage 

o f  t ime  each sound l e v e l  i s  exceeded, i.e., L5, LlO, L15, e tc .  

A Metrosonics db-601 Community Sound Level  Analyzer, w i t h  a  GenRad 

one-hal f  i n c h  e l e c t r e t  m i  crophone, was used. The Metrosonics u n i t  d i g i -  

t a l l y  processes t h e  sound l e v e l  s i g n a l s  t o  o b t a i n  t h e  des i red  sound l e v e l  

s t a t i  s t i  cs. The cumul a t i  ve d i  s t r i  b u t i o n  and equ i va len t  sound l e v e l ,  Leq, 

a r e  computed by t h i s  instrument.  

For t h i s  s tudy t h e  GenRad microphone was mounted on 'a t r i p o d ,  f i v e  

fee t  above t h e  ground sur face  and a t  l e a s t  10 f e e t  f rom any s i z a b l e  re -  

f l  e c t i n g  surface. The i ns t rumen ta t i on  was c a l  i b r a t e d  be fo re  each measure- 

ment p e r i o d  by means o f  a  1000 Her tz  re fe rence  s i gna l  o f  114 dB generated 

by a GenRad Type 1562A Sound Level  C a l i b r a t o r .  

Since wind can cause t h e  microphone t o  produce spur ious s igna ls ,  t he  

Metrosonics i s  p rov ided  w i t h  a  wind measuring inst rument  which t empora r i l y  

h a l t s  t h e  measurements when t h e  wind speed exceeds 12 m i l es  per  hour. I n  

add i t i on ,  meteor01 og i  c a l  i n f o r m a t i o n  such as wet and d r y  bu lb  tempratures, 

and wind speed were manual ly ob ta ined  t o  assure t h e  sound' measurement 

qua1 i ty .  

The ins t ruments  were con t inuous ly  moni tored by a  t r a i n e d  acous t i ca l  

techn ic ian .  The mon i t o r i ng  t e c h n i c i a n  a1 so noted t h e  general c o n d i t i o n  o f  

t h e  environment and t h e  surrounding no ise  sources which c o n t r i b u t e d  t o  t h e  

ambi ent sound 1  eve1 s.. 



The ambient sound l e v e l  survey was conducted a t  s i x  l o c a t i o n s  on 

September 4 and 5, 1980. Sound l e v e l  measurements were made a t  each 

1 oca t i on  du r i ng  t h e  morning, a f ternoon,  evening, and n i g h t t i m e  f o r  20 

minute durat ions.  . . . 



4.3 MEASUREMENT LOCATIONS 

To adequately descr ibe  e x i s t i n g  sound q u a l i t y  i n  t h e  area o f  t h e  pro- 

posed p l a n t ,  a  background ambient sound l e v e l  survey was conducted a t  s i x  

l o c a t i o n s  near Hol t and Addison, Kentucky. The measurement l o c a t i o n s  a r e  

shown i n  F i g u r e  3.5 and a r e  d i s c u s s e d  below. The s i x  l o c a t i o n s  were 

se lec ted  t o  p rov ide  an adequate s p a t i a l  d e s c r i p t i o n  o f  t h e  present  environ- 

mental  sound a t  r ep resen ta t i ve  no i  se -sens i t i ve  l o c a t  i ons  where t h e  ambient 

sound l e v e l s  may be a f f e c t e d  by t h e  proposed p r o j e c t .  . 

Loca t ion  1 - Route 144 Near Abandoned House 

Th i s  s i t e  i s  on Route 144 about 50 f e e t  f rom t h e  roadway and 

40 f e e t  f rom abandoned house. 

Loca t ion  2  - Route 144 a t  D i r t  Road i n  t h e  Town o f  H o l t  

T h i s  s i t e  i s  on d i r t  r o a d  50 f e e t  f r o m  t h e  roadway and 114 

m i l e  fro111 Route 144. 

Loca t ion  3  - Route 144 Near-Town o f  Addison 

T h i s  s i t e  i s  l o c a t e d  on Rou te  144 50 f e e t  f r o m  roadway and 

112 m i l e  eas t  o f  t h e  Town o f  Addison. 

Loca t ion  4  - New Bethel  Road 

Th i s  s i t e  i s  on New Bethel  Road 50 f e e t  f rom roadway and 

1-112 m i l es  south o f  Route 144. 

Loca t ion  5  - New Bethel  Road 

Th i s  s i t e  i s  on New Bethel  Road 50 f e e t  f rom roadway and 

114 m i l e  south o f  Caney Fork Creek. 

Loca t ion  6 - New Bethel  Road 

Th i s  s i t e  i s  on New Bethel  Road 50 f e e t  f rom roadway and 

1-3/4 m i l e s  eas t  o f  Route 144. 



4.4 INSTRUMENTATION AND QUALITY CONTROL 

Manufacturer specifications are followed for maintenance, calibration 

and standardization of the Metrosonics dB-602 Community Sound Level Ana- 

lyzer and the GenRad Type 1562A Sound Level ~ a l  ibrator. As indicated, the 

Metrosonics is calibrated in the field prior to each sound monitoring 

session.. Also meteorological data is recorded in the field. During field 

data collection, field logs are maintained to document daily progress. All 

measurements are taken by a trained acoustical technician. Data calcula- 

tions and field logs are reviewed by a senior acoustical specialist. 



4.5 SOUND SOURCES 

4.5.1 Regional 

Kentucky Department of Natural Resources and Environmental Protec- 

t i o n ,  Divis ion of Air Pol lu t ion  Control conta ins  t h e  Noise Control Section 

t h a t  i s  respons ib le  f o r  developing regula t ions  t o  implement "The Kentucky 

Noise Control Act of 1974". The Act r equ i r e s  t h e  agency t o  use federa l  

ambient sound s tandards.  EPA has not developed t h e s e  s tandards which has 

r e s u l t e d  i n  a de lay  of t h e  s t a t e  regula t ions .  

Current ly t h e  S t a t e  i s  involved in  monitoring only a reas  f o r  whish 
'r; 

complaints have been lodged. The S t a t e  has not conducted a sound survey in 

Breckinridge County (personal  communicat-i-on-on March 16, 1981 w i t h  Tommy 
" 

Jackson, Divis ion of Air Pol 1 u t i  on Control ,  Noise Control Sect ion, ,  Frank- 

f o r t ,  Kentucky) . 

4.5.2 S i t e  

, . 
During t h e  measurement period, t h e  Dames & Moore s t a f f  observed the  

f o l l  owing 1 i s t e d  noise sources. These sources cqn t r i  buted t o  t h e  ambient 

sound l e v e l s  which a r e  reported in  t h e  Sect ion 4.6, 

Location 1 - Morning - Cricke ts ,  i n s e c t s ,  b i rd s ,  a i r c r a f t ,  t r a c t o r ,  
road t r a f f i c ,  d i s t a n t  t r a i n ,  boat horn. 

Afternoon - Road t r a f f i c ,  c r i c k e t s ,  i n s e c t s ,  a i r c r a f t .  

Evening - Road t r a f f i c ,  a i r c r a f t ,  i n s e c t s ,  c r i c k e t s .  

Nighttime - Cricke ts ,  i n s e c t s ,  road t r a f f i c .  

Location 2 - Morning - Distant  Route 144 road t r a f f i c ,  c r i c k e t s ,  
i n s e c t s ,  b i rd s ,  a i r c r a f t .  



Afternoon - Crickets, insects, mi 1 i tary a i rc raf t ,  
distant Route 144 road t r a f f i c .  

Evening - Distant Route 144 road t r a f i c ,  a i rc raf t ,  
dogs barking, crickets,  insects. 

Nighttime - Distant Route 144 road t r a f f i c ,  distant 
t r a in ,  crickets,  insects. 

Location 3 - Morning - Birds, crickets,  insects, t ra in ,  road 
t r a f f i c ,  a i rc raf t .  

Afternoon - Aircraft, insects, crickets,  road t r a f f i c ,  
birds. 

Evening - Crickets, insects, road t r a f f i c .  

Nighttime - Crickets, insects, road t r a f f i c .  

Location 4 - Morning - Aircraft, crickets,  insects, road t r a f f i c ,  
m n g  and sawing in 1 arge barn, birds, distant 
tractor.  

Afternoon - Crickets, insects, distant t ractor ,  
distant t ra in ,  children playing in distance, a i r-  
c raf t ,  road t r a f f i c .  

Evening - Aircraft, road t r a f f i c ,  insects, crickets. 

Nighttime - Crickets, insects. 

Location 5 - Morning - Road t r a f f i c ,  birds, crickets,  insects, 
a i rc raf t ,  hammering. 

Afternoon - Distant lawnmower, distant hammering, 
road t r a f i c ,  a i r c ra f t ,  birds, crickets,  insects. 

Evening - Crickets, insects. 

Nighttime - Crickets, insects. 

Location 6 - Morning - Birds, crickets,  insects, a i rc raf t ,  dogs 
barking, distant road t r a f f i c .  

Afternoon - Crickets, insects, birds, a i rc raf t ,  dis- 
tant  and local road t r a f f i c ,  distant hammering, dogs 
barking. 

Evening - 
Nighttime - 'Crickets, insects, dogs barking. 



I n  summary, t h e  dominant a r t i f i c i a l  sound sources were road t r a f f i c ,  

a i r c r a f t ,  t r a i n ,  and boat horn. L o c a l l y  t h e r e  a re  not  any i n d u s t r i a l  

f a c i l i t i e s  t h a t  a f f e c t  t h e  ambient sound l eve l .  



4.6 RESULTS AND DISCUSSION 

A summary o f  t h e  s t a t i s t i c a l  sound l e v e l s  measured a t  each survey 

1 oca t i on  i s  presented i n  Table 4.1. Meteoro log ica l  cond i t i ons  d u r i n g  

each measurement p e r i o d  i s  p r e s e n t e d  i n  T a b l e  4.2. The summary d a t a  

i nc l ude  L1 - t h e  sound l e v e l  exceeded 1% o f  t h e  t ime  - which represents  

t h e  maximum observed sound, and Lgg - t h e  sound l e v e l  exceeded 99 percent  

o f  t h e  t ime  - which represents  t h e  minimum sound. Cumulative d i s t r i b u t i o n s  

o f  t h e  environmental  sound l e v e l s  a r e  presented i n  F igures 4.1 through 

4.6. The n a t u r a l  sounds and those f rom d i s t a n t  sources produce a minimum 

sound whch ranges f rom 43-56 dB, w h i l e  t h e  i n t r u s i v e  sounds, which a re  

moderate, range f rom 49-73 dB. The day-n ight  sound l eve l s ,  Ldn, range 

from 56.2 t o  63.9 dB. 

Sound l e v e l s  a t  t h e  s i t e  boundary p resen t l y  do no t  exceed t h e  EPA 

s h o r t  t e rm  goa ls  f o r  community sound and t h e  Department o f  Housing and 

Urban Deve lopment ' s  c r i t e r i o n  . f o r  " n o r m a l l y  a c c e p t a b l e "  l a n d  use f o r  

r e s i d e n t i  a1 housing o f  65dB (U.S. Environmental P r o t e c t i o n  Agency, I 9 7 7  and 

U.S. Department o f  Housing and Urban Development, 1979) . But, t h e  reason 

day-night sound l e v e l s  .are as h i gh  as i n d i c a t e d  a re  due t o  t h e  c r i c k e t  

sounds which a re  t y p i c a l  o f  q u i e t  r u r a l  areas. The h igh  n i gh t t ime  sound i s  

penal ized by 10 dB f o r  t h e  computat ion o f  day-night sound l eve l s ,  s ince 

n i g h t t i m e  sound i s  more annoying than  dayt ime sounds. The Ldn d e s c r i p t o r  

which i s  use fu l  f o r  desc r i b i ng  urban and suburban community no ise  f a i l s  t o  

adequately descr ibe  t h e  r u r a l  sound c l imate.  



Table 4.1. Summary of A-weighted ambient sound l e v e l s  - dB 
i 

Per iods r .  

Loca t ions  Morning Aft,ernoon Evening Night t ime 

Locat i on  1 

L99 45 43 4 4 48 

L 9 ~  45 44 4 6 48 
L50 46 46 4 7 4 9 

L1O 4 6 4 7 48 4 9 
1 53 55 4 9 5 0 

Leq 4 8 4 9 4 8 5 0 
Ld = 48.4 
Ln = 50.0 
L&= $6.2 

Locat i o n  2 

Loca t i o n  3 

Loca t i o n  4 



Tab1 e 4.1. Cont i nued. 

Periods 
Locations Morn i ng Afternoon Eveninq N igh t t ime  

Location 5 

Locat ion 6 



Table 4.2. Meteor01 ogi cal conditions during measurement periods 

Parameters Locations 

Date 9/4/80 9/4/80 9/4/80 9/4/80 
T i  me 0820 1400 1935 2315 
~ e m ~ e r a t u ' r e  C) 25 3 5 2 5 26 
% Humidity 87 6 0 . 87 8 0 
Wind Speed (M/Sec) <2  3 <2 < 2  
Wind D i r e c t i o n  Calm SW SW Ca 1 m 

LOCATION 2 

Date 
Time 
Tempe r a  t u  r e  (O C) 
% Humidity 
Wind Speed (M/Sec) 
Wind D i r e c t i o n  

Date 
Time 
Temperature (OC) 
% Humidity 
Wind Speed (M/Sec) 
Wind D i r e c t i o n  

9/4/80 9/5/80 
0850 1300 

26 3 3 
87 8 2 
<2  <2 

Calm S W 

LOCATION 3 

9/4/80 9/5/80 
0935 1330 
30 33 
88 7 7 
<2 <2 

Calm S W 

LOCATION 4 

Date 9/4/80 5/5/80 
Time 101 5 1410 
Temperature (OC) 3 1 34. 
% Humidity 82 6 6 
Wind Speed ( M / s ~ c )  <2 < 2 
Wind D i r e c t i o n  Ca 1 m SW 

Da t e  
Time 
Temperature (OC) 
% Humidity 
Wind Speed (fl/Sec) 
Wind D i r e c t i o n  

9/4/80 
1950 
2 5 
87 
< 2 

Calm 

9/4/80 
2025 

25 
8 7 
< 2 

Calm 

9/4/80 
2350 

2 4 
8 5 
<2 

Calm 

9/5/80 
0120 

2 4 
85 
<2 

Calm 

9/5/80 
0150 

24 
85 
<2 

Calm 



Table  4.2. continued 

Parameters Locat ions 

LOCATION 6* 

Date 9/5/80 9/5/80 9/4/80 

T i  me 1120 151 0 2240 

Temperature ( " C )  33 32 26 

% Humidity 7 1 6 5 8 0  

Wind Speed (M/Sec) <2 <2 < 2 

Wind Di rect ion  SW S W Calm 

.L 

/ .  "At Location 6,  no sound l e v e l  measurements were taken i n  the 
I, evening due t o  l o g i s t i c a l  problems.. 



A- Weighted Sound Level - dB r e :  2 0  M Pa 

Figure 4.1 Cumulative D i s t r i b u t i o n  o f  A-Weighted 3 
Sound Levels Measured a t  Locat ion 1 
September 4 & 5, 1980 . 

A - Weighted Sound Level - dB r e :  2 0  ra Pa 

Figure 4.2 . Cumulative D i s t r i b u t i o n  o f  A-Weighted 
Sound' Levels Measured a t  Locat ion 2 
September 4 & 5, 1980 



A- Weighted Sound Level - dB r e :  20 u Pa 

Figure 4 . 3  Cumulative D l s t r i b u t i o n  o f  A-Weighted 
Sound Levels Measured a t  Locat ion 3 
September 4 & 5, 1980 

I IN I -- .- 
Morn i ng \In 1 

Leq=54 dB 
- 

Afternoon 
I h I Leq=54 dB 

30 40 50 90. 70 8 0 

A - Weighted Sound Level - dB r e  : 2 0  u Pa 

Figure 4.4 Cumulative D i s t r i b u t i o n  o f  A-Weighted 
Sound Levels Measured a t  Locat ion 4 
September 4 & 5, 1980 



A- Weighted Sound Level - dB re :  20  M Pa 

Figure 4.5 Cumulative D i s t r i b u t i o n  o f  A-Weighted 
Sound Levels Measured a t  Locat ion 5 
September 4 & 5, 1980 

Afternoon 
I I 

Leq=50 dB 1 .- 
I 

- Morning , 
- Leq=50 dB - ' 

\ I 
- 

I - 

A -Weighted Sound Level - dB r e  : 20 u Pa 

Figure 4.6 Cumulative D i s t r i b u t i o n  o f  A-Weighted 
Sound Levels Measured a t  Locat ion 6 
September 4 & 5, 1980 



4.7 REFERENCES 

U.S. Department o f  Housing and Urban Development. 1979. DHUD, Environ- 
mental C r i t e r i a  and Standards, 24 CFR 51, J u l y  12, 1979. U.S. Government 
P r i n t i n g  O f f i ce ,  Washington, D.C. 

U .S. Environmental P r o t e c t i o n  Agency. 1977. Toward a n.at i.onal s t r a t e g y  f o r  
no ise  con t ro l .  U.S. Government P r i n t i n g  O f f i ce ,  Washington, D.C. 





5.0 AQUATIC ECOLOGY 

.5.1 SUMMARY 

The two major  p lankton components, phytoplankton and zooplankton, 

showed general popu la t ion  c h a r a c t e r i s t i c s  t h a t  conformed t o  those pa t t e rns  

suggested by o t h e r  Ohio R i ve r  i nves t i ga t i ons .  Ohio R i ve r  p lankton was 

t y p i c a l l y  r i c h  i n  species and showed temporal v a r i a t i o n  i n  taxonomic make 

up, f l u c t u a t i n g  t o t a l  d e n s i t i e s  and pauc i t y  o f  i n d i v i d u a l  species abun- 

dance. Diatoms were t h e  predominant phytop l  ankters  du r i ng  t h i s  study i n  

t h e  Ohio River.  The i r  re1 a t i v e l y  h i gh  d e n s i t i e s  were i n t e r r u p t e d  du r i ng  

t h e  October survey when cryptomonads dominated phytoplankton dens i t i es .  

Zooplankton were comprised p r i m a r i l y  o f  r o t i f e r s  throughout t he  Ashland 

base1 i ne study except du r i ng  Ju ly ,  when immature copepods were predominant. 

Phytoplankton and zooplankton communities i n  Town Creek and B u l l  Creek were 

n o t  as taxonomica l ly  r i c h ,  d i ve rse  o r  abundant as those communities .occur- 

i n g  a t  t h e  Ohio R i v e r  s ta t i ons .  The phytoplankton communities were much 

more developed s t r u c t u r a l l y  and f u n c t i o n a l l y  than  comparable zooplankton 

communities. Overa l l ,  p lank ton  communities showed the  h ighes t  taxonomic 

r i chness  and t o t a l  d e n s i t i e s  du r i ng  May, 1980 a t  bo th  creek s ta t i ons .  

The o n l y  per iphy ton  sampling conducted du r i ng  J u l y  a t  t he  Ashland s i t e  

i n d i c a t e d  hea l t hy  species assemblage o f  diatoms, and a t tched  f i lamentous 

. algae. Base on t h e  samples c o l l e c t e d  a l l  s t a t i o n s  e x h i b i t e d  t h i s  charac- 

t e r i s t i c ,  b u t  i t  was much more pronounced i n  t h e  creeks. 

Ben th ic  macro inver tebrates c o l l e c t e d  from t h e  Ohio R i ve r  s t a t i o n s  

were comprised o f  many genera t y p i c a l  l y  occupying many eco log ica l  n iches 

and represented numerous func t iona l  feeding groups. Overa l l ,  t he  h ighes t  

rr iacroinvertebrate d e n s i t i e s  occurred a long t he  l a t e r a l  margins o f  t he  

r i v e r .  Mid-channel d e n s i t i e s  were general l y  lowest. Taxonomic. r ichness, 



t h e  p a t t e r n  o f  f u n c t i o n a l  feed ing  group d i s t r i b u t i o n ,  and gene ra l l y  d i v e r -  

s i t y  and e q u i t a b i l i t y  f o l l owed  t h i s  same pa t te rn .  The ben th i c  macroin- 

v e r t e b r a t e  communities occu r r i ng  i n  t h e  Ohio R i ve r  were t y p i c a l  f o r  lower 

r i v e r  pools.  Zoobenthos c o l l e c t e d  f rom B u l l  and Town Creeks showed s t ruc -  

t u r a l  l y  and f u n c t i o n a l  l y  complex communities throughout t he  Ash1 and study. 

The ben th i c  organisms here were q u i t e  o f t e n  composed o f  re1 a t i  ve l y  h igh  

d e n s i t i e s ,  very taxonomical l y  r i c h  and d i ve rse  fauna, which were comprised 

o f  a l l  f u n c t i o n a l  feeding groups. 

The macrophytes c o l l e c t e d  f rom t h e  study area represented o n l y  a  

s p a r s e  d i s t r i b u t i o n  o f  r e l a t i v e l y  few spec ies .  These few s p e c i e s  of 

aqua t i c  macrophytes were l oca ted  i n  t h e  Town and B u l l  Creeks o u t l e t  areas 

i n  t h e  p r o x i m i t y  o f  t h e  upper embayments. 

The mussel fauna i n  t h e  Ohio R i v e r  was determined t o  be comprised o f  

one-hal f  dozen species which were sca t t e red  along t he    en tuck^ s i de  o f  t he  

r i v e r .  A1 1  f reshwater  mussels co l  l e c t e d  were l oca ted  between t he  B u l l  

Creek o u t l e t  and Ohio R i ve r  S t a t i o n  3 i n  f i r m  mud subst ra te .  No un ion id  

n~ussel  s were captured from B u l l  o r  Town Creeks. 

F i sh  s tud ies  on t h e  Ohio R i v e r  suggest a  prevalence o f  spo r t  f i s h ,  

such as w h i t e  c rapp ie  and b l e u g i l l .  Backwater areas were dominated by 

g i z z a r d  shad b u t  a re  a l s o  good producers o f  spo r t  f i s h .  The upper s t a t i o n s  

on Town and B u l l  Creeks seemed t o  support  f a r i l y  we1 1  balanced -and heal t h y  

f i s h  communities. 

Tissue of  f i s h  from the  Ohio R i v e r  and Town and B u l l  Creeks contained 

low amounts of o rgan ic  compounds and t r a c e  metals. Copper was the  on ly  

cons t i tment  t h a t  appeared t o  be c o n s i s t e n t l y  h igher  than da ta  from t h e  

1  i t e r a t u r e .  

Mussels from the  Ohio R i ve r  conta ined g rea te r  amounts o f  t r a c e  meta ls  

5-2 



than  f i s h e s  bu t  gene ra l l y  l e s s  than i n  t h e  sediments. Mercury however, 

was o f t e n  more concent ra ted i n  t h e  mussels than i n  t h e  sediments. The con- 

c e n t r a t i o n  o f  mercury i n  mussel t i s s u e  i s  n o t  necessa r i l y  a t y p i c a l  and t h e  

l e v e l  o f  mercury accumulat ion i s  species dependent. 



5.2 BACKGROUND AND OBJECTIVES 

The aqua t i c  base l i ne  i n v e s t i g a t i o n s  were designed t o  p rov ide  data on 

t h e  major taxonomic groups, i n c l u d i n g  phytop lankton zooplankton, macro- 

phytes, ben th i c  macroi  nver tebra tes  , and f i shes .  A1 so data on body burden 

i n  f i  shes and b i v a l  ves (mussel s )  f o r  se lec ted  chemical parameters was 

measured t o  a l l o w  c o r r e l a t i o n  w i t h  sed iment  and w a t e r  q u a l i t y  da ta .  

Loca t ion  o f  sampling s t a t i o n s  i s  presented i n  F igu re  5.1. P a r t i c u l a r  

emphasis was p laced on t h e  des ign o f  . the ben th ic  lnacro inver tebrate sampling 

program because o f  i t s  impor tar~ce i n  mon i t o r i ng  cons t ruc t i on  and opera- 

t i o n a l  impacts o f  t h e  proposed p lan t .  
,-' 

Benth ic  macroi nve r teb ra te  sampl i n g  was conducted on t he  Ohio ~ i & r  
0 

a long  t r ansec t s  t o  document t h e  v a r a b i l i t y  between near-shore o f  each s i de  

(Kentucky and 1ndiana)and t h e  mid-channel. One s t a t i o n  was a l s o  loca ted  

above t he  backwater area on B u l l  and Town Creeks, A s p e c i f i c  program was 

implemented t o  document t h e  presence o r  absence o f  a commercial ly v i a b l e  

mussel ( b i v a l  ve) bed. 

The purpose o f  t h e  f i s h e r i e s  i n v e s t i g a t i o n s  was t o  determine species 

cornposi t ion and r e l a t i v e  abundance and d i s t r i b u t i o n  o f  the  f i shes  i n  the  . 
s i t e  area. Adu l t  f i s h e s  were sampled a t  each o f  t he  t h r e e  Ohio R i ve r  

s t a t i o n  (HM 705, 707 and 708), t he  backwaters o f  bo th  Town and B u l l  Creek 

and upstream l o c a t i o n s  on Town and B u l l  Creek. I n  add i t i on ,  ichthyoplank-  

t o n  was sampled once, d u r i n g  t h e  s p r i n g  of 1980 i n  t h e  backwaters o f  Town 

and B u l l  Creek. 

Sect ion 5.5.6 h i g h l i g h t s  t h e  r e s u l t s  o f  f i s h  c o l l e c t i o n s  made a t  each 

of these l o c a t i o n s  and discusses t h e  r e l a t i v e  importance o f  each o f  these 

h a b i t a t s  t o  t h e  e x i s t i n g  f i s h  community. 





L im i t ed  data a re  a v a i l a b l e  on chemical a n a l y s i s  o f  f i s h  and b i v a l v e  

t i s s u e  i n  t h e  Ohio River .  ORSANCO mon i to rs  several  f i s h  each year  through- 

ou t  t h e  Ohio R i ve r  Va l l ey  bu t  on ly  a  few from any one l oca le .  U.S. EPA ( i n  

p ress )  analyzed several  f i s h  from RM 702-722 i n  1979-80 as p a r t  o f  t h e  

b a s e l i n e . d a t a  ga ther ing  f o r  an EIS. There i s  a l s o  a  cons iderab le  amount o f  

recen t  l,i t e r a t u r e  from o the r  r i v e r s  and 1  akes throughout  Nor th  America t o  

which t h e  da ta  o f  t h e  present  s tudy can be compared. 

The o b j e c t i v e  o f  t he  chemical a n a l y s i s  o f  f i s h  and mussel t i s s u e  

was t o  determine p re - cons t ruc t i on  l e v e l s  o f  t r a c e  elements and o rgan ic  

compounds. As aqua t i c  organisms a r e  cons tan t l y  sub jected t o  t h e  va r ious  

m a t e r i a l s  e n t e r i n g  t h e  aqua t i c  ecosystem, l e v e l s  o f  these m a t e r i a l s  i n  

t h e i r  t i s s u e s  can more f u l l y  account f o r  t h e i r  ex ten t  i n  t h e  environment . 

than  ins tantaneous "grab" water samples. As f i s h  a re  h i g h l y  mob i le  organ- 

isms, a  base l i ne  c o n t r o l  sample i s  t h e  o n l y  use fu l 1  c o n t r o l  t h a t  'can be 

r e a d i l y  a t ta ined .  However, mussels, which a re  "sedentary" f i  1  ter - feeders ,  

can be c o l l e c t e d  a t  p o i n t s  up-and downstream o f  a  p o l l u t i o n  source and 

f u r n i s h  va luab le  i n f o r m a t i o n  t o  t h e  i n v e s t i g a t o r .  



5.3 THREATENED AND ENDANGERED SPECIES 

The p o t e n t i a l  occurrence o f  threatened and endangered species of 

a q u a t i c  o rgan i sms  a t  t h e  Ash land  s i t e  i s  e v a l u a t e d  by  t h e  U.S. F i s h  

and W i l d l i f e  Serv ice  and t h e  Kentucky Nature Preserves Commission of the  

Commonwealth o f  Kentucky. The U.S. F i s h  and W i l d l i f e  Serv ice i s  l e g a l l y  

mandated through t h e  U.S. Department o f  I n t e r i o r  by t h e  Endangered Species 
1 

Act  o f  1973 (PL 96 205 as amended). Kentucky's Nature Preserves Commission 

i s  n o t  l e g a l l y  mandated. However, t h e i r  i n t e r e s t ,  as we l l  as t h e  U.S. F i sh  

and W i  l d l  i f e  Service, i s  t o  promote. t h e  p ro tec t i on ,  p rese rva t i on  and en- 

hancement o f  t h e  o v e r a l l  s t a t u s  o f  threatened and endangered w i l d1  i f e  and 

t h e i r  hab i t a t .  F ind ings  p e r t a i n i n g  t o  aqua t i c  l i f e  c o l l e c t e d  near t h e  

Ashland s i t e  which have been delegated s ta tus  by t h e  agencies above a r e  

discussed i n  t h e  f o l l o w i n g  paragraph. 

F i ve  mussels i n  Kentucky and Ind iana  l i s t e d  as endangered by t h e  U,S. 

F i sh .and  W i l d l i f e  Serv ice (45 FR, 69361, October 20, 1980) have the  poten- 

t i a l  t o  occur a t  t he  B reck in r i dge  s i t e  (see Kentucky Nature Preserves 

Comrr~i ssion, 1981). These i nc l ude  the  tuberculed-blossom pea r l y  mussel 

(Epioblasma t o r u l  osa t o r u l  osa) , t h e  p ink  mucket pea r l y  mussel (Lampsi 1 i s 

o r b i c u l a t a )  , t h e  orange-footed pea r l y  mussel (Plethobasus cooperianus),  

rough p i g t o e  p e a r l y  mussel (Pleurobema plenum), and f a t  pocketbook (Pota- 

rn i lus  capax). None of t he  mussels l i s t e d  above were c o l l e c t e d  du r i ng  t he  -- 
present  study. However, one mussel, Plethobasus cyphus (bu l lhead) ,  .which 

i s  1 i sted  by t h e  Kentucky Nature Preserves Comrni ss ion as "Special  Concern", 

was c o l l e c t e d  i n  t h e  Ohio R i v e r .  Spec ies  w i t h  t h i s  s t a t u s  a r e  t o  be 

moni tored u n t i  1 s u f f i c i e n t  i n f o rma t i on  concerning i t s  we1 1 be ing i s  ob- 

t a i n e d  and r e c l a s s i f i c a t i o n  t o  t he  respec t i ve  s ta tus  category i s  made. 

No t h r e a t e n e d  o r  endangered f i s h e s  a r e  l i s t e d  f o r  t h e  s t a t e s  o f  

Kentucky o r  Ind iana  by t h e  U.S. F i s h  and W i l d l i f e  Service. 



5.4 SAMPLING METHODOLOGY AND FREQUENCY 

5.4.1 P lankton 

Plankton (phytop lankton and zooplankton) samples were co l  l e c t e d  May 

15 and 16, J u l y  16 and 17, October 7 and 8, 1980, and January 15, 1981 

from Ohio R i v e r  S ta t i ons  1, 2, 3 and f rom Town and B u l l  Creeks. 

Whole one l i t e r  phytop lankton samples were c o l l e c t e d  from a depth o f  

approx imate ly  0.2 meter and preserved- w i t h  Lugo l ' s  s o l u t i o n  w i t h  a f i n a l  

sample concen t ra t i on  o f  1 percent.  Each phytop lankton sample was. concen- 

t r a t e d  by s e t t l i n g  f o r  120 hours, then t h e  supernatant siphoned and d i s -  

carded. The' concent ra ted p o r t i o n  was p laced i n  s torage b o t t l e s  and saved 

f o r  ana lys is .  Analyses o f  t h e  phytop lankton samples were completed us ing  a 

Sedgwick-Rafter (S-R) c e l l  and , g l y c e r i n e  j e l l y  s l  i des  by i d e n t i f y i n g  and 

coun t i ng  phytop lankton i n  s tandard ized Whipple d i s c  s t r i p s  a t  300 X a'nd 600 

X, r espec t i ve l y .  P ropo r t i ona l  count  d ia tom s l i d e s  were prepared w i t h  Hyrax 

t o  determine diatom d e n s i t i e s  and i d e n t i f i c a t i o n s  i n  t h e  ambient samples. 

Phytoplankton d e n s i t i e s  were g i  ven as number o f  c e l l  s ( e x c l  ud i  ng 

Chlorophyta f i l a m e n t s )  pe r  m l  o f  water and were c a l c u l a t e d  from t h e  f o l l o w -  

i n g  equat ion:  

P h y t o p l a n k t o n l l i  t e r  = C x SRV C V  TV x 1000 
s x WDV 'TV - PV 

Where: 

C = 
SRV = 
S = 
WDV = 
cv = 
TV = 
sv = 
PV = 

Number o f  organisms counted 
Sedgwick-Rafter C e l l  Volume (1 m l  ) 
Number o f  Whipple d i s c  s t r i p s  counted 
Whipple Disc  Volume o f  each s t r i p  (ml ) 
Concent r a t e  Vol ume (ml ) 
To ta l  Volume (ml ) 
Sample Volume (ml ) 
P rese rva t i ve  volume (m l )  



Zooplankton samples were c o l l e c t e d  from the  Ohio River ,  Town Creek, 

and B u l l  Creek a t  a depth o f  0.2 meter, us ing  a 12 -vo l t  DC c e n t r i f u g a l  pump 

and a Wisconsin s t y l e  p lankton net.  . Pump c a l i b r a t i o n  was achieved by 

reco rd ing  t h e  elapsed t ime f o r  a known volume o f  water t o  pass through it. 

Each sample was concentrated by passing 100 1 i t e r s  o f  water through a No. 

20 mesh (0.076 mm) p lank ton  n e t  equipped w i t h  a brass bucket. The contents  

o f  t h e  bucket  were washed i n t o  s torage b o t t l e s  and preserved i n  f o rma l i n  

p l u s  g l y c e r i n e  w i t h  a f i n a l  sample concent ra t ion  o f  4 percent. G lycer ine  

was added to .  t h e  zooplankton samples t o  preserve s e n s i t i v e  and f r a g i l e  

t i s s u e .  

Laboratory  analyses o f  zooplankton were i n i t i a t e d  by b r i n g i n g  t h e  con- 

c e n t r a t e  volume t o  a constant  volume f o r  each sample. Subsamples from the  

zooplankton concentrate were t r a n s f e r r e d  t o  a 1 m l  S-R c e l l  us i ng  a wide- 

o r i f i c e  p i p e t t e .  A s t r i p  coun t ing  method was employed f o r  coun t ing  zoo- 

p lank ton  a t  150X. ~ e p e n d i n g  on t h e  zooplankton dens i ty ,  1 t o  3 m l  o f  the  

concentrated samples were counted. G lycer ine  j e l l y  s l  i d e  mounts were 

occas iona l l y  used f o r  i d e n t i f i c a t i o n  o f  r e l a t i v e l y  small r o t i f e r s ,  and 

a ided  i n  de te rmina t ion  o f  c ladocerns and copepods. 

Zooplankton dens i t i es ,  expressed as number o f  i n d i v i d u a l s  per  l i t e r ,  

were determined by us ing  t he  formula:  

Number o f  organisms = C x SRV C V  x - x 1000 
S x WDV SV 

Where: 

C = Number o f  organisms counted 
SRV = Sedgwick-Rafter C e l l  Volume (ml)  
WDV = Whipple D isc  Volume o f  each s t r i p  (ml )  
S = Number o f  s t r i p s  counted 



C V  = Concentrate Vol ume (ml ) 
SV = SampleVolume (m l )  
1000 = ml /L  

The taxonomic keys used f o r  i d e n t i f y i n g  zooplankton and phytop lankton 

a re  l i s t e d  i n  t h e  re fe rence  sec t i on  (5.7) o f  t h i s  repor t .  

5.4.2 Per iphyton 

Per iphyton was c o l l e c t e d  J u l y  17, 1,980 from var ious  types o f  na tu ra l  

subs t ra te  a t  Ohio R i ve r  S ta t i ons  1, 2 and 3 (Kentucky . s ide )  and f rom Town 

and B u l l  Creeks. Per iphy ton  samples were preserved w i t h  4 percent  f o r -  

rna l in .  The p e r i p h y t o n  w h i c h  was s c r a p e d  o r  b rushed  f r o m  t h e  n a t u r a l  

subst ra te , 'was subjected t o  l a b o r a t o r y  examinat ion methods s i m i l a r  t o  those 

used f o r  phytoplankton, except t h a t  r e s u l t s  were expressed as percent  - 

. composi t ion f o r  an equal u n i t - e f f o r t  o f  sampling. The tax0nomi.c keys used 

t o  i d e n t i f y  p e r i p h y t i c  a lgae  a r e  p rov ided  i n  t h e  re fe rence  sec t i on  (5.7) o f  

t h i s  r epo r t .  

5.4.3 Aquat ic  Macrophytes 

The presence o f  s i g n i f i c a n t  roo ted  and f l o a t i n g  aqua t i c  macrophyte 

popu la t i ons  were surveyed v i s u a l l y  and through t h e  ben th i c  macroinver-  

t e b r a t e  sampling program. Representat ive specimens were c o l l e c t e d ,  pre-  

served i n  4 percent  f o r m a l i n  and re tu rned  t o  t h e  Lex ington l a b o r a t o r y  f o r  

i d e n t i f i c a t i o n .  The p r imary  o b j e c t i v e  o f  t h i s  ana l ys i s  was t o  determi ne 

species composi t ion and q u a l i t a t i v e  abundance o f  importance stands when 

t hey  ex is ted.  Taxonomic keys used t o  i d e n t i f y  t h e  few vascu la r  hydrophytes 

c o l  1 ected a re  re ferenced (Sec t i on  5.7). 

5.4.4. Benth ic  Macro inver tebrates 

Benth ic  macro inver tebra te  samples were c o l l e c t e d  May 13 and 16, J u l y  

15 and 16, October 8 and 9, 1980, and January 13 and 14, 1981, from Ohio 



R i v e r  S ta t i ons  1, 2  and 3, and from Town Creek and B u l l  Creek. 

T r i p l i c a t e  samples of ben th ic  macro inver tebrates were c o l l e c t e d  quant i -  

t a t i y e l y  w i t h  a  Ponar dredge (23 x  23 cm) from the  Ohio River ,  and w i t h  a  

Surber square f oo t  sampler (30.5 x  30.5 cm) from Town. and B u l l  Creeks. 

Ponar ben th i c  samples were washed through a  U.S. Standard No. 30 (0.595 mm) 

wire-mesh sieve. The mesh i n  t h e  Surber sampler n e t t i n g  was comparable t o  

t h e  U.S. Standard sieve. A1 1  ben th i c  macro inver tebrate samples were pre- 

served w i t h  formal i n  a t  a  f i n a l  sample concent ra t ion  o f  4 percent.  Each 

sample was hand-picked i n  t h e  1  aboratory  under a  10X m a g n i f i c a t i o n  lamp. 

Enumeration was completed on whole organisms under a  d i s s e c t i n g  scope, o r  

a f t e r  app rop r i a te  microscope s l i d e  mounting procedures were accomplished. 

Taxonomic i d e n t i f i c a t i o n s  o f  prepared mounts were made w i t h  t he  a i d  o f  ' in  

American O p t i c a l  b i n o c u l a r  scope equipped w i t h  v a r i a b l e  op t i c s ,  i n c l u d i n g  

l O O X  o i l  immersion. A l l  keys used f o r  taxonomic i d e n t i f i c a t i o n s  a r e  l i s t e d  

i n  t h e  re fe rence  s e c t i o n  (5.7), 

The Shannon-Weaver mean species d i v e r s i t y  index ( d )  was used t o  calcu- 

l a t e  community d i v e r s i t y  f o r  t h e  ben th ic  data der i ved  from l abo ra to r y  anal -  

y s i s .  Th i s  d i v e r s i t y  i s  used t o  es t imate  two components of  e t l~ i~~nun i ty  

s t r u c t u r e :  taxonomic r i chness  and d i s t r i b u t i o n  o f  i n d i v i d u a l s  among the  

taxa.. Mutua l l y ,  these components of. d i v e r s i t y  he lp  i n d i c a t e  t he  h e a l t h  o r  

general  we l l - be ing  o f  t h e  aqua t i c  environment. 

Community d i v e r s i t y  was c a l c u l a t e d  us ing  t he  f o l  lowing machine f o r -  

mula presented by Lloyd, Zar, and Ka r r  (1968) : 

d = C/N (NloglON - nil oglOnl) 

Where : 

d = Mean community d i v e r s i t y  
C = 3.321928 (conver ts  base 10 l o g  t o  base 2 ( b i t s ) )  
N = To ta l  number o f  i n d i v i d u a l s  
n j =  To ta l  number of of i n d i v i d u a l s  i n  t h e  i t h 



Mussels 

Freshwater mussels (B i  va l  v i a :  Unionidae) were c o l  l e c t e d  i n  J u l y  and 

October, 1980, and January, 1981 i n  t h e  immediate v i c i n i t y  o f  the  proposed 

p l a n t  s i t e  (F igure  5.1). The two p r i n c i p l e  methods used t o  c o l l e c t  b i -  

va lves were b r a i l  i n g  and reconnaissance a long  each creek on t h e  s i t e .  L i v e  

mussels and occas iona l l y  re1 i c  mussels were co l l ec ted .  B ra i  l i n g  was com- 

p l e t e d  i n  t h e  Ohio R i v e r  a long t he  Kentucky s i de  ou t  t o  depths o f  approx- 

ima te l y  9-11 meters. B r a i l i n g  was no t  conducted i n  deeper water because 'o f  

t h e  p o t e n t i a l  l i m i t a t i o n s  f o r  t h i s  dev ice i n  deeper water  and because o f  

t h e  l ack  o f  favorab le  h a b i t a t  as determined by sediment analyses from 

ben th i c  macro inver tebra te  sampling p r i o r  t o  b r a i l i n g .  Sampling l i m i t a t i o n s  

o f  b r a i l  appear t o  be r e l a t e d  t o  t h e  numerous v a r i a b l e  encountered w h i l e  , 

sampling, as we l l  as i nhe ren t  t o  s p e c i f i c  types o f  b r a i l i n g  apparatus 

(Fu l  l e r  1978, Krumholz 1970, W i l l  iams 1969, Tay lo r  1980). B r a i l ' i n g  i s  

p r e s e n t l y  considered an impor tan t  mussel co l  1 e c t i  ng method because i t  i s  

e f f i c i e n t  i n  produc ing r e l i a b l e  presence/absence da ta  and causes gene ra l l y  
w 

m i  o r  mussel mor ta l  i t y  ( F u l l e r  1980). 

Each en~bayment area o f  B u l l  and Town Creeks was b r a i l e d  i n  i r r e g u l a r  

p a t t e r n  i n  at tempts t o  c o l l e c t  p o t e n t i a l  pond mussels. Both creek chan- 

ne ls ,  which a re  con f l uen t  w i t h  t h e  Ohio R ive r ,  were b r a i l e d  nea r l y  t h e i r  

e n t i r e  lengths.  V isua l  checks were a l s o  made o f  t h e  shore l ime area f o r  

p o s s i b l e  r e l i c  mussels. 

B r a i l i n g  i n  t h e  Ohio R i v e r  was conducted t h r e e  t imes du r i ng  1980 and 

1981 f o r  t h e  c o l l e c t i o n  o f  mussels. The mussel i n ven to r y  inc ludes  those 

organisms c o l l e c t e d  f o r  t i s s u e  analyses d u r i n g  t h e  October 1980, and Janu- 

a r y  1981 surveys. Dur ing these surveys mussel t i s s u e  was c o l l e c t e d  a t  t h e  



up r i v e r  c o n t r o l  s t a t i o n  and Ohio R i ve r  S t a t i o n  3. I n  October, 1980 a  nus- 

. s e l  i n v e s t i g a t i o n  o f  t he  Ohio R i ve r  ad jacent  t o  t h e  proposed s i t e  was con- 

ducted t o  determine species composit ion and ex ten t  o f  p o t e n t i a l  beds. MUST 

s e l s  were captured d u r i n g  the  complet ion o f  a  se r i es  o f  perpendicu lar  b r a i l  

tows cove r i ng  d is tances  from 15 meters t o  153 meters from t h e  shore and 

from 31 meters t o  305 meters p a r a l l e l i n g  t h e  shore. Dis tance from the  

s h o r e l i n e  and l e n g t h  of t h e  tows were est imated Bausch & Lomb range f i n d e r  

b i nocu la r s  by measuring increments on a  s t a d i a  rod  which was l oca ted  on t h e  

r i v e r  s h o r e l i n e .  Th ree  g e n e r a l  a reas  were b r a i l e d :  f r o m  Oh io  R i v e r  

S t a t i o n  1 t o  S t a t i o n  2, from Ohio R i ve r  S t a t i o n  2  t o  t h e  B u l l  Creek o u t l e t ,  

and from t h e  B u l l  Creek o u t l e t  t o  Ohio R i v e r  m i l e  marker 708.2 (Ohio ~ i < e r  

S t a t i o n  3). Presence/absence mussel sampl i ng was conducted i n  two phases, 

f i r s t  t o  determine i f  p o t e n t i a l l y  l a r g e  mussel beds were present,  and 

secondly, t o  d e f i n e  e x t e n t  o f  those mussel beds, i f  located. 

The f i r s t  phase o f  t he  b r a i l i n g  e f f o r t  was i n i t i a t d  by towing t h e  

crow-foot  b a r  ( b r a i l  ) a long  predetermined t ransec ts .  The b r a i l  was re -  

t r i e v e d  and checked f o r  mussels du r i ng  and' a t  t h e  end o f  each l i n e a r  tow. 

I f  mussels were present,  they were tagged, numbered and t e n t a t i v e l y  i d e n t i -  

f i e d ,  then p laced i n t o  a  f i v e  g a l l o n  p a i l  con ta i n i ng  ambient water and 

carbonated water  which ac t s  as an anesthet ic .  The b r a i l i n g  procedure 

cont inued i n t o  t h e  second phase o f  sampling e f f o r t  i f  mussels were c o l l e c -  

ted. The second phase cont inued u n t i l  t he  i n v e s t i g a t o r  was s a t i s f i e d  t h a t  

a d d i t i o n a l  b r a i  1  i ng would no t  r e s u l t  i n  subs tan t i  a1 increases i n  number o f  

mussels, o r  add s i g n i f i c a n t  numbers o f  new taxa, w i t h i n  t h e  immediate 

v i c i n i t y  o f  t he  Ashland s i t e .  The f i r s t  phase was concluded i f  musie ls  

were no t  c o l l e c t e d  a long t h e  t r ansec t  and these r e s u l t s  were noted; depth, 

subs t ra te  t y p e  and l o c a t i o n  of  t ransec t .  Mussels which were placed i n t o  



t h e  anes the t i c  s o l u t i o n  were f i x e d  i n  10 percent  aqueous formaldehyde then  

preserved i n  70 percent  a lcoho l  upon a r r i v a l  a t  t h e  labora to ry .  

Laboratory  analyses inc luded  t h e  separa t ion  o f  i n t e r n a l  p a r t s  from 

t h e  valves,  c l ean ing  t h e  va lves and i n s p e c t i n g  each specimen t o  con f i rm  

i d e n t i f i c a t i o n s .  Taxonomic references, as we1 1  as i n f o rma t i on  usefu l  i n  

s tudy ing  B i v a l v i a :  Unionidae, i n c l u d e  t h e  f o l l o w i n g  authors;  Burch (1975), 

F u l l e r  (1974, 1978, 1980), Murray & Leonard (1962), S t a r r e t t  (1971), Nee1 & 

A l l e n  (1950), Stansbery (1962), Heard (1975) and Pennak (1978). I f  an 

i d e n t i f i c a t i o n  was quest ionable ,  t h e  mussel was packaged and sent  t o  Dr. J. 

W i l l  iams a t  Eastern Kentucky U n i v e r s i t y  i n  Richmond, Kentucky, f o r  v e r i f i -  

ca t i on .  A voucher c o l l e c t i o n  of t h e  f reshwate r  mussels c o l l e c t e d  near  t h e  

Ashland s i t e  i s  p resen t l y  be ing  mainta ined a t  Dames & Moore's Lex ington 

O f f i ce .  

The b r a i l  used t o  c o l l e c t  mussel du r i ng  t h e  t h r e e  aqua t i c  b i o l o g i c a l  

surveys were o f  two l eng ths  ( 1  meter and 3 meters) and cons t ruc ted  o f  

s i m i l a r  m a t e r i a l s  t o  t h a t  o f  Krumholz (1970). Each b r a i l  u t i l i z e d  a  1 i n c h  

ga lvan ized  p i p e  which accomodated numerous 118 i n c h  t r o t  l i n e  s t rands 28 

inches i n  length.  These s t rands  were spaced evenly  across t h e  p i p e  a t  

i n t e r v a l s  o f  2  112 t o  3 inches. Each s t r and  had t h r e e  crow- feet  a t tached 

a long  i t s  lower  po r t i on ,  spaced evenly  over  t h e  l a s t  7-10 inches. The 

crow- feet  were cons t ruc ted  o f  No. 9  s t e e l  w i r e  and recurved 180" w i t h  

t h e  l ong  a x i s  o f  t h e  crow-foot.  The b r i d l e ,  o r  harness, was cons t ruc ted  

o f  'dog '  cha in  and c l i p p e d  t o  t h e  ga lvan ized p i p e  a t  t h r e e  po in ts .  The 

harness formed a  low ob l i que  t r i a n g l e  t o  which a  5/13 i n c h  tow l i n e  was 

at tached. The t h r e e  p o i n t  b r i d l e  enhanced proper  p o s i t i o n i n g  o f  t he  bar  

when i n  tow over  t h e  r i v e r  bottom. 



5.4.6 F ishes 

F ish  were sampled on a q u a r t e r l y  bas i s  from May o f  1980 through Jan- 

uary  o f  1981. A t  t h e  Ohio R i ve r  s ta t i ons ,  a d u l t  f i s h  were c o l l e c t e d  w i t h  

hoopnets, a  boom e l e c t r o f i s h e r ,  and one min i -exper imenta l  g i l l n e t .  The 

mouths o f  Town and B u l l  Creeks were e l e c t r o f i s h e d  o n l y  ( F i g u r e  5.1). 

Hoopnets, t h r e e  f e e t  i n  diameter w i t h  vary ing  mesh s izes  (1.25 t o  5.08 

cm o r  0.5 t o  2.0 i n c h ) ,  were s e t  throughout  t h e  s i t e  and gene ra l l y  f i s h e d  

f o r  72 hours. The ne t s  were checked and f i s h  were processed a t  24 hour 

i n te rva l s .  

The e l e c t r o f i s h e r  cons is ted  o f  a  Smith-Root Type V I  pulsed DC u n i t  

a t tached  t o  boom-mounted anodes and a m u l t i - s t r u c t u r e  cathode suspended o f f  

t h e  bow o f  a  4.8 meter  (16 f o o t )  boat. The anodes were mounted on two 

separate c i r c u l a r  arrangements, s i m i l a r  t o  t h e  improved design o f  Novotny 

and P r i ege l  (1974)-  The e l e c t r o f i s h e r  u n i t ,  powered by a 3000 wa t t  a l t e r -  

na to r ,  was operated a t  424 v.d.c. and 60 pulses pe r  second. F i s h  stunned 

by t h e  e l e c t r i c a l  f i e l d  were captured w i t h  a  3.6 meter (12 f o o t )  d i p  ne t  

and p laced i n  a  h o l d i n g  tank  u n t i l  t h e  conc lus ion 'o f  sampling a t  each 

s t a t i o n .  E l e c t r o f i s h i n g  c o l l e c t i o n s  a re  expressed as catch per  one minute 

o f  ac tua l  shocking t ime. 

A 3.6 meter (12 f o o t )  min i -exper imenta l  g i l l n e t  was f i s h e d  a t  Ohio 

R i v e r  s t a t i o n s  2 and 3 p e r i o d i c a l l y  du r i ng  t he  October, 1980 sampling. The 

purpose o f  t h i s  was t o  perhaps catch some a d d i t i o n a l  species no t  vu lnerab le  ~ 

t o  hoopnet t ing o r  e l e c t r o f i s h i n g  a long t he  near shore area. The e f f o r t  

produced o n l y  one new species, t he  qu i l l back ,  and so was d iscont inued.  

The uppe r  Town Creek and B u l l  Creek s t a t i o n s  ( F i g u r e  5.1) were 

f i s h e d  by se in ing ,  f o r  approx imate ly  30 rninutes each, w i t h  a  3  meter, 



0.6 cm (10 f o o t ,  0.25 i nch )  mesh seine. Catch per  u n i t  e f f o r t  f i g u r e s  were 

no t  expressed f o r  se in ing.  

For each c o l l e c t i o n  made, f i s h  were i d e n t i f i e d ,  weighed ( i n  grams o r  

pounds/ounces), measured ( i n  m i l l i m e t e r s ) ,  and examined f o r  general ex- 

t e r n a l  cond i t i on .  F ish  t h a t  seemed p a r a s i t i z e d  o r  i n  poor general healtrh 

were noted i n  t he  f i e l d  log.  F i s h  t h a t  cou ld  no t  be i d e n t i f i e d  i n  t he  

f i e l d  were preserved i n  10 percent  f o rma l i n  and re tu rned  t o  t h e  l abo ra to r y  

f o r  p o s i t i v e  i d e n t i f i c a t i o n .  Any new o r  unique species were a l so  re tu rned  

t o  t h e  -1 ab and preserved as voucher specimens. The f o l l o w i n g  references 

were used i n  I d e n t i f y i n g  f i shes  i n  t h e  l abo ra to r y :  Clay (1975), P f l i e g e r  

(1975), Sco t t  and Crossman (1973), Troutman (1957), and Eddy (1974). A l l  
- .  

references made t o  a d u l t  f i shes  f o l l o w  t h e  taxonomic gu ide l i nes  o f  t h e  

American F i s h e r i e s  Suciety  Committee on ~ i m e s  o f  Fishes (Ba i ley ,  e t .  al., 

As d i v e r s i t y  w i t h i n  a b i o t i c  community i s  considered a measure o f  i t s  

r e l a t i v e  s t a b i l i t y ,  species d i v e r s i t y  i nd i ces  were ca l cu la ted  accord ing t o  

Margelef  (1951). This expression o f  d i v e r s i t y  i s  as f o l l ows :  

Where: d = d i v e r s i t y  

S = number o f  species 
.. . 

N = t o t a i  number o f  i n d i v i d u a l s  

and prov ides a numerical comparison o f  t h e  complex i ty  o f  f i s h  communities 

w i t h i n  t he  study area. Th is  index was found by McErlean and Mihursky 

(1969) t o  be independent o f  sample size. A1 though t h e  Margelef (1951) 

index i s  l e s s  s e n s i t i v e  than t he  Shannon-Weaver index t o  t h e  component o f  

d i v e r s i t y ,  due t o  d i s t r i b u t i o n  o f  i n d i v i d u a l s  among spec ies ,  i t  does 



prov ide  a use fu l  comparison o f  r e l a t i v e  d i v e r s i t y  between sampling s t a t i o n s  

(Dames & Moore, 1975). 

The backwaters o f  Town and B u l l  Creeks were sampled f o r  i c thyop lank ton  

( I P )  once d u r i n g  t h e  day, and once du r i ng  t h e  n i gh t ,  i n  May o f  1980 (F igu re  

5.2). Three tows, hau l i ng  d u p l i c a t e  nets,  were made i n  each creek both 

day and n i g h t .  Th is  produced s i x  samples per  creek bo th  day and n igh t ,  o r  

a t o t a l  o f  24 samples. 

Tows were made from a 4.8 meter (16 f o o t )  Jon LodL powered by a 4U hp 

Mercury outboard motor. Dup l i ca te  samples were taker1 s imul taneously  by 

tow ing  one n e t  on each s i de  o f  t he  boat (F i gu re  5.3). The ne ts  used were 

f a b r i c a t e d  from 505 micrometer N i t e x  mesh, b r i d l e d  75 cm d i a ~ r ~ e t e r  a t  the  

mouth, and con i ca l  in .shape w i t h  a 3.5:l length-to-mouth r a t i o .  Pre labeled 

1 l i t e r  p l a s t i c  sample j a r s  were screwed i n t o  t he  cod-end o f  each net.  A 

TSK f lowmeter was suspended i n  t h e  cen te r  o f  t he  mouth o f  each met t o  

record  t h e  volume o f  water passing through i t  and a depressor was used t o  

h o l d  t h e  ne t s  below t h e  sur face  o f  t h e  water. Due t o  t h e  shal low na tu re  o f  

these  water  bodies, a l l  tows were taken j u s t  below the  surface. Shallow 

wate r  a l s o  mandated t h a t  t he  boat  be d r i v e n  a t  a slow speed t o  keep the  

ne t s  from r i d i n g  above t he  surface. Approximately 15 minutes o f  towing 

t i m e  was requ i red  t o  a1 low f i l t e r i n g  o f  approximately 150mJ o f  water; on 

t h e  average, p e r  sample. 

When a tow was completed, t he  s ides  o f  t he  ne t  were washed t o  f l u s h  

d e b r i s  and organisms i n t o  t h e  sample j a r .  Forrnalin was then added t o  t he  

sample t o  a p p r o x i m a t e  a s o l u t i o n  o f  10 p e r c e n t  f o r m a l i n .  F low m e t e r  

readings were taken and recorded a t  t h i s  t ime  f o r  l a t e r  c a l c u l a t i o n  of 

sample volume. 





Figure  5 .3  Ichthyoplankton sampling apparatus used i n  backwaters o f  Town and B u l l  Creeks. 

Source: WAPORA, 1980 



Upon r e t u r n  t o  t h e  laboratory,  samples were washed' i n  a  No. 60 U.S. 

Standard Tes t ing  Sieve (250 micrometer openings) and then placed i n  wh i te  

enamel t r a y s  f o r  ' s o r t i n g  under 3x il luminated magnifers. Due t o  t h e  h igh 

d e n s i t y  o f  organsims i n  some samples, a l l  those r e s u l t i n g  from f i l t r a t i o n  

3  o f  more . t h a n  l O O m  o f  w a t e r  were s p l i t  t o  e i t h e r  112 o r  114, u s i n g  a  

Folsom Plankton S p l i t t e r .  

F i sh  l a r vae  and adu l t s  were sor ted  from deb r i s  and placed i n  v i a l s  

con ta in ing  60, percent isopropanol.  The contents o f  each v i a l ,  1  abeled .by 

s ta t i on ,  were exami ned under a  d i  ssec t i  ng microscope t o  i d e n t i f y  organisms 

t o  t h e  most s p e c i f i c  taxon p r a c t i c a l .  The f o l l o w i n g  references were used: 

Hogue, e t  a l .  (1976), Jones, e t  a l .  (1978), Hardy (1978), Connor (1979i)), 

Wang and Kernehan (1979), Lippson. and Moran (1974), S e i f e r t  (1969), and 

Hoyt (1979). 

Sample volumes were ca l cu la ted  us ing  a  formula suppl ied w i t h  t he  

f 1  owmeters, as f 01 1  ows : 

V = CNA 

where: 

3  V = sample volume i n  m ; 

C = t h e  c a l i b r a t i o n  f a c t o r  f o r  t h e  meter; 

N  = t h e  number o f  revo lu t i ons  recorded du r i ng  a  tow; and, 

2  A = t h e  mouth area of t he  ne t  i n  m 

D e n s i t i e s  a r e  expressed as numbers p e r  100m3 o f  w a t e r  f i l t e r e d .  



5.4.7 Tissue Ana lys is  

Fishes were taken f o r  chemical t i s s u e  ana l ys i s  f rom t h e  Ohio R i v e r  and 

t h e  upper po r t i ons  o f  B u l l  and Town Creeks i n  t h e  sp r i ng  and f a l l  o f  1980. 

Parameters se lec ted  f o r  ana lys i  s, t r a c e  elements and organics,  were a1 so 

t e s t e d  i n  t h e  sediments and water. Fishes were c o l l e c t e d  d u r i n g  r e g u l a r  

popu la t ion  sampling, tagged and placed on i c e  p r i o r  t o  f reez ing .  Samples 

were then shipped t o  t h e  l abo ra to r y  on d r y  ice.  

I n  t h e  r i v e r ,  t h r e e  carp (omnivores) and t h r e e  w h i t e  c rapp ie  (carnl -  
. . 

vores)  were c o l l e c t e d  on each date. These f i s h  were o f  s u f f i c i e n t  s i z e  t o  

o b t a i n  a  muscle t i s s u e  analys is .  I n  t h e  creeks, a  carn ivorous c e n t r a r c h i d  

(sun f i sh )  and a  member o f  t h e  minnow f a m i l y  were t h e  t a r g e t  f i s h .  However, 

i n  t h e  sp r i ng  on l y  b l u e g i l l  and longear  sun f i sh  were taken f rom B u l l  Creek. 

I f  o f  s u f f i c i e n t  s ize,  these creek f i s h  were analyzed f o r  muscle t i s s u e ;  if 

t o o  smal l ,  whole f i s h  samples o f  one o r  severa l  small f i s h  were used. As 

f rom, the r i v e r ,  s i x  samples f rom each creek were analyzed on each date. As 

who1 e  f i  sh i n c l  udes i n t e r n a l  organs, these sampl es would general  l y  be 

expected t o  . con ta in  h igher  l e v e l s  o f  c e r t a i n  t r a c e  elements than  muscle. 

t i s s u e  a1 one. 

B i va l ves  (mussels) were c o l l e c t e d  f rom t h e  Ohio R i v e r  d u r i n g  t h e  F a l l  

Survey f rom t h e  S t a t i o n  3A area and an upstream c o n t r o l  area on t h e  Ind iana  

s i d e  a t  RM 704. Mussels kept  f o r  ana l ys i s  inc luded  one Proptera a l a t a  and 

two Ob l i qua r i a  r e f l exa  f rom t h e  c o n t r o l  s t a t i on ,  and one Proptera -9 a l a t a  

one Plethobasus cyphyus and a  composite o f  t h ree  Corb icu la  man i lens is  f rom 

S t a t i o n  3A. 

I n  January, 1981 no mussels cou ld  be obta ined f rom t h e  c o n t r o l  area, 

b u t  f o u r  Ob l i qua r i a  r e f l e x a  were c o l l e c t e d  a t  S t a t i o n  3A. 



All mussels selected for t issue analysis were immediately placed on 

ice in the f i e ld ,  and la te r  were frozen and sent to  Howard Laboratories, 

Inc. 
C 

(For a complete discussion of mussel sampling, see Section 5.4.5 and 



5.5. RESULTS AND DISCUSSION 

5.5.1 Plankton 

5.5.1.1. Ohio R i ve r  

Resul ts of t h e  p lank ton  sampling program conducted i n  t h e  Ohio R iver  

a t  S ta t i ons  l A ,  2A and 3A (F igure  5.1) on May 15, J u l y  16, October 7, 

1980 and January 15, 1981 are presented f o r  i t s  two major components, 

phytop lankton and zooplankton. 

Phytoplankton are microscopic  f r e e - f  1 o a t i  ng p l a n t s  which t y p i c a l  l y  

make up an impor tant  eco log i ca l  component o f  t h e  Ohio R i ve r  ecosystem. 

P lank ton ic  p l a n t  f l o r a  a r e  impor tant  because they occupy t h e  lowest t r o p h i c  

l e v e l  i n  t h e  aquat i c  food web and a r e  o f t e n  consumed by many types o f  

h i ghe r  1 i fe  forms i n c l u d i n g  herb ivorous macro inver tebrates,  forage f i s h ,  

and occas iona l l y  ve r tebra tes  such as water fowl and wading b i r ds .  Thus, in 

c e r t a i n  instances, t he  general hea l t h  and phys ica l  we1 1 be ing o f '  these 

consumers may be d i  r e c t l y  o r  i n d i r e c t l y  dependent on phytoplankton. 

I n  a d d i t i o n  t o  b i o t i c  r e l a t i o n s h i p s ,  impor tant  a b i o t i c  cons idera t ions  

concerning t h e  phytop lankton .envi  ronment may be determined too. Know1 edge 

o f  phytoplankton taxonomic composit ion and se lec ted  chemical and phys ica l  

measurements 'may p rov ide  use fu l  c o n f i  rmat i ve  i n fo rma t i on  f o r  water qua1 i t y  

as we l l  as poss ib l e  p r e d i c t i o n s  concerning p o t e n t i a l  nuisance a l g a l  growth. 

H i s t o r i c a l l y ,  t h e  most  s i g n i f i c a n t  p rob lems w i t h  n u i s a n c e  a l g a e  a r e  

b i o f o u l i n g  o f  f i l t e r  systems, screens, pumps and o the r  types o f  water 

hand l ing  equipment. P lan ton i c  algae may a l s o  a f f e c t  t h e  t a s t e  and odor 

o f  water, and a re  occas iona l l y  sources o f  aes the t i c  degradat ion. 

Ambient p h y t o p l a n k t o n  sampl i ng d a t a  a r e  p r e s e n t e d  i n  Tab1 e 5.1 

through 5.4. Q u a r t e r l y  t rends o f  t o t a l  phytop lankton dens i t y  and number o f  



Table 5.1 Phytoplankton (Cel l s l m l )  Co l lec ted  on May 15, and 16, 1980 
f rom t h e  Ohio River ,  B u l l  Creek and Town Creek. 

-- - 
St a t  i ons 

-- -- Ohio ......-.- R i ve r  1 Ohio . . .. .- R i ve r  - .----.....-------------p----.----..--,. 2 Ohio R i ve r  3 B u l l  Creek Town Creek 

Taxa 

Chl orophyta 
Act inast rum hantzch i  i 48.45 
Ankistrodesmus convolutus 14.96 
A r ~ k i  strodesmus f a1  catus 185 -47 
Ank i s t  rodesmus falcatus 

var. m i  r a b i  l i s  
Anki strodesmus sp. 

0.99 
Cosmarium sp. 
Cruc iaenia auadrata 0.99 
!w&L$as;io 

9 
Scenedesmus b i  juga 
Scenedesmus quadr ic  
Scenedesmus sp. 
Spi rogrya sp. 
Staurastrum sp. 
Tet rast rum sp. 
U l o t h r i x  tenuiss ima 
U l o t h r i x  SD. 
Vovol caceab 
Undetermined, coccoid 

To ta l  Chlorophyta 



Table 5.1 Continued 
..-.-.- -..----. .- 

S ta t  ions  
Ohio R i ve r  1 Ohio R iver  2  Ohio R i ve r  3  B u l l  Creek Town Creek - - ..----.- ----.--. ..- .-. 

Chrysophyta 
Achnanthes minut iss ima 15.60 3.07 57.17 287.56 146 -09 
Achnanthes sp. 16.32 23.45 11.87 
As te r ione l  1  a  formosa . 21.84 21.45 57.17 
Cocconei s  ped icu l  us 16.32 3.93 
C c l o t e l l a  lomerata 24.84 26.46 22.93 

h a n a  43.52 14.70 45.85 
C y c l o t e l l a  

pseudoste l  1  i gera 7.68 
C y c l o t e l l a  sp. 
Cymbell a  ven t r i cosa  

a ~W::;;: :,P: i 8.16 
m 

Diatoma sp. 8.16 

@i%F :,p: 
Eunot ia  p e c t i n a l  i s  
Eunot ia sp. 
m r i  a cont ronensi  s  3.12 
Frag i  l a r i a  b r e v i  s t r i a t a  
F r a g i l a r i a  sp. 3.12 
Gomphonema olivaceum 

~ r n ~ ~ ~ u a  118.09 
Me los i ra  var ians 12.42 
Me los i ra  i t a l i c a  49.73 
Mer id ion  c i r c u l a r  
Navicu la  spp. 
'N i t zsch ia  a c i c u l a r i  s  
N i t zsch ia  d i s s i p a t a  
N i t zsch ia  1  i n e a r i s  
N i t zsch ia  ~ a l e a  
N i t z s c h i  a  bar idoxa 



Table 5.1 Continued 
S ta t ions  

Ohio R iver  1 Ohio R i ve r  2 Ohio R i ve r  3 B u l l  Creek Town Creek 
. .- - --- 

Taxa 

N i t zsch ia  sp. 3.12 
P i n n u l a r i a  sp. 3.12 
Stephanodiscus a s t r e  118.09 
Stephanodi scus 
i n v i  s i  t a t u s  192.65 

Sur i  r e1  1 a sp. 
Synedra acus 9.36 

WZP 
Synedra sp. 
Tabel 1 a r i a  sp. 

VI 
I 
N 
01 Tota l  Chrysophyta 

Cyanophyt a 
Anabeana sp. 
Chroococcus l imne t i cus  
Chroococcus spp. 
Dactylococcopsis 

smi t h i  i 
M i c r o c y s t i s  sp. 
Phormidium sp. 
O s c i l l a t o r i a  spp. 

To ta l  Cyanophyta 

Cryptophyta 
Cryptomonas sp. 1 44.87 
Cryptomonas sp. 2 70.81 

To ta l  Cryptophyta 115.68 57.07 113.03 



Table  5 .1  Continued 

S ta t ions  
Ohio ~ i ' v e r  1 Ohio R i v e r  2 Ohio R iver  3 B u l l  Creek Town Cr-e~k- 

Euglenophyta 
Euglena spf. 
Phacus sp. 

T o t a l  Euglenophyta 14.96 13.91 21 -41 0.99 0 .OO 

Tota l  Densi ty  
To ta l  Taxa 



Table 5.2 Phytoplcankton ( C e l l  s/ml ) C o l l  ected J u l y  16 ,. and 17, 1980 
f rom t h e  Ohio River ,  B u l l  Creek and Town Creek. 

S ta t ions  
Ohio R i ve r  1 Ohio R i ve r  2 Ohio R i ve r  3 B u l l  Creek Town Creek 

Taxa 

Chlorophyta 
Act inast rum han tzsch i i  7.65 
Ankistrodesmus f a l c a t u s  15.30 
Chlamvdomonas SD. 22.95 
C l o s t e r i o p s i s  l o n g i  ssima 7.65 
Crucigena quadrata 7.65 
C r u c i ~ e n a  t e t r a ~ e d i a  " 
Eudorina SD. 15.30 
Mougeot ia- ip .  

I 
N Pandori na morum 

Pediastrum duplex 
Scenedesmus quadricauda 
U l o t h r i x  SD. 
~ o l  volcacceae ~ - . - . - - - - 

Undetermined f i l amen t  15.30 
Undetermined coccoid 

To ta l  Chlorophyta 130.05 91.80 42.84 0 140.76 

Chrysophyta 
Achnanthes minut iss ima 19.55 
Achananthes 1 anceol a t a  . 
Amphora sp. 
A s t e r i o n i e l l a  g r a c i l l  ima 19.55 
Cocconeis ~ e d i c u l u s  
cyc l  o t e l  1 a' mene h i  n i  ana 74.17 

15.61 C y c l o t e l l a  s t e  i g e r s  



Table 5.2 Continued _ _ _ -  -____--- -- 

~ t a . t i  ons 
Ohio R i ve r  1 Ohio R iver  2 Ohio R i ve r  3 B u l l  Creek Town Creek 

. . . . . . - . . - - . 7 - - - .  

Taxa 

Chrypsophyta 

C v c l o t e l l a  SD. 

D i  atoma vu l  gare 
D i ~ l o n e i s  SP. 
Eunot ia  SD. 
-ria b r e v i s t r i a t a  
TZ$hEEG 01 i vaceum 
Gomphonema sp. 
Hani t z s c h i a  sp. 
Me los i ra  ambi ua se Melosira i s t a n s  
Me1 o s i  r a  granul  a ta  
Me1 o s i r a  v a r i  ans 
FEZiEZcircular 
Navicu la  sp. 1 
Navicu la  sp. 2  
Navicu l  a  spp. 
N i t z s c h i a  a c i c u l a r i s  

N i t z s c h i a  j a l e a  
N i t z s c h i a  sp. 
P i n n u l a r i  a  spp. 
P1eurosi;ma sp. 
Rhoicosp ena curvata 
Rhopalodi a  sp. 
Ste hanodiscus sp. * 



Table 5.2 Continued 

S ta t ions  
0 h i o  R i ve r  1 Ohio R i ve r  2 Ohio R i ve r  3 B u l l  Creek Town Creek 

Synedra. a c t  i nast ro ides  15.61 30.09 
~ y n e d r a -  u lna  - 3.86 4.24 

To ta l  Chrysophyta 886.17 1004.87 758.76 55.07 30.58 

Cryptophyta 

ul 
Cryptomonas sp. 1 130.05 12.24 201.96 140.76 

1 
0 

Cryptomonas sp. 2 53.55 
o Cryptomonas sp. 3 84.15 12.24 6.12 6.12 . . . .  

To ta l  Cryptophyta 267.75 24.48 6.12 208.08 140.76 

Cyanophyta 
Chroococcus spp. 
M i  c rocys t  i s i nser ta  
Osci 11 a t o r i  a subbrevi  s 
O s c i l l a t o r i a  spp. 
Spi r u l  i na p r i  nceps 

To ta l  Cyanophyta 

53.55 6.12 30.60 12.24 



~ i b l e  5.2 Continued 

Stat ions 
Ohio R iver  1 Ohio R iver  2 Ohio R iver  3 B u l l  Creek Town Creek 

Euglenophyta 
Euglena spp. 
Phacus sp. 
Trachel  omonas sp. 

Tota l  Eugl enophyta 

Pyrrhophyta 
VI 
I Ceratium sp. 
W 
--I 

Total  Pyrrhophyta 

Tota l  Densi ty  
Tota l  Taxa 



Table 5.3 Phytoplankton ( C e l l  s lm l )  Co l lec ted  October 7, and 8, 1980, from 
t h e  Ohio River ,  B u l l  Creek, and Town Creek. - . . . . ~ - - - - - - - ~ - . - -  --..------ 

S ta t ions  
Ohio R i ve r  1 Ohio R iver '  2 Ohio 'River  3 B u l l  Creek Town Creek 

Taxa 

Chl o ro~h .y ta  
~ c t  ihast rum hantzch i  i 
Ankistrodesmus sp. 
Crucigena quadrata 

' Pandori na sp. 
Pediastrum duplex 
Scenedesmus SD. 
Ul  o t h r i x  spp. 

To ta l  Chlorophyta 
- .  

, Chrysophyta 
Achnanthes mi nu t i ss ima 
Achnanthes lanceo la ta  
A s t e r i o n i e l  l a  sp. 
Cocconeis SD. 

n i  ana 

Diatoma sp. 
D i  l 'oneis S m i t h i i  
k m  
I 

F r a g i l a r i a  sp. 
Gomphonema sp. 
Gyrosigma sca lp ro ides  
Mallomanas sp. 
Me1 o s i  r a  ambi aua 

Me los i ra  r anu la ta  
M e l o s i r a i t a i c a  5-- . 
Me1 o s i  r a  var ians  
Navi gh la  s ~ p .  
.N i tzsch ia  acicu1,:ari s 



Tau12 5.3 Continued 
--- --.-- 

S ta t ions  . 
Ohio R i ve r  1 Ohio -.- River  ---. 2  Ohio R iver  3  B u l l  Creek Town Creek 

Taxa 

Chrysophyta 

N i t z s c h i a  d i s s i p a t a  
N i t z s c h i a  f i l i f o r m i s  
N i t z s c h i a  h o l s a t i c a  
N i  t z s c h i a  pa1 ea 
N i t z s c h i a  sigmoidae 
N i t z s c h i a  spp. 
P i  n n u l a r i a  sp. 
Rhoicosphena curva ta  

UI Stauroneis  sp. 

Synedra ulna 

Tota l  Chrysophyta 

Cyanophyt a  
Anabaena sp. 
Aphanocapsa spp. 
Coelosphaerium sp. 
M i c r o c v s t i s  SD. " - SPP* 
U n i d e n t i f i e d  spp. 1 
U n i d e n t i f i e d  spp.2 

To ta l  Cyanophyta 

Cryptophyta 
Cryptomonas sp. 4 
Cryptomonas sp. 3  

To ta l  Cryptophyta 

To ta l  Densi ty  
To ta l  Taxa 



Table 5.4 Phytoplankton (Ce l l  s/ml ) Col l e c t e d  on January 15, 1981, from 
the  Ohio River ,  B u l l  Creek., and Town Creek. 

S ta t i ons  
Ohio R i ve r  1 Ohio R i ve r  2 Ohio R i v e r  3 B u l l  Creek Town Creek 

Taxa 

~ c t i n a s t r u m  han tzch i i  
Anki strodesmus convol u tus 
Anki strodesmus fa1  catus 
Anki strodesmus sp. 
Chlamydomonas spp. 
Cruc igenia sp. 
Dictyosphaerium spp. 
M ic rac t in ium sp. 
Scenedesnlus quadr i  cauda 
Volvocaceae 
U n i d e n t i f i e d  coccoid 

To ta l  Chlorophyta 184.39 223.26 214.28 1.19 4.76 

Chrysophyta 
Achnanthes 1 anceol a t a  
Achnanthes minut iss ima 
A s t e r i o n i  e l  l a  formosa 
Cocconei s sp. 
Cycl o t e l  1 a meneghi nana 
C c l o t e l  l a  sp. hp . 
Diatoma sp. 
Di  nobryon sp. 
Eunot ia sp. 
Fragfari a crotonensi  s 
Gomphonema sp. 



Table 5.4 Continued 

S ta t ions  
Ohio R i ve r  1 Ohio R i ve r  2 Ohio R i ve r  3 B u l l  Creek   own' Creek 

Taxa 

Navicu la  spp. 
Neidium sp. 
N i t zsch ia  a c i c u l a r i s  
N i t z s c h i a  d i s s i p a t a  
N i t zsch ia  sp. 
N i t zsch ia  angustada 
P i  n n u l a r i a  sp. 
Stauroneis  SD. 
~ t e ~ h a n o d i  scbs as t rea  
S te~hanod i  scus ~ - 

i n v i  s i  t a t u s  405.48 481.11 510.36 5.36 2.55 
Synedra acus - 13.82 73.39 19.38 1.34 2.55 
Synedra u lna  - 4.61 12.92 2.68 7.64 
Su r i  re1  1 a sp. 1.34 17.83 

To ta l  Chryosphyta 1292.92 1616.96 1310.90 113.30 208.88 

Cyanophyta 
- ~ s c i l j a t o r i a  sp. 

Phormidi um sp. 

To ta l  Cyanophyta 1.19 14.40 ' 7.20 28.77 22.79 

Crypt ophyta 
Crypton~onas spp. 18.01 7.20 21.61 11.99 32.41 



Table 5.4 Continued 

r Sta t i ons  
Ohio R i v e r  1 Ohio R i v e r  2 Ohio R i ve r  3 B u l l  Creek Town Creek 

To ta l  Cryptophyta 

Euglenophyta 
, Euglena sp. 

Trachelomonas SDD. 

To ta l  Eugl enophyta 1.5 .60 14.40 14.40 15.59 , 

To ta l  Dens i ty  1512.11 ' 1876.22 1568.39 155.25 284.43 
To ta l  Taxa 2 9 3 3 2 6 2 4 2 5 ----- ------ -.*..-..---.---,--" 



t a x a  were l e s s  v a r i a b l e  t h a n  f o r  taxonomic  make up i n  t h e  Ohio R i v e r  

phytop lankton populat ion.  To ta l  p l a n t o n i c  a l g a l  abundance was g rea tes t  

d u r i n g  t h e  January, 1981, sampling when average dens i t y  reached 1652.24 

c e l l  s /L  (range 1512.11 - 1876.22). The 1 ower phytop lankton dens i t y  was 

r.ecorded. f o r  J u l y ,  1980, w i t h  a  mean d e n s i t y  o f  1110.22, and a range  

between 838.32 - 1852.82 ce l l s / L .  Resul ts  o f  phytoplankton abundance 

showed t o t a l  dens i t y  d u r i n g  May, 1980, (mean 1180.99 c e l l s / L )  more c l o s e l y  

resembled the J u l y  dens i ty ,  and t h a t  f o r  October, 1980, (mean 1451.07 

c e l l  s/L) more c l o s e l y  resembled t he  January, 1981, dens i ty .  Taxonomi c  

composit ion o f  the  phytop lankton popu la t ion  observed du r i ng  t h e  survey 

showed a converse r e l a t i o n s h i p  t o  t h a t  o f  a l g a l  dens i ty .  Dur ing May and 

J u l y  when t h e  l o w e s t  p h y t o p l a n k t o n  d e n s i t i e s  o c c u r r e d ,  t h e  number o f  

phytop lankton taxa was h ighest .  The number o f  phytop lankton t axa  was 

lowest  du r i ng  October and January when phytoplankton ,was gene ra l l y  most 

abundant. Phytoplankton taxonomic composit ion ranged f rom 26-30 t axa  (mean 

28) d u r i n g  October t o  33-43 taxa  (mean 37) i n  May. Taxonomic composit ion 

and dens i t y  o f  phytoplankton, combined, showed a d i s t i n c t  p a t t e r n  from t h e  

q u a r t e r l y  sampling data. 

The p a t t e r n  o f  predomi nant a1 gae groups which occurred showed, i n  

p a r t ,  t y p i c a l  temporal succession a t  t h e  Ashland s i t e .  For example, numer- 

i c a l  composit ion o f  s p e c i f i c  a1 gal groups i n d i c a t e d  s i g n i f i c a n t  . s h i f t s  from 

May t o  January o f  t o t a l  phytop lankton d e n s i t i e s  by nea r l y  t e n f o l d .  These 

major  t rends a re  as fo l lows .  Dur ing each o f  t he  sampling per iods t h e  t h r e e  

most abundant phytop lankton groups comprised from 95 percent  - 97 percent  

o f  o v e r a l l  dens i t ies .  I n  May, Chrysophyta (golden-brown a1 gae) ranged from 

a numerical composit ion o f  between 62 percent  - 73 percent a t  t h e  t h r e e  

Ohio R i ve r  Stat ions.  The green algae, Chlorophyta, made up 19 percent  - 27 
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percent ,  and cryptomonads (Cryptophyta)  cons is ted  o f  between 6 percent  and 

11 percen t  o f  phy to lank ton  dens i t i es .  Go1 den-brown a1 gae were s t i  11 most 

abundant d u r i n g  J u l y  (66 percent  - 91  percen t )  and green a lgae d e n s i t i e s  

decreased t o  5 percen t  - 10 percent  w h i l e  t h e  Cryptophyta increased t h e i r  

o v e r a l l  abundance s l i g h t l y  ( 1  percent  - 20 percent ) .  Dur ing t h e  October 

survey a s u b s t a n t i a l  d e c l i n e  o f  nea r l y  n i ne  f o l d  i n  Chrysophyta dens i t y  

occurred. The abundance o f  Chlorophyta remained s t a b l e  bu t  Cryptophyta 

d e n s i t y  increased f rom 4 t o  10 f o l d  a t  t h e  var ious  Ohio R i v e r  s ta t i ons ,  now 

compr is ing o f  up t o  80 percent  o f  t h e  phytop lankton populat ion.  The b lue-  

greens, Cyanophyta , general l y  showed peak abundance ( 9  percent  composi t ion)  

i n  Oh io  R i v e r  d u r i n g  Oc tober .  A n o t h e r  s i g n i f j c a n t  s h i . f t  i n  over t i ' l l  

abundance o f  Chrysophyta p lank ton  occurred i n  January, Chrysophyta i n -  

creased ' f r om i t s  lowest  d e n s i t i e s  d u r i n g  October ( 9  percent  - 10 percent  

composi t ion)  t o  r e l a t i v e l y  h i gh  January dens i t i es ,  84 percent  - 86 percent 

composit ion. The greens increased t h e i r  abundance on l y  s l i g h t l y  du r i ng  

Janua ry  and Cyanophy ta  d e n s i t i e s  d i m i n i s h e d  t o  t h e i r  p r e v i o u s l y  l ow  

n u ~ ~ ~ b e r s .  Cryptomonads reduced t h e i r  o v e r a l l  popu la t ions  by 50 f o l  d i n  

January t o  comprise o f  on l y  0.3 t o  1.4 percent  o f  t h e  Ohio R i v e r  phyto- 

p l a n k t b n  d e n s i t i e s .  Eng lenophy ta ,  t h e  p lgmented  f l a g u l a t e s ,  d i d  n o t  

comprise of over  1.2 percent  of phytoplankton d e n s i t i e s  du r i ng  t h e  1980-81 

Ohio R i v e r  sampl ing program. L i k e  t h e  major changes which occurred f o r  t h e  

o v e r a l l  phytop lankton a1 gae groups, s p e c i f i c  taxonomic a1 t e r a t i o n s  were 

a l s o  noted. 

Q u a r t e r l y  v a r i a t i o n s  i n  t h e  make up o f  s p e c i f i c  p l a n t o n i c  a l g a e  

f o l l owed  t rends  s i m i l a r  t o  those discussed f o r  t h e  major groups. Gener- 

a l l y ,  when t h a t  p a r t i c u l a r  major a l g a l  group was abundant so were i t s  

taxonomic components. The number of taxonomic components ranged from a 
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minimum of 25 taxa  a t  Ohio R i ve r  S t a t i o n  3  dur ing .  Ju l y ,  t o  t h e  maximum o f  

43 taxa a t  Ohio R i ve r  S t a t i o n  3  du r i ng  May. Phytoplankton taxa  which were 

predomi nant du r i ng  May inc luded  Me los i ra  ambiqua, Me los i ra  i t a l  i ca ,  Ste- 
p 

phanodiscus a s t r e  and, t h e  mosb abundant Stephanodiscus i n v i s i t a t u s  (209 

c e l l s /  ml ' ,  mean dens i t y )  (Chrysophyta). Ankistrodesmus f a l c a t u s  was t h e  

predominant Chlorophyta, showing a  maximum dens i t y  o f  185 c e l l s / L .  

The most abundant p l a n t o n i c  a lgae observed du r i ng  t h e  J u l y  survey, 

Me los i ra  d i s t ans  reach t h e  maximum diatom dens i t y  o f  623 ce l l s /m l  (495 

c e l l  s/ml mean) d u r i n g  t h e  1980-81 Ashland survey. Melosi  r a  g ranu la ta  

a t t a i n e d  a  mean dens i t y  o f  156 ce l l s /m l  and another diatom, C y c l o t e l l a  

meneghiniana reached a  mean dens i t y  o f  78 c e l  ls /ml  . A1 though Chrysophyta 

were, o v e r a l l ,  t he  most abundant du r i ng  Ju l y ,  one t axa  from t h e  second most 

abundant group o f  a1 gae (Cryptophyta) a t t a i n e d  r e l a t i v e l y  h igh  dens i t i es ,  

t o o .  T h i s  t a x a  was Cryptomonas spp. wh i ch  ranged f r o m  6  c e l l s / m l  t o  

130 c e l l  / m l  . 
The most impor tant  p l ank ton i c  a lgae c o l l e c t e d  du r i ng  t h e  October 

survey cons is ted  of f i v e  taxa from f o u r  major taxonomic groups, Crypto- 

p h y t a ,  Chl o rophy ta ,  Ch rysophy ta  and Cyanophytya. C r y p t o p h y t e s  were 

predominant making-up a  mean dens i t y  o f  1007 c e l l s /  m l ,  t h e  h ighes t  dens i t y  

f o r  a  s i n g l e  taxon (Cryptomonas spp.) d u r i n g  t h e  Ashland survey. Other 

abundant taxa inc luded  t h e  diatom (Chrysophyta) Me lo r i sa  ambi'qua w i t h  a  

mean d e n s i t y  of 64  c e l l s / m l ;  t h e  g reen  f i l a m e n t o u s  a l g a e ,  U l o t h r i x ,  

sp. w i t h  a  mean dens i t y  o f  75 ce l l s /m l ;  and two l e s s  abundant taxa, Aphano- 

capsa spp., and M i c r o c y s t i s  sp. (Cyanophyta) which showed mean d e n s i t i e s  o f  

34 c e l l  s/ml and 35 c e l l  s/ml , respec t i ve l y  . 
January phytop lankton dens i t i es ,  as noted p rev ious ly ,  were t h e  h i ghes t  

d u r i n g  t h e  1980-81 Ashland survey. These r e a l t i  ve l y  h i gh  d e n s i t i e s  were 



a t t r i b u t e d  p r i m a r i  l y  t o  o v e r a l l  h i gh  popu la t ion  l e v e l s  o f  bo th  pennate 

and c e n t r i c  diatoms i n  January. ' The taxanomic make up o f  t h i s  group o f  

p l a n t o n i  c  f l o r a  cons i s ted  o f  t h ree  abundant species each o f  which showed 

mean d e n s i t i e s  i n  excess o f  244 ce l l s /m l .  The most abundant represen ta t i ve  

was Stephanodiscus i n v i s i t a t u s  which had a, mean dens i t y  o f  466 ce l l s /m l  

(range 405 c e l l  s/ml t o  510 c e l l  s/ml ) . Aster ione l  l a  formosa showed the  

h i ghes t  s i n g l e  d e n s i t y  o f  530 c e l l  s/ml , i t s  mean d e n s i t y  was 405 c e l l  s/ml . 
Me los i r a  i t a l i c a  was a l s o  an impor tan t  component ul' the January phytoplank- 

-2 - - 
ton,  i t  reached a  mean dens i t y  o f  244 c e l  ls/ml.  Other taxa  which appeared 

a s  a  s i g n i f i c a n t  p r o p o r t i o n  o f  t h e  p l a n k t o n  i n c l u d e d  t h e  g reen  a l g a e  
1 

Anki strodesmus convol  u tus  and Anki strodesmus fa1 catus w i t h  mean dens1 t i % s  

o f  57 c e l l  s/ml and 54 c e l  l s /m l  , respec t i ve l y .  

Phytoplankton c h a r a c t e r i s t i c s  such as taxonomic composit ions, commu- 

n i t y  s t r uc tu re ,  dens i t y ,  and general  s p a t i a l  pa t t e rns  repor ted  f o r  the  

t h r e e  Ash1 and Ohio R i v e r  s t a t i o n s  suggested many simul a r i  t i e s  t o  prev ious 

s t u d i e s  i n  lower  Ohio R i v e r  pools. H i s t o r i c a l l y ,  Chrysophyta, mos t l y  

B a c i l l a r i o p h y c a e ,  make up l a r g e  p r o p o r t i o n s  o f  amb ien t  p h y t o p l a n k t o n  

d e n s i t i e s .  C h l o r o p h y t a  o f t e n  compr i se  t h e  n e x t  l a r g e s t  p r o p o r t i o n .  

Cyanophyta occur i n  re1  a't ively 1  ow numbers du r i ng  e a r l y  summer, and eu l  geno- 

phy ta  and Cryptophyta gene ra l l y  have t h e  lowest  dens i t i es ,  I n  mid t o  l a t e  

summer and e a r l y  f a l l ,  Cyanophyta may become more p reva len t  than t h e  greens 

(Seilhemer, 1963; Wi l l iams,  1963, 1972; Anderson, e t .  al., 1965; Dames & 

Moore 1975, 1979), Higher tempeatures and low f l o w  accompied by proper  

n u t r i e n t  concen t ra t ions ,  have been c i t e d  as reasons f o r  increased b l u e  

green growth i n  l a t e  summer and e a r l y  f a l l .  Dur ing ' these occasions b l ue  

green blooms are  p o s s i b l e  (WAPORA, 1974-1975). 

Dur ing t h e  coarse o f  t h i s  i n v e s t i g a t i o n  no s i g n i f i c a n t  abnormal f r e -  
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quency , d i s t r i b u t i o n a l  , o r  r e 1  a t e d  t empora l  o r  s p a t i  a1 p a t t e r n s  were 

observed between t he  t h ree  Ohio R i v e r  s ta t i ons .  Futhermore, t h e r e  i s  no 

d e f i n i t i v e  evidence i n d i c a t i n g  t h a t  t he  general phytop lankton character -  

i s t i c s ,  o v e r a l l  t rends  o r  pa t te rns ,  and ecology were under going any th ing  

more than t y p i c a l  changes w i t h i n  t h e  v a r i a b i l i t y  o f  t he  Cannelton Pool. 

Zooplankton a r e  t he  f r e e - f l o a t i n g  animal segment o f  t he  ne t  p lank ton  

samples c o l l e c t e d  from t h e  t h ree  Ohio R i ve r  s ta t i ons ,  lA ,  2A, 3A. Zoo- 

p lank ton  a r e  impor tant  members o f  the  aqua t i c  environment because, l i k e  

phytoplankton, they  a r e  p o t e n t i a l  sources o f  food f o r  many h ighe r  l i f e  

forms. T h e i r  general abundance, d i  v e r s t i y  , and phys ica l  we1 1 be ing may 

p rov ide  some i n d i c a t i o n  as t o  t he  o v e r a l l  qua1 i t y  o f  the  aqua t i c  env i  ron- 

ment. 

Resu l ts  of t he  zooplankton sampling program a re  presented i n  Tables 

5.5 through 5.8. The t o t a l  number o f  zooplankton taxa  c o l l e c t e d  f rom t h e  

t h r e e  Ohio R i ve r  s t a t i o n s  ranged f rom 4 i n  J u l y  t o  15 du r i ng  t h e  May, 

and October, 1980 surveys. P l  an ton ic  r o t i f e r s  were t h e  most taxonomi ca l  l y  

d i ve rse  and abundant zooplankton group d u r i n g  t he  q u a r t e r l y  Ash1 and sur-  

veys. Ro t i f e ra  t y p i c a l l y  made up from 67 percent  - 97 percent o f  t h e  t o t a l  

d e n s i t i e s  du r i ng  May, October and January. Both t h e  microcrustacea groups, 

Copepoda and Cladocera, were gene ra l l y  comprised o f  few taxa  and had low 

d e n s i t i e s  du r i ng  t h i  s p r o j e c t .  Copepoda were predominant o n l y  du r i ng  t h e  

J u l y  survey when r e l a t i v e l y  l a r g e  numbers o f  immature n a u p l i i  occured i n  

t h e  samples. Cladocera d i d  n o t  comprise more than 2 percent  o f  t h e  t o t a l  

zooplankton dens i t y  d u r i n g  t h e  q u a r t e r l y  surveys. 

Zooplankton were most abundant du r i ng  t he  October survey when mean 

t o t a l  dens i t y  was 467 i n d i v i d u a l s l l  ( range 233/L t o  8891L). The lowest 



Table 5.5 Zooplankton ( I nd i v i dua l s /L )  Co l lec ted  May 15, and 16, 1980, f rom t h e  
Ohio River,  B u l l  Creek and Town Creek. 

S ta t  I ons 
Ohio R i ve r  1 Ohio R i ve r  2 Ohio R i ve r  3 B u l l  Creek Town Creek 

Taxa 

Rot i f era 
A s  !jP.? . 0.82 
Brac lonus c a l  c i f l o r u s  
Brachionus i m ~ d i a t u s  
Brachionus u rceo l  a r i  s 1.50 
Conochi 1 us sp. 
Euchlanis sp. 
F i l i n i a  sp. 1.16 
m t t i a  l o n g i s  i n a  

-ti+- 
1.66 

K e r a t e l l a  coc e a r l s  23.17 
K e r a t e l l a  quadrata 18.34 
Lepadel 1 a ova l  1 i s  
Lepadel la  sp. 
Monostyl a 1 una r i  s 
Monost l a  sp. 
~ s p p .  
Po l ya r t h ra  sp 
Ploesoma sp, 
Synchaeta sp. 
Tr ichocerca cyc l  i ndr i ca  
- .  

T r i c h o t r i a  sp 
Undetermi ned 

To ta l  R o t i f e r a  



Table 5.5 Continued 

S ta t i ons  
Ohio R iver  1 Ohio R iver  2 Ohio R iver  3 B u l l  Creek Town Creek 

Copepoda 
Cyclopidae 
Immature copepods 

To ta l  Copepoda 2.66 3.69 0.58 0.00 25.28 

To ta l  Densi ty  
To ta l  Taxa 



Table  5..6 Zooplankton ( I n d i v i d u a l s I L )  C o l l e c t e d  on J u l y  16,  and 17,  1980 from 
Ohio River ,  Bull Creek and Town Creek. 

-- 

S t a t i o n s  
Ohio River  1 Ohio River  2 Ohio River  3 Bull Creek Town Creek 

Taxa 

Rot i f e r a  
Asplanchna sp. 
Brachionus a n g u l a r i  s 
Brachionus 

b u d a p e s t i n e n s i s  
Brachi onus .caudatus  
Brachionus 

I I 

P o l y a r t h r a  sp. 

T r i c h o t r i a  t e i r a c t i  s 

Tota l  R o t i f e r a  

Cl adocera  
Daphnia sp. 
Chydorus sp. 

Tota l  Cladocera  



Table 5.6 Continued 

S ta t i ons  
Ohio R iver  1 Ohio R iver  2 Ohio' R iver  3 B u l l  Creek Town Creek 

Copepoda 
Cyclopidae 3.63 3.92 0.46 1.14 
Immature copepods 22.74 53.44 71.47 4.96 4.36 

To ta l  Copepoda 22.14 51.01 15.39 5.42 5.50 

To ta l  Densi ty  
To ta l  Taxa 



Table 5.7 Zooplankton ( I n d i v i d u a l s / L )  Co l lec ted  on October 7, and 8, 1980 from 
Ohio River ,  B u l l  Creek and Town Creek. 

S ta t i ons .  
Ohio R i ve r  1 Ohio R i ve r  2 Ohio R iver  3 B u l l  Creek Town Creek 

Taxa 

To ta l  R o t i f e r a  

C l  adocera 
Bosmina sp. 
Daphnia sp. 
Chydorus sp. 

-- . . . - .. . . - . . - .- - - -, . . . . - . . . , . . . . 

R o t i f e r a  
Asp lnchna  sp;. . 5.36. 1.52 1.84 
Brac ionus an u l a r i s  9.65 3.04 2.76 
Brachionus ca y c i f  orus 34.30 32.68 , , 92.00 
~ r a c h i  onus' caudatus 0.92 
Brachionus 

quadradentat us 1.07 
Conochi 1 us un i co rn i  s 84.69 577.76 
K e r a t e l l  a coch lea r i  s 2.14 22.08 3.28' 
K e r a t e l l a  quadrata 1.07 0.92 
Lecane luna 13.12 1.68 
m a t y i a s t u l  us 3.28 
P l  oesoma t runcaturns , 8.58 29.64 7.36 
Pol a r t h r a  sp. 84.69 57.76 52.44 0.84 . 
h a  sspp. 1.07 1.84 1.68 
Undet ermi ned 0.76 1.84 

To ta l  C l  adocera 



Table 5.7 Continued 

S ta t i ons  
Ohio R iver  1 Ohio R i ve r  2 Ohio R iver  3 B u l l  .Creek Town Creek 

Copepoda 
Cyc 1 op i dae 13.94 53.96 46.92 
Immature copepods 24.66 15.20 65.32 32.80 9.27 

To ta l  Copepoda 38.60 69.16 112.24 32.80 9.27 

To ta l  Densi ty  280.86 232.56 888.72 72.16 14.31 
To ta l  Taxa 15 12 15  6 5 



Table 5.8 Zooplankton ( I n d i v i d u a l  S/L) C o l l  ected on January 15, 1980 from 
Ohio River ,  B u l l  Creek and Town Creek. 

S ta t i ons  
Ohio R i ve r  1 Ohio R i ve r  2  Ohio R i ve r  3  B u l l  Creek Town Creek 

Taxa 6 

Rot i f era 
Ascomorpha sp. 

Lecane mi ra  

Po l ya r t h ra  sp. 
Synchaeta sp. 
Tes tua ine l l a  sp. 
T r i choce r rTsp .  
T r i  chot  r i  a  t e t  rac  

To ta l  R o t i f e r a  

C l  adocera 
Alona sp. 
Chydorus sp. 
P l  euroxus sp. 

To ta l  C l  adocera 3.14 0.12 



Table 5.8 Continued 

Sta t ions  
Ohio River  1 Ohio River  2 Ohio River  3 B u l l  Creek Town Creek 

Copepoda 
Cycl opidae , 0.17 
Immature copepods 0.34 0.69 0.60 0.87 0.12 

Tota l  Copepoda 0.51 0.69 0.60 0.87 0.12 

Tota l  Density 3.40 10.14 8.80 6.92 1.10 
Tota l  Taxa 8 8 9 7 6 



zooplankton d e n s i t y  occurred d u r i n g  January, 1981. At t h i s  t ime  mean t o t a l  

zooplankton d e n s i t y  was 7.45/L and ranged from 3/L t o  10/L. Zooplankton 

d e n s i t i e s  f o r  predominant taxa, as we l l  as s h i f t i n g  emphasis i n  taxonomic 

make up v a r i e d  q u i t e  s u b s t a n t i a l l y  du r i ng  the  q u a r t e r l y  Ashland p lankton 

s-u rveys. 

Dur ing May when t o t a l  d e n s i t i e s  ranged f rom 18 t o  103 organisms/L 

R o t i f e r a  taxa  were r e l a t i v e l y  abundant. The most common taxa  c o l l e c t e d  

cons i s ted  o f  Synchaeta sp. (20/L),  Kera te l  l a  coch lea r i s  (12 .7 /~ ) ,  Kera te l  l a  

quadrata ( 1 1 7 L )  and Po l ya r t h ra  sp. which a t t a i n e d  a  mean dens i t y  o f  

8.3/L. Copepoda d e n s i t i e s  were g e n e r a l l y  l o w  d u r i n g  t h e  May su rvey ,  

r ang ing  f rom l e s s  than  1/L t o  n e a r l y  4/L. Cladocera were n o t  c o l l e c t e d  

d u r i n g  t h i s  survey. 

Mean t o t a l  zooplankton d e n s i t i e s  i n  Ohio R i ve r  du r i ng  J u l y  d i d  no t  

change s u b s t a n t i a l l y  o v e r  t h o s e  r e p o r t e d  f o r  May. However, t h e  t a x a  

p r e s e n t  d i d  change; Copepoda made up t h e  p redominan t  p o r t i o n  o f  zoo- 

p l  ankton; compr is ing o f  84 percent  t o  93 percent  copepod naupl i i . Thei r 

maximum d e n s i t y  reached 7 1 j ~  a t  Ohio R i ve r  S t a t i o n  3. Although two types 

o f  Cladocera were c o l l e c t e d ,  Daphnia sp. and Chydorus sp., t h e i r  d e n s i t i e s  

were very low ( < 1  organisms/L). The R o t i f e r a  were represented by s i x  t axa  

which occured i n  numbers over  1/L, they  were Asplanchna sp., Brachionus 

a n g u l a r i s  ,. Kera te l  l a  coch lea r i s ,  Kera te l  l a  quadrata, Notholca spp., and 

Po l ya r t h ra  sp. There was a  noted tendency f o r  zooplankton dens i t y  and 

number o f  taxa  t o  increase progresss ing f rom S t a t i o n  1 t o  S t a t i o n  3  du r i ng  

t h e  J u l y  survey, Th is  p a t t e r n  was a l s o  p reve lan t  du r i ng  the  January 1981 

survey. 

I n  a d d i t i o n  t o  showing t h e  h ighes t  t o t a l  zooplankton dens i ty ,  t he  

October p l a n t o n i c  fauna a l s o  showed the  bes t  o v e r a l l  taxonomic r ichness 



and d i s t r i b u t i o n  o f  taxa among i t s  major taxonomic groups. Again, R o t i f e r  

t y p i c a l l y  c o n s i s t e d  of  t h e  h i g h  p e r c e n t a g e  o f  z o o p l a n k t o n  o rgan isms.  

Maximum R o t i f e r  d e n s i t i e s  were reached du r i ng  t h e  q u a r t e r l y  surveys i n  

October (range 156/L t o  762/L) and were comprised o f  several  impor tant  

taxa. They were, Conochilus u n i c o r n i s  which a t t a i n e d  a mean dens i t y  o f  

223/L, Po l ya r t h ra  sp., reached a mean dens i t y  o f  65/L, and Brachionus 

c a l y c i f l o r u s  a t t a i n e d  a mean dens i t y  o f  53/L. Conochilus u n i c o r n i s  reached 

t h e  h i ghes t  taxon dens i ty ,  a t  Ohio R i ve r  S t a t i o n  3, o f  578/L. Cyc lopoid 

copepods showed a mean dens i t y  o f  38/L du r i ng  t he  October sampling p e r i o d  

w h i l e  i n d i v i d u a l  Cladocera taxa d i d  no t  make up Inore than 6/L (Bosmina 

SP. 

The January zooplankton data represented t h e  oppos i te  extreme t o  t h a t  

presented f o r  October. Overa l l  dens i t i es ,  number o f  taxa  and general 

taxonomic r ichness c e r t a i n l y  was n o t  ev ident .  R o t i f e r a  made up t h e  pre-  

dominant p o r t i o n  o f  t o t a l  d e n s i t i e s  b u t  were comprised o f  few taxa  which 

were i n d i v i d u a l l y  abundant. Po l ya r t h ra  sp. had t h e  h ighes t  d e n s i t y  o f  

nea r l y  5/L w h i l e  copepod d e n s i t i e s  were a l l  below one organisms pe r  l i t e r  

and no cladocera were co l l ec ted .  

Sei 1 heimer (1963) est imated a mean annual t o t a l  zooplankton d e n s i t y  

o f  281 organisms pe r  l i t e r  i n  t h e  Ohio' R iver .  The maximum he repor ted  was 

3,160 o r g a n i s m s / l i t e r  on J u l y  15, 1962 a t  L o u i s v i l l e ,  Kentucky.' Dur ing t h e  

A.B. Brown environmental study conducted by Dames and Moore (1979) i n  t h e  

Uniontown Pool, maximum zooplankton dens i t y  was 645/L f o r  18 t axa  i n  Ju ly .  

The maximum zooplankton dens i t y  repor ted  by Dames and Moore (1974-75), 

aga in  i n  t h e  Uniontown Pool, was nea r l y  18 organisms/L i n  October. 

Many R o t i f e r a  taxa  have appeared i n  t h e  Ohio River ,  a t  t imes as many 



as '  33 (Dames and Moore 1979). Numerous o the r  s tud ies  have shown t h a t  

annua l l y  up t o  54 species o f  R o t i f e r  have been i d e n t i f i e d  from t h e  Ohio 

R i v e r  (Wi l l i ams,  1963, Sei lheimer,  1963, ORANCO, 1962; WAPORA, 1975, Dames 

and Moore, 1975, 1979). The i n f o r m a t i o n  above i n d i c a t e s  t h a t  zooplankton 

p-opulat ions f l u c t u a t e  q u i t e  d r a m a t i c a l l y  i n  t h e  Ohio River .  

Resu l ts  o f  t h e  Ashland zooplankton sampling program have shown t h a t  

these  da ta  represen t  s i m i l a r i t i e s  i n  general Ohio R i ve r  popu la t ion  t rends 

when compared t o  p rev ious  s tud ies.  Dur ing t h e  coarse o f  t h e  Ashland study 

zooplankton community c h a r a c t e r i s t i c s  have remain w i t h i n  t h e  broad spectrum 

o f  ranges thought  t o  occur under general l y  normal environmental c i  rcumstan- 

ces i n  t h e  lower  Ohio River .  

5.5.1.2 B u l l  Creek 

Phytoplankton and zooplankton samples c o l  l e c t e d  from B u l l  Creek i n d i -  

ca ted  t h a t  these communities were s i m i l a r  t o  those f o r  Town Creek. Most o f  

t h e  p a t t e r n s  e x a m p l i f i e d  by t h e  p lank ton  community i n  Town Creek were q u i t e  

s i m i l a r  t o  B u l l  Creek. Overa l l ,  phytop lankton and zooplankton d e n s i t i e s  

and species a s s ~ ~ b l a g e s  were s l i g h t l y  h igher  i n  B u l l  Creek. The l ack  o f  

c o n t i  nous rep1 en i  shment o f  these organi  sms from a permanent upstream source 

has a s i g n i f i c a n t  impact on t h e  r e s u l t i n g  community as i n d i c a t e d  by these 

data, 

5.5.1,3 Town Creek 

The phytop lankton c o l l e c t e d  f rom Town Creek cons is ted  o f  a re1 a t i  v e l y  

r i c h  and d i v e r s e  fauna. Highest d i v e r s i t y ,  and moderate t o  h i gh  d e n s i t i e s  

were obtained. Zooplankton d e n s i t i e s  and taxonomic r ichness were depressed 

throughout  t h e  Ashland Basel ine Study. Th is  i s  be l i eved  t o  be due t o  t h e  

l a c k  o f  upstream sources f o r  r e p l e n i s h i n g  these organisms. 
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5.5.2 Periphyton 

5.5.2.1 Ohio River 

Natural submerged peri  phyton s u b s t r a t e s  were sampled on Ju ly  16, 

1980, from t h r e e  Ohio River S t a t i o n s ,  l A ,  2B, 38 (Figure 5.1). The purpose 

f o r  t h i s . s a m p l i n g  was t o  e s t a b l i s h  r e l a t i v e  abundance of t he  many a lgae  

taxa  which t y p i c a l l y  occupy t h i s  niche, and t o  show t h e  bas ic  s t r u c t u r e  of 

t h e  per iphyt ic  a lga l  community. Evaluations such a s  t h i s  could provide 

addi t iona l  ecological  da t a  f o r  t h e  Ashland base l ine  from which s p e c i f i c  

eva lua t ions  f o r  primary production and water qua1 i t y  may be determined 

(Cairns  e t .  a l . ,  1972, McIntire,  1968). 

The number of taxa co l l ec t ed  from t h e  rock, ( e p i l i t h i c ) ,  and s t i c k  

(epidendri  t i c )  subs t  r a t e  ranged from 25 t o  26 which represented a re1 ati.ve- 

l y  r i ch  sho re l ine  a lga l  f l o r a  (Table 5.9). Most of t he  periphyton taxa 

c o l  l e c t e d  from t h e  Ohio Ri v e r  were Chrysophyta (ye1  1 ow-greens)  which 

cons is ted  of mostly pennate diatoms (Baci 1 lar iophyceae) .  Bl ue-green a1 gae, 

Cyanophyta, made up t h e  next highest  nunber of taxa  in  t he  periphyton 

community. Seven types of blue-green a lgae ,  most of which were Oscil l a -  

t o r i a ,  were present.  Green-a1 gae, Chlorophyta, were comprised of 5 taxa  

b u t  t h e i r  r e l a t i v e  abundance i n  t h e  samples co l l ec t ed  were always l e s s  than 

2 p e r c e n t  compos i t i on .  The most abundant  a l g a e  were Chrysophyta and 

Cyanophyta. 

Chrysophyta cons is ted  of between 92 percent and 98 percent of t he  

n a t u r a l  s u b s t r a t e  p e r i p h y t o n  communit ies .  The predominant  t axon  was 

Navicula sp. 1, a pennate diatom which ranged from 37 percent t o  almost 54 

percent composition of t he  samples. Other re1 a t i e l y  abundant pennate 

diatoms included F r a g i l a r i a  b r e v i s t r i a t a ,  Gomphonema olivaceum, and Achnan- 

t h e s  minutissima and composited, t hesc  microscnpic p l an t s  made up a t o t a l  - 
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Table 5.9 R e l a t i v e  abundance o f  per iphy ton  (percent  composit ion) c o l l e c t e d  J u l y  16, 
and 17, 1980,'from t h e  Ohio River ,  B u l l  Creek and Town Creek. 

S ta t i ons  

Ohio R i ve r  1 Ohio R i ve r  2 Ohio R i v e r  .3 B u l l  Creek Town Creek 

Taxa 

Chlorophyta 
~l - - adophora spo  
Closter ium sp. 
Microspora sp. 
Mougeot i a sp. 
U l o t h r i x  sp. 
Volvocaceae 

Percent 'Con~posi t i o n  
Ch I orophyt a  

~ k h n a n t h e s  Lance01 a t a  
Achnantes minut iss ima 

- - 

Amphi p leura  pe l  1  uc ida 
Amphora sp. 
A s t e r i o n i e l l a  g r a c i l l i m a  

Diatoma vu lgare . 
D i  p l  onei  s  sp. 



Table 5.9 Continued 

S ta t i ons  

Ohio R i ve r  1 Ohio R iver  2 Ohio R i ve r  3 B u l l  Creek Town Creek 

Chrysophyta (Cont i  nued) 
Epithema sp. 
Eunot ia  sp. 
-ria b r e v i s t r i a t a  
Gomphonema olivaceum 
Gom honema sp. 
h m b i q u a  - 
F le los i ra  var ians 
Navicu la  
Navicu la  SD. 2 
Navicul  a  mut.ica 
N i t zsch ia  angustata 
N i t z s c h i a  d i  s s i pa ta  
N i t z s c h i a  f i l i f o r m i s  
N i t z s c h i a  lacunarum 
N i t z s c h i a  p a l e a  
N i t zsch ia  spp. 
P i  nnul a r i  a  sp. 
Pleurosigma sp. 
Rhoicos~hena curva ta  
Rhopal od i  a  sp. 
Stauroneis SD. 

I 

S u r i r e l l a  sp. 1 
S u r i r e l l a  sp. 2 
Svnedra ac t i nas t ro i des  

m r m e d  c e n t r i c  



Table 5.9 Continued 

Sta t  ions 

Ohio R iver  1 Ohio R iver  2 Ohio R iver  3 B u l l  Creek Town Creek 
e 

Percent composit ion 

Cyanophyta 
Anabaena sp. 
Lyricjbyasp . 
Osci 11 a t o r i  a 
Osci 11 a t o r i  a 
O s c i l l a t o r i a  

f ormosa 
r i m n e t i c  a 
l imnosa 

O s c i l l a t o r i a  subbrevis 
" Osc i l  l a t o r i ' a  t enu i  s 

Phormidium sp. . 

Percent Composition 5 

Lyanophyta 6.34 9.14 1-10 5.48 2.70 

Eugl enophyta 
Euglena spp. 
Phacus SDD. 

Percent Composition 
Eugl enopnyta 

Tota l  Taxa 

To ta l ,  Percent 
" Composition = 100% + 0.1 



mean composit ion of 21 percent. The c e n t r i c  diatom Melos i ra  var ians  and 

Me los i ra  ambiqua comprised 6.2 and 4.3 percent  composit ion o f  t he  o v e r a l l  

pe r iphy ton  communtiy. 

The predominant blue-green taxa  were Osci 1 l a t o r i a  subbrev is  (2.6 

percent  composit ion) and Phormidi um sp. ('1.7 percent  composit ion).  To ta l  

b lue-green algae sample composit ion ranged from 1 percent t o  s l i g h t l y  over 

9 percent. Although Euglenophyta (pigmented f l a g e l a t e s  o r  euglenoids)  were 

present  i n  t h e  Ohio R i ve r  samples, they  d i d  n o t  comprise more than  0.3 

percent  composit ion of per iphy ton  samples. 

Based on t h e  few samples which 'were c o l l e c t e d  i n  Ju ly ,  1980, s i m i l a r  

per iphy ton  taxa occurred a t  t h e  t h r e e  Ohio R i ve r  s ta t i ons .  The g rea tes t  

s im i  1 a r i  t y  was shown between s t a t i o n s  1 and 3 then between 2 and 3, and, 1 

and 2. Eighty-one percent  of t he  taxa  occu r r i ng  i n  t h e  per iphy ton  samples 

were common t o  t h e  t h r e e  Ohio R i ve r  s ta t i ons .  These very general obser- 

va t i ons  i n d i c a t e  t h a t  t he  o v e r a l l  aqua t i c  environment a long t h e  r i v e r  

sho re l i ne  was s i m i l a r .  Th is  perhaps i n d i c a t e s  t h a t  environmental va r i ab les  

a r e  s i m i l a r  too. The cons is tency and uniformness o f  t he  aqua t i c  env i ron-  

ment a long t h e  Kentucky boundary has been discussed i n  d e t a i l  e a r l i e r .  

5.5.2.2. Town Creek 

The n a t u r a l  p e r ' i p h y t o n  community i d e n t i f i e d  f r o m  p r i m a r i l y  r o c k  

subs t ra te  a t  Town Creek was comprised o f  28 a l g a l  taxa (Table 5.9), As 

i n d i c a t e d  by a l l  pe r iphy ton  sampling du r i ng  J u l y  (Ohio R i ve r  and B u l l  

Creek), diatoms were t h e  predominant f l o r a .  Diatoms (Chrysophyta: Baci 11 - ... 

ariophycyceae) were comprised o f  22 taxa and made up nea r l y  93 percent  

r e l a t i v e  abundance a t  Town Creek. The predominant pennate diatoms inc luded  

Achnanthes m i  n u t i  ssima which comprised o f  25 percent  composit ion, and . 



N i t z s c h i a  d i s s i p a t a  which made up nea r l y  16 percent  composit ion o f  r e l a t i v e  

pe r i phy ton  abundance. Three a d d i t i o n a l  diatom taxa, Navicu la  sp.1, - Gom- 

phonema sp., and Cymbella sp. 1, comprised o f  between 6 percent  and 9 

percen t  composi t ion of per iphy ton  numbers. Only one Chlorophyta taxa  was 

c o l  1 ected. f rom Town Creek, C l  adophora sp. The blue-greens i n c l  uded two 

spec ies 'of  O s c i l l a t o r i a ,  and Lyngby sp. The on l y  euglenoid taxa  c o l l e c t e d  

were Phacus spp., and Trachelomonas sp. 

The pe r i phy ton  community l oca ted  i n  Town Creek showed tewer taxa  . 
and community s t r u c t u r e  d i f f e r e n c e s  compared t o  B u l l  Creek. Add i t i ona l  l.y, 

on l y  56 percent  o f  t h e  taxa were present  a t  bo th  s ta t i ons .  These observa- 

t i o n s  i n d i c a t e ,  i n  p a r t ,  t h a t  endemic e n v i r o n m e n t a l  v a r i a b l e s  may be 

respons ib le  f o r  these  d i f f e rences .  

5.5.2.3 B u l l  creek 

Per iphyton samples. were obta ined from B u l l  Creek on J u l y  17, 1980, 

f rom most l y  a n a t u r a l  rock subst ra te .  Analyses o f  these samples r e s u l t e d  

i n  t h e  i d e n t i f i c a t i o n  o f  36 per iphy ton  taxa; 26 o f  which were pennate 

diatoms (Chrysophyta: Baci 1 lariophyceae)., (Table 5.9). Baci 1 lar iophyceae 

made up.90 percent  o f  t h e  B u l l  Creek per iphy ton  community i n  which Achanan- 

thes  mi n u t i  ssima was most abundant (24 percent  composit ion).  Add i t i ona l  - 
diatom t a x a  c o l l e c t e d  from B u l l  Creek and considered re1 a t i  ve l y  abundant 

inc luded  Gomphonema ol ivaceum and Gomphonema sp. Each cons is ted  o f  j u s t  

o v e r  9 p e r c e n t  o f  t h e  p e r i p h y t o n  p o p u l a t i o n .  The d ia toms  Achnanthes 

1 anceol a t a  and Cocconei s ped i cu l  us compri sed o f  7.3 percent  o f  the  p e r i  - 
phyton. Non-diatoms occur ing  i n  Bu1 I Creek inc luded  t h e  green f i lamentous 

.a1 gae, Cladophora sp., and t h e  blue-greens Osci 11 a t o r i  a t e n n i s  and Lyngbya 

sp. R e l a t i v e  a l g a l  abundance of t he  major groups, Chlorophyta, Cyanophyta, 
0 

and Euglenophyta, d i d  no t  exceed a r e l a t i v e  composit ion o f  6' percent.  



5.5.3 Aquat ic Macrophytes 

Aquat ic macrophytes a r e  f reshwater  vascular  p l a n t s  which may occupy 

t h r e e  bas ic  zones o r  hab i t a t s ,  submerged, emergent and f l o a t i n g .  Submerged 

~nacrophytes a r e  those anchored i n  t h e  subs t ra te  and t y p i c a l l y  have f l o a t i n g  

1-eaves, and reproduc t ion  s t r u c t u r e s  t h a t  r i s e  above t h e  water surface. 

Emerged, o r  emergent a q u a t i c  v e g e t a t i o n  i s  g e n e r a l l y  a s s o c i a t e d  w i t h  

shal low water and mud subs t ra te  h a b i t a t  i n  which p l a n t s  roo t .  Emergent 

hydrophytes may be e i t h e r  roo ted  u p r i g h t  p l a n t s  w i t h  shoots t h a t  extend 

w e l l  above the  water surface, o r  p l a n t s  w i t h  f l o a t i n g  leaves. F l o a t i n g  

aquat i c  p l a n t s  have t r u e  leaves and r o o t s  and f l o a t  on t h e  water su r face  

(U.S EPA, 1973). 

Macrophyton a re  b e n e f i c i a l  t o  t he  o v e r a l l  ecology o f  t he  aqua t i c  

env i r onmen t  i n  many ways. Submerged and emerged h y d r o p h y t e s  p r o v i d e  

h a b i t a t  f o r  complex assemblages o f  macro inver tebrates and cover f o r  f i s h  

p a r t i c u l a r l y  young-of-the-year. L i v e  and decomposed p l a n t .  t i s s u e  i s  o f t e n  

a pr imary source o f  food f o r  herb ivorous macroinvertebrates. Aquat ic 

macrophytes may a l s o  serve as a na tu ra l  subs t ra te  on which d i ve rse  and 

complex per iphy ton  (a lgae)  communities- develope. The. complex p l a n t  animal 

community t h a t  i s  o f t e n  assoc ia ted w i t h  macrophyton may a l s o  become food 

f o r  an assortment o f  h i ghe r  ver tebra tes  such 'as amphibians, wading b i r d s  , 

water fowl and mammals. A l l  o f  these f a c t o r s  combined he lp  enhance t h e  

development o f  complex f reshwater  and r e l a t e d  t e r r e s t r i a l  communities i n  o r  

near  areas o f  abundant macrophyton growth. 

5.5.3.1 Ohio R i ve r  

Dur ing the  coarse o f  t h e  Ashland Base1 i n e  Study aquat i c  macrophytes 

were no t  v i s u a l l y  s i t e d  no r  were they c o l l e c t e d  i n  ben th ic  macro inver t -  



eb ra te  grab samples from the  Ohio River.  The f a c t  t h a t  aqua t i c  p l a n t s  d i d  

n o t  o c c u r  a t  t h e  Oh io  R i v e r  S t a t i o n s  i s  n o t  a t y p i c a l .  G e n e r a l l y  t h e  

s h i f t i n g  sand and assoc ia ted bottom sediments so o f t e n  encountered a long 

t h e  r i v e r  shore1 ine ,  and e ros iona l  wave zone, a re  no t  conducive t o  t he  
. . 

p r o p o g a t i  on o f  a q u a t i c  v a s c u l a r  p l a n t s .  Fu r the rmore ,  t h e  r e 1  a t i v e l y  

h i g h  t u r b i d i t y  o f  r i v e r  w a t e r  r e s t r i c t s  l i g h t  p e n e t r a t i o n  wh i ch  a l s o  

i n h i b i t s  aqua t i c  p l a n t  growth (U.S. EPA, 1973). 

5.5.3.2 Town Creek 

Three species of aqua t i c  macrophytes were c o l l e c t e d  from t h e  Town . . 

Creek embayment area. Th is  shal low backwater environment supported two 

types  o f  emergent shore 1 i n e  p l a n t s  and one submerged species. The emer- 

gent  hydrophytes were Sagi t t a r i a  l a t i f o l  i a ,  the  Water P lan ta in ,  and Sau- - 
rurus  cernuus, L i z a r d ' s  T a i l .  A Pondweed, Potairlogeton sp. was t h e  sub- 

merged v a r i e t y .  F i e l d  observat ions i n d i c a t e d  t h a t  a gene ra l l y  sparse 

popu la t i on  o f  aqua t i c  macrophytes occured near t he  conf luence o f  Town Creek 

and t h e  embayment area. 

No aqua t i c  macrophytes were co l  l e t e d  a t  t h e  upstream s t a t i o n  on Town 

Creek. 

5.5.3.3 B u l l .  Creek 

Two of t h e  aqua t i c  macrdphytes which occurred i n  t h e  Town Creek embay- 

ment area a l s o  occurred i n  t h e  B u l l  Creek embayment area. They were, the  

Water P lan ta in ,  Sagi t t a r i a  .l a t i f o l  i a  and L i z a r d ' s  Ta i  1, Saururus cernuus. 

Both o f  these p l a n t s  are emergent sho re l i ne  v a r i e t i e s  which t y p i c a l l y  

i nhab i t  s h a l l  ow muddy area. The o v e r a l l  concensus f o r  r e l a t i v e  abundance 

o f  aqua t i c  p l a n t s  i n  t h e  B u l l  Creek area was s i m i l a r  t o  t h a t  f o r  Town 

Creek ,- sparse. 





5.5.4 Benth ic  Macro inver tebrates 

5.5.4.1 Ohio R iver  

Benth ic  macro inver tebrates were c o l l e c t e d  from n i n e  sampling s t a t i o n s  

on t h e  Ohio R i ve r  on May 13, J u l y  15, and October 8, 1980, and on January 

13, 1981, i n  t h e  v i c i n i t y  o f  t h e  proposed p l a n t  s i t e .  Three s t a t i o n s ,  

c o n s i s t i n g  of t h ree  subs ta t ions  each, were l oca ted  on ' t he  Ohio River.  So 

t h a t  a  cross sec t i on  and a  l o n g i t u d i n a l  sec t i on  o f  t he  r i v e r  channel was 

surveyed, S ta t i ons  lA., 1B and 1 C  (A, B, and C a re  designated subs ta t ions  

here in )  were l oca ted  a t  Ohio R i ve r  M i l e  (ORM) 705, S ta t i ons  2A, 2B and 2C 

a t  ORM 707, and S ta t i ons  3A, 38 and 3C a t  ORM 708.2.. Substat ion A  was 

l oca ted  near t h e  Kentucky s i de  o f  the  r i v e r  channel, Subs ta t ion  B  was 

s i t u a t e d , a t  mid-channel, and Substat ion C was l oca ted  near t he  Ind iana s i de  

o f  t h e  r i v e r  channel (F igure  5.1). 

The ben th i c  macro inver tebrates c o l l e c t e d  d u r i n g  t h e  q u a r t e r l y  surveys 

were those macroscopic animals which spend a t  l e a s t  p a r t  o f  t h e i r  l i f e  

c y c l e  i n  o r  on t h e  r i v e r  bed subs t ra te  and a re  re ta i ned  by a  U.S. Stand- 

a r d  Number 30 s ieve  (0.595 mm). Benth ic  macro inver tebrates may be r e f e r r e d  

t o  as ben th ic  inver tebra tes ,  zoobenthos , aquat i c  i nve r t eb ra tes  o r  macroi n- 

ve r tebra tes ,  ben th ic  fauna, ben th ic  organi  sms and macroi nver tebrates.  The 

zoobenthos discussed i n  t h i s  sec t i on  i s  exc lus i ve  o f  B i v a l v i a :  Unionidae, 

f resh-water  mussels, which a r e  discussed i n  Sect ion 5.5.5. 

Aquat ic macro inver tebrates occupy many types o f  h a b i t a t  and f i l l  a  

v a r i e t y  o f  eco log i ca l  niches. They are an impor tant  p o r t i o n  o f  eco log i ca l  

base l ine  s tud ies  because they  p rov ide  essen t i a l  i n f o rma t i on  on t h e  aquat i c  

food web, especi a1 l y  , t h a t  p e r t a i n i n g  t o  secondary product ion. Benth ic  

organisms t y p i c a l  l y  make-up many f u n c t i o n a l  feeding ca tagor ies  and f u l  fi 11 



severa l  broad t r o p h i c  r e l a t i o n s h i p s .  Benth ic  macro inver tebrates a r e  o f t e n  

consumed by f i s h  and o t h e r  h i ghe r  ver tebra tes  i n c l u d i n g  amphibians, a  v a r i -  

e t y  o f  waterfowl and wading b i r d s ,  and occasi 'onally mammals. Resu l ts  o f  

these  s tud ies  may p rov ide  very use fu l  i n f o rma t i on  determi n i ng  t he  o v e r a l l  

w e l l  be ing o f  t h e  aqua t i c  environment as w e l l  as p rov ide  i n t e r p r e t a t i v e  i n -  

f o rma t i  on f o r  i d e n t i f y i n g  p o t e n t i a l  phys ica l  and/or chemical per tuber -  

a t i ons .  

Ben th ic  i n v e r t e b r a t e s  such as Corb icu l  a  mani 1  ens is  ( B i  va l  v i a :  Corbi-  

c u l i d a e ) ,  t h e  A s i a t i c  clam, may a l s o  become nuisance organisms. There a re  

p r e s e n t l y  many documented occasions i n  which Corbi c u l  a  have rece ived  per-  

s i s t e n t  s t ud ies  and eva lua t i on  o f  i t s  extens ive b i o - f o u l i n g  c a p a b i l i t y .  

Other ben th ic  organisms may a l s o  become sources o f  problems depending 

on s i t e  s p e c i f i c  c h a r a c t e r i s t i c s  o f  t h e  aqua t i c  environment and s p e c j f l c  

eng ineer ing  requirements f o r  i ndus t r y .  

Eco log ica l  measurements f o r  documenting base l i ne  c h a r a c t e r i s t i c s  o f  

ben th i c  macro inver tebra te  communities i n  t h e  Ohio R i v e r  are der i ved  from 

f o u r  types o f  analyses. These a r e  ana l ys i s  o f :  (1) taxonomic composit ion 

and s t r uc tu re ,  ( 2 )  dens i t y ,  (3)  community d i v e r s i t y  and equat i  b i l  i ty, and 

( 4 )  i d e n t i f i c a t i o n  o f  bas ic  f u n c t i o n a l  feed ing  groups. 

Ana lys is  o f  taxonomic composi t ion and s t r u c t u r e  i s  completed by con- 

s t r u c t i o n  o f  l i s t s  o f  ben th ic  fauna c o l l e c t e d  and t h e  respec t i ve  number o f  

i nd i  v idua l  s  w i t h i n  each taxa. Macro inver tebrate d e n s i t y  may be expressed 

f o r  a  taxon, group o f  organisms, o r '  more o f ten ,  f o r  a  p a r t i c u l a r  sampl i n g  ... 

s t a t i o n  o r  group o f  sampling s ta t i ons .  Dens i ty  o f  ben th ic  macroinverte- 

2 b r a t e s  i s  expressed as number o f  organisms p e r  meter squared (M ) ,  and i s  



derived from converting the  mean number of organisms in the  or ig ina l  

benthic grab sample. 

Community diversity i s  a measure of taxonomic richness and the dis- 

tr ibution of individuals among the taxa collected a t  a particular station. 

Equitability i s  the measure of the "evenness" of the distribution of those 

i ndi vidual s and their  respective numbers among the benthic community tax- 

u~~u~iiic eomposition (U.5, EPA 1973). 

The functional feeding groups herein are used to  exemplify types of 

benthic macroinvertebrate feeding habits, and the overall composition of 

organisms comprising these feeding habits. Four basic functional feeding 

groups are used to  account for the variety of feeding modes for the taxa 

of benthic invertebrates collected from the Ohio River. These are: (1) 

detr i t ivores ,  ( 2 )  herbivores, (3) omnivores, and (4 )  carnivores. They are 

defined using Cummi ns (1973), Cummi ns (1979),  and Cummi ns and Kl ug (1979) 

general classification for functional feeding. Detritivores are those 

organisms which feed most frequently in/on ultra-fine s i l t  and mud part- 

ic les  to the more coarse decomposed leaf and higher plant debris. Benthic 

invertebrates collected from fine t o  coarse detr i tus  substrates may feed as 

f i l t e r  or suspension collectors of 'fine particulate matter, or they may be 

shredders of the more coarse plant debris. Detritivore shredders are fre- . - 
quently found mining higher decomposed plant t issue including leaves, stems 

and other t issue parts. 

Herbivorous macroinvertebrates encompass a broad range of organi sms 

that  feed primarily on living plant material. They are comprised of shred- 

ders, miners, collectors and scrapers, and feed on a large variety of l iv-  

ing plant material including plantonic filamentous and diatomaceous a1 gae, 



p e r i p h y t i c  a1 gae, h i ghe r  p l a n t s  and r e l a t e d  organic  mat ter .  

Omnivores a re  those ben th ic  macro inver tebrates which most o f t e n  con- 

sume bo th  p l a n t  and animal ma te r i a l .  These organisms may have s i m i l a r  

feeding modes as those discussed above, o r  may t y p i f y  c a r n i  vore/scavenger 

t ype  feed ing  hab i ts .  Carnivores t h r i v e  predominant ly on 1 i v i  ng and dead 

a n i m a l  t i s s u e ,  f l u i d s ,  o r  p a r t s .  The p r e d i t o r y  h a b i t s  o f  c a r n i v o r e s  

a r e  compri'sed o f  two types, swal l  owers and p ie rcers .  

111 s l ~ d y l n g  and eva lua t i ng  t h e  f u n c t i o n a l  feeding groups making up t he  

taxonomic composi t ion o f  zoobenthos obta ined fro111 t h e  Ohio River ,  i t  i s  

assumed t h a t  ove r l ap  o r  f a c u l t a t i v e  h a b i t s  occur. The ex ten t ,  o r  frequency 

o f  f a c u l t a t i v e  feed ing  behavior  and h a b i t s  were no t  always d e f i n i t i v e ,  a i d  

t he re fo re ,  organisms were c l a s s i f i e d  as t o  "best  f i t "  f o r  predominant feed- 
* 

i n g  groups. The "bes t  f i t "  was based on numerous l i t e r a t u r e  sources i n -  

c l u d i n g  p r i m a r i l y  t h e  f o l l o w i n g  authors :  Cummins (1973, 1979), Cummins and 

K lug  (1979), M e r r i t t  and Cummins (1978), Pennak (1979), Roback (1957), 

Johannsen (1969), Curry  (1966), Gale and Lowe (1971). Add i t i ona l  ly, those 

ben th i c  organisms- which cou ld  n o t  be c l a s s i f i e d  I n t o  t h e i r  pr imary func- 

t i o n a l  group were p laced i n t o  a category o f  undetermined. T h e i r  d e n s i t i e s  
D 

were inc luded  i n  t h e  percent  composit ion c a l c u l a t i o n s  and recorded accord- 

i n g l y  . 
Eva1 u a t i o n  o f '  t h e  eco log i ca l  c h a r a c t e r i s t i c s  discussed above concern- 

i n g  t h e  Ohio R i v e r  ben th i c  macro inver tebrate communities, combined w i t h  

o t h e r  b i o t i c  and a b i o t i c  va r i ab les  which were e i t h e r  observed, measured, o r  

es t imated  d u r i n g  t h e  q u a r t e r l y  surveys, c o n t r i b u t e  t o  t h e  eventual  complete 

assessment o f  major ben tho log i ca l  r e l a t i o n s h i p s  i n  t he  study area. The 

more i m p o r t a n t  b i o t i c  and a b i o t i c  r e l a t i o n s h i p s  a r e  d i s c u s s e d  i n  t h e  



f o l l o w i n g  paragraphs as they apply t o  t h e  r e s u l t s  o f  the  ben th ic  macro- 

i n v e r t e b r a t e  sampl i n g  program. 

Dur ing t h e  f o u r  sampling programs 58 t axa  o f  ben th ic  macroinverte- 

b ra tes  were c o l l e c t e d  from t h e  n i ne  Ohio R i v e r  substat ions.  The pre- 

dominant . i n s e c t  ( I nsec ta )  organisms were t y p i c a l l y  comprised o f  D ip te ra ,  

w h i l e  t he  most abundant non- insect taxa were comprised mos t l y  o f  f resh-  

water segmented worms, Oligochaeta. D ip te ra  were represented by 2 1  taxa  

c o n s i s t i n g  p r i m a r i  l y  o f  t he  midges (Chi ronomi de) Coel otanypus spp., - Poly- 

ped i lum spp., and Ablabesmyia spp.; and inc luded  t h e  phantom midge ( C u l i c i -  

dae) Chaoborus sp. Add i t i ona l  i n s e c t  taxa  which appeared q u i t e  o f t e n  

throughout  t h e  du ra t i on  o f  t h e  p r o j e c t  inc luded:  t h e  burrowing mayf ly  , 

Hexagenia l i m b a t a  (Ephemerop te ra ) ;  Gomphus sp. (Odonata)  a  b u r r o w i n g  

d ragonf l y ;  and two r e l a t i v e l y  common genera o f  ne t -sp inn ing  caddi s f 1  i e s  

(T r i chop te ra ) ,  Chematopsyche spp. and Hydropsyche spp. 

The most f r equen t l y  occu r r i ng  non- i  nsect  . taxa were comprised 1 a rge l  y 

o f  t u b i f i c i d  worms (Ol igochaeta: T u b i f i c i d a e ) .  These inc luded  such d e t r i t -  

i vores  as B r a n c h u r i a  sowerby i  , L i m n o d r i  1  us h o f f m e i  s t e r i  , L i m n o d r i  1  us  

caparedeanus, and l e s s  o f t e n  Pel oscolex .sp. The A s i a t i c  clam Corb icu la  

man i lens is  (B i va l  v i a :  Corb icu l  i dae )  a  f i l t e r  feeding omnivore, was moder- 

a t e l y  abundant and occurred f r equen t l y  i n  t h e  study area. An a d d i t i o n a l  

non- insecta taxa which appeared l e s s  f requent l y  than those organisms above, 

b u t  was occas iona l l y  found t o  be l o c a l l y  abundant, was t h e  smal l  c rus ta -  

cean Gammarus spp. (Amphipoda: Gammaridae), 

The extremes f o r  number o f  taxa co l l eced  a t  t he  n i ne  Ohio R i ve r  sub- 

s t a t i o n s  ranged from t h e  minimum of 3  du r i ng  Ju l y ,  1980 a t  S ta t i ons  1B and 

38 t o  a  maximum o f  18 a t  S t a t i o n  2C du r i ng  t h e  January, 1981 survey. Over- 



a l l  taxonomic composi t ion i n  t h e  ben th i c  macro inver tebrate communities was 

t h e  h i ghes t  d u r i n g  January and t he  lowest  du r i ng  J u l y  (Table,  5.10 through 

5.13). 

The h ighe r  number of taxa repor ted  du r i ng  January, especi a1 l y  insec ts ,  

was expected s i nce  t h i s  i s  gene ra l l y  w i t h i n  t h e  t ime pe r i od  i n  which many 

immature l i f e  forms ( l a r v a e  and nymphs) over-winter .  .This i s  f u t h e r  sub- 

s t a n t i a t e d  because o f  t he  gene ra l l y  h igher  d e n s i t i e s  o f  i n s e c t  fauna c o l -  

l e c t e d  d u r i n g  Januar.~. Th is  phenomenon envol v i n g  p e r i o d i c y  o f  i n s e c t  l i f e  

c y c l e s  occurred d u r i n g  t h e  October survey t o  a  l i m i t e d  ex ten t ,  too. 

The sampl ing i n f o r m a t i o n  c o l l e c t e d  from t h e  cross sec t i on  o f  t h e  Ohio 

R i v e r  a t o t h e  proposed p l a n t  s i t e  showed gene ra l l y  depressed numbers o f  taxa 

i n  mid-channel than  a long  i t s  edges (F igu re  5.4 through 5.7). Th is  p a t t e r n  

was c e r t a i n l y  expected s ince  i t  was probable t h a t  r e l a t i v e l y  .few aquat i c  

macro inver tebra tes  t o l e r a t e  t h e  phys ica l  and occas.ionally i r r e g u l a r  en- 

v i ronmenta l  va r i ab les  a t  mid-channel. On most occassions du r i ng  t h i s  study 

very  few taxa  were c o l l e c t e d  f rom mid-channel ;. t h e  number o f  taxa ranged 

.from 3 t o  11 d u r i n g  J u l y  and January, respec t i ve ly .  The h ighe r  number o f  

t a x a  occu r r i ng  a t  S t a t i o n  28 i n  January was due t o  favorab le  subs t ra te  

cond i t i on ,  f low,  and o the r  o v e r a l l  phys i ca l  f a c t o r s  which enhanced ben th ic  

community development. A d d i t i o n a l l y  , as shown by F igure  5.7, apparent ly  

these  environmental  cond i t i ons  favored a  diagonal p a t t e r n  o f  h i gh  zoo- 

ben th i c  d e n s i t i e s  from S t a t i o n  3C t o  2B t o  lA, The i n d i r e c t  e f f e c t s  o f  

strea'm r e g u l a t i o n  seem apparent i n  produc ing t h i s  pa t te rn .  

Benth ic  macro inver tebra te  taxa d i d  n o t  show p a r t i c u l a r l y  un i fo rm o r  

c o n s i s t e n t  l o n g i t u d i n a l  p a t t e r n s  from Ohio R i ve r  S t a t i o n  1, downri ver  t o  

s t a t i o n  3. I t  was on l y  ev iden t  t h a t  t h e  mean number o f  taxa  a t  these r i v e r  

s t a t i o n s  were s l i g h t l y  more un i fo rm du r i ng  October and January, than du r i ng  

May and J u l y  (F igu re  5.8). 
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Table 5.10 2 Benthic macroinvertebrates (densi ty/M ) c o l l e c t e d  May 13 and 16, 1980, f rom 
t h e  Ohio River,  B u l l  Creek and Town Creek. 

Ohio R i ve r  B u l l  Town 
1 A  1B 1 C  2A 2B 2C 3A. 38 3C Creek Creek 

Taxa 

Arthropoda 
Insec ta  

Ephemeroptera 

~n Odonata 
Agr ion sp. 
Neurocordul i a molesta 

Tr i chop te ra  
  he ma to psyche spp. 
H d ro  s che spp. 
*us sp. 
Pupa 

Col eoptera 
~ u b i  r aph i  a sp. 
D ~ t i  s c i  dae 
EI m i  dae a d u l t  
Stenelmis sp. 

D i  p te ra  hif :;smYi a sp. 

Chaoborus sp. 6.4 
Chi ronomi nae pupa 12.8 
Chi ronomi n i  pupa 



Table 5.10 Continued 

Ohio R iver  . B u l l  Town 
1 A  1B 1 C  2A .2B 2C 3A '3B 3C Creek Creek 

Taxa 

Chi ronomus spp. 
Cladotanytarsus sp. 
Coelotanypus spp. 
Cr ico to  us spp. 
d o n o m u s  ( S  
Cryptochironomus sp 
Cryptochironomus sp 
Dicrotendi  es sp. 
d s  sp. 
Harn isch ia  sp. 
Hemerodromia SD. 
H e t e r o t r i  ssocl adi us sp. 
Lau te rbo rn ie l l  a SD. -~ ~ - 

M i  c ro tend i  pes abe'rrans 
Nanocl adi  us sp. 
Orthocl ad i  fnae pupa 
Orthocladius SD: ' 

Paratendipes albimanus 
Paratendipes connectens 
;;;ypedi;um sp. 

ypedi um fa1 l a x  
Procladius sp. 
Psectroc ladius sp. 

TaGtassus spp. 
1hjenemanne.w.h group 
Tr issoc lad ius  sp. 
Undetermined spp. 

Tota l  Insecta '6.4 210.5 593.1 51.0 25.6 86.1 121.2.197.8 83.0 893.7 2486.5 



I a b l e  5.10 Continued - 
Oh10 Rlver Bur 1 f own 

1 A  1B 1 C  2A 28 2C 3A 38 3C Creek Creek 
Taxa 

Crustacea 
h p h i  poda 

Gammarus sp. 57.4 12.8 

Isopoda 
L i rceus  sp. 

Decapoda 
Orconectes sp. 

Anne1 i da 
Hi  r u d i  nea 

01 i goc haet a 
Immature t u b i f i c i d s  574.1 
Branchuria sowerbyi 
Limnodri 1 us - 

? 452.9 
Limnodri us 

h i  of fmei s t e r i  912.2 
L imnodr i lus sp. 
Pel oscol ex spp. 114.8 
Undet ermi ned Na i d i  dae 

Mol l  usca 
B i v a l v i a  

Corbicula mani lensis 
Undetermined Unionacean ' 

Nemot oda . .  . .  . 

Tota l  Non-Insecta 2060.4 0.0 57.4 1084.4 32.0 755.8 1282.2 38.3 51.0 86.2 21.6 



Tab1 e 5.10 Continued 
Ohio R iver  B u l l  Town 

1 A  1B 1 C  2A 2B 2C 3A 3B 3C Creek Creek 

Tota l  Density 2066.8 210.5 650-5 1135.4 57,5 841.9 1403.4 236.0 134.0 979.9 2508.1 

Total  Taxa 6 7 10 7 6 9 9 7 10 37 29 

Equi t a b i  1 i t y ( e )  0.69 0.86 0.69 0.56 0.88 0.71 .0.51 0.57 0.91 0.81 0.40 

VI 
I 

1 A = Kentucky Side, B = Mid Channel , C = 1 ndiana Side 



Table 5.11 
2 

Benthic macroinvertebrates (densi ty/M ) c o l l e c t e d  J u l y  15 and 16, 1980 from 
t h e  Ohio River,  B u l l  Creek and Town Creek. 

Ohio R iver  B u l l  Town 
1A 1B 1 C  2A 2B 2C 3A 3B 3C Creek ' C r e e k  

Taxa 
Anthropoda 

Insec ta  
Ephemeroptera 

B a e t i s  sp. 
Caenis sp. 
Stenonema sp. 

Odonata 
Gomphus sp. 
Coenagri i dae 

yl 
Mega1 optera 

I 
V 

S i a l i s  sp. 
--I 

T r i chop te ra  
  he ma to psyche spp. 
- -- - -  

Hydropsyche spp. 
Psychomyiid group 

Col ep te ra  
Dubi raph ia  sp 
Elmidae a d u l t s  
Stenelmi s sp. 

Hemi p t  era 
Mi c rove l  i a sp. 

Di  p t e r a  
Abl abesmyi a sp. 
Adu l ts  
Ceratopogonidae 
Chironomus spp. 
Coelotan us spp, 6.4 
&omus (s.s.) s,p. 
L r y p t o c n i  ronomus sp.1 6.4 



Table 5.11 Continued 

Ohio R i ve r  B u l l  Town 
1A 1B 1 C  2A 2B 2C 3A 38 .3C Creek Creek 

Taxa a 
Cryp toc l  adopel ma sp. 
Hemerodromia sp. 
M ic ro tend i  es aberrans 
E i T y j x A p .  6.4 ' 19,l 
Proc l  ad i  us sp. 
Rheotanytarsus sp. 
St ictochironomus sp. 
Simul ium v l  t t a t um 
T a t y t a r s i  n i  puape 
Tanytarsus spp. 
Xenochironomus sp. 

To ta l  Insec ta  

Crust acea 
Amphi poda 

Gammarus sp. 6.4 

Isopoda 
Ase l l us  sp. 
L i r ceus  sp. 

Decapoda 
Orconectes sp. . 

Anne1 i d a  
Hi rundinea 

Helobdel la  sp. 



Tab1 e 5.11 Continued 

Ohio R i ve r  B u l l  Town 
1 A 1 B 1 C 2A 2 B 2 C 3A 3B ' 3C Creek Creek 

- 

01 igochaeta 
Immature 
t u b i f i c i d s  276.3 318.9 146.7 542.3 1033.4 6.4 133.9 10.8 3.6 

Branchuri  a 
Sowerbyi 

Limnodri  1 us 

Limno =YFF ri  us 
hof fmei  s t e r i  178.6 

L imnodri  1 us sp. 
Pel oscolex spp. 12.8 
Lumbr icu l idae 

cn 
1 Mollusca 

V 
u B i  va l  v i  a 

Corbi  c u l  a 
n~an i  1 ens i  s 51.0 6.4 31.9 57.4 95.7 38.3 25.5 25.5 

Sphaerium sp. 12.8 6.4 

Coel en te ra ta  
. Hydroida 

Hydra sp. 

To ta l  Non-Insecta 537.9 6.4 38.4 555.0 287.1 816.7 1951.9 38.3 306.2 21.6 28.8 

Tot a1 Dens i ty 582.6 31.9 165.9 580.5 293.5 887.0 1951.9 38.3 331.7 603.1 1209.6 
Tota l  Taxa 11 3 9 6 6 13 8 3 6 20 2 1 

Community 
D i v e r s i t y  (a) 2.09 1.39 2.48 1.62 1.82 1.97 1.52 1.25 2.05 3.13 2.82 

E q u i t a b i l i t y  (e) 0.60 0.87 0.78 0.63 .0.70 0.53 0.51 0.79 0.79 0.72 0.64 



Table 5.12 
2 

Benthic macro inver tebrates (densi  ty/M ) c o l  1 ected October, 8, and 9 f rom 
t h e  Ohio River ,  B u l l  Creek and Town Creek. 

Ohio R i ve r  B u l l  Town 
1A 1B 1 C  2A 2B 2C 3A 3B 3C Creek Creek 

Taxa 

Arthropoda 
Insec ta  

Ephemeroptera 
~ a e t  i s- sp. 
Caenis sp. 
Hexagenia l imbata  6.4 
Leptophl  eb i  a .sp. 
Stenonema sp. 
* 

U1 
I ., Od ona t a 

Megaloptera 
S i a l i s  sp. 

T r i chop te ra  

- '  
Stenelmi s sp. 



Table 5.12 Continued 

Ohio R i ve r  B u l l  Town 
1 A  1B 1 C  2A 28 2C 3A  3B 3C Creek ' Creek 

Hemi p te ra  
M i  c rove l  i a sp. 

D i p t e r a  

Aedes sp. .- 
~Card i  o c l  ad i  us sp. 
Cerat opogonidae 
Chaoborus sp. 
Chi ronomus sp. 
Coel otanypus sp. 
Dicrotendipes sp. 

H e t e r o t r i  ssocl  ad i  us sp. 
K i e f f e r u l u s  sp. 
M ic ro tend i  pes aberrans 
Micropsect ra  sp. 
Or thoc lad ius sp. 
Pa ra lae te rbo rn ie l l a  sp. 
Paratendipes albimanus 
Paratendipes connectens 
Pentaneura SD. 
Polypedi 1 urn +a1 1 ax 
Poly  ed i lum sp. 
&SP . 
Rheotanytarsus sp. 
Stenochironomus sp. 
St ictochironomus sp. 
Tabanus sp. 
Tanytarsus sp. 



Table 5.12 Continued 

Ohio R i v e r  B u l l  Town 
1A 1 B 1 C 2A 28 2C 3A 3B 3C ' Creek Creek 

T i  u l a  spo 
*os sp. 
Undetermined Pupae 

To ta l  Insecta 51.2 133.9 95.7 108.4 102.1 491.3 146.7 44.7 108.5 929.5 2705.6 

Crustacea 
Isopoda 

L i r ceus  sp. 

Decopoda 
Orconectes sp. 

Bryozoa 
C r i s t a t e l  l a  mucedo 

Anne1 i d a  
H i  rundinea 

G l  oss i  phoni i dae 

01 igochaeta 
Immature 

t u b i f i c i d s  759.1 12.8 676.2 63.8 51.0 204.1 784.6 2463.7 752.7 104.1 ' 43.1 
25.5 51.0 Branchur ia  sowerbyi 

Dero SD. 6.4 6.4 - I 
Limnodri  l us 

caparedeanus 12.8 
Limnodri  1 us 

hof fmei  s t e r i  223.3 
L imnodr i lus  sp. 25.5 



Table 5.12 Continued 
. . .  . . 

Ohio R i ve r  B u l l  Town 
1 A .  1 B 1 C 2A . 2 8 .  .2C .3A 38 ' 3C Creek Creek 

Lumbri c u l  i dae 
Nais  SD. 

Pel oseol ex sp. 
Tub i f  i c i d a e  w i t h  

ha i r setae 

Mo l l  usca 
B i  vali v i  a  

m 
I Gastropoda w 
v ~ e r r i s s i a  sp. 

He1 i soma sp. 
P-lurocera SD. 
Physa sp. 

To ta l  Non-Insecta 

To ta l  Densi ty  1205.9 255.1 1116.4 586.9 491.2 969.7 1747.8 3578.7 1390.7 1195.2 2899.0 
To ta l  Taxa 11. 7 12 10 8 15 10 8 12 34 43 

Community 
D i  v e r s i  t y  (d-)  1.73 2.14 2.01 1.87 2.00 2.51 2.12 1.38 2.07 3.38 3.46 

Equi t a b i  1  i ty  (e )  0.50 0.76 0.56 0.56 0.67 0.64 0.64 0.46 0.58 0.68 0.64 

a-Qua1 i t a t i v e ,  no t  used f o r  c a l c u l a t i n g  community d i v e r s i t y  (d) 



Table 5. 13 
2 

Benthic macro inver tebrates (dens i ty /M ) c o l l e c t e d  January, 13 and 14, 1981 
f rom t h e  Ohio River ,  B u l l  Creek and. Town Creek. 

Ohio R i ve r  B u l l  Town 
1A 1B 1 C  2A 28 2C 3A 38 3C Creek Creek 

Taxa 
A r t  hropoda 

I nsec ta  
Ephemeroptera 

Bae t i s  sp. 

Stenonema sp. 

~l ocapni a sp. 
Immature 

Odonata 
Gomphus sp. 32.0 
Promogomphus sp. 6.4 

Mega1 optera 
S i a l i s  sp. 

~ h e m a t o ~ s y c h e  spp. 
Psychomyi i d  spped 



Table 5.13 Continued 

Ohio R i ve r  B u l l  . Town 
1A 1B 1 C  2A 2B 2C 3A 3B 3C Creek Creek 

Col eoptera 
D'ubi r7ph ia  sp. 
Stene emis sp. 

D i p t e r a  
~ b l  abesmyia sp. 
B r i l l i a  sp. 
Ceratopogonidae 
Chaoborus sp. 
Chi ronomus SD. 

L a r s i a  sp. 
Microtendipes aberrans 
Or thoc l  ad i  i nae pupae 
Paratendipes - connectens 
Paratendipes sp. 
Polypedi 1 um sp. 
Proc l  ad i  us sp 
St ictochironomus sp. 
T r i choc lad ius  SD. 
~ r i  ssocl  ad ius sb. 

To ta l  Insec ta  



Table  5.13 Continued 

Ohio R i v e r  B u l l  Town 
1 A 1B 1C 2A 2B 2 C 3A . 3 B 3 C Creek Creek 

Crustacea 
~ m p h i  poda 

Gammarus sp. 

v Isopo a 
L i rceus sp. 

Anne1 i da 
01 igochaeta 
~ i l  o d r i  1 us sp. 25.6. 12.8 6.4 44.8 
Branchuria sowerbyi 51.2 25.6 32.0 12.E. 6.4 32.0 
Dero sp. 6.4 3.6 
Limndr i l  us 

hoffmei s t e r i  128.0 25.6 25.6 524.8 76.8 147.2 12.8 262.4 7.2 
Limnodri lus sp. 25.6 57.6 390.4 12.8 12.8 25.6 262.4 10.8 

Lumbricul idae 3.6 
Nais  sp. 3.6 
Pel oscol ex sp. 345.6 12.8 25.6 7.2 3.6 
ImmatureTub i f ic ids  2112.0 64.0 6.4 322.8 1324.8 1312.0 876.8 102.4 3808.0 18.0 43.2 



'Table 5.13 Continued 

Ohio R iver  B u l l  Town 
1A 1 B 1 C 2A 28 2C 3A 3 B 3 C Creek Creek 

Mol l  usca 
B i  va l  v i  a 

Corbi cu l  i a 
mani 1 ensi  s 

S ~ h a e r i  urn SD. 

Gastropoda 
' Physa sp. 

P l  urocera sp. 

To ta l  Non-Insecta 2956.8 332.8 348.4 448.0 2636.8 1593.6 1075.2 198.4 4550.4 39.6 115.2 
.--1 

T o t a l  Densi ty  3059.0 371.2 396.8 774.4 2700.8 1926.4 1376.0 313.6 4832.0 540.0 1360.8 
Tota l  Taxa 13 8 9 12 11 18 11 8 10 24 2 9 

Communi t y  
D i v e r s i t y  ( a )  1.64 2.13 1.26 2.48 2.03 1.97 1.87 2.29 1.31 4.04 3.92 

Equi t a b i  1 i t y  ( e )  0.44 0.67 0.42 0.69 0.59 0.47 0.54 0.76 . 0.39 0.88 0.81 



Figure  5.4 Cross s e c t i o n  comparison o f  ben th i c  macro inver tebra te  dens i ty ,  
number o f  taxa  and community d i v e r s i t y  a t  Ohio R i ve r  -S ta t ions  on 
May 13, 1980. 



  can for 

Figure 5.5 Cross %ect.ion comparison o f  benth ic  macro inver tebrate dens i ty ,  
number o f  taxa and community d i v e r s i t y  a t  Ohio Ri,ver Stati.ons on 
Ju l y  15, 1980. 



Mean for 
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Figure 5. Cross s e c t i o n  comparison o f  ben th i c  macro inver tebra te  dens i ty ,  
number o f  taxa and community d i v e r s i t y  a t  Ohio R i ve r  S t a t i o n s ' o n  
October 8, 1980. 



Figure 5.7 Cross s e c t i o n  comparison o f  ben th i c  macro inver tebra te  dens i ty ,  
number o f  taxa and community d i v e r s i t y  a t  Ohio R i ve r  Stations on 
January 13, 1981. 



Benth ic  macro inver tebra te  d e n s i t i e s  were q u i t e  v a r i a b l e  throughout 

t h e  Ohio R i v e r  s tudy area. The h ighes t  i n s e c t  d e n s i t i e s  were, i n  pa r t ,  

a t t a i n e d  by midges such as Stenochironomus sp., which reached a  maximum 

2  d e n s i t y  of 427/M a t  S t a t i o n  2C du r i ng  t h e  October survey. Dur ing Jan- 

uary ,  Chironomus sp. mainta ined r e l a t i v e l y  h i gh  d e n s i t i e s  ranging from 

2  172.8 t o  179.2IM a t  S t a t i o n  2A and 3A, r espec t i ve l y .  The h ighes t  midge 

2  d e n s i t y  i n  May was a t t r i b u t e d  t o  Paratendipes connectens (165.81M ) a t  
1 

S t a t i o n  38. Other i n s e c t  t axa  a l s o  reached r e l a t i v e l y  h i gh  abundance. For 

example, t h e  caddi s f l y ,  Chematopsyche spp., obta ined a  maximum dens i t y  o f  

2  344.4/M d u r i n g  May, a t  S t a t i o n  1C. Hexagenia 1  imbata, and o t h e r  i n s e c t  

taxa,  i n c l u d i n g  these a d d i t i o n a l  midge taxa, Polypedi 1  urn spp, c o e l o t a n y 6 s  

spp, Cryptochi  ronomus spp, and Chaoborus sp., appeared t o  be moderately 

abundant a t  s p e c i f i c  s t a t i o n s  i n  t h e  Ohio River .  ~ e n e r a l l ~ '  h i ghes t  densi-  

t i e s  were c o r r o l  a ted  w i t h  f avo rab le  h a b i t a t  c h a r a c t e r i s t i c s  analogous w i t h  

t h e  p a r t i c u l a r  f u n c t i o n a l  feed ing  types of r espec t i ve  taxa. Th is  co r ro l a -  

t i o n  was more ev iden t  f o r  t h e  predominant ben th i c  i n s e c t  organisms and was 

espec ia l  l y  pronounced f o r  non- i  nsect  ben th ic  fauna such as t h e  segmented 

worms ( T u b i f i c i d a e ) .  

T u b i f i c i d s  were t y p i c a l l y  very  abundant a t  Ohio R i v e r  s t a t i o n s  ' w i t h  

subs t ra tes  composed o f  decomposed d e t r i t u s .  D e t r i t u s  subs t ra tes  were more 

o f t e n  l o c a t e d  a long t h e  l a t e r a l  margins o f  the  r i v e r ,  b u t  occas iona l l y  

l oose  d e t r i t u s  depos i t s  occurred a t  mid-channel when low f l o w  o r  low cur -  

r e n t  v e l o c i t y  c o n d i t i o n s  ex is ted .  The predominant t u b i f  i c i d  d e t r i  t i  vores 

o c c u r r i n g  i n  t h e  sediments were Limnodri  1  us sp., Branchu'ria sowerbyi , and 

Peloscolex sp. L imnodr i l  us h o f f m e i s t e r i  was t he  most abundant worm; i t  

reached a  d e n s i t y  of 912.2/~' du r i ng  t h e  May survey a t  S t a t i o n  1A. 

5-86 



Immature t u b i f i c i d s ,  which were l i k e l y  comprised o f  severa l  taxa, 

o f t e n  made up t h e  dominant p o r t i o n  o f  ben th ic  dens i ty .  Dur ing January t h e  

2 immature worms were c o l l e c t e d  i n  numbers as h i gh  as 3808/M a t  S t a t i o n  3C 

from f i n e  t o  coarse d e t r i t u s  sediments. Dur ing t h e  coarse o f  t h i s  study i t  

was apparent t h a t  t h e  substrate-organism re1 a t i o n s h i  p  e x i s t e d  spec ia l  l y  f o r  

t h e  t u b i f i c i d s ,  bu t  a l s o  f o r  o the r  zoobenthic taxa. A t  l e a s t  one ben th i c  

organism d i d  no t  i n d i c a t e  t h i s  eco log i ca l  re1 a t i o n s h i p  t o  t he  subst ra te .  

Corb icu la  man i lens is  d i d  no t  show a d e f i n i t i v e  p o s i t i v e  r e l a t i o n s h i p  

as d i  scussed above. The A s i a t i c  clam was d i s t r i b u t e d  throughout numerous 

bottom types as i n d i c a t e d  by i t s  moderate abundance and d i s t r i b u t i o n  a t  a l l  

Ohio R i v e r  s ta t i ons .  Corb icu la  showed maximum d e n s i t i e s  d u r i n g  t h e  October - 

2 and January surveys when they  reached 382.71M a t  S t a t i o n  2A, and 358.41 

2 M a t  S t a t i o n  2B, respec t i ve ly .  The subs t ra te  t ype  a t  bo th  s t a t i o n s  was 

composed o f  numerous p a r t i c l e  grades o f  decomposed vegetat ion. Corb icu la  

were abundant i n  subs t ra tes  o f  sand where i t  reached d e n s i t i e s  between 19.0 

2 and 108.41M , and a l s o  occurred i n  comparable numbers i n  t h e  f i r m ,  com- 

pac t  sand-gravel-rubble subs t ra tes  t y p i c a l l y  encountered a long t h e  ero-  

s i o n a l  bank on t h e  I n d i a n a  s i d e  o f  t h e  channe l .  F u l l e r  (1978,  1980) 

conclyded from i n t e n s i v e  mussel i n v e s t i  ga t lons  on t he  upper M i s s i s s i p p i  

R i ve r  t h a t  Corb icu la  were d i s t r i b u t e d  i n  much t h e  same manner. 

To ta l  macro inver tebrate d e n s i t i e s  changed s u b s t a n t i a l l y  throughout  t h e  

1980 and 1981 sampling per iod.  The lowest ben th ic  macro inver tebrate dens i -  

t i e s  were c o n s i s t e n t l y  recorded from mid-channel S ta t i ons  lB, 2B and 38. 

On on ly  a  few occasions were d e n s i t i e s  h i ghe r  i n  mid-channel than a long  

t h e  edges o f  t he  r i v e r .  For  example, d u r i n g  October a t  S t a t i o n  3, t o t a l  

ben th i c  i n v e r t e b r a t e  d e n s i t i e s  were h ighes t  i n  mid-channel , as were t he  



d e n s i t i e s  d u r i n g  January a t  mid-channel S t a t i o n  28. Th is  was a t t r i b u t e d  

t o  t h e  presence of r e l a t i v e l y  h i gh  numbers o f  Corb icu la  man i lens is  and 

T u b i f i c i d a e ,  e s p e c i a l l y  immature t u b i f i c i d s ,  i n  i s o l a t e d  depos i ts  o r  sedi -  

ment anomolies o f  d e t r i t u s  which comprised favorab le  subs t ra te  f o r  these 

organisms. A d d i t i o n a l l y ,  t h e  f l o w  i n  Channelton Pool du r i ng  t he  per iods  o f  

ben tho log i ca l  sampl ing was r e l a t i v e l y  slow. Stream regu la t i on ,  such as t h e  

Ohio R i ve r  i s  sub jec ted  to ,  commonly a1 terbs prev ious eco log ica l ,  phys ica l ,  

and chemical c h a r a c t e r i s t i c s  which ' l a t e r  may have d i  r e c t  and i n d i r e c t  

i n f l uences  on t h e  ben th ic  macro inver tebra te  community (Ward & Stanford 

1979, wh i t t on  1975; Hynes 1972). - - 

Maximum ben th i c  d e n s i t i e s  occurred most o f t e n  a t  t h e  l a t e r a l  channel 

Substat ions A and C. Overa l l ,  lllean t o t a l  d e n s i t i e s  were s l i g h t l y  h igher  

a l ong  t h e  Kentucky s i d e  o f  t h e  Ohio R i v e r  i n  t h e  s o f t  d e t r i t u s  sediments. 

2  However, t h e  h i  ghest t o t a l  macroi nve r teb ra te  dens i t y  (4832lM ) occurred 

a t  S t a t i o n  3C i n  January, 1981. To ta l  macro inver tebra te  d e n s i t i e s  were 

c o n s i s t e n t l y  h i ghe r  d u r i n g  January, e s p e c i a l l y  a t  t h e  l a t e r a l  r i v e r  channel 

Substat ions A  and C, and c o n s i s t e n t l y  lower  du r i ng  Ju l y ,  e s p e c i a l l y  d l  

Ohio R i ve r  S t a t i o n s  1 and 2. 

Mean t o t a l  macro inver tebra te  d e n s i t i e s  f o r  t h e  t h r e e  Ohio R i ve r  s ta -  

t i o n s  d u r i n g  May, Ju l y ,  October, and January showed d e f i n i t i v e  t rends  (F ig -  

u r e  5.8). Dur ing  t h e  f i r s t  survey i n  May, macro inver tebrate d e n s i t i e s  

decreased i n  p rogress ing  downstream f rom S t a t i o n  1 through 3. Dur ing Ju ly ,  

October, and January, t o t a l  ben th i c  d e n s i t i e s  general ly increased i n  pro- 

g ress i ve  order,  f rom the  upstream S t a t i o n  1 t o  downstream S t a t i o n  3. 
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May J u l y  O c - t o b e r  Januc r y  
Figure 5.8 Long i tud ina l  comparison o f  ben th ic  macro inver tebrate dens i t y  
and number o f  taxa a t  Ohio R i ve r .S ta t i ons  on May 13, J u l y  15, October 8, 
1980 and January 13, 1981 ,(Composite Substat ion Data).  



Community d i v e r s i t y  (a)  ranged from 1.25 a t  S t a t i o n  38 du r i ng  Ju ly ,  t o  

3.01 d u r i n g  May, a t  S t a t i o n  3C. Dur ing t h e  course o f  the  ben tho log ica l  

study'  community d i v e r s i t y  was t y p i c a l l y  h i ghe r  a long t he  Ind iana s i d e  o f  

t h e  Ohio River .  Th i s  was e s p e c i a l l y  ev iden t  du r i ng  May, Ju ly ,  and October, 

1.980. Dur ing  January, 1981 d i v e r s i t y  was s l i g h t l y  h igher  a t  t he  mid- 

channel subs ta t ions ,  and i n  May, a l though d i v e r s i t y  was h ighes t  a t  sub- 

s t a t i o n s  C, mid-channel s t a t i o n s  had t h e  second. h ighes t  d i v e r s i t y .  The 

h ighes t  community d i v e r s i t y  observed a long t h e  Ind iana s i de  o f  t h e  r i v e r  

r e f 1  ec t s  ( e c o l o g i c a l  l y )  s t r u c t u a l  l y  % an'd f u n c t i o n a l  l y  balanced ben th ic  
- 

communities which tended. t o  be es tab l i shed  i n  o r  on f i r m  g rave l  and rock 

subst ra tes.  Lower d i v e r s i t y  values tended t o  r e f l e c t  t h e  general  l y  n&- 

p roduc t  Eve mi d-channel h a b i t a t ,  and those ben th i c  communities which were 

es tab l i shed  i n  t h e  s o f t - f i n e  mud and deb r i s  s i t u a t e d  a long t h e  Kentucky 

s i d e  o f  t h e  r i v e r .  The communities es tab l i shed  i n  these sediments were 

t y p i c a l  l y  dominated by d e t ~ i t i v o r e s  such as t u b i f  i c i d  worms and occasion- 

a l l y  very low d e n s i t i e s  o f  organisms comprised o f  o the r  f u n c t i o n a l  feeding 

groups. - - 

Benth ic  macro inver tebrates occu r r i ng  a t  subs ta t i on  C l o c a t i o n s  were 

general  l y  comprised o f  eco log i ca l  l y  balanced p o r t i o n s  (number o f  i n d i v i d -  

u a l )  o f  herb ivores,  omnivores, carn ivores,  and d e t r i t i v o r e s  (F igure  5.9 

through 5.11). The d e t r i  t i  vore complex u s u a l l y  inc luded  segmented t u b i -  

f i c i d s  as we l l  as i n s e c t  components. Herbivores inc luded  most o f  t he  

mayf 1  i es ,  c a d d i s f l  i es ,  and gene ra l l y  numerous types o f  midges. Omnivores 

were most o f t e n  comprised of i n s e c t  t axa  and occas iona l l y  inc luded  crus- 

taceans. Carn ivores most o f t e n  occurred a t  t h e  subs ta t ions  C and were 

comprised o f  severa l  t axa  i n c l u d i n g  var ious  types o f  predatory  midges and 

odonates. 
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Figure  5.9 Cross sec t i on  comparison o f  ben th ic  macro inver tebrate 
f unc t i ona l  feeding groups f o r  Ohio R iver  S t a t i o n  1  (Composite Survey Data). 
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Figure 5 1 0  Cross section comparison of benthic macroinvertebrate . 
functional feeding grodps for Ohio River Station 2 (Composite Survey Data). 
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Figure 5.11 Cross sec t ion  comparison o f  benth ic  macroinvertebrate 
f unc t i ona l  feeding groups f o r  Ohio River  S ta t i on  3 (Composite Survey Data). 



Comparison o f  e q u i t a b i l  i t y  (e )  among t h e  n i ne  Ohio R i ve r  subs ta t ions  

showed a  range between 0.39 a t  S t a t i o n  3C. (January) and 0.91 a t  S t a t i o n  3C 

(May). Equ i t ab i  1  i ty  showed t rends  s i m i l a r  t o  t h a t  o f  ben th ic  macroinver-  

t e b r a t e  community d i v e r s i t y  i n  t h e  study area. For example, equ i t ab i  l i t y  

was t y p i c a l l y  h i ghe r  a t  subs ta t i on  C l oca t i ons ,  and lower  a t  t h e  subs ta t ion  

A  1  ocat ions.  A1 though t h e  mid-channel macro inver tebrate community was 

gene ra l l y  sparse, e q u i t a b i l  i t y  was r e l a t i v e l y  h igh  compared t o  Ohio R i ve r  

S t a t i o n  1, Subs ta t ion  A which u s u a l l y  had very p roduc t i ve  communities. 

The low e q u a t i b i l i t y  f o r  S ta t i ons  l A ,  2A and 3A a l s o  tended t o  f o l l o w  t h a t  

p a t t e r n  descr ibed  f o r  d i v e r s i t y .  A f t e r  eva lua t i ng  these two components o f  

t h e  ben th i c  macro inver tebra te  community a t  t h e  n i ne  Ohio R i ve r  s t a t i o n s  

t h e r e  i s  l i t t l e  doubt t h a t  subs t ra te  types played a  major r o l e  i n f l u e n c i n g  

t h e i  r outcome. 

Several o f  t h e  eco log i ca l  imp1 i c a t i o n s  der i ved  from eva lua t ing '  func- 

t i o n a l  f e e d i  ng h a b i t s  of ben th i c  macro inver tebrates c o l  l e c t e d  from t h e  

n i n e  Ohio R i v e r  s t a t i o n s  have been discussed e a r l i e r .  I n  general ,  those 

ben th i c  communitnies showing pa t t e rns  o f  d iverse,  un i f o rm ly  p ropor t ioned  

taxonomic s t r u c t u r e  which comprised o f  an evenly p ropor t ioned  number o f  

i n d i v i d u a l  among t h e  bas i c  f unc t i ona l  feeding groups concu r ren t l y  showed 

h i g h  d'i v e r s i t y ,  e q u i t a b i  1 i t y ,  and favorab le  community heterogeni ty .  These 

more s t r u c t u r a l l y  and f u n c t i o n a l l y  complex communities occurred most o f t e n  

a t  s t a t i o n s  l C ,  2C and 3C, near  t h e  Ind iana s i d e  o f  the  Ohio R i ve r  (F igure  

5.9 throough 5.11). A1 though s u p e r f i  c i a1  l y  ben th ic  rnacroi nver tebra te  commu- 

n i t i e s  l oca ted  a t  mid-channel S ta t i ons  lB, 2B and 38 occas iona l l y  resembled 

those  a t  t h e  subs ta t ions  C, m i  d-channel communities were general l y  devoid 

o f  taxanomical l y  r i c h  fauna, and had 1  ower t o t a l  macroi nve r teb ra te  densi  - 
t i e s .  Substat ions A ben th ic  communities e x h i b i t e d  t he  g rea tes t  homogenity, 
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o r  l e a s t  complexi t y  bo th  i n  taxonomic s t r u c t u r e  and eco log i ca l  func t ion .  

Those zoobenthic communities were occas iona l l y  comprised o f  up t o  96.1 

percen t  o l igochaetes,  p r i m a r i l y  t u b i f i c i d s .  Cross sec t i ona l  p a t t e r n s  o f  

t h e  d i s t r i b u t i o n  o f  ben th i c  organisms based on t h e i r  f u n c t i o n a l  feed ing  

h a b i t s  were gene ra l l y  w e l l  de f ined  d u r i n g  t h e  Ashland study. Long i t ud ina l  

p a t t e r n s  f o r  t h i s  same component d i d  n o t  show'such d e f i n i t i v e  comparisons. 

The l o n g i t u d i n a l  p a t t e r n  es tab l i shed  from composi t ing subs ta t i on  da ta  

a r e  summarized i n  F i gu re  5.12. S t a t i o n  1 ( l A ,  lB ,  1 C  c o l l e c t i v e l y )  showed 

a  moderately heterogeneous m i x t u r e  o f  zoobenthos which cons is ted  o f  t h e  

most un i f o rm  d i s t r i b u t i o n  o f  f u n c t i o n a l  feed ing  macro inver tebra te  groups. 

S t a t i o n  2 (2A, 38, 2C c o l l e c t i v e l y )  and 3 ( 3 A ,  36, 3C c o l l e c t i v e l y )  showed 

more i r r e g u l a r  p ropo r t i ons  of, ben th i c  organisms d i s t r i b u t e d  among t h e  

f u n c t i o n a l  feed ing  groups. Th is  l o n g i t u d i n a l  p a t t e r n  i n d i c a t e d  t h a t  t h e  

downstream s t a t i o n  (1 )  had t h e  most f avo rab le  ben th i c  macro inver tebra te  

communities; h igher  d i v e r s i t y  o f  f u n c t i o n a l  feed ing  groups i n  p r o p o r t i o n  t o  

number o f  organisms co l l ec ted .  

The ben th i c  macro inver tebra tes  c o l l e c t e d  from n i n e  subs ta t ions  on t h e  

Ohio R i v e r  near t h e  proposed p l a n t  s i t e  were composed o f  many t y p i c a l  i n -  

sec t  and non- insect  taxa. H i s t o r i c a l  ben tho log ica l  da ta  showed many o f  t he  

taxa  c o l l e c t e d  f rom var ious  l o c a t i o n s  i n  t h e  lower  Ohio R i v e r  area s i m i l a r  

i n c l u d i n g  s p e c i f i c  re ferences t o  t h e  Uniontown and Cannelton Pools. Recent 

zoobenthic data i n d i c a t e s  t h a t  these s i m i l a r i t i e s  a r e  e s p e c i a l l y  t r u e  w i t h -  

i n  t h e  Cannelton Pool, and t o  a  l i m i t e d  ex ten t  t h e  Uniontown Pool. (Dames 

& Moore 1979, 1975, 1977, U.S. EPA ( i n  press) ,  E l b e r t  1978, Mason e t  a l .  

1971). S i g n i f i c a n t  h i s t o r i c a l  f i n d i n g s  concerning recen t  ben th i c  and d r i f t  

macro inver tebate da ta  f rom se lec ted  lower  Ohio R i ve r  pools  a re  summarized 
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Figure 5.12 Longi tud inal  comparison o f  benth ic  macroinvertebrate 
f unc t i ona l  feeding groups f o r  Ohio R i  ver S ta t ions  (Composite Survey Data). 



i n  Table 5.14. Most i n v e s t i g a t o r s  us ing  grab type  c o l l e c t i n g  devices have 

obse rved  m o d e r a t e l y  d i v e r s e  communi t ies  compr i sed  o f  p r i m a r i  l y  midge 

(Chironomidae) and t u b i f i c i d  ( T u b i f i c i d a e )  taxa. Benth ic  communities a re  

usual l y  predominated by re1 a t i v e l y  h i gh  numbers o r  d e n s i t i e s  o f  t u b i f i c i d s  

and genera l l y ,  t o  a  l e s s e r  extent ,  midges. Add i t i ona l  zoobenthic organisms 

which a r e  commonly c o l l e c t e d  from t h e  lower Ohio R i ve r  i nc l ude  many o f  t he  

same i nsec t s  c o l l e c t e d  a t  t h e  Ashland s i t e .  These i nc l ude  represen ta t i ves  

o f  Ephemeroptera Hexagenia spp., Caenis spp. Baet is .  spp., and numerous 

o t h e r  genera o f  P l  ecoptera, Mega1 optera and Odonata. 

The non-i nsect  organisms c o l l  ec ted o f t e n  inc luded  Corb icu l  a, as we1 1  

as many o the r  taxa, too. These ben th ic  i nve r teb ra tes  i nc l ude  p r i m a r i l y  

crustacean taxa from t h e  major  taxonomic groups, Amphi poda, Isopoda, and 

occasi  onal l y  Decopoda. 

Water qua1 i t y  eva lua t i on  was .determined from i n t e r p r e t a t i o n  o f  t h e  

ben th i c  macro inver tebra te  data. Th is  procedure inc luded  t h e  eva lua t i on  o f  

taxonomic composit ion and s t r u c t u r e  i n  r e l a t i o n  t o  t he  presence and/or 

absence o f  p o l l u t i o n  t o l e r a n t  organisms i n  t h e  Ohio River .  Th is  informa- 

t i o n  i n d i c a t e d  moderate t o  good water q u a l i t y  du r i ng  t h e  f o u r  surveys i n  

1980-81 (Whipple 1947, U.S. EPA 1970, 1973a, Beck 1977, Lewis 1978, Saether 

1975, Mason 1975, Roback 1974). Good water q u a l i t y  was f u r t h e r  substan- 

t i a t e d  by chemical and phys ica l  analyses conducted du r i ng  each f i e l d  t r i p ,  

and by r e s u l t s  obta ined from complete water analyses c a r r i e d  ou t  by Howard . 

Laborator ies,  Inc.  (Sec t ion  10.5.17). 

5.5.4.2 Town Creek 

The ben th ic  macro inver tebrates c o l l e c t e d  from Town Creek on May 16, 

J u l y  16, Oc tobe r  9, 1980, and Janua ry  9, 1981 a r e  d e f i n e d  i n  S e c t i o n  

5.5.4.1. I n  Town Creek ben th ic  macro inver tebrates were c o l l e c t e d  w i t h  a  



Table 5.14 Summary o f  benthic macroinvertebrate data co l lec ted  from selected lower Ohio River pools. . 

D a t e  Predominant Number o f  Highest c o l l e c t i o n .  
o f  study g?Y"elr iff', Benthtc Macroinvertebrate t a x a  taxa density met  hod 

Author/Cl ient groups/taxa M2 

Dames & Moore 
Ashland Synthet ic Fuels 1980-81 Cannel ton Tubi f ic idae 6 Ponar 
(1981 Baseline) RM 705-708.2 L i m n d r i l u s  ho f fme is te r i  91  2 

(Cros?. sect ion o f  Imnature t u b i f i c i d s  3E08 
r i ve ) . !  Chironomidae 21 

Stenochironomus sp. 427 
Corbicul idae 1 
Corbicula manilensis 383 

Range i n  t o t a l  benthic macro inver tabrat~ 
taxa (3-18) and densi ty  (31.9 - 4832.'0/M2) 
1 0 1  l e c t e d  d u r i n g  s t u d y .  

Dames & Moore 
Southern Indiana 1978 
Gas and E l e c t r i c  Co. 
(1  979) 

Dames & Moore 
Texas Gas Transmission 1974-75 
Corporation 
(1975) 

Union1:l wrr Tubi f ic idae 
RM 814 - 815 Limnodri l us  spp. 
( Ind iara side) Chi ronomidae 

Xenochironomus sp. 

Range i n  t o t a l  benthic 
taxa (4-18) and densi ty  (194-4916 {M2) 
co l lec ted  during study. 

Uniontawn Tubi f ic idae 2 
RM 842 L i m n o d r i l u s  sp. 
(Kentucky side) Gammari dae 1 

S y n u r e l  l a  sp,. 

Ponar 

Ponar 

No range reported f o r  taxa o r  density.  



Table 5.14 Continued. 

Date Pool and Predominant Number o f  H ighest  C o l l e c t i o n  
o f  study R ive r  m i l e  Benthic Macro inver tebra te  . taxa taxa d n s i  t y  E method 

Author IC l  i e n t  groupsl taxa M 

El  b e r t  
(1978) 

1975-76 Cannel t o n  Ol igochaeta 
RM 720.7 
( A t  t he  Cannelton 
Lock and Dam) 

Gamnaridae 
Gamarus , f asc ia tus  

Chironomidae 

Kentucky U t i l i t i e s  1979 -80 

Ln 
Texas Instruments, Inc .  

I (EIS Pending) 
w 
w 

Mason, Lewis and 1963- 67 
Anderson (1971) 

Polypedilum ill inoense 
D ic ro tend i  pes neomodestus 

( n o t  determined) 179612 baskets Basket 
a r t i f i c i a l  

subs t ra te  

76512 baskets Petersen 

Range i n  t o t a l  benth ic  macro inver tebra te  taxa (4-23) 
and d e n s i t y  (5-359212 baskets) du r i ng  study. 

63012 baskets 
76512 baskets 

Cannel t o n  Tub i f  i c i d a e  
RM 705-722 Undetermined spp. 

Chironomidae 
Polypedilum spp. 

( n o t  determined) 1301 

Range i n  t o t a l  benth ic  macro inver tebra te  taxa (3-1 1 ) 
and dens i t y  (es t ima te  10-780) du r i ng  study. 

McA l~ i i ne  01 jgochaeta ( n o t  determined) 
RM I '.0.5 Chlronomidae 

3649 
14 

(Cra s sect ion)  Proc lad ius  sp. 226 
Corb icu l idae 1 

I 
Corb icu la  sp. 474 

Range i n  t o t a l  benth ic  macroi ve r teb ra te  taxa (7-24) B and d e n s i t y  (226-3951/M ) c o l l e c t e d  du r i ng  study. 

Un i . .wn 
RM ' . 7  01 igochaeta (no t  determined) 1507 

(Ind.i.,tld and 
Kentucky s ides)  Chironomidae 

Pol ed i lum h a l t e r a l e  
c* 
Corb icu la  sp. 

Grab 

Range i n  t o t a l  benth ic  m c r o i n v e r t e b r a t e ' t a x a  (6-17) and ? d e n s i t y  (75-2250lM ) c o l l e c t e d  du r i ng  study. 

Petersen 
E kma n 

Petersen 
Ekrnan 



Surber sampler; those methods and procedures used t o  process these samples 

a r e  d e s c r i b e d  i n  S e c t i o n  5.5.4.1. A d i s c u s s i o n  o f  t h e  i m p o r t a n c e  o f  

zoobenthos and t h e  methods f o r  eva lua t i ng  and i n t e r p r e t i n g  these da ta  i s  

a l s o  i n  Sec t ion  5.5.4.1. 

The f i n d i n g s  o f  t h e  q u a r t e r l y  ben tho log ica l  sampling program i n  Town 

Creek showed d i v e r s e  macro inver tebra te  communities. These communities con- 

s i s t e d  o f  non- insect  and i n s e c t  taxa  which ranged from 22 i n  J u l y  t o  43 

i n  Oc tobe r ,  1980. I n  a l l  i n s t a n c e s ,  i n s e c t  t a x a  made up ,a t  l e a s t  9 1  

percen t  of t o t a l  zoobenthic d e n s i t i e s  (91.5% - 99.1%). Taxonomic compo- 

s i t i o n  o f  ben th i c  i n s e c t s  d u r i n g  t h e  Ashland study ranged from 17-33 and 

represented most o f  t h e  major  i n s e c t  orders. These inc luded  Ephemeroptera, 

P l  ecoptera , Odonata; Mega1 optera,  T r i  choptera, Col eoptera, Hemi p te ra ,  and 

D ip te ra .  Those o rders  having t h e  most d i ve rse  taxonomic fauna were D ip te ra  

(7-23 t axa l su rvey )  and Ephemeroptera ( 3  - 5 taxa lsurvey) .  D ip te ra  ben th ic  

fauna i nc l uded  such predominant taxa as, St ictochironomus sp., Paratendipes 

albimannus, Chironomus spp., D ic ro tend ipes  sp., Polypedi lum spp., - Crico-  

topus spp., and Microtendipes aberrans (Chi ronomidae). The h ighes t  taxon 

d e n s i t y  was 1758.31~' f o r  S t i c t o c h l  ronotnus sp. du r i ng  t he  May survey. 

A d d i t i o n a l  i n s e c t  taxa  which were gene ra l l y  abundant i n  Town Creek consis- 

t e d  o f  t h e  c a d d i s f l i e s ,  Chematopsyche spp., which a t t a i n e d  d e n s i t i e s  o f  

2 1119.5/M , and Hydropsyche spp. which showed a maximum dens i t y  o f  132.81. 

2 M . Numerous o t h e r  i n s e c t  t a x a  were c o l l e c t e d  f r o m  Town Creek wh i ch  

2 ranged between 80 and 120 organisms pe r  M . These inc luded  bo th  imma- 



t u r e  and a d u l t  Elmidae (Coleoptera) c o n s i s t i n g  p r i m a r i l y  o f  Stenelemis 

sp., the  mayf l ies  Caenis sp. and Leptophelbia sp. and o the r  midges 

(Chi ronomi dae) . 
Impor tant  non- i  nsect  organi  sms c o l l  ec ted from Town Creek d u r i  ng t h e  

1.980-81 surveys cons is ted  p r i m a r i  l y  o f  Crustaceans and Mol lusks,  and occa- 

s i o n a l l y  Ol igochaets.  The types o f  Crustaceans present  a t  t h e  s i t e  i n -  

c luded t h e  isopod L i rceus  sp., t he  amphipod H y a l e l l a  sp:, and Orconectes 

sp., (Decapoda) a  c ray f i sh .  The h ighes t  d e n s i t y  a t ta ined ,  3 9 . 6 / ~ ~ ,  was 

L i rceus  sp. du r i ng  t h e  January, 1981 survey. 

Four species o f  Mol lusca were c o l l e c t e d  from Town Creek, one species 

o f  f i n g e r n a i l  clam, P is id ium sp. (Sphaer i idae)  a  b iva lve ,  and t h r e e  species 

o f  Gastropoda ( s n a i l s ) .  The aquat i c  s n a i l s  inc luded  F e r r i s s i a  sp., He l i s -  

omia sp., and Physa sp. The maximum dens i t y  obta ined by Mol lusca was - 
2 35.9/M ( F e r r i s s i  sp.) d u r i n g  t he  October survey. 01 igochaeta c o l l e c t e d  

from Town Creek were most o f t e n  immature t u b i f i c i d s ,  L imndr i lus  sp. and two 

t axa  o f  Naididae, - Dero sp. and - Nais sp. Overa l l ,  t h e  number o f  non- insect  

t axa  c o l l e c t e d  f rom Town Creek ranged from 4 i n  May and J u l y  t o  10 i n  

October, 1980. 

2  To ta l  zoobenthic d e n s i t i e s  ranged from 1209,6/M i n  J u l y  t o  2889,0/ 

2 M i n  October, 1980. The q u a r t e r l y  survey t rends i n  number o f  taxa and 

d e n s i t i e s  a r e  summarized i n  F igure  5.13. Percent composit ion o f  t o t a l  

d e n s i t i e s  and numbers o f  taxa  (annual composi t e )  f l u c t u a t e d  i n  opposing 

"peaks and v a l l e y s " ;  du r i ng  May and October t he  h ighes t  values were noted, 

w h i l e  t h e  l o w e s t  v a l u e s  were n o t e d  d u r i n g  J u l y  and January .  H i g h e s t  

ben th i c  macro inver tebrate d e n s i t i e s  were expected t o  occur d u r i n g  A p r i l  

s i nce  t h i s  i s  gene ra l l y  t h e  temporal pe r i od  f o r  aqua t i c  i n s e c t s  t o  over-  

w in te r .  Th is  has n o t  been observed i n  Town Creek a l though t h e  taxonomic 
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Figure 5.1 3 Comparison o f  benth ic  macroinvertebrate dens i ty ,  number o f  
taxa and community d i v e r s i t y  i n  Town Creek and Bu l l ,  Creek dur ing  May, 
Ju ly ,  October and January. 



make up o f  i n s e c t s  i s  high. A t  t h e  present  t ime  no r a t i o n a l  f o r  e x p l a i n i n g  

t h i s  phenomena i s  ev ident .  

The zoobenthic community d i v e r s i t y  t r e n d  d i d  no t  f l u c t u a t e  i n  a  sim- 

i l a r  fash ion  du r i ng  t h e  q u a r t e r l y  surveys as i n d i c a t e d  by d e n s i t y  and taxo-  

nomic cornpositon. Community d i v e r s i t y  increased du r i ng  each successive 

survey d u r i n g  1980-81, i n i t i a l l y  f rom 1.96 @)  , then g radua l l y  increasi ,ng 

t o  t h e  maximum (3.92) d u r i n g  January. E q u i t a b i l i t y  ( e )  f o l l owed  t h e  same 
.. . 

t r e n d  as community d i v e r s i t y ,  and bo th  s t a t i s t i c s  i n d i c a t e d  a  gene ra l l y  

taxonomic r i c h ,  evenly  s t r u c t u r e d  macro inver tebra te  community a t  t h e  Town 

Creek s ta t i on .  (The h i ghe r  d i  v e r s i  t y  and equi  t a b i  1  i t y  values d u r i n g  t h e  

l a s t  t h r e e  surveys may be a t t r i b u t e d ,  i n  pa r t ,  t o  r e l o c a t i o n  o f  t he  Town 

Creek s t a t i o n  t o  improve h a b i t a t ) .  A1 though community d i v e r s i t y  and equi -  

t a b i l  i t y  showed d i s t i n c l y  taxonomical l y  r i c h  and d i v e r s e  fauna i n  Town 
- . 3  

Creek; t h e  p a t t e r n  e x h i b i t e d  by i n v e r t e b r a t e  f u n c t i o n a l  feed ing  groups 

gene ra l l y  d i d  not. 

The b e n t h i c  macro inver tebra te  community i n  Town Creek r e t a i n e d  p re -  

domi n a n t l y  herb ivorous h a b i t s  throughout  t h e  survey. Percent composi t ion 

o f  t o t a l  zoobenthic d e n s i t i e s  (F igure  5.14) expressed f o r  herb ivo res  ranged 

from 78.4 percent  d u r i n g  October t o  94.1 percent  d u r i n g  t h e  May survey. 

The next  h i ghes t  d e n s i t i e s  f o r  f u n c t i o n a l  feed ing  groups o f  ben th i c  organ- 

isms was 9.6 percent  f o r  omnivores (October) ,  9.5 percent  and 6.5 percent  

f o r  d e t r i  t i v o r e s  d u r i n g  January. The predominance o f  herb ivorous zoo- 

benthos i n  Town Creek probably  r e s u l t s  f rom t h e  abundance o f  p e r i p h y t i c  

food i terns ava i  1 able. Numerous types o f  i n s e c t  and non- i  nsect  c o l l  ec to rs ,  

ga there rs  and f i l t e r s ,  scrapers,  grazers  and miners were c o l  1  ected from 

t h i s  s i t e .  Presence o f  gene ra l l y  low d e n s i t i e s  o f  ben th i c  macro inver te-  
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F i  gure 5.14 Comparison of benth ic  macroi nver tebra te  func t i ona l  
feed ing groups i n  Town Creek du r ing  May, July ,  October and January. 



b ra tes  u t i l  i z i n g  o the r  f u n c t i o n a l  feed ing  h a b i t s  i s  no t  t y p i c a l .  Picazzo 

and DeMoss (1980) conducted ben th i c  fauna i n v e n t o r i e s  o f  re1 a t i  v e l y  smal l  

creek l o c a t i o n s  i n  Eastern Kentucky. A1 though t h e i  r work excluded D ip te ra ,  

many o f  t h e  aqua t i c  i n s e c t  fauna they  c o l l e c t e d  were s i m i l a r  t o  those found 

i.n Town Creek. Both se ts  o f  data i n d i c a t e  t h a t  t y p i c a l  eco log i ca l  r e l a -  

t i o n s h i p s  e x i s t ,  t h i s  i s  e s p e c i a l l y  ev i den t  i n  comparisons o f  t r o p h i c  

pa t te rns .  

5.5.4.3 B u l l  Creek 

Resu l t s  o f  t he  q u a r t e r l y  sampling program i n  B u l l  Creek showed gen- 

e r a l  l y  s imi  l a r  ben tho log i ca l  c h a r a c t e r i s t i c s  as t h a t  sampl i n g  program f o r  

Town Creek. The purpose here in ,  w i l l  be t o  po in t - ou t  t h e  major, and most 

s i g n i f i c a n t  s i m i l a r i t i e s  and d i f f e rences .  

Ben th ic  communities i n  B u l l  Creek d i d  no t  show t h e  h i gh  d e n s i t i e s  

which were observed i n  Town Creek (F i gu re  5.13). The mean-annual b e n t h i c  

2  2  d e n s i t i e s  i n  B u l l  Creek were 820.5/M compared t o  1992.0/M i n  Town Creek. 

The number o f  taxa repor ted  f rom bo th  areas was s i m i l a r ,  approx imate ly  30 

f o r  an average from a l l  surveys a l though community d i v e r s i t y  (6) was con- 

s i s t e n t l y  h igher  i n  B u l l  Creek (range 4.16 d u r i n g  May t o  3.13 d u r i n g  J u l y ) .  

A l l  d i v e r s i t y  values i n  B u l l  Creek, cons ider ing  o t h e r  eco log i ca l  va r i ab l es  

too,  i n d i c a t e  a  very r i c h  and d i v e r s e  ben th i c  macro inver tebra te  community. 

The p a t t e r n  o f  f l u c t u a t i o n s  i n  d e n s i t i e s  d u r i n g  the. course o f  t h e  s tudy was 

s i m i l a r  a t  bo th  s t a t i ons .  

The predominant zoobenthic taxa  c o l l e c t e d  from B u l l  Creek were very 

s i m i l a r  t o  those c o l l e c t e d  from Town Creek. Most o f  t h e  predominant i n s e c t  

and non- insect  taxa  which occured a t  Town Creek a l s o  occured i n  B u l l  Creek. 

A few a d d i t i o n  taxa o f  importance a t  t h e  B u l l  Creek s t a t i o n  would inc lude ;  



Cladotanytarsus spp., Thienemannemy-ja group (Chi ronomidae) , and b i t i n g  

midges (Ceratopogonidae). The f i n g e r n a i  1  clam, P is id ium sp., and i n  gen- 

e r a l ,  t u b i f i c i d s ,  were more abundant i n  B u l l  Creek. The gastropod, Physa 

sp. was n o t  c o l l e c t e d  from B u l l  Creek, b u t  t he  remaining taxa  repor ted  

f rom Town Creek were. 

B u l l  Creek cons i s ted  predominant ly  o f  ben th ic  macro inver tebrates which 

were c l a s s i f i e d  as he rb i  vores (F igu re  5.15). Herbi vores t y p i c a l  l y  made ,up 

1  ower d e n s i t i e s  than  i n  Town Creek; herb ivores  ranged from 27.3 percent 

composi t ion o f  d e n s i t i e s  t o  85-1 percent.  Omnivores, c a r n i  vors and de- 

t r i t i v o r e s  c o n s i s t e n t l y  represented l a r g e r  p ropo r t i ons  o f  t he  zoobenthic 

d e n s i t i e s  i n  B u l l  Creek and were gene ra l l y  comprised of more non- insect  

t axa  than Town Creek. This i s  perhaps an i n d i c a t i o n  o f  why d i v e r s i t y  was 

a l s o  cons . i s ten t l y  high.er a t  t h e  B u l l  Creek S t a t i o n  than a t  Town Creek. 

Overa l l ,  t h e  ben th i c  macro inver tebra te  community a t  B u l l  Creek showed 1  ower 

secondary p roduc t ion ,  bu t  c o n s i s t e n t l y  had a  r i c h e r  and more equ i t ab le  

b e n t h i c  communi t y  d i s p l a y i n g  complex f u n c t i o n a l  ( t r o p h i c )  e c o l o g i c a l  

r e l a t i o n s h i p s ,  
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Figure 5.1 5 Comparison of benthic macroinvertebrate functional 
feeding groups i n  Bull Creek during May, July,  October and January. 



5.5.5 Mussels 

Freshwater mussels , o r  naiades (Mol l  usca: B i  v a l v i a :  Unionidae) , are  

b i v a l v e d  i n v e r t e b r a t e s  most o f  which r e l y  on l a r v a l  p a r a s i t i s m  o f  hos t  f i s h  

t o  complete t h e i r  l i f e  cyc le .  The pe r i od  o f  p a r a s i t i c  i n f e s t a t i o n  o f  t he  

g- loch id ia .  (mussel l a r v a e )  on t h e  g i l l s  o f  f i s h ,  s p e c i f i c  species o f  f i s h  

u t i l i z e d  and t h e  t ime  o f  yea r  i n f e s t a t i o n  occurs i s  dependent on t h e  mussel 

species (Pennak 1979, F u l l e r  1974). Naiad mussels occupy a  wide range o f  

aqua t i c  h a b i t a t s  i n  t h e  Ohio River ,  many o f  i t s  t r i b u t a r i e s ,  f l o o d  p l a i n  

ponds, and backwater embayments (Dames & Moore 1979, 1980, Wi l l iams 1969, 

Tay lo r  1980). They a r e  an impor tan t  component o f  f reshwater  ecosystems 

because they  f i  1  t e r  mi nute p a r t i c l e s  and p l  an ton i c  organisms from t h e  

w a t e r .  Through t h i s  f e e d i n g  p rocess ,  and because t h e y  a r e  b a s i c a l l y  

sedentary, mussels may bioaccumul a t e  contaminants such as heavy metal s  , 

p e s t i c i d e s  and o t h e r  t r a c e  elements i n  t h e i r  t i s s u e  and, thus, a re  use fu l  

i n d i c a t o r s  o f  many types o f  contaminat ion ( ~ u l l e r  1974, 1978, Fos te r  & 

Bates 1978). Mussels a l s o  p rov ide  a e s t h e t i c  enrichment t o  t he  ben th ic  

community, they  a r e  u t i l i z e d  as a  food source f o r  f i s h ,  and occas iona l l y  

o t h e r  types o f  w i l d l i f e  and water fowl  (Murray. & Leonard 1962). The commer- 

c i a l  v a l u e  o f  musse l s  i s  p r e s e n t l y  r e s t r i c t e d  t o  g e n e r a l l y  r e g u l a t e d  

ha rves t i ng  f o r  t h e  c u l t u r e d  pea r l  i n d u s t r y  (Krumholz, e t .  a l .  1970, F u l l e r  

1978, Tay lo r  1980, Correspondence w i t h  S ta te  o f  Kentucky 1980). Mussel 

shel  1s a r e  cleaned and c u t  i n t o  small d i c e  l i k e  cubes which make e x c e l l e n t  

seed m a t e r i a l  f o r  t h e  c u l t u r i n g  o f  pea r l s  w i t h i n  t h e  a d u l t  clam. Ohio 

R i v e r  b i v a l v e s  c o l l e c t e d  f o r  t h i s  purpose a re  u s u a l l y  t h e  t h i c k  she l l ed  

v a r i e t i e s  and i n c l u d e  t he  ebony shel 1  , Fusconaia ebena, and the  p i  gtoe, 

Pleurobema cordatum, These mussels have been known t o  be harvested as 

5-108 



r e c e n t l y  as 1977 and 1978 from the  Ohio R i ve r  (Correspondence w i t h  S ta te  o f  

Kentucky, 1980). 

The importance o f  determin ing species composi t i o n ,  re1 a t i  ve abundance 

and d i s t r i b u t i o n  o f  mussel fauna i s  f u r t h e r  prompted by encouragement from 

numerous ' f ede ra l  agencies t o  complete such i n v e s t i g a t i o n s  f o r  government 

funded p r o j e c t s  (Sanders ,et a1 1979). Th is  po l  i c y  prov ides p r o t e c t i o n  o f  

h a b i t a t  and/or endangered and threatened species under t h e  Endangered 

Species Act  o f  1973 (P.L. 93-205) when t he re  i s  a d i r e c t  and immediate 

t h r e a t  aga ins t  them. The importance o f  such i n v e s t i g a t i o n s  i s  enhanced by 

t h e  occasional  red iscovery,  o r  a new f i n d  o f  presumed e x t i n c t  o r  r a r e  

organisms ( Isom, Gooch and Dennis 1979). 

5.5.5.1 Ohio R iver  

The general d i s t r i b u t i o n  and number o f  mussels c o l l e c t e d  from t h e  Ohio 

R i v e r  suggested on ly  .a l o c a l l y  sparse and non-diverse fauna. Dur ing t h e  

coarse o f  t h ree  b r a i l i n g  e f f o r t s  designed t o  o b t a i n  presencelabsence data, 

e ighteen mussels compris ing s i x  species were c o l l e c t e d  (Table 5.15). F i f -  

teen  i n d i v i d u a l s  were taken from a r e l a t i v e l y  f i r m  mud subst ra te ,  g rad ing  

downstream i n t o  a coarse-rock subs t ra te ,  between t he  conf luence o f  B u l l  

Creek and Ohio R i ve r  S t a t i o n  3 which was l oca ted  a t  t h e  Ohio R i v e r  m i l e  

(ORM) marker 708.2 (F igure  5.1). The remaining t h r e e  na iad mussels were 

c o l l e c t e d  f rom t h e  upstream c o n t r o l  s t a t i o n  a t  ORM 704.3 on t h e  Ind iana  . 
s i d e  o f  t h e  r i v e r .  Those species o f  mussels which were captured from t h e  

c o n t r o l  s t a t i o n  were a l s o  captured near Ohio R i ve r  S t a t i o n  3. Both areas 

had s i m i l a r  subs t ra te  type  which were d i r e c t l y  i n f l uenced  by upstream 

t r i b u t a r y  o u t l e t s .  



Table 5.15 Freshwater mussels ( b i v a l v i a )  c o l l e c t e d  b y  b r a i l  i n  t h e  Ohio R i ve r  
d u r i n g  1980 and 1981, i n  t h e  v i c i n i t y  o f  t h e  proposed Ashland S,ynthetic 
Fuels s i t e .  - " .. .. --.---.---..".--..---.-.---..--..---. 

To ta l  
Ohio R i v e r  Cont ro l  Number 

Species Common Name S t a t i o n  3 S t a t i o n  Date Co l lec ted  
- - - - - - 

B i v a l  v i a  

Unionidae 

Ambl emi nae 
Ambl ema pl i ca ta  
Quadrula nodulata 

Unioninae 

TOTAL 

Threer idge 
krartyback 

P l  ethobasus cyphyus B u l l  head 1 
l i q u m i a  r e c t a  a B l  ack Sands he1 1 1' 
P r o p t e r a m a  Pink Heelspl  i t t e r  1 
Obl i auar i  a r e f  1 exaa Three horn 5 

a 
Used f o r  t i s s u e  analys is .  



Biva lves  c o l l e c t e d  from t h e  Ohio R i v e r  cons is ted  o f  s i x  species, two 

Ambleminae and f o u r  Un ion iae .  Ambleminae i n c l u d e d  Amblema p 1  i c a t a ,  

t h e  th reer idge ,  and Quadrula nodulata,  t he  wartyback. . The Union iae i n -  

c l  uded Pl ethobasus cyphyus , t h e  b u l l  head, L i  gumi a  rec ta ,  t he  b lack sand- 

she1 1  , Proptera a l a ta ,  t h e  p i nk  heelsp l  i t t e r  and t h e  threehorn, Obl i q u a r i a  

r e f l exa .  Both t h e  p ink  h e e l s p l i t t e r  and threehorn were c o l l e c t e d  from t h e  

c o n t r o l  s t a t i o n  and a long w i t h  s i m i l a r  species from S t a t i o n  3, were subse- 

quen t l y  used f o r  t i s s u e  analyses. Both i n d i v i d u a l s  o f  Proptera a l a t a  were 

p a r a s i t i z e d  by water-mi t e s  (Arachnoidae) . Ambl ema p 1  i ca ta  and Obl i q u a r i  a  

r e f l e x a  were t h e  most abundant mussels c o l l e c t e d  near Ohio R i ve r  S t a t i o n  3, 

making up 40 percent  and 33 percent  r espec t i ve l y .  The remaining f o u r  

species o f  mussels each made up approximately 7 percent  o f  those c o l -  

lec ted .  The mussel fauna c o l l e c t e d  f rom t h e  re1 a t i v e l y  small - l o c a l i z e d  

f i r m  mud bottom between B u l l  Creek o u t l e t  and Ohio R i ve r  S t a t i o n  3  sug- 

gested s t r ong  eco log i ca l  a f f i n i t i e s .  

Most o f  the  mussels r e t r i e v e d  by b r a i l  where s o l i t a r y ,  i n d i v i d u a l s  

exemp l i f y i ng  a  sca t te red  and sparse d i s t r i b u t i o n  pa t te rn .  The t h i n  d e t r i -  

t u s  covered mud subs t ra te  f rom which t h e  b i va l ves  were p u l l e d  was gene ra l l y  

f i r m .  Toward t h e  downstream end o f  t h e  l o c a l i z e d  mud depos i t  t h e  subs t ra te  

changed t o  predominant ly coarse rock. Four smal l  Obl i q u a r i a  r e f l e x a  were 

c o l l  ec ted from t h e  mud-coarse rock i n t e r f a c e ;  t h e  a d d i t i o n a l  e l  even mussels 

were c o l l e c t e d  from t h e  mud depos i t ion .  These r e s u l t s  i n d i c a t e d  t h a t  t h e  

f i r m  mud subs t ra te  was more f avo rab le  o r  s u i t a b l e  as mussel h a b i t a t  than 

o t h e r  l o c a t i o n s  t h a t  were composed o f  subs t ra te  w i t h  d i f f e r e n t  charac- 

t e r i s t i c s .  For example, b r a i  li ng over  sh i  f t i ng -uns tab le  sand and through 

r e l a t i v e l y  t h i c k  depos i ts  o f  f i n e  deb r i s  d i d  no t  r e s u l t  I n  mussel captures. 



S i m i l a r  c i rcumstances have been noted du r i ng  p rev ious  Dames & Moore (1978, 

1980)  musse l  i n v e s t i g a t i o n s  as we1 1  as by o t h e r  mussel  i n v e s t i g a t o r s  

( F u l l e r  1979, Tay lo r  1980, S t a r r e t t  1971 and Wi l l iams 1969). I t should be 

n o t e d  t o o ,  t h a t  t h o s e  musse ls  c o l l e c t e d  f r o m  t h e  Ohio R i v e r  c o n t r o l  

s t a t i o n  were a l s o  l o c a t e d  i n  a  f i r m  mud subs t ra te  down r i v e r  from con- 

f l uence  o f  a  smal l  creek. 

The e c o l o g i c a l  a f f i n i t y  between k inds  o f  mussels and t h e  more f avo r -  

a b l e  l o c a l i z e d  mud subs t ra te  i n  t h e  study area may be recognized too. 

As noted by F u l l e r  (1979, 1980), Wi l l i ams (1969), and du r i ng  p rev ious  Dames 

& Moore s tud ies  (1979, 1980), c e r t a i n  species o f  b i va l ves  appeared t o  

adapt more s u c c e s s f u l l y  t o  f i r m  mud substrates,  The s i x  species o f  mussels 

c o l l e c t e d  f rom t h e  Ashland s i t e  do f avo r  mud subs t ra te  hab i t a t .  Fur ther -  

more, t he  two predominant species, Ambl ema p l  i c a t a  and Obl i q u a r i a  r e f l e x a  . 

seem t o  adapt e s p e c i a l l y  w e l l  t o  t h i s  t ype  o f  environment ( F u l l e r  1978, 

1980). ' C o l l e c t i v e l y ,  a l l  mussels - ob ta ined by b r a i l  f rom t h e  study area 

have shown a t  l e a s t  some favo rab le  eco log i ca l  a f f i n i t y  towards t h a t  h a b i t a t  

t y p i c a l l y  e n c o u n t e r e d  n e a r  Oh io  R i v e r  S t a t i o n  3. I n  a d d i t i o n  t o  t h e  

subs t ra te  t ype  which has been discussed above, t h i s  would i nc l ude  t o l e rance  

t o  p o t e n t i a l l y  un favorab le  water  q u a l i t y ,  favorab le  f i sh -hos t  r e l a t i o n -  

sh ips,  and r e l a t i v e l y  good adapta t ion  t o  unfavorable e f f e c t s  o f  stream 

r e g u l a t i o n  ( F u l l e r  1978, Tay lo r  1980, W i l l  iams 1969), 

The f i  sh-host re1 a t i o n s h i p  i s  very impor tan t  s ince  propagat ion o f  t he  

species,  improved popu la t ion  numbers, and d i s t r i b u t i o n  depends on i t s  

success.  Amblema p l i c a t a  has p o s s i b l y  b e n e f i t e d  more t h a n  t h e  o t h e r  

species o f  mussels c o l l e c t e d  i n  t h e  Ohio R i v e r  because i t  has n i n e  "known 

o r  i m p l i c a t e d  hos t  f i s h "  ( F u l l e r  1974) which occur i n  t h e  v i c i n i t y  o f  the  

proposed p l a n t  s i t e .  These i n c l u d e  such predominant f i s h  as white.  and 



b lack  crappie,  b l ueg i  11, t h e  h i g h f i  n  carpsucker, channel, and f l a t h e a d  

c a t f i s h  and l e s s  f requent  largemouth bass, sauger, wh i t e  bass and t h e  

Shortnose Gar. 

Ob l i qua r i a  r e f l e x a  has no known f i s h - h o s t  b u t  i s  l i k e l y  f a c u l t a t i v e  i n  

i t s  f i sh -hos t  r e l a t i o n s h i p  (Murray & Leonard 1962). . T h i s  may c e r t a i n l y  

enhance t h e  p o s s i b i l i t i e s  f o r  t h e  Threehorn t o  ga in  wide d i s t r i b u t i o n  i n  

areas o f  t h e  Ohio R i v e r  which o f f e r  s u i t a b l e  hab i t a t .  Those mussels which 

appear l e s s  abundant a l s o  have f avo rab le  f i sh -hos t  re1 a t i onsh ips  w i t h  

numerous f i s h e s  which occur i n  t h i s  area. Al though many mussel f i s h - h o s t  

species occur i n  t h e  v i c i n i t y  o f  Ohio R i ve r  S t a t i o n  3, i t  i s  no t  p r e s e n t l y  

known i f  t h e  abundance o f  f i s h e s  a re  s u f f i c i e n t  t o  s u s t a i n  optimuim g l o c h i -  

d i a l  paras i t i sm.  

H i s t o r i c  i n f o rma t i on  p e r t a i n i n g  t o  t h e  occurrance o f  mussel beds i n  t h e  

Ohio R i ve r  i n  t h e  general v i c i n i t y  o f  t h e  proposed Ashland s i t e  i n d i c a t e d  

t h a t  two beds ex is ted.  One bed was l oca ted  u p r i v e r  near t he  c o n t r o l  s ta -  

t i o n  ORM 704.3, and t h e  o t h e r  bed was l oca ted  approximately 305 meters 

(1000 f e e t )  below ORM 708.2 (Wi l l i ams 1969). Wi l l iams determined t h i s  

mussel bed t o  be approx imate ly  3.22 meters (1056 f e e t )  l o n g  and assessed t h e  

mussel popu la t ion  as be ing q u i t e  diverse. Aquat ic b i o l o g i c a l  surveys by 

Texas Instruments,  Inc., (U.S. EPA, i n  press)  d u r i n g  1979 and 1980 showed 

o n l y  occasional  occurrences o f  u n i d e n t i f i e d  b i v a l v e s  near t h e  Ash1 and s i t e  

( O h i o  R i v e r  M i l e  705 and 707).  I n  o v e r v i e w  based on t h e  i n f o r m a t i o n  

obta ined f rom t h e  mussel surveys by b r a i l ,  and from h i s t o r i c  data, no 

s i zeab le  o r  s i g n i f i c a n t  f reshwater  mussel popu la t i on  was apparent i n  t h e  

immediate v i c i n i t y  of t h e  proposed Ashland s i t e  on t h e  Ohio River. 



5.5.5.2 Town Creek 

L i v e  f reshwater  mussels were no t  c o l l e c t e d  from t h e  main stem o f  Town 

Creek, i t s  embayment area, o r  from t h e  channel con f l uen t  w i t h  t he  Ohio 

R i v e r .  One r e l i c  musse l ,  a  s p e c i e s  o f  Anodon t i nae  (pond musse l )  was 

co l l ec ted '  from t h e  upper embayment area. Al though no l i v e  mussels were 

c o l  l e c t e d  from t h e  embayment p o r t i o n  o f  Town Creek, i t  i s  l i k e l y  t h a t  l i v e  

specimens do i n h a b i t  t h i s  area. Both phys ica l  and chemical cha rac te r i s -  

t i c s ,  as w e l l  as respec t i ve  f i s h - h o s t  a re  favorab le  f o r  Anodontinae mus- 

s e l s  i n  Town Creek. Anodonta i m b e c i l l i s  and Anodonta grandis  have been 

c o l l e c t e d  f rom gene ra l l y  s i m i l a r  h a b i t a t  a t  F l oyd ' s  Fork Creek i n  t h e  

B u l l i t t  County area r e c e n t l y  by Tay lo r  (1980). F l oyd ' s  Fork Creek i s T  a  

t r i b u t a r y  t o  S a l t  Creek which d r a i n s  i n t o  t h e  Ohio River ,  Cannelton Pool, 

v i a  R o l l i n g  Fork Creek near West Po in t ,  Kentucky. 

5.5.5.3 B u l l  Creek 

No f r e s h w a t e r  musse ls  , 1 i v i  ng o r  dead, were c o l  l e c t e d  f r o m  B u l l  

Creek d u r i n g  t h e  1980 surveys. However, t h e  aqua t i c  environment, i n -  

c l u d i n g  phys i ca l ,  chemical and b i o l o g i c a l ,  i n  B u l l  Creek embayment I s  

a l s o  conducive t o  i n h a b i t a t i o n  o f  Anodontinae and i s  l i k e l y  t o  con ta in  

t h e  two species c i t e d  i n  Sect ion 5.5.5,2. 



5.5.6 Fishes 

5.5.6.1 Ohio R iver  

A t o t a l  o f  17 species o f  a d u l t  f i s h  were c o l l e c t e d  a t  t h ree  Cannelton 

Pool s t a t i o n s  (F igure  5.1) d u r i n g  May, J u l y  and October of 1980 and January 

o f  1981 (Table 5.16). White c rapp ie  were predominant, w i t h  b lueg i  11 and 

g izzard  shad being second and t h i r d  i n  abundance, respec t i ve ly .  Species 

d i v e r s i t y  (Margelef ,  1951) was moderate du r i ng  a l l  sampl ings ( w i t h  t h e  

except ion o f  t he  January e f f o r t  du r i ng  which a  s i n g l e  f i s h  was c o l l e c t e d ) .  

Species d i v e r s i t y  o f  2.33, a t  S t a t i o n  2  du r i ng  Ju l y ,  was t h e  h i ghes t  f o r  

t h e  study. D i v e r s i t y  a t  S t a t i o n  3  i n  May was s l i g h t l y  lower  a t  2.27. Over 

t h e  year ,  species d i v e r s i t y  was lower a t  S t a t i o n  1 than a t  S ta t i ons  2  and . A. 

3, which were s i m i l a r .  To ta l  species d i v e r s i t y .  was h ighes t  du r i ng  t h e  
> 

Spring, 1980 sampling. Inc reas ing  day leng ths  and water temperatures seem 

t o  i n i t i a t e  g r e a t e r  f e e d i n g  a c t i v i t y  and a l s o  spawning b e h a v i o r  i n  a  

v a r i e t y  o f  f i shes .  Both o f  these phenomena r e s u l t  i n  increased movement 

(Hynes, 1970) and, perhaps, vu lnerab i  1  i t y  t o  capture.  

The t o t a l  number o f  f i s h  c o l l e c t e d  was h ighes t  i n  October. Th is  i s  

due a t  l e a s t  p a r t l y  t o  t h e  i n c r e a s e  f r o m  one t o  two  i n  t h e  number of  

hoopnets f i s h e d  a t  each s ta t i on .  It should a l s o  be noted t h a t  occas iona l l y  

d u r i n g  the  sp r i ng  and summer samplings, hoopnets appeared t o  have been 

opened and, perhaps, f i s h  removed. 

E l e c t r o f i s h i n g  catch per  u n i t  e f f o r t  (C / f )  increased i n  October t o  

compare f avo rab l y  w i t h  those o f  the  May sampling; a l though e l e c t r o f i s h i n g  

success va r i ed  among s t a t i o n s  f o r  t h e  two seasons (Table 5.16). 

The January, 1981 sampling was conducted du r i ng  r e l a t i v e l y  m i l d  w i n t e r  

cond i t i ons  w i t h  daytime a i r  temperatures a t  j u s t  above 32" F (0" C). How- 



Table 5.16 Sununary of f i s h   collection^.^ 0hio River Stat ions 1, 2, and 3. 
.. . .. . -  - . . . -- . - .. - - - --- -- -- ---- - - - 

May, 1980 ~ u l y ,  1980 October, 1980C . January, 1981C Total F ish  Tota l  F ish  Mean Mean 
S ta t ion  S ta t ion  S ta t ion  S ta t ion  per S ta t ion  1980-1981 Length Weight 

Species by Fami 1 y 1 2 3  i 2 3  1 2 ( ~ j ~  3 - 1 . . . - - - 2 3 1 2 3 mm 9 

Clupeidae 
Gizzard shad (Oorosoma cepedianum) 3 -- 2 -- 6 -- 8 13 8 29 193.7 83.7 5 . 7 6 -- -- -- 

Cypri nidae 
Carp (Cyprinus car  i o )  1 -- 2 1 -- -- -- 1 1 -- -- -- 2 1 3 '  6 557.7 2439.3 
Bullhead m i n n o w ~ ~ p h a l e s  v i g i l a x )  -- -- -- -- 1 -- -- -- -- -- -- -- 3 1 0  1 83.0 8.0 

Ca tos ton~idae 
Qu i l l back  (Car oides cyprinus) -- -- -- -- -- -- - - 1 1 -- -- -- 0 1 1  2 349.5 575.0 
Smal lmouth -~Ictiobus bubalus) -- -- -- -- 1 -- -- -- -- -- -- -- 0 1 0 1 349.0 640.0 

Ectalur idae 
Channel ca t f i s h  ( I c ta lu rus  unctatus ) -- -- 1 -- E -- 2 - 1  3 -- -- -- 2 2 4 8 371.4 430.9 
Flathead c a t f i s h  mi: o l i v a r i s )  4 3 2  6 1 1  -- -- -- -- -- -- 10 4 3 17 355.8 500.1 

Centrarchi dae 

M 
White crappie (Pomoxis annular is  

n Black crappie (Pomoxis nigromaculatus) 
m 
b. 

Percidae 
Sauger ( S t i  zostedion canadense) 

Sciaenidae 
Freshwater drum (Aplodinotus grunniens) 

Total number o f  f i s h  per  s t a t i o n  (N) 37 22 14 10 31 36 19 64(2) 32 0 0 1 56 119 84 269 
Total number o f  species per  s t a t i o n  (s) 7 5 7  4 9 5  4 8 7  0 0 1 9 1 2 1 1  14 
Species d i v e r s i t y  (d)e 1.66 1.29 2.27 1.30 2.33 1.1 1.02 1.66 1.73 0 0 0 1.91 2.30 2.26 2.32 
Catch per  u n i t  e f f o r t  (electroshocking) 0.42 0.16 0.46 (1.08 0.18 0.0% 0.18 0.42 0.48 0 0 0 -- -- -- -- 
Catch per  u n i t  e f f o r t  ( g i l l n e t t i n g )  -- -- -- -- -- -- -- 0.59 0.02 -- -- -- -- -- -- -- 
.-...- 

a. E lect rof ish ing,  hoopnett ing and g i l l n e t t i n g .  E f f o r t  f o r  e l e c t r o f i s h i n g  i s  expressed i n  minutes; g i l l n e t t i n g  i n  hours. 
G i l  l n e t t i n g  conducted dur ing the  October, 1980 sampling anly. Only Stat ions 2 and 3 were g i l l n e t t e d .  

b. F ish  co l lec ted  dur ing a se lect ive,  n i g h t - e l e c t r o f i s h i ~ ~ g  session o f  S ta t ion  2, October 10, 1980. A l l  f i s h  co l lec ted  are 
inc luded i n  l i s t i n g .  None are included i n  catch per u n i t  e f f o r t  f igures.  

c. Two hoopnets were f ished a t  each r i v e r  s t a t i o n  dur inq th? f a l l  s a m p l i n ~  t r i p .  , 

d. Two hoopnets were f i shed  a t  each o f  Stat ions 2 and 3. h e  a t  S ta t ion  1. 
e. According t o  Margelef (1951). 
P. To convert from: mn t o  inches, m u l t i p l y  ta 0.039 

g t o  pounds, m u l t i p l y  by 0.002 

Source: Oames & Moore f i e l d  data, 1980 - 1981. 4 a v 



ever, water temperatures remained near 0" C, and t h i s ,  i n  con junc t ion  w i t h  

f a i r l y  low water l eve l s ,  seemed t o  adverse ly  a f f ec t  f i s h  a c t i v i t y  a t  a l l  

t h r e e  Ohio R i v e r  s ta t i ons .  As f i s h  a re  temperature s e n s i t i v e  organisms 

capable of seeking-out p r e f e r r e d  temperatures (Lagler ,  e t  a1 . , 1962), the  

deeper waters o f  mid-channel may w e l l  p rov ide  a more s u i t a b l e  and s t a b l e  

environment du r i ng  t he  w i n t e r  months. Hynes (1970) discusses a v a r i e t y  o f  

f i s h e s  which move i n t o  deeper water f o r  t h e  w in te r .  . Due t o  t h e  l ack  o f  

da ta  f o r  January, t h i s  sampling ii not  inc luded  i n  f u r t h e r  d iscuss ions o f  

t h e  Ohio River.  

I n  t h e  summer o f  1979 and sp r i ny  o f  1980, RM 704 and 707 were sampled 

f o r  f i s h  (U.S. EPA, Region I V  [ i n  press]). Species d i v e r s i t y  was low t o  

moderate du r i ng  1979, a l though a g rea te r  v a r i e t y  o f  species were c o l l e c t e d '  

d u r i n g  t h e  1979 p o r t i o n  o f  t h e  U.S. EPA Region I V  ( i n  press)  ;tudy than 

d u r i n g  t h e  c u r r e n t  Ash1 and Syn the t i c  Fuels, Inc. (ASFI) study. However, 

t h e  1980 p o r t i o n  o f  t h e  p rev ious  study r e s u l t e d  i n  a  s i g n i f i c a n t  decrease 

i n  both numbers o f  f i s h  and v a r i e t y  o f  species c o l l e c t e d  (Table 5.17). 

D i f f e rences  i n  t h e  v a r i e t y  o f  species c o l l e c t e d  du r i ng  t h e  two s tud ies  may 

be p a r t i a l l y  due t o  t h e  use o f  g i l  l n e t s  and beach se in ing,  as opposed t o  

t h e  hoopnet t ing conducted i n  t h e  ASFI study. E l e c t r o f i s h i n g  u n i t s  were 

s i m i l a r  i n  design, however, and were f i s h e d  i n  t h e  same manner a t  each 

1 o c a t i  on--between t h e  bank and t h e  d rop -o f f  (Personal communication. Feb- 

r ua ry  5, 1981. Telephone conversat ion w i t h  James Boswell,  Aquat ic Sec- 

t i o n ,  Texas Instruments,  Inc.). Another f a c t o r  may be seasonal d i  f f e r -  

ences between t h e  U.S. EPA Region I V  ( i n  press)  1979 study (conducted June 

through August) and t h e  1980 study (conducted A p r i l  through e a r l y  June) a l -  

though one would expect g rea te r  numbers and species are normal ly  c o l l e c t e d  



Table 5.17. Comparison o f  Ohio R iver  species col ' lecteda dur ing  1979, 1980, and 1981. 

C.onim o  n  U.S. EPA R e g i o n  I V  U.S. R e g i o n  I V  J a c k s o n  ASFI  
( i n  p r e s s )  1979 ( i n  p r e s s ) l 9 8 0  1980  1980 -81  

Name RM 705.,707 RM 705,707 C a n n e l t o n  P o o l  R M  705,707, 

Longnose  g a r  

S k i p j a c k  h e r r i n g  
G i z z a r d  shad  

G o l d e y e  
Mooneye 

C a r p  
S i l v e r  c h u b  
E m e r a l d  s h i n e r  
R i v e r  s h i n e r  
t+jmic s h i n e r  
B u l l  head  minnow 
U n i d e n t i f i e d  minnows 

R i v e r  c a r p s u c k e r  
Q u i  l l b a c k  
S m a l l m o u t h  b u f f a l o  
G o l d e n  r e d h o r s e  
U n i d e n t i f i e d  s u c k e r s  

Channe l  c a t f i s h  
F l a t h e a d  c a t f i s h  

W h i t e  bass  

B l u e g i l l  
L o n g e a r  s u n f i s h  
L a r g e m o u t h  b a s s  



Ta b l  e  5 .17  Continued 

Common 
Name 

U.S. EPA R e g i o n  I V  U.S. R e g i o n  I V  J a c k s o n  ASFI  
( i n  p r e s s )  1979 ( i n  p r e s s )  1980  1980  1980 -81  

R M  705,707 R M  705,707 C a n n e l t o n  Po01 RM 705,707,  

Whi t e  c r a p p i e  
B l a c k  c r a p p i e  

L o g p e r c h  
S a u g e r  
W a l l  e y e  

F r e s h w a t e r  Drum X X X X 

a 
a U.S. EPA R e g i o n  I V  ( i n  p r e s s )  s t u d y  used  e l e c t r o f i  s h i n g ,  g i l l n e t t i n g ,  

and beach  s e i n i n g .  J a c k s o n  ( 1 9 8 0 )  s t u d y  u s e d  e l e c t r o f i s h i n g  and  g i l l -  
n e t t i n g .  ASFI  s t u d y  used  e l e c t r o f i s h i n g  and  hoop n e t t i n g .  



d u r i n g  t he  s p r i n g  months. Reasons f o r  t h e  changes discussed above a re  no t  

r e a d i l y  apparent (Personal communication. February 5, 1981. Telephone 

conve rsa t i  on w i t h  James Boswel 1  , Aquat ic Section, Texas Instrument,  Inc. ). 

Add i t i ona l  1  i t e r a t u r e  on t h e  species composi t i o n  and re1 a t i  ve abun- 

dance o f  f i s h e s  i n  t h e  Cannelton Pool inc ludes  l o c k  and dam s tud ies  conduc- 

t e d  by t h e  Ohio R i v e r  Va l ley  Water S a n i t a t i o n  Commission (ORSANCO) from 

1968-1970, and again i n  1975 and 1976, a t  t h e  Cannelton Lock and Dam (RM 

7.20.7).   able 5.18 d e t a i l s  t h e  numbers and s i zes  o f  f i s h e s  c o l l e c t e d  

d u r i n g  t h e  1976 Cannelton Dam study. O f  t h e  29 species co l l ec ted ,  g i zza rd  

shad was predominant i n  bo th  numbers and biomass. Only 12 o f  these 29 

spec ies were c o l l e c t e d  from RM 705, 707 and 708 d u r i n g  t h e  ASFI 1980-8.1 

study, a long  w i t h  bu l l head  minnow and qu i l l back .  

A  June 1978 summary o f  Ohio R i v e r  f i s h  surveys ca tegor ized  t h e  Ohio 

R i v e r  f i s h e s  i n t o  t h e  f o l l o w i n g  assoc ia t ions ,  based on phy logenet i c  . re la -  

t i o n s h i p s ,  eco log i c  and economic f a c t o r s  (U.S. EPA, 1978) : 

Category Forms I n c l  uded 

Forage A  A1 1  minnows, sh iners ,  and chubs, 
Forage B Shad and her r ings .  
Spor t  A  A l l  sunf ishes and basses. 
Spor t  B Walleye, sauger, and perches. 
Commercial Channel c a t f i s h ,  b l u e  c a t f i s h ,  b u f f a l o -  

f i shes ,  f reshwater  drum. 
Rough Carp, b u l l  head c a t f i  sh, and suckers. 
M i  sce l  1  aneous A1 1  others.  

From 1968-1976 Forage B species made up 48.5 percent  o f  the  t o t a l  

we igh t  (based on Kg/ha) o f  f i s h  c o l l e c t e d  a t  t h e  Cannel t o n  Dam. Rough f i s h  

c o n s t i t u t e d  t h e  nex t  h ighes t  percentage (24.8). According t o  t h e  U.S. EPA 

(1978) est imates o f  f i s h  biomass i n  Kg/ha, between RM 700 and 800 have 



TABLE 5.18 
Ohio R i v e r  F i s h  Popul a t i  on  stud.^ 

CANNECTON LOCK AND DAM (M. P. 720.7) 

October 4, 1976 

Wt. Range 
Family Comon Name ( S c i e n t i f i c  name) 

. .  . . .... No. Kg Cm. 
-- ~ - -  

Suckers ,  (Catos  tomidae) 
Bigmouth b u f f a l o ,  ( ~ c t i o b u s  c y p r i n e l l u s )  . 3 
Smallmouth B u f f a l o ,  ( I c t i o b u s  buba lus)  11 

' Carpsuckers ,  (Ca rp ides  ca rp i01  30 
Shorthead r e d h o r s e ,  (Moxostoma macrolepidotum) 2  

Minnows and Carps ,  (Cypr in idae)  
Carp, (Cyprinus c a r p i o )  28 
S i l v e r  chub,  bopis is s t o r e r i a )  6 1  . 

Emerald Sh inne r ,  (No t rop i s  a t h e r i n o i d e s )  3 
P a d d l e f i s h e s ,  (Polyodon t i d u e s )  

Paddlef  i s h ,  (Polydon, s p a t h u l a )  1 
Freshwater  c a t f i s h e s ,  ( I c t a l u r i d a e )  

Channel C a t f i s h ,  ( I c t h l u r u s  punc t a tu s )  224 
Blue c a t f i s h ,  ( I c t a l u r u s  f u r l a t u s )  1 
F la thead  c a t f i s h ,  ( P y l o d i c t i s  o l i v a r i s )  9 

Herr ings ,  (Clupe idae)  
Threadf i n  shad ,  ( ~ o r o s o m a  pe tenense)  55 
Gizzard shad ,  (Dorosoma cepedianum) 2,024 - 
S k i p j a c k  h e r r i n g ,  (Alosa c h r y s o c h l o p i s )  250 

Mooneyes, (Hiodont idae)  
Mooneye, (Hiodon t e r g i s u s )  9 
Goldeye, (Hiodon a l o s o i d e s )  1 

Freshwater  e e l s ,  ( A n g u i l l i d a e )  
American eel ,  (Angu i l l a  r o s t r a t a )  2 2  

Perches ,  (Pe rc idae )  
Walleye, ( S t i z o s  t e d i o n  v i t r eum)  15  
Sauger ,  (S t i z o s  t e d i o n  canadense)  2  5  

Sunf i shes ,  (Cen t r a r ch idae )  
Warmouth s u n f i s h ,  (Lepomius gu losus )  2  
Longear s u n f i s h ,  (Lepomis m e g a l o t i s )  7 
White c r a p p i e ,  (Pomoxis n igromacula tus )  4 1  
Black c r a p p i e ,  ( P o m ~ x i s  n igromacula tus )  5  
B l u e g i l l ,  (Lepomis macrochi rus)  6  2  
Kentucky b a s s ,  (Micropterus  p u n c t u l a t u s )  2  

Temperate b a s s e s ,  (Pe rc i ch thy  i d a e )  
S t r i p e d  b a s s ,  (Morone s a x a t i l i s )  3  
White b a s s ,  (Morone ch rysops )  1 8  

Gars,  ( L e p i s o s t e i d a e )  
Longnose g a r ,  ( L e p i s o s t e u s  o s seus )  4  

Drums, (Sc i aen idae )  
Freshwater  drum, (Aplodinotus  g runn iens )  604 

T o t a l s  3 , 5 2 2  3 9 3 . 9 8 4  

Source: Table 5 3 ,  ORSANCO Water Q u a l i t y  Assessment, 1977 



decreased s l i g h t l y  between t h e  per iods  1968-1970 and 1975-1976. However, 

b o t h  t h e  number of species and number o f  f i s h  c o l l e c t e d  a t  t h e  Cannelton 

Darn decreased by approximately 30 percent  du r i ng  t h a t  same p e r i o d  (U.S. 

EPA, 1978). Th is  phenomena seems t o  be p reva len t  f o r  most o f  the  Ohio 

R i v e r  d e s p i t e  s u b s t a n t i a l l y  improved water qua1 i t y  over t h e  years. ORSANCO 

(1977) f i n d s  t h e  o v e r a l l  d e c l i n e  i n  number and weight o f  f i s h e s  l ack ing  

ready explanat ion.  

Al though g i zza rd  shad and carp  were n o t  predominant species taken dur-  

i n g  t h e  ASFI s tudy (Table 5,16), i t  i s  f e l t  t h a t  t h e  backwaters t o  bo th  

Town and B u l l  Creeks a re  heavy producers o f  c lupe ids  ( h e r r i n g  and shad 

f a m i l y )  and very  1 i k e l y  c o n t r i b u t e  t o  t h e  r iver  populat ion.  These f i n d i n g s  

a r e  discussed i n  l a t e r  paragraphs. 

The prevalence o f  wh i t e  c rapp ie  and b l u e g i l l  among species taken dur-  

i n g  t h i s  study would seem t o  i n d i c a t e  t h a t  more des i r ab le  cond i t ions ,  i n  

view o f  h a b i t a t  and wate r  q u a l i t y ,  a re  t o  be found a t  RM 705, 707 and 708 

than  i n  t h e  Cannelton Pool as a  whole. However, g i zza rd  shad, sk i p j ack  

he r r i ng ,  and minnows were predominant i n  t h e  U.S. EPA Region I V  ( i n  press)  

study. (Again, d i f f e r e n c e s  i n  gear t ype  probably  p l a y  a  r o l e  here.) I n  

a d d i t i o n ,  g i zza rd  shad and emerald sh iner ,  t h e  two species found t o  be t h e  

most abundant i n  t h e  Ohio R i v e r  f rom 1968-1976 (U.S. EPA, 1978) a re  consid- 

ered t o  be wide-ranging r i v e r  species (Dames & Moore, 1975) more vu lner -  

a b l e  t o  l o c k  and dam s t u d i e s .  C rapp ies  and b l u e g i l l  t e n d  t o  be more 

r e s t r i  c t ed  i n movement (Hynes , 1970). 

E l e c t r o f  i sh i  ng e f f o r t s ,  conducted by t h e  Kentucky F i she r i es  D i v i s i o n ,  

i n  t h e  Cannelton Pool du r i ng  1979 produced s i x  d i f f e r e n t  species o f  f i s h  

(Jackson, 1980). O f  these, g i zza rd  shad was predominant w i t h  a  catch-per-  

u n i t - e f f o r t  ( c / f )  o f  135 f i s h  p e r  hour ( i n t e rmed ia te  and havestable s izes  



combined). Longnose gar arid longear sun f i sh  were next i n  abundance, w i t h  

C / f ' s  o f  21  f i s h  per  hour each. Largemouth bass were c o l l e c t e d  a t ' a  r a t e  

o f  18 per hour, however, on ly  t h ree  per  hour were o f  l e g a l l y  havestab le  

s i z e  (12 inches i n  l e n g t h  o r  g rea te r ) .  

. G i l l n e t t i n g  i n  t h e  Cannelton Pool du r i ng  t he  same study produced 13 

species (Table 5.17 inc ludes  combined e l e c t  r o f  i sh i  ng and g i  11 n e t t i n g  spe- 

c i e s  l i s t ) .  These were dominated by sauger,. w i t h  2.4 f i s h  per  net-day 

(2.0 of these were o f  harves tab le  s ize;  - > 12 inches ). S i l v e r  chub were 

next  i n  abundance a t  2.2 f i s h  per  net-day. Gizzard shad were g i l l n e t t e d  a t  

a r a t e  o f . 0 .8  f i s h  pe r  net-day which was in te rmed ia te  among t h e  13 species 

c o l  1 ected. 

Dur ing 1979, s i x  pools  o f  t h e  Ohio R i ve r  were i nves t i ga ted  by Jackson 

(1980) i n  a s i m i l a r  manner as descr ibed above. O f  these, t he  Cannelton 

Pool produced t he  most game f i s h  per  u n i t  o f  e f f o r t .  Th is  was p r i m a r i l y  

due t o  t h e  l a r g e  e l e c t r o f i s h i n g  ca tch  o f  largemouth bass; termed "excel -  

l e n t "  by Jackson (1980). The Cannelton Pool a l so  produced t h e  most d i ve rse  

g i l l n e t t i n g  c o l l e c t i o n  o f  t h e  s i x  pools  studied. . 
The prevalence o f  game f i s h  i n  t h e  p rev ious l y  descr ibed study tends t o  

support  f i n d i n g s  o f  the. ASFI study, i n  which game f i s h  (wh i t e  crappie,  

b l ack  crappie,  largemouth bass, and sauger) made up 47 percent  o f  t he  t o t a l  

Ohio R i v e r  catch. Mean leng ths  o f  these f o u r  species i n d i c a t e  t h a t  a l l  b u t  

b lack  c rapp ie  a re  below suggested, o r  l ega l ,  minimum s i z e  l i m i t s .  White 

crappie,  t he  most abundant species i n  t h i s  study, averaged 188.4 mm o r  7.4 

inches i n  l eng th - - j us t  below t h e  8 i n c h  suggested s i z e  l i m i t  (Table 5.16). 

Fourteen d i f f e r e n t  species were taken du r i ng  t h e  Jackson (1980) study 

and a l s o  du r i ng  t h e  ASFI 1980-81 study. Sport  A and B species combined 



(U.S. EPA, 1978) dominated bo th  s tud ies.  ForageFg species were more prev- 

a l e n t  i n  ' t h e  p rev ious  study. Th is  i s  due t o  t h e  c o l l e c t i o n  o f  goldeye 

and sk ip j ack  h e r r i n g ,  i n  a d d i t i o n  t o  g i zza rd  shad--the on l y  Forage B  spe- 

c i e s  observed d u r i n g  t h e  ASFI study. Gizzard shad appear t o  have been more 

numerous d u r i n g  t h e  p rev ious  study, as 135 f i s h  pe r  hour were taken by 

e l e c t r o f i s h i n g  on ly ,  compared t o  a  t o t a l  o f  29 g i zza rd  shad taken du r i ng  

t h e  e n t i r e  ASFI 1980-81 study. However, i t  should be kep t  i n  mind t h a t  t h e  

Jackson (1980) s tudy encompassed se lec ted  areas o f  t h e  e n t i  r e  Cannel t on  

Pool. 

Each o f  t he  near-shore areas sampled a t  RM 705, 707 and 708 o f f e r e d  

r e l a t i v e l y  shal low water  du r i ng  t h e  ASFI study. Bottom types were s i m i l a r  

( ba re  sand) a t  S t a t i o n s  1 and 2; however, S t a t i o n  1 has s l i g h t l y  more cover 

i n  i t s  upper reaches. Th is  cover i s  i n  t h e  na tu re  o f  downed t r e e s  and 

stumps. S t a t i o n  1 i s  where t h e  g rea tes t  number (31) o f  wh i t e  c rapp ie  were 

taken  du r i ng  any s i n g l e  sampling (May, 1980), a l though over t h e  course o f  

t h e  study t h e  t o t a l  number o f  w h i t e  c rapp ie  taken a t  S t a t i o n  2  was approx- 

i m a t e l y  43 percen t  g r e a t e r  than a t  e i t h e r  S t a t i o n  1 o r  3 (Table 5.16). 

Th i s  i s  d i f f i c u l t  t o  e x p l a i n  i n  view o f  t h e  l ack  o f  cover t o  be found a t  

S t a t i p n  2 - -espec ia l l y  when compared t o  s t i t i o n  3, t h e  l e n g t h  o f  which 

p rov ides  numerous downed t r e e s  and brush i n  t h e  near-shore area. The same 

o v e r a l l  s i t u a t i o n  e x i s t e d  f o r  b l  uegi 11 s, . b u t  w i t h  t h e  g rea tes t  number (24) 

f o r  any s i n g l e  sampling be ing taken a t  S t a t i o n  3. Perhaps pe r i od i c ,  o r  

even d a i l y ,  movements o f  these two species through t h e  r e l a t i v e l y  barren 

h a b i t a t  o f  t h e  S t a t i o n  2  area bes t  exp la ins  t h e i r  prevalence here. 

The Ohio R i v e r  backwaters o f  Town Creek and B u l l  Creek a re  very sim- 



i l a r  i n  phys ica l  appearance and a re  l oca ted  between Ohio R i ve r  m i l e s  707 

and 708 (F igure  5.1). Both o f  these water bodies were created w i t h  t he  

i n s t a l l a t i o n  o f  t h e  Ohio R i ve r  h i g h l i f t  dam system and a re  t h e  r e s u l t  o f  

f l o o d i n g  b y  t h e  Ohio R i v e r .  Sand b a r s  a t  t h e  mouths o f  b o t h  systems 

i n s u r e  the  ex is tence o f  these backwaters even du r i ng  extremely low r i v e r  

f low.  However, water l e v e l s  i n  t h e  backwaters are dependent upon e l e v a t i o n  

o f  the Cannelton Pool. According t o  area res iden ts ,  backwaters i n  t he  

C loverpor t  area o f  t h i s  pool a re  used ex tens i ve l y  f o r  bass tournament f i s h -  

i ng. 

Ne i t he r  o f  these backwaters are inc luded  on t he  Uhio R i ve r  Basin . 

Commission's (ORBC) ' P r i o r i t y  Wetland L i s t , '  b u t  they do appear on ORBC's 

'Recommended f o r  Study' 1 i s t .  Town Creek and B u l l  Creek are descr ibed as 

25 and 30-35 ac re  embayments, r espec t i ve l y .  They a re  c l a s s i f i e d  as Type 5 

Wetlands ( i n l a n d  open f r e s h  water) ,  accord ing t o  Shaw and Fredine (1956). 

I n  t h e i r  upper reaches, these systems are  charac te r i zed  by w i l l o w  bottoms 

. w i t h  crop land adjacent.  The shore l ines  are wooded and produce Type 1 

Wetlands (seasonal ly  f looded basins o r  f l a t s )  d u r i n g  f l o o d i n g  (Personal 

communicat ion.  F e b r u a r y  11, 1981 t e l e p h o n e  c o n v e r s a t i o n  w i t h  Lauren  

Schaaf, Environmental Sect ion, Kentucky Department o f  F i sh  and W i l d l i f e  

Resources) . 
Dur ing bo th  h i gh  and low waters, these backwater areas would appear t o  

p rov ide  excel  l e n t  re fuge and h a b i t a t  f o r  f i s h  reproduc t i ve  a c t i v i t y ,  Sev- 

e r a l  r i p e  and g r a v i d  f i s h e s  were c o l l e c t e d  du r i ng  t h e  May, 1980 sampling, 

i n c l u d i n g  b l ueg i  11, warmouth, longear  sunf ish,  r i v e r  carpsucker, and l a rge -  

mouth bass. Dur ing t he  Ju l y ,  1980 sampling, shore se in i ng  e f f o r t s  i n  these 

water  bodies produced numerous young-of-the-year (YOY) sun f i sh ,  a long w i t h  

one YOY largemouth bass from bo th  Town and B u l l  Creeks. 



Both backwater areas were sampled for ichthyoplankton on May 21,  1980. 

Relative densit ies of various species taken during both day and night sam- 

pling are detailed in Table 5.19. These data ref lect  adult f ish collec- 

t ions made in these areas with members of the herring and shad family domi- 

nating the catch. Catostomids (suckers) were a1 so prevalent, especially in 

the B u l l  Creek night samples. Stizostedion spp. also appeared in the Bull 

Creek night samples. While no fish of th i s  genus were collected in Bull 

Creek, one Y O Y  sauger (Trautman, 1957) was collected during a qualitative 

night electrofishing ef for t  on Town Creek during October. Also, both 

sauger and walleye were captured during the summer, 1979 EPA Region IV ( in  

press) study. Six sauger were collected during the Kinman (1979) study 

of Bull Creek (discussed in 1 a te r  paragraphs). Centrarchids taken during 

the ASFI' ichthyoplankton sampling consisted of Pomoxis spp. only. This may 

be associated with preference of white and black crappie for cooler water 

temperature (Hansen, 1957), and so earl i e r  spawning act ivi ty  than other 

centrarchids. These data, in conjunction with the spawning conditions and 

YOY fishes observed, suggest the importance of these backwaters as nursery 

and spawning areas for a variety of fishes. 

Th'e EPA Region IV ( in  press) study sampled ichthyoplankton in the 

vicinity of R M  705 and 707. Taxonomic family composition of these collec- 

t ions compare favorably with those of the backwaters (Table 5.20). Those 

fami l i e s  -col lected in the previous study, b u t  not in the ASFI study, in- 

clud the paddlefishes, the gars and the drums, a l l  of which are considered 

t o  be more wide-ranging, river types. 

Jackson (1980) conducted adult f ish studies on the backwater to  both 

Town and Bull Creeks, along with Clover Creek ( R M  711) during 1979. Re- 



Table 5.19. Ichthyoplankton Dens i t ies  ( ~ o / l ~ h n ~ ) e ,  ~ u l l  and Town Creek. backwaters,: ~ a ~ . . 2 i , 1 9 8 0 ~ .  

Mean 1 
~ o / 1  00m3, 

98.7 

- - 

31.7 

2.0 

85.2 
4.7 
1 .o 

- - 
- - 

1 .o 
- - 

1 .o 
1.6 - - 

Creek Day Samples B u l l  Creek 

I 

i 

Town 
I 1 S t a t i o n  

Dupl i c a t e  I A B 

C l  upeidae 
i 

I 657 
689 

' 3 
A B 

91 126 

- - - - 

1 
A B 

170 108 

5.0 -- 
Catostomidae 

I c t i o b i  nae 

55 53 

2 3 

46' 72' 
lb 7b 

-- -- 

-- -- 
-- -- 

-- -- 

-- -- 

-- -- 
-- 2 
-- -- 

2 
A B 

41 56 

- - '  - - 

Mean 
No/100m3 

314.2 

- - 

2 3 I 

A B i~ B 

7 3 

203 69 

-- -- 

1 3 3  27 
1 
1 1  2 

1 
I 
1 85' 93' 

1128 139 

-- -- 

Centrarchidae 
Pomoxis spp. 

Percidae 
Logperch type  

8 14 

-- -- 

76' 139' 

4 2 

, 54 34 

3.5 

18.6 

287.8 
2.0 - - 

3.0 
2.0 

2.0 

2.0 

- - 
97.6 

5.0 

2 3 

< 1  -- 

1 0 7 ~  2 1 3 ~  
-- 3b 
- - -- 

-- -- 
- - -- 
- - 1c 

-- -- 
- - -- 

1C -- 
-- -- 

5 5 .  

2 2 

86C 1 0 7 ~  
-- 1b 
-- -- 

-- -- 
-- -- 
-- -- 

-- -- 

-- -- 
4C 2C 

2.0 -- 

Ln 
i - I 

4 

N 
v Nigh t  Samples 

C l  upeidae 1 4goC 72ac - -  g b I - -  -- 

I -- -- 1 -- 1c 
t 

i i 
I - - -- I -- -- 

Dorosoma spp. 
Alosa spp. 

Hiodont idae 
Hiodon t e r g i s u s  

I I I I 

Cypr i  n idae 
Not rop i  s 

a t h e r i  noides 

Catostomidae 
I c t i o b i n a e  
Catostomi nae 

- - -- 

- - -- I - -  -- 
I - - 1 -  zC 
- - -- 

- - 2b 
- - - - 

3b 3b 
2 -- 
3 -- 
2d 2d 

- - - - 
234 247 

8 6 

. . -- -- 
-- 1c 

-- -- 

1C 1 
2' 1 -- -- 



Table 5.19. Continued. 

a ~ s e d  505u ne t s  

b ~ r o l a r v a e  

CPost larvae 

d ~ d u l  t 

e ~ o  conve r t  f rom m3 t o  ga l l ons  m u l t i p l y  by 264.17 

- 

. B u l l  Creek Town. Creek 

Source: Dames & Moore f i e l d  data, 1980. 

Mean 
No/lOOm3 

- - 

19.2 

1 .O 
- - 

3 
A ' B  

Mean , 
No/100m' 

N igh t  Samples 

2 
A B 

1 
A B 

2.0 

3.5 

2.8 
44.0 

1 
A B 

3 
A B 

Perc ich th idae  1 
Morone spp. 

Centrarchidae 
Pomoxis spp. 

Percidae 
Logperch type  
S t i zos ted ion  spp. 

2 
A B 

-- - - 

3 10 

lb lC 
35 -- 

- - 2C 

2 2 

l l b  2" 
53 53 

- - -- 

17' 27 

- - 1b 
- - -- 

- - - - 

. lc ' 3 

1b lb -- -- 

-- --  

I -- 
- - 

9C 16C 

-- -- 
-- -- 

20 26 

1 1 - - - - 



Table 5.20 . Comparison o f  Ohio River  M i l e  705 and 7 0 7 ~ ,  Town Creek backwaterb, and B u l l  Creek backwaterb 
ichthyoplankton catches; by taxonomic family. 1979-1980. 

Summer, 1979 Spring, 1980 Spring, 1980 Spring, 1980 

Ohio River  Ohio River  Town Creek B u l l  Creek 
Taxonomi c Fami 1 yC RM. ,705 & 707. RM 705 & 7807 bazkwater backwater 

Pol yodontidae ( paddlef i shes) 
Lepi sosteidae (gars)  
Clupeidae (her r ings)  
Hi  odontidae (mooneyes) 
Cypri  nidae (minnows & carps) 
Catos tomidae (suckers) 
Perc ichthy idae (temperate basses) 
Centrarchidae (sunf ishes)  
Percidae (perches) 
Sci  aeni dae (drums) 

a F i e l d  c o l l e c t i o n s  made dur ing  EPA Region I V  ( i n  press) study. 

b ~ i e l d  c o l l e c t i o n s  made dur ing  ASFI study. . 
C This l i s t i n g  no t  necessar i l y  inc lus ive ,  as some f i s h  eggs and l a rvae  could no t  be i d e n t i f i e d  t o  fami ly .  

Source: EPA Region I V  ( i n  press) and Dames & Moore 1980 f i e l d  data. 



s u l t s  o f  e l e c t r o f i s h i n g  and g i l l n e t t i n g  e f f o r t s  a re  repor ted  as combined 

"Cannel ton Pool backwater areas" f o r  these t h r e e  water bodies. E lec t ro -  

f i s h i n g  produced 11 species o f  f i s h  from the  t h ree  backwaters which were 

dominated by g i zza rd  shad. B l u e g i l l  and largemouth bass were second and 

t h i r d  i n  abundance, r espec t i ve l y .  Catch per  u n i t  e f f o r t  o f  largemouth bass 

was g r e a t e r  f o r  t h e  backwaters (22.9 f i s h  p e r  hour) than t h e  r i v e r  (18 f i s h  

p e r  hour),  f o r  t h e  Jackson (1980) study. Also, 39.3 percent  o f  the  back- 

wate r  largemouth bass were o f  l e g a l  s i z e  w h i l e  on l y  20 percent  o f  those 

taken  i n  t h e  r i v e r  were 12 inches i n  l e n g t h  o r  greater ,  G i l l n e t t i n g  i n  t h e  

same th ree  areas produced 10 species, o f  which g i zza rd  shad was overwhelm- 

i n g l y  dominant. Th is  i s  i n  c o n t r a s t  w i t h  t he  dominance o f  sauger i n  Ohio 

R i v e r  g i l l n e t t i n g  catches f o r  t h e  same study. No sauger were c o l l e c t e d  by 

g i l  l n e t t i n g  i n  t h e  backwaters. G i l l n e t  ca'tches o f  o t h e r  spo r t  f i s h ,  such 

as wh i t e  crappie,  b l u e g i l l  and longear  sunf ish,  were a l s o  r e l a t i v e l y  low. 

ASFI  a d u l t  f i s h  c o l l e c t i o n s  by e l e c t r o f i s h i n g  i n  the Town Creek back- 

water  a re  summarized i n  Table 5.21. These da ta  tend t o  agree w i t h  those o f  

Jackson (1980), f o r  e l  e c t r o f  i s h i  ng, i n  bo th  species composit ion and C / f .  

Actua l  co11 e c t i  ons were dominated by cen t ra r ch ids  ( s u n f i s h  and basses) 

d u r i n g  each o f  t he  q u a r t e r l y  samplings. However, g i zza rd  shad were ob- 

served t o  be ext remely  numerous d u r i n g  each sampliny except January, 1981 

( d u r i n g  which i c e  cover r e s t r i c t e d  sampling t o  t he  channel areas i n  bo th  

backwaters. Due t o  t h e  g rea t  numbers o f  200-300 mm g i zza rd  shad present,  

o n l y  a few were c o l l e c t e d  and processed. Mean l eng th  f o r  largemouth bass 

c o l l e c t e d  i n  Town Creek was j u s t  under t h e  l e g a l  s i z e  l i m i t  a t  242.5 mm o r  

9.5 inches, b u t  was g rea te r  than  t h a t  f o r  t h e  Ohio R i ve r  (264.6 mm o r  10.4 

i nc hes ) . 



Table 5.21 Sununary o f  f i s h  co l lec t ions .  Town Creek (1) and B u l l  Creek (8) backwaters. 
--.- ".-- ....- - .- --- - -- -----. - 

1980 - 81 1980 - 81 
May. 1980 July ,  1980 October, 1980 January. 1981 B u l l  creekh Town creekh 

Species by Family T B T B ~ ( 1 1 ) ~  B - - 1. . - -  k . .&1"1-- R9 No. rnnl- .. n(l 

Clupeidae 
Gizzard shad (Oorosoma cepedianum) 

Cvorinidae -. r - 
Goldf ish (Carrassius auratus) 
Carp (C r inus  car  io- 
EmeraldYEhiner &pi s ather inoides)  

Catos tomi dae 
River  carpsucker (Carpoides carp io)  

I c t a l u r i d a e  
Yellow bul lhead ( I c t a l u r u s  n a t a l i s )  
Channel c a t f i s h  (m -us) 
F l i~ fhead  c a t f i s h  mi! o l i v a r i s )  

Centrarchidae 
Waronuth Le omis ulosus) 
B l u e g i l l  h i r u s )  
Longear su i ihT(Lepomis  mesaloti  s )  

Cn Largemouth bass (Micropterus salmoides) 
I White crappie (Pomoxis a n n u l a r  

b-' Black crappie (w -1atus) 
Percidae 

Sauger ( S t i  zostedion canadense) 
Sciaenidae 

Freshwater Drum (Aplodinotus grunniens) 

Tota l  number o f  f i s h  p e r  creek (N) 22 16 29 19 55(10) 
Tota l  number o f  species per creek ( S )  9 ' 0  . 8  7 11 
Species d i v e r s i t y  ( d l 9  2.59 1.80 2.08 2.04 2.50 
Catch per u n i t  e f f o r t a  1.15 0.80 1.57 1.04 
-- 

3.47f 

a F ish  co l lec ted  by e l e c t r o f i s h i n g  i n  backwaters. E f f o r t  expressed i n  mlnutes. 
b numerous g izzard shad; unable t o  shock. 
c Numerous young-of-the-year sunf ish taken wh i le  se ln ing backwaters dur ing J u l y  sampling. 
d Includes one young-of-the-year from each backwater. 
e F ish  co l lec ted  dur ing  a select ive,  n i g h t  e l e c t r o f i s h i n g  session i n  Town Creek on October 10, 1980. 

Not inc luded i n  catch per  un i  t e f f o r t  , f igures and o r  species d l v e r s i t y  values. 
f Based on estimated e l e c t r o f i s h i n g  time--counter malfunctioned. 
g Margelef (1951) 
h To convert from: nun t o  inches m u l t i p l y  by 0.039 

g t o  pounds m u l t i p l y  by 0.002 

Source: Dames I3 Moore f i e l d  data. 1980-81. 



Domination o f  t h e  Town Creek ca tch  by cen t ra r ch ids  and g i zza rd  shad agree 

w i t h  i chthyopl  ankton c o l l  ec t i ons  discussed e a r l  i e r  (Table 5.19). 

Table 5.22 compares e l e c t r o f i s h i n g  c o l l e c t i o n s  made i n  Town Creek 

d u r i n g  t h e  EPA Region I V  ( i n  press)  study w i t h  those o f  t he  ASFI study. 

The r e l a t i v e l y  low numbers o f  f i s h  c o l l e c t e d  d u r i n g  1980, f o r  bo th  s tud ies,  

was c h a r a c t e r i s t i c  and f o l  1 ows w i t h  seemingly reduced numbers o f  f i s h  

present .  Summer, 1979 data f o r  t h i s  prev ious study compare more f avo rab l y  

w i t h  summer, 1980 da ta  f o r  t h i s  study w i t h  g i zza rd  shad and cen t ra r ch ids  

be ing  predominant. ( I t  should be noted t h a t  d i f f e r e n c e s  i n  numbers o f  f i s h  

taken  i s  a r e f l e c t i o n  o f  s i x  sampling dates f o r  t he  EPA Region I V  ( i n  

p ress)  summer study, as opposed t o  one sampling da te  f o r  t h e  summer sam- 

p l i n g  o f  t h e  ASFI study). 

The Kentucky F i s h e r i e s  D i v i s i o n  conducted a rotenone study on t h e  B u l l  

c reek backwater d u r i n g  1978 (Kinman, 1979) (Table 5.23). Forage f i s h  com- 

pr - ised t h e  l a r g e s t  percentage (49.2) o f  t h e  t o t a l  catch, w i t h  g i zza rd  shad 

as t h e  dominant species. Pan f i sh  comprised 34.8 percent  o f  t he  t o t a l  w i t h  

b l  uegi  1 1 b e i  ng predomi nant  among these. 

Compared t o  backwater areas i n  o t h e r  pools  s tud ied  du r i ng  1978, B u l l  

Creek was a g r e a t e r  producer o f  cen t ra rch ids .  The o the rs  sekmed t o  produce 

more commercial, o r  rough, f i s h e s  such as carp, species o f  b u f f a l o ,  and 

suckers. Because o f  t h i s ,  B u l l  Creek ra ted  lower i n  s tanding crop e s t i -  

mates (K i  nman, 1979). However, B u l l  Creek's importance as a rec rea t i ona l  

f i s h e r y  i s  emphasized by t h i s  f i nd ing .  

The ASFI study agrees w i t h  Kinman (1979), and d e t a i l s  o f  B u l l  Creek 

c o l l e c t i o n s  may be found i n  Table 5.21. Again, g i zza rd  shad were extremely 

numerous so on l y  a few were c o l l e c t e d  and processed. Second i n  abundance 



a ~ l e c t r o f  i s h i  ng e f f o r t s  vary  between s tud ies .  
b ~ i  zzard shad extreme1.y numerous. 
Source: EPA Region I V  ( i n  press) and Dames & Moore 1980 f i e l d  data.  

Table 5.22 . Comparison o f  a j u l  t f i s h  species from Town Creek backwater. 
E l e c t r o f i s h i n g .  

Spe'cies by Family 

C l  upei  dae 
Gizzard shad 

Cypr i  n i  dae 
Go ld f i sh  
Carp 
Emerald sh ine r  
Golden sh ine r  

Ca tos  tomi dae 
R i ve r  carpsucker 

I c t a l  u r i dae  
Channel c a t f i s h  
F la thead c a t f i s h  

Perc ichthy idae 
White bass 

Centrarchidae 
Green sun f i sh  
Warmouth 
B l u e g i l l  
Longear sun f i sh  
Smallmouth bass 
Largemouth bass 
Whi t e  c rapp ie  
Black c rapp ie  

Sciaenidae 
Freshwater Drum 

T o t a l  number o f  f i s h  15 2zb 64 2gb 

To ta l  number o f  species 3 10 ., 13 8 

EPA Region I V  ( i n  press)  study and ASFI study. 

EPA' Req. I V  
Spr jnq, 1980 

12 

- - 
- - 
- - 
- - 

1 

- - 
- - 
- - 
- - 
-- 
- - 
- - 
- - 
- - 
- - 
- - 

2 

ASFI 
Sprinq, 1980 

b - - 

1 
3 - - 

- - 

. 1  

1 
1 

- - 
- - 

1 
9 
2 - - 
3 - - 

-- , 

- - 

EPA Reg. I V  
Summer., 1 979 

24 

1 
3 
8 
1 

3 

- - 
1 

1 ' 

1 - - 
9 
3 
2 

- - 
- - 
- - 

7 

ASFI 
Summer. 1980 

sb 
- - 

3 - - 
- - 

1 

- - 
-- - 

- - 

- - 
1 

12 . 
4 - - 
1 
1 

- - 
- - 



Tab le  5.23. Species compos i t ion  and r e l a t i v e  abundance o f  t h e  f i s h  p o p u l a t i o n  i n  t h e  backwater o f  t he  
Oh'io R i v e r  i n  B u l l  Creek (Cannel t o n  Pool )  i n  1978. 

Fingerling size Intermediate size Harvestable size Total Percent of total 
GROUP/species (per acre)* (per acre) (per acre) (per acre) population 

Number Pounds* Number Pounds Number Pounds Number Pounds Number Biomass 

'GAME F'ISHES 
Largemouth bass 54 0.26 2 0 4.15 5 '  8.67 7 9 13.08 1.4 6.3 
Black crappie 2 0.01 3 0.45 - .  - 5 0.46 0.1 0.2 
White crappie 659 2.05 2 0.20 1 0.20 662 2.45 11.8 1.2 
Sauger - - 6 1.13 - - 6 1.13 ' 0.1 0.5 

Total 715 2.32 31 5.93 ' 6 8.87 752 17.12 13.4 8.2 

FOOD FISHES 
Channel catfish - - 1 0.08 2 0.97 3 1.05 0.1 0.5 

M 
I Total - - 1 0.08 2 0.97 3 1.05 0.1 0.5 

, . 
W 
P 

PREDATORY FISHES 
Longnose gar 2 t 2 t - - 4 t 0.1 t 

- - - 

Total 2 t 2 t - - 4 t 0.1 t 

PISCIVOROUS TOTAL 718 2.32 34 6.01 8 9.84 759 18.17 13.5 8.7 

PANFISHES 
Bluegill 796 0.93 682 32.09 . 234 38.04 1,712 . 71.06 30.4 34.2 
Longear sunfish 2 t 121 4.17 2 0.2.2 125 4.39. 2.2 2.1 
Redear sunfish - - 7 0.38 - - 7 0.38 0.1 0.2 
Warmouth - - 9 7 3.79 . 17 2.18 114 5.97 2.0 2.9 

Total 798 0.93 907 40.43 2 52.. 40.44 1,957 81.80 34.8 39.4 
-- 

COM?lERCIhL FISHES 
Smallmouth buffalo 2 t 24 8.08 - - 26 ' 8.08 0.5 3.9 
River carpsucker - - - - 4 , 6.55 4 6.55 0.1 3.2 
Golden redhorse 1 t 1 0.14 - 2 0.14 t t - 
Goldf is11 - - - - 2 2;27 2 2.27 t 1.1 
Spotted sucker - - - - . .1 1.20 1 1.20 t 0.6 



Table 5.23. Continued. 

F i n g e r l i n g  s i z e  I n t e r m e d i a t e  s i z e  Harves t ab l e  s i z e  T o t a l  Pe rcen t  o f  t o t a l  
GROUPIspecies ( p e r  a c r e )  ( p e r  a c r e )  ( p e r  a c r e )  ( p e r  a c r e )  p o p u l a t i o n  

Number ,Pounds .Number Pounds h'umber Pounds Number Pounds . Xumber .Biomass 
- - -  

COPIMERCIAL FISHES (concluded ) 
Carp - - 2 0.22 2 5.98 4 6.12 0 . 1  2.9 
Yellow bu l lhead  2 t 14  2.30 - - 1 6  2.30 0 . 3  1.1 
Freshwa te r  drum 14 0 .03  7 3 9.12 3 2.27 90 11.42 1 . 6  5.5 

T o t a l  19  0.03 114 19.86 12  18.27 145 38.16 2.6 18.4 

FORAGE FISHES 
Gizzard  shad 2,325 23.08 
Emerald s h i n e r  1 t 

. Golden s h i n e r  2 0.05 

Cn 
.Hisc.  c y p r i n i d s  2 t 

I Tadpole madtom 
.-) 

2 0 .01  
o B l a c k s t r i p  top-  
m 

16 0.06 
minnow 

Logperch 1 t 
Orangespot ted  - - 

sun£ i s h  
Gambizio 14 0.02 

T o t a l  2 ,363 23.22 255 19.93 1 5 1  26.39 2,769 69.54 49.2 33.5 

NON-PISCIVOROUS 
TOTAL 3,180 24.18 1 ,276  80.22 415 85.10 4 ,871  189.50 86.6 91.2 

GRAND TOTAL 3,897 26.50 1 ,309  86.23 422 94.94 5,628 207.67 100.0 100.0 

t \' ,005 l b / a  and .05% 

Source: Ki nman (1 979) 
*To convert from acres to  hectares, divide by 2.47. 
*To convert from pounds to kilograms, mu1 t i  ply by 0.45. 



were t he  cen t ra r ch ids  w i t h  b l u e g i l l  dominat ing these. Mean l e n g t h  f o r  

b l u e g i l l  c o l l e c t e d  i n  B u l l  Creek was 135.8 mm (5.3 inches)  which i s  j u s t  

below t h e  suggested . harves tab le  s i z e  of 6 inches (Jackson, 1980). Fo r t y  

percen t  o f  t he  b l u e g i l l  taken i n  1978 ranged from 76.2 t o  127 mm (3-5 

inches)  and t h e  popu la t i on  was descr ibed as having s u f f i c i e n t  numbers o f  

Y O Y  and i n te rmed ia te  s i z e  f i s h  t o  con t inue  i t  f o r  severa l  years  (Kinman, 

1979). Mean l e n g t h  f o r  largemouth bass taken i n  B u l l  Creek du r i ng  t h e  ASFI 

s tudy was 242.4 mm (9.5 inches)  which i s  below t h e  l e g a l  minimum s i z e  l i m i t  

o f  12 inches and l e s s  than  mean l e n g t h  f o r  t h e  same species taken from Town 

Creek (264.6 mm o r  11.8 inches).  

Approximately h a l f  as many species were c o l l e c t e d  from t h e  B u l l  Creek 

d u r i n g  t h e  ASFI study as du r i ng  t h e  Kinman (1979) study. Th is  i s  a r e f l e c -  

t i o n  o f  t h e  e f f ec t i veness  o f  rotenone as a f i s h .  sampling agent. The quan- 

t i t y  o f  va r i ous  suckers, minnows and longnose gar  was i n s i g n i f i c a n t  i n  t h e  

Kinman (1979) study, a l though t h i s  method o f  sa~ l ip l ing  prov ides a more com- 

p l e t e  p i c t u r e  o f  t h e  f i s h  community present. 

Adu l t  f i s h  s tud ies  i n  t h e  Town Creek and B u l l  Creek backwaters suggest 

these  areas t o  be more p roduc t i ve  than  t h e  Ohio R i v e r  s t a t i o n s  studied. 

Species d i v e r s i t i e s  i n  these backwaters were moderate, b u t  gene ra l l y  h igher  

than  those  o f  t h e  r i v e r  s t a t i o n s  (Tables 5.21 and 5.16). To ta l  numbers o f  

spec ies c o l l e c t e d  were s i m i l a r ,  b u t  catch-per-uni  t - e f f o r t  f o r  e l e c t r o f i s h -  

i n g  averaged s i x  t imes g rea te r  i n  t h e  backwaters than t he  r i v e r .  The 

importance o f  these areas f o r  spawning and r e a r i n g  o f  young was i l l u s t r a t e d  

by i ch thyop lank ton  and young-of-the-year f i s h  c o l l e c t i o n s ,  Most o f  t h e  

r e c r e a t i o n a l  f i s h i n g  pressure a long t h e  Ohio R i ve r  i s  conf ined t o  t he  



backwater areas (Kinman, 1979), and observed f i s h  communities i n  B u l l  and 

Town Creeks seem t o  warrant t h i s  t ype  o f  use. The prevalence o f  game and 

p a n f i s h  i n  these waters would seem t o  make them e x c e l l e n t  spo r t  f i s h e r i e s .  

I n  f a c t ,  t he  Cannelton Pool, and i t s  backwater areas, was noted as p rov id -  

i n g  more game and pan f i sh  than any o f  t he  o the r  pools  s tud ied  du r i ng  1978 

and 1979 (Kinman, 1979 and Jackson, 1980). 



5.5.6.2 Town Creek 

Town Creek was sampled approximately two m i l es  upstream from i t s  

conf luence w i t h  t h e  Ohio River ,  d u r i n g  Ju ly ,  October, and January (F igure  

5.1). When water  l e v e l s  were low, upstream movement o f  f i s h  was made 

imposs ib le  by a smal l  concrete dam, equipped w i t h  a s i x  i n c h  f lowthrough 

p ipe.  Due t o  i t s  placement, t h i s  p i p e  . r e s t r i c t s  upstream f i s h  movement 

when water depths below t h e  dam a re  l e s s  than t h r e e  f e e t o  

The s t a t i o n  i s  a s e r i e s  o f  r i f f l e s  and pools  w i t h  water depths ranging 

f r o m  1-2 i n c h e s  i n  t t i e  r i f f l e s  t o  2-3 f e e t  i n  some p o o l s .  The l a r g e  

pool  d i r e c t l y  below t h e  dam was 3-4 f e e t  deep i n  some places. Subst ra te 

v a r i e d  f r o m  c l a y  and s i l t  i n  t h e  l a r g e  poo l  t o  g r a v e l / c o b b l e  f u r t h e r  

downstream. A f a i r l y  steep bank w i t h ,  undercut t r e e  r o o t s  o f f e r -  a v a r i e t y  

o f  h a b i t a t  i n  a r e l a t i v e l y  sho r t  d is tance.  Growths o f  herbacios p l a n t s  and 

mature t r e e s  caused t h e  s t a t i o n  t o  be mos t l y  shaded. Waters were gene ra l l y  

c l e a r  w i t h  temperatures ranging from lo C i n  January t o  25' C i n  Ju ly .  

D isso lved  oxygen l e v e l s  o f  5.2 t o  11.2 mg/l adequately supported f i s h  year  

round (Table 10.3 through 10.6). 

The e n t i r e  s t a t i o n ,  approx imate ly  45 meters (150 f e e t )  i n  length,  was 

se ined d u r i n g  t h e  summer and f a l l .  . A d d i t i o n a l  se in ing,  upstream o f  t h e  

darn, was conducted du r i ng  t h e  J u l y  mussel survey and produced a few male 

r e d f i n  sh iners  i n  spawning cond i t ion .  Se in ing  i n  January o f  1981 was 

r e s t r i c t e d  t o  p o r t i o n s  o f  t h e  l a r g e  pool  below the  dam and two downstream 

r i f f l e s ,  due t o  heavy i c e  cover. Only a few d a r t e r s  were taken du r i ng  t h i s  

e f f o r t .  

A t o t a l  o f  213 f i s h  o f  16 species were c o l l e c t e d  a t  Town Creek dur ing  

t h e  course o f  t h i s  stu.dy (Table 5.24). 



Table 5.24 Sumnary o f  f i s h   collection^.^ Town Creek (T) and B u l l  Creek (B), upper stat.ic,ns. - -. - - -- - -- - - - -- - - 
1980-81 

January, 1981 . 
1980-81 

May, 1980 July, 1980 October, 1980 Town ~ r e e k d  B u l l  Cree@ 

g T B  T B T B T B  No. iimn iig No. EIIPII i g  

Esocidae 
GI-ass p i cke re l  (g americanus vermiculatus) 1 -- 

C y ~ r i n i d a e  - .  
Emerald sh iner  (Notropis ather ino ides)  

Mimic sh iner  (Notro i s  vo uce l u s  
Bluntnose m i n n d  haies Ao tLus )  
Fathead minnow (Pimeph;les p rome la3  
Creek chub (Semotilus atromaculatus) 
Unidenti  fied-INotropis spp.r 
Un iden t i f i ed  c v o r i n i d  . . 

Ca tos tomidae 
Creek chubsucker (Erimyzon oblongus) -- -- 

I c t a l u r i d a e  
Yellow bul lhead ( I c t a l u r u s  n a t a l i s )  -- - -  

Cyprinodontidae 
- 

Blacks t r ipe  topminnow (Fundulus notatus) - - 7 
Poec i l i i dae  

Mosquitof ish (Gambusia a f f i n i s )  -- -- 
Centrarchidae - - 

Green sunfish (Lepomis c anel lus)  4 -- 
Uarmouth (Lepomis g u l o s e  -- -- 
Bluegi 11 (Le omis macrochirus) -- 15 
Longear suK&-(;epomls megalot is -- 7 
Spotted sunf ish ( epomis unctatus - - 1 
Largemouth bass (MicroptePrus salmoides) -- --  

Percidae 
Fan ta i l  d a r t e r  (Etheostoma f l a b e l l a r e )  
Johnny dar te r  (Etheostoma kr- 
Blackside da r te r  (Percina maculata) 

Total number o: f i s h  per creek (N) 
Total number o f  species per  creek (S) 
Species d i v e r s i t y  (d )C  

alncludes f i s h  taken dur ing a q u a l i t a t i v e  se in ing e f f o r t  on October 25. 1900. These f i s h ' n o t  included i n  
species d i v e r s i t y  values. No length o r  weight measurements. 

b ~ h i s  f i g u r e  represents the average o f  a range o f  lengths o r  weights f o r :  60 redf in .sh iners;  40 bluntnose 
minnows; 17 f a n t a i l  dar ters ;  36 johnny darters; 20 creek chubs. 

3 a r g e l e f  (1951) 
'To convert from: mn t o  inches o ~ u l t i p l y  by 0.039 

g t o  pounds m u l t i p l y  by 0.07 



Greatest  numbers of f i s h  (129) were c o l l e c t e d  i n  October, 1980. Nearly 

ha1 f o f  these were r e d f i n  sh iners  ranging between 25 and' 65 mm i n  length.  

Th i s  increase i n  numbers may be assoc ia ted w i t h  young-of-the-year (YOY) 

r e d f i n s  u t i  1  i z i n g  t h e  s lugg ish  r i f f l e s  (~ rau tman ,  1957) common t o  t h i s  

p o r t i o n  o f  Town Creek. Trautman (1957) mentions YOY r e d f i n  sh iners  as 

rang ing  f rom 0.7 t o  2.0 inches (18 t o  51 mm) i n  l e n g t h  du r i ng  October, 

which compares f avo rab l y  w i t h  these data. Also, a d u l t  r e d f i n  sh iners  i n  

spawning c o n d i t i o n  were observed i n  Ju ly .  

Another f a c t o r  t h a t  may be r e f l e c t e d  i n  t h e  increased ca tch  du r i ng  

October i s  t h e  l a c k  o f  creek f l o w  du r i ng  t h i s  sampling. Lower water tends 

t o  reduce t h e  amount o f  cover ava i l ab le ,  causing more f i s h  t o  become vuli- 

ne rab le  t o  t h e  seine. '  

Dur ing May, 1980, Town Creek was sampled approximately 8.0 k i l ome te r  

(1 /2  m i  1  e) upstream o f  t h e  p rev ious l y  descr ibed s t a t i o n .  Th is  l o c a t i o n  

p rov ided  fewer types o f  h a b i t a t  and had deeper, slower moving waters. The 

l owe r  species d i v e r s i t y  observed a t  t h i s  l o c a t i o n  seems t o  r e f l e c t  these 

c o n d i t i o n s  (Table 5.24). 

O f  t h e  16 species co lec ted  i n  upper Town Creek du r i ng  t h i s  study, i t  

seems t h a t  a1 1 b u t  t h r e e  were a l s o  c o l l e c t e d  du r i ng  t h e  U.S. EPA Region 1V 

( i n  press)  study o f  Town Creek. Those t h r e e  a d d i t i o n a l  species i nc l ude  

r e d f i n  sh iner ,  mimic sh iner ,  and fa thead minnow. It should be noted, 

however, t h a t  upstream and backwater s e i n i n g  data were lumped toge ther  i n  

t h e  U.S. EPA Reg ion  I V  ( i n  p r e s s )  s tudy .  As a r e s u l t  o f  t h i s ,  i t  i s  

p o s s i b l e  t h a t  some of t he  species mentioned above may have been c o l l e c t e d  

i n  t h e  backwater area of Town Creek r a t h e r  than t h e  upstream area. 

Publ ished l i t e r a t u r e  on t h e  f i s h  community o f  upper Town Creek seems 



t o  be non-ex is tent .  The Kentucky D i v i s i o n  o f  F i s h e r i e s  has n o t  y e t  been 

ab le  t o  i n c l u d e  t h e  creek i n  i t s  schedule o f  stream i n v e n t o r i e s  (Personal ,  

Communi ca t ion .  February 9, 1981 telephone conversat ion w i t h  David Be1 1, 

Kentucky Department o f  F i s h  and W i l d l i f e  Resources). The Kentucky Nature 

Preserve Commission has no t  y e t  i n v e s t i g a t e d  Town Creek f o r  endangered 

species (Personal Communication. February 10. 1981 telephone conversa t ion  

w i t h  Me1 Warren, Kentucky Nature Preserve Commi ss ion)  . 
Th is  p o r t i o n  o f  Town Creek seems t o  suppor t  a  hea l thy  and f a i r l y  d i -  

verse f i s h  community i n  which a v a r i e t y  o f  forage species a re  complimented 

by t h e  presence o f  a  few p reda to ry  types, such as t h e  cen t ra r ch ids  and t h e  

grass p i  c ke ra l  . 
5.5.6.3 B u l l  Creek 

The upper creek s t a t i o n  on B u l l  Creek was l oca ted  j u s t  upstream from 

where Route 144 crosses t h e  creek (F i gu re  5.1). Upstream i n f l u e n c e s  were 

severe ly  hampered d u r i n g  low water because of t he  placement o f  t h r e e  l a r g e  

c u l v e r t s  f a c i l i t a t i n g  a  p r i v a t e  road. Unless a  moderate f l o w  e x i s t e d  i n  

B u l l  Creek, upstream f i s h  movement was imposs ib le  due t o  t h e  h e i g h t  o f  t h e  

c u l v e r t s  above t h e  water surface. 

The B u l l  Creek S t a t i o n  i s  a  s e r i e s  of r i f f l e s  and pools.  Subs t ra te  

g e n e r a l l y  cons is ted  of grave l  and rubb le  w i t h  a  cover ing  o f  s i l t ,  p e r i -  

phyton and debr i .  Stream banks were q u i t e  steep on e i t h e r  s i d e  w i t h  a  

f a i r l y  dense growth o f  t r e e s  and vege ta t ion  causing t h e  s t a t i o n  t o  be 

shaded most o f  t h e  t ime. Water temperatures ranged from 0.5" i n  January t o  

28" C i n  J u l y  and d i sso l ved  oxygen l e v e l s  o f  5.0-11.4 mg/l were more than  

adequate t o  suppor t  f i s h  (Tables 10.3 through 10.6). Waters were always 

c l e a r  f o r  t h e  e n t i r e  depth, which ranged from 1-2 inches a t  t h e  r i f f l e s  t o  

2-3 f e e t  i n  some pools.  



The e n t i r e  s t a t i o n ,  from t h e  cu. lver ts  t o  approximately 45 meters (150 

f ee t )  downstream, was seined q u a r t e r l y .  Dur ing t h e  course o f  the  study, a  

t o t a l  o f  19 species o f  f i s h  were c o l l e c t e d  a t  B u l l  Creek; i n c l u d i n g  t h r e e  

spec ies unique t o  t h e  study, and one u n i d e n t i f i e d  c y p r i n i d ,  which were 

taken  dur i -ng a q u a l i t a t i v e  se in i ng  e f f o r t  i n  October. These were dominated 

by creek chub, b l u e g i  11 , 1 ongear s u n f i s h  and b l  a c k s t r i p e  topminnow w i t h  

b l u e g i l l  be ing t he  most p reva len t  (Table 5.24). No f i s h  were taken i n  B u l l  

Creek d u r i n g  t h e  Janua ry ,  1981  samp l i ng  due t u  heavy I c e  c o n d i t i o n s ,  

a l though one small r i f f l e  remained open and was seined. 

Publ ished l i t e r a t u r e  on t h e  f i s h  community o f  upper B u l l  Creek seems 

t o  be non-ex is tent .  The Kentucky D i v i s i o n  o f  F i she r i es  has n o t  y e t  been 

a b l e  t o  i nc l ude  t h e  creek i n  i . t s  schedule o f  stream i n v e n t o r i e s  (Personal 

communication. February 9, 1981 telephone conversat ion w i t h   avid Be1 1, 

Kentucky Department o f  F i sh  and W i  l d l  i f e  Resources). The Kentucky Nature 

Preserves Commi s s i  on has n o t  y e t  i n v e s t i g a t e d  B u l l  creek f o r  endangered 

s p e c i e s  ( P e r s o n a l  communica t ion .  Feb rua ry  10, 1981  w i t h  Me1 Warren, 

Kentucky Nature Preserves Commission) . 

The apparent f i s h  community i n  t h i s  sec t i on  o f  B u l l  Creek seems t o  be 

f a i r l y  we l l  balanced. A d i ve rse  popu la t ion  o f  predatory  species, dominated 

by a v a r i e t y  o f  cen t ra rch ids ,  i s  seemingly we l l  complimented by forage 

types. D i v e r s i t i e s  remained moderate throughout t h e  study, w i t h  t h e  excep- 

t i o n  o f  January. Both numbers o f  f i s h  and species d i v e r s i t y  increased 

d u r i n g  the October, 1980 sampling. The reason f o r  t h i s  i s  no t  read i -  

l y  apparent, however, increases i n  d i v e r s i t i e s  from May through October 

correspond w i t h  decreases i n  creek f l o w  du r i ng  t h i s  same p e r i o d  (Table 



5.24). It may be t h a t  l ack  o f  water, and thus  cover, causes more f i s h  t o  

become vu lnerab le  t o  capture.  

Overa l l ,  B u l l  Creek appears t o  be a moderately hea l t hy  system which 

mos t  1  i k e l y  supp l  i e s  a r e a s o n a b l e  p a n f i  sh  f i s h e r y  t o  a r e a  r e s i d e n t s .  



5.5.7 Tissue Ana lys is  

5.5.7.1 Ohio R i v e r  

Tissue a n a l y s i s  o f  wh i t e  c rapp ie  and carp from t h e  r i v e r  showed low 

l e v e l s  o f  o rgan ic  compounds and most heavy meta ls  (Tables 5.26, 5.27). 

Data f o r  . severa l  heavy metals,  se lec ted  f o r  c l o s e r  i nspec t i on  due t o  t h e i r  

presence i n  t h e  f i shes ,  are summarized i n  Table 5.25. 

By u t i l i z i n g  one-way analyses of var iance, i t  was found t h a t  t h e r e  

were s i g n i f i c a n t  (P <0.05) d i f f e rences  between wh i t e  c rapp ie  and carp  f o r  

none o f  t h e  meta ls  b u t  z inc.  That i s ,  species d i f f e rences  i n  rnost metal 

accumulat ions were n o t  found, b u t  ca rp  conta ined s i g n i f i c a n t l y  more zinc.  

I n  comparison t o  o t h e r  da ta  f o r  heavy meta ls  i n  f i shes ,  copper ap- 

peared t o  be t h e  o n l y  one t h a t  evidenced a concent ra t ion  h i ghe r  than i n  

f i s h  from unpo l l u ted  env i  ronments. Most values i n  t h e  1 i t e r a t u r e  f o r  cop- 

p e r  i n  f i s h  muscle ranged from about 0.1 t o  2.5 ppm d r y  weight (Mathis and 

Cummings 1973; ORSANCO, 1977, Wiener and Giesy 1979, U.S. EPA, i n  press). 

Al though l e v e l s  were low i n  t h e  spr ing ,  average values f o r  copper i n  bo th  

carp  and w h i t e  c rapp ie  i n  t h e  f a l l  were g rea te r  than 5 ppm. Copper l e v e l s  

from muscle t i s s u e  o f  f i s h e s  from t h e  same area i n  1979-80 were repor ted  t o  

range fom 0.66 ppm f o r  wa l leye  and channel c a t f i s h  t o  2.17 ppm f o r  r i v e r  

carpsuckers (U.S. EPA i n  press).  The same study found t h a t  carp conta ined 

0.78 ppm. Other da ta  from t h e  Ohio R i v e r  a t  Cannel ton  Lock and Dam re -  

po r t ed  0.38 ppm i n  t h e  muscle o f  severa l  c a t f i s h  (ORSANCO, 1977). Only t h e  

da ta  o f  Goodyear and Boyd (1972), w i t h  a  grand mean o f  6.2 ppm i n  la rge-  

mouth bass from f i v e  l o c a l i t i e s  i n  t h e  southeastern U.S., show values as 

h i g h  as those found i n  t h e  f a l l  i n  t h e  present  study. Because i t  i s  a  

b e l i e f  o f  Wiener and Giesy (1979) and o thers  t h a t  copper, as an essen- 

t i  a1 body e l  ement , i s under homeostat ic c o n t r o l  , t h e  ambient .l eve1 s  of 

' 5-144 



Table 5.25 Means and (ranges) f o r  se lected heavy metals i n  f i s h  muscle 
and whole body from the Ohio R i v ~ r ,  Town Creek, and B u l l  Creek, 
1980. 

Sta t ions 
METAL OHIO RIVER TOWN CREEK BULL CREEK 

White Crappie - Muscle Green Sunfish-White B luegi l l -Musc le  and 
Body Whole Body 

~b 6 6 7 

A1 4.42 (0.49 - 13.6 2.54 (0.88 - 4.70) 2.46 (0.34 - 3.30) 
Ba - ( ~ 0 . 0 2  - 1.65) 0.71 (0.58 - 0.95) 0.99 (0.23 - 1.54) 
B r 0.49 (0.10 - 2.10) 0 .62 (0 .19 - .1 .10 )  0 . 7 0 ( 0 . 1 5 - 1 . 2 5 )  
Cd - (0.02 - 0.05) - ( <  0.05 - 0.09) 0.18 (0.04 - 0.27) 
Co - ( 5.043 -2.32) - ( c  0.04 - 9.31) - (0.04 - 1.00) 
C r  0.51 (0.15 - 1.80) 1.37 (0.82 - 2.06) 1.67 (0.20 - 2.69) 
CU ( < 0.04 - 14.80) 2.18 (0.33 - 4.67) - ( 0.065 - 6.84) 
F e 18.35 (3.84 -33.3) 24.3 (20.9 - 29.4) '53.1 (21.3 - 75.3) 
La 0.71 (0.33 - 1.21) - jr0.16 - 0.93) 0.92 (0.22 - 1.75) 
Mg 280.2 (224-333) 337.5 (247 - 552) 379.5 (262 - 384) 
Mn - ( ~ 0 . 0 4 1  - 10.90) 5.97 (1.09 - 11.80) 1.88 (0.797 - 2.02) 
Hg - ( < 0.001 - 0.015) - ( <  0.002-0.18) - ( < 0.001 - 0.07) 
N i  - ( <  0.05 - 10.42) 0.43 (0.19 - 0.64) 1.53 (0.19 - 6.84) 
Sn 6.95 ( 4.3 - 11.5) - ( <  0.05 - 15.9) 3.99 (0.25 - 27.3) 
Zn 5.97 ( 4.81 - 8.57) 14.24 (6.33 - 28.40) 11.52 (7.16 - 13.42) 

Carp - Muscle Creek Chubs 

3 

Whole Body 

Bluntnose Minnow - . Longear Sunf ish - 
Whole Body Whole Body 

a Results i n  mg/kg wet weight 

Number o f  observat ions 



Table 5.26. Fish Tissue Data, Spring 1980. 

Station 1 Station 2 Station 3 

Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Bismuth 
Bromine 
Cadmium 
Cobaf t 
Chromium 
Copper. 
If on 
Gallium 
Germanium 
Mer cury 
Lanthanum 
Magneef WI 

Manganese 
Mof ybdenum 
Nickel 
Lead 
Rubidium 
Ant imony 
Selenium 
Tin 
Strontium 
Titanium 
Uranium 



Table 5.26. Continued 

Station 1 Station 2 Station 3 

Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver 

Phenols (1) < 7 
Aliphatic ~ydrocarbons (2) <20 
Arylamines 2 6 
Mono & polycyclic hydrocarbons : (3) 

Benzo ( a) pyrene ND 
Benzo(c)phenathrene . 24 
Pyrene Trace 

Sulfur compounds: (4) 
Thiophen'es < 2 
Mercaptans <2 

Chlororganics (5) (1 
Chloramines <10 

Trace 
18 

Trace 



Tab1 e 5.26. Continued 

- 

Station B 

Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Bismuth 
Bromine 
Cadmium 
Cob a1 t 
Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magne s ium 
Manganese 
Molybdenm 
Nickel 
Lead 
Rkub id ium 
Ant imony 
Selenium 
Tin 
Strontium 
Titanium 
Uranium 



.. - . -. . . . -. - -. _. . .. 
--... ~ a b i e  5.26. Contined -.... - .  

Station B 

As Is A s I s  A s I s  A s I s  A s I s  A s I s  
mg/Kg mg/Kg 'mg/Kg, mg/Kg mg/Kg mg/Kg 

Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver 

Phenols (1) 
Aliphatic Hydrocarbons (2) 
Arylamines 
Mono & polycyclic hydrocarbons: 

~enzo(a) pyrene 
Sulfur compounds ( 4 )  
Chlororganics (5) 
Chloramines 

<10 <lo <lo <10 <lO <10 
<lo <lo <lo <10 . <lo <10 
<2 < 2 < 2 < 2 < 2 < 2 

(3) 
ND ND ND ND Trace Trace 

<5 <5 (5 ( 5  <5 < 5 
< 1 < 1 <1 <1 <1 < 1 

<25 <25 <25 <25 <25 . <25 



Table 5,26e Continued 

Station T 

Aluminum 
Arsenic 
Boron 
Barium 
Bery 1 P ium 
Bismuth 
Bromine 
Cadmium 

. Cobalt 
Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnes ium 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Antimony 
Selenium 
Tin 
Strontium 
Titanium 
Uranium 



Tab.le 5.26. Continued 

Station T 

A s I s  A s I s  
mg/Kg mg/Kg. 

Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver . 

Phenols ( 1 ) .  <lo 
Aliphatic Hydrocarbons (2) <lo' 
Arylamines <3 
Mono & polycyclic hydrocarbons: (3) 

~ e n z o  (a) pyrene . Trace 
Sulfur compounds (4) <8 
Chlororganics (5) < 1 
Ch lor mines  < 25 

Trace 
<8 
< 1 

<25 

Trace 
<8 
< 1 

<25. 



Table 5.26. Continued 

Descr ip t ion  of Fish is  as  follows: T - Tissue  
W - Whole F ish  

S t a t i o n  1 
1T - Carp - Shock - 6 lb s .  4 02. - 565gr - 5-14-80 

S t a t i o n  2 
2T - White Crappie - Hoop Net - 300mm - 260gr - 5-16-80 

S t a t i o n  3 
3T - Carp - Hoop Net - 4 l b s .  14 oz. - 5-14-80 
4T - Carp - Shock - 7 l b s .  402. - ,  5-14-80 
5T - White Crappie - Hoop N e t  - 335mm - 310gr - 5-16-80. 
6T - White Crappie - Hoop Net - 230mm - 160gr - 5-16-80 

S t a t i o n  B - Bul l  Creek 
7T - B l u e g i l l  - Seine - 175m - 98gr - 5-15-80 
8T - B l u e g i l l  - Seine - 160mm - 78gr - 5-15-80 
9T - B l u e g i l l  - Seine  - 175mm - 92gr - 5-15-80 

10T - B l u e g i l l  - Seine  - 152mm - 68gr - 5-15-80 

11T - Longear Sunf i sh  - Seine - 135mm - 58gr - 5-15-80 
Longear Sunf i sh  - Seine - 117mm - 32gr - 5-15-80 

12T - Longear Sunf i sh  - Seine - 124mm - 44gr - 5-15-80 - Longear Sunf i sh  - Seine - 115mm - 38gr - 5-15-80 

S t a t i o n  T - Town Creek 
13W - Creek Chub - Seine - 20nrm - l g r  - 5-16-80 - Creek Chub - Seine - 80mm -10gr - 5-16-80 

14W - Creek Chub - Seine - 52mm - , 4 g r  - 5-16-80 - Creek Chub - Seine - 45mm - 6gr - 5-16-80 - Creek Chub - Seine - 14mm - 2.5gr - 5-16-80 

15W - Creek Chub - Seine - 30mm - 2gr - 5-16-80 - Creek Chub - Seine - 55mm - 5.5gr - 5-16.80 - Creek Chub - Seine - 65mm - 6gr - 5-16-80 

16W - Green Sunf ish  - Seine - 90mm - 20gr -.5-16-80 
17W - Green Sunf ish  - Seine - 75mm - 16gr - 5-16-80 
18W - Green Sunf ish  - Seine - 48mm - 8gr - 5-16-80 

- Green Sunf ish  - Seine - 55mm - 1Ogr - 5-16-80 



Table 5.27. F i s h  T issue Data, F a l l ,  1980. 

Station 
Lower 

1 -A - 2B - 2A - Town Ck. 2 - 3 - 

Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Bismuth 
Bromine 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnesium ' 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Ant imony 
Selenium 
Tin 
Strontium 
Titanium 
Uranium 



Table 5.27. Continued 

Station Town Creek 

Aluminum 
Arsenic 
Boron 
Barium 
Beryll ium 
Bismuth 
Bromine 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Ant imony 
Selenium 
Tin 
Strontium 
Titanium' 
Uranium 

Bull Creek 



Table 5.27. Continued 

Station Town Creek . Bull Creek 

Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver 

Phenols (1) < 10 " <8 
Aliphatic Hycrocarbons (2) 24 2 2 
Arylamines < 3 <4 
Mono & polycyclic 

hydrocarbons : (3) <0.01 < 0 
Sulfur compounds: (4) 

Thiophenes <3 < 3 
Mercaptans < 3 < 3 

Chlororganics (5) <1 <1 
Chloramines <lo <10 



Table 5.27. Continued 

Station Bull Creek Town Creek 

Aluminum 
Arsenic 
Boron 
Barium 
Beryl1 ium 
Bismuth 
Bromine 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Antimony 
Selenium 
Tin 
Strontium . 
Titanium 
Uranium 



Table 5.27. Continued 
-- - -- 

.- . 

Station Bull Creek Town Creek 

As Is As Is As Is A s I s  A s I s  A s I s  

mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg mg/Kg 

Vanadium 
Tungsten 
Zinc 
Zirconirm 
Silver 

Phenols (1) < 8 
I Aliphatic Hycrocarbons (2) 15 

Arylamines 31 . 

Mono 6 polycyclic 
.hydrocarbons : (3) <0.01 

Sulfur compounds: (4) 
Thiophenes < 3 
Mercaptans <3 

Chlororganics ( 5 )  <1 
Chloramines <10 



Tab1.e 5.27. Continued 

Station 

Aluminum 
Arsenic 
Boron 
Barium 
Beryl1 ium 
Bismuth 
Bromine 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Gallium 
German i u* 
Mercury 
Lanthanum 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Ant imony 
Sef enium 
Tin 
Strontium 
Titanium 
Uranium 

Control Station River Stat ion 



Table- 5.27. ' Continued 
. -  

. . 

Lower 
Station - 1 -A 2 B - 2A - Town Ck. 2 - 3 - 

Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver 

Phenols (1) <8 
Aliphatic Hycrocarbons (2) <10 
Arylamines <4 
Mono & polycyclic 

hydrocarbons:(3) <0.01 
sulfur compounds: (4) 

Thiophenes < 3 
Mercaptans < 3 

Chlororganics (5) <1 
Chloramines <10 



Tab1 e 5.27. Continued 

Description of Fish. is as follows: T - T5ssu.e M - Mussel 
W - Whole Fish MC - Mussel 

1 -A C - Composite Composite 
1T - White Crappie - 272nnn, 249 g, 10-10-80 
2B 
2T - White Crappie - 2 7 h ,  244 g, 10-10-80 

2A 
3T - White Crappie - 248mm, 198 g, 10-9-80 

Lower Town Ck. 
4T - Carp - 530 mm, 68 oz,, 10-10-80 

2 
5T - Carp - 455 mm, 3 fb .  4 oz., 10-10-80 

3 
6T - Carp - 517 mm, 68 oz., 10-8-80 

Town Creek 
7C 
8C) - Pimephales spp. (23 fish) - 44 -75 mm, <1 -4 g, 10-9-80 " 

9C) 

Bull Creek 
10C) 
1 lei - Bluegiff (62 fish> 60 g, 10-9-80 
12C) 
13C - Creek Chubs - 104 mm, log, 10-25-80 

- Creek Chubs (12 fish) 20 g, Total Rec;d 10-9-80 6 (5 fish) 8 g, 1 5 ~ )  Rec ' d 10-25-80 
Town Creek 

16W - Green Sunfish - 122 mm, 32 g, 10-9-80 
17W - Green Sunfish - 80 mm, 12 g, 10-9-80 
18W - Green Sunfish - 117 mm, 32 g, 10-25-80 



copper i n  t h e  environment must have been greater  i n  t h e  f a l l .  This was 

found t o  be t r u e  i n  both water and sediments (see Chapter 10). 

A comparison below o f  t he  present data w i t h  o ther  data from the  same 

area (U.S. EPA, i n  press) shows t h a t  cadmium and mercury were h igher  i n  t h e  

l a t t e r  and copper, chromium and manganese h igher  i n  t h e  former. I t . shou ld  

be noted t h a t  t he  h igh  cadmium and mercury values were from the  muscle o f  

largemouth bass, a f i s h  a t  t h e  top  o f  the  food chain. 
.- . 

Cadmi um Chromi um Copper Lead - 
U.S. EPA, (1981) 0.03-0.46 <0.03-0.65 0.66-2.17. <0.01-0.48 
Dames & Moore (1981) 0.02-0.05 0.15-1.8 0.04-14.8 <0.037-<0.25 

Manganese Mercury - Zinc 

U.S. EPA, (1981) 0.12-0.85 <0.02-1.16 1.2-13.0 
Dairies & Moore (1981) .<0.04- 14.2 <0,.001-027 4.8-13.6 

ORSANCO (1980) repor ted the  r e s u l t s  o f  ana lys is  made by t h e  FDA o f  

f i s h  muscle from the  Ohio R iver  f o r  c e r t a i n  pes t i c i des  and 0 t h e r " t r a c e  

organic  chemicals and a few heavy metals. Carp and minnows contained low 

.l eve1 s o f  a1 1 cons t i tuen ts ,  wh i l e  several  c a t f i s h  c0ntaine.d excessive 

amounts o f  chlordane and PCB's. However, most o f  the  problems were from 
4. 

t h e  Upper Ohio River.  

Analyses o f  mussels from S ta t i on  3A show t h a t  many cons t i tuen ts ,  i n -  

c l  ud ing cadmi um, mercury, manganese ,and organic compounds, were. lower i n  

t h e  . f a l l  than' i n  t h e  w.inter (Table 5.28 - 5.30). However, due t o  t he  
- 

d i f f e r e n c e  i n  species between dates and t h e  low number o f  observations, ' 

t h e  s ign i f i cance  o f  t h i s  f i n d i n g  i s  no t  known. . .- 



Table 5.28 Mussel Tissue Ana ly is  from the  Ohio, River .  a s b 9 c  

Parameter 

A1 umi num 
Arsenic  
Boron 
B a r i  um 
Bery l  1 ium 

. Bismuth . 
Bromine 
Cadm i um 
Coba l t  
Chromi um 
Copper 
I r o n  
Gal 1 ium 
German i um 
Mercury 
Lanthanum 
Magnesium 
Manganese 
Mol ybedunum 
N icke l  
Lead 
Rubidium 
Antimony 
Sel e n i  um 
T i n  
S t ron t ium 
Ti tan ium 
Uranium 
Vanadi um 
Tungsten 
Z i  nc 
Zirconium 
S i  1 ve r  

S t a t i o n  3d 
(7 Observat ions) 

43.14(12.5-101 .O) 
~ 1 . 6  (<0.52-<2.7) 

<14.33(<0.39-27.34) 
25.6 '(1.59-43.2) 
<0.07(<0.05-<0.14) 
<0.05(<0.01-<0.09) 
<7.16(<0.20-<13.67) 

0.58 (0.21-0.902) 
3.93 (0.10-8.84) 

11.20 (3.96-34.0) 
.13.06 (3.50-41.40) 
427.6 (163-954) 
<1.3 (<0;02-<2.2) 
<0.09(<0.02-<0.18) 

2.19 (0.06-9.57) 
-<0.5 (0.19-<0.9) 
276.9(239-384) 
412.0(15.2-941) 
<0.06(<0.05-0.28) 

0.31 (<0.05-9.16) 
0.72(<0.33-2.32) 

<0.07(<0.02-<0.14) 
<0.02(<0.01-<0.02) 
~ 1 . 6  (<0.52-<2.7) 

1.49 <0;5-4.4) , 

0.23 I <O. 18-0.46) 
<0.3(<0.25-~0.3) 
<0.08(0.03-0.09) 
<0.08(<0.07-<0.20) 
<0.22(<0.19-<0.38) 
24.59(13.90-37.20) 
<O. 14(<0.05-<0.25) 

0.03(<0.01-0.09) 

Upstream c o n t r o l  ef 
(3 Observations) 

(53.7-75.7) 
. (<0.53-<1.50) 

( < I  .06-<1.72) 
(5.01-15.50) 

(<0.05) 
(<O.Ol) 

(0.1 9-0.31 ) 
(0.46-0.82) 
(1.41-2.73) 
(2.41-8.13) 
(4.32-5.38) 
(183-226) 

(<0.02) . 
(<0.02) 

(0.14-0.21 ) 
(0.42-0.76) 
( 1  76-279) 

(45 -3-80.8) 
(cO.05-<0.06) 
(<0.05-0.37) 

(0.83-2.09) 
(<o .02) 
(<0.01) 
(<0.53-<1.50) 
(<O. 05) 
(0.56-0.74) 
(CO.30-<0.40) 
(<0.08) 
(~0.05-<0.15) 
(<0.07-<0,12) 
(39.30-15.60) 
(<0.05) 
(<0.01) 

Phenols < l o .  ( 4 0 - 4 1 )  ( ~ 7 - < 8 )  
A1 i p h a t i c  

Hydrocarbons. 160 (<lo-590) (<.I &27) 
Ar.ylamines ' <0.5(<0.5-<6) (<3-<4) 
Mono- and 

Polycyc l  i c  
Hydrocarbons <3.0(<0.01-<3.0) (<0.01) 

S u l f u r  Compounds 
.. ., 

12 ((6-22) (<6) 

~ h l o r o r i a n i  cs <3 (<I -<4)  ( < I  ) 
Chloramines < I 0  ( 4 0 - 4 0 0 )  0)  



Table 5.28 Continued. 

S ta t i on  3 d upstream con t ro l  ef 

Parameters (7 Observations) (3  Observations) 

. a ~ e s u l  t i  i n  ppm wet weight 
b ~ e a n s  and (ranges); medians and (ranges) when one o r  more observat ions 

repor ted as a l e s s  than (0 value 
'see Sect ion 5.4.7 f o r  desc r i p t i on  o f  mussels 
d ~ o l l e c t e d  October 1980 and January 1981 

. e ~ o l  1 ected Uctober lY80 
f ~ h i o  R iver  M i l e  704.3, Indiana side. 



' . .  Table 5.29. Mussel Tissue Data, Ohio River, Fall, 1980. 

-.- .... . --.- -... 

Stat ion. Control Station River Stat ion 

As Is As Is As Is A s I s  A s I s  A S I S  
mg/Kg mg /Kg mg/Kg mg/Kg mg/Kg 

Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver 

Phenols (1) <8 
Aliphatic Hycrocarbons (2) 27 
Arylamines . <3 
Mono & polycyclic 

hydrocarbons: (3)  (0 -01 
Sulfur compounds: ( 4 )  

Thiophenes <3 
Mercaptans <3 

Chlororganics ( 5 )  <1 
Ch lo ramines <10 

* l9M - P i n k  Heelsplitter 
2 0 ~  - ~hreehorn 
21M - Pkreehorn 
22M - Pink Heelsplitter 
23MC - Composite of 3 Asiatic clams 
24M - Phpeehorn 



Table 5.30. Mussel Tissue Data, O h i o  River, Winter, 1981 .a 

Aluminum 
Arsenic 
'Boron ' 

Barium 
Beryllium 
Bismuth 
Bromide 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnes ium 
Manganese , 

Molybedunum 
Nickel 

' Lead 
Rubidium 
Antimony 
Selenium 
Tin 
Strontium 
Titanium 
Uranium 
Vanadium 
Tungsten 

. Zinc 
Zirconium 
Silver 



Table 5.30. Continued 

uslKg uglKg uglKg uglKg 
As Is As Is As Is As Is 

Phenols (1) < 10 <lo <PO <lO 
A1 iphat ic Hydrocarbons ( 2) 450 590 380 160 
Arylamines <0.5 <O .5 <0.5 <0.5 
MOUO & polycyclie 

hydrocarbons (3 )  (3.0 ' (3.0 (3.  U (3.0 
Sulfur Compounds (4) 12 18 22 14 
Chfororganics ( 5 )  <4 <3 <4 <4 
Chlloramines <lo0 <lo0 <lo0 <l 00 

a Four Threehorned wart.vback col lected a t  S t ,  3A. 3L . ‘. 



O f  t h e  t o x i c  t r a c e  elements, cadmium and lead  i n  b i va l ves  sometimes 

exceeded l e v e l s  found i n  t he '  sediments c o l l e c t e d  i n  the spr ing.  Most 

c o n s t i t u e n t s  i n  b i va l ves  were present ,  i n  g rea te r  amounts than i n  t h e  f i s h  

b u t  were lower than i n  t h e  f a l l  sediments samples. Mercury, however, was 

gene ra l l y  more concentrated i n  t h e  mussels than i n  t he  sediments from 

e i t h e r  date. I n  f i s h  i t  has been found t h a t  mercury, u n l i k e  o the r  t r a c e  

metals,  i s  n o t  regu la ted  i n  muscle t i s s u e  b u t  accumulates w i t h  t ime (Wiener 

and Giesy 1979). I f  t h i s  i s  a l s o  t r u e  f o r  ~nussels,  mercury may accumulate 

t o  g rea te r  amounts than a re  present  i n  t h e  sediments. Several o the r  meta ls  

have been found t o  reach a maximum i n  mussel t i s s u e  du r i ng  sexual matura- 

t i o n  i n  j u v e n i l e s  and then t o  decrease w i t h  l a t e r  l i f e  stages (Boyden, 

1977, Fos te r  and Bates, 1978). 



5.5.7.2 Town Creek 

F i sh  t i s s u e  da ta  from t h e  creeks a r e  d i f f i c u l t  t o  compare t o  t h a t  o f  

t h e  Ohio R i v e r  due t o  t h e  d i f f e r e n c e s  i n  species and t i s s u e  type  between 

s t a t i o n s .  They can, however, be compared t o  values i n  t h e  l i t e r a t u r e .  One 

t - r e n d  t h a t  was e v i d e n t  and s i r n i l a r  t o  r e s u l t s  f r om t h e  r i v e r  was t h e  

g r e a t e r  amount of meta ls  i n  t h e  f a l l  (Tables 5.26 and 5.27). Most metal 

concen t ra t ions  were lower  than those found i n  f i s h  t i s s u e  from t h e  r i v e r  

and thus, i n  l i n e  w i t h  those froni uncontaminated environments c l t e d  i n  t he  

l i te ra tu re .  Z inc and chromi uln were h i ghe r  i n  t i s s u e  from bo th  creeks bu t  

s t i l l  w i t h i n  t h e  ranges  r e p o r t e d  f r o m  who le  f i s h  f r o m  uncon tam ina ted  

env i  ronments (Uthe and B l igh ,  1971, Giesy and Wiener, 1977, Murphy e t  al:s 

1978, b i e n e r  and Giesy, 1979). 

5.5.7.3 B u l l  Creek 

F i sh  from B u l l  Creek conta ined low l e v e l s  o f  most const i tuments.  Sev- 

e r a l  o f  t h e  metals,  i n c l u d i n g  barium, cadmium, chromium, copper, and mer- 

cu ry  were aga in  cons iderab ly  h igher  i n  t h e  fa ' l ' l  (Tables 5.26 dnd 5,27). 

Cadmium was h ighe r  i n  t h e  creek chubs than most values i n  t h e  l i t e r a t u r e  

f rom unpo l l u ted  environments (Uthe and B l igh ,  1971, Giesy and Wiener, 1977, 

Lucas e t  a1 . , 1978, Van Hassel e t  a1 . , 1980). 



5.6 QUALITY CONTROL 

As requ i red  by t he  Dames and Moore Lexingt,on " Q u a l i t y  Contro l  Plan," 

p r i n c i p a l  aqua t i c  ecology personnel met and discussed impor tant  goals  and 

ob jec t i ves ,  p e r t a i n i n g  t o  f i s h  s tud ies  f o r  the  ASFI base l i ne  study, a t  t he  

onset o f .  the  p ro jec t .  Po ten t i  a1 problems were designated accord ing t o  

s i t e  morphology and p l a n t  opera t iona l  plans. 

F - i e l d  c o l l e c t i o n s  f o l l o w e d  EPA approved  methods as i n d i c a t e d  i n  

S e c t i o n  5.4. F i e l d  l o g s  a r e  m a i n t a i n e d  t o  document d a i l y  p r o g r e s s .  

Records o f  a l l  sampling parameters, c l i e n t ,  l oca t i on ,  data, t ime, c o l l e c t -  

o r ( ~ )  name, sampler types, p rese rva t i ve  volume and o the r  observat ions a re  

made. Every at tempt  i s  made t o  assure t h a t  t he  f i e l d  c o l l e c t i o n s  a r e  o f  

h i g h  q u a l i t y ,  and w i l l  produce use fu l  data. 

A f te r  each f i e l d  t r i p  t h e  p r o j e c t  manager reviews t h e  f i e l d  memo. 

Th is  review process i s  a  check on d i f f i c u l t i e s  which occurred i n  t h e  f i e l d  

and what, i f  any, methods o r  procedures were abor ted lmodi f ied.  A1 1 a l t e r a -  

t i o n s ,  i f  any, are recorded and p laced i n  t h e  respec t i ve  j o b  f i l e s .  

The Dames & Moore b i o l o g i c a l  l abo ra to r y  i s  organized so t h a t  t h e  QC 

p l an  may e a s i l y  be i n t e g r a t e d  i n t o  i t s  r o u t i n e  f i l i n g  system. Q u a l i f i e d  

1 aboratory  personnel acknowledge r e c e i p t  o f  samples by record ing  each 

sample i n  t h e  l abo ra to r y  l o g  book. The i n fo rma t i on  recorded must inc lude :  

sample number o r  ID, number of samples, c l i e n t ,  data,  t ime, t ype  o f  sample, 

c o l l e c t i n g  device, c o l  l e c t o r ,  p rese rva t i ve  and volume and o the r  p e r t i n e n t  

. data. Th is  serves as a complete inven to ry ,  and a check f o r  proper  i d e n t i f i -  

c a t i o n  o r  1abeli.ng o f  a l l  samples a r r i v i n g  i n  t he  lab. It a l s o  i s  a  check 

t o  v e r i f y  t h a t  c o r r e c t  methods and procedures were used t o  o b t a i n  t he  

sample. 

A f t e r  t h e  samples a re  logged i n t o  t h e  ' laboratory  they are p laced i n  



s to rage  u n t i l  they  can be processed. Once sample processing begins, i t  i s  

c a r r i e d  o u t  i n  an expedient manner by qual i f i e d  personnel. Laboratory  

records such as s o r t i n g  logs ,  bench sheets, c e r t i f i c a t i o n s  and c a l i b r a t i o n  

sheets p e r t a i n i n g  t o  each s e t  and t ype  of sample i s  mainta ined and kep t  on 

f i l e  thr0ughou.t t h e  d u r a t i o n  o f  t h e  p ro jec t .  

S p e c i f i c  QC procedures a re  c a r r i e d  ou t  by rev iew ing  a l l  l a b  records t o  

determine o v e r a l l  qual  i t y .  The rev iew would i n c l u d e  rean layz ing  10% o f  t h e  
. . 

samples t o  determine e f f i c i e n c y  o f  proposed l a b  evaluat ions,  and a  check of 

c a l c u l a t i o n  procedures t o  determine accuracy. Th is  i s  done t o  i nsu re  . the  

q u a l i t y  o f  l a b o r a t o r y  work b e i n g  pe r fo rmed ,  and i n  t u r n  enhances t h e  

o v e r a l l  re1  i a b i l  i t y  o f  t h e  da ta  produced. _b 

When d i f f i c u l t i e s  i n  taxonomic i d e n t i f i c a t i o n  a r i s e  o r  p o t e n t i a l  r a r e  

o r  endangered species are encountered ou t s i de  exper ts  i n  t h e  respec t i ve  

f i e l d ,  d i s c i p l  i n e  o r  s p e c i a l i t y  are c a l l e d  upon t o  con f i rm  i d e n t i f i c a t i o n s .  

Data ana l ys l  s  Inc ludes  t a b u l a t i o n ,  enumeration, general mathematical 

eva lua t i ons  and s t a t i s t i c a l  eva luat ion.  Dur ing t h e  course of app ly ing  data 

ana l ys i s  records a r e  mainta ined f o r  documenting a l l  ca l cu la t i ons ,~equa t i ons  

and formulae and o t h e r  s t a t i s t i c s .  These documents a r e  kep t  i n  t h e  respec- 

t i v e  j o b  f i l e s  and reviewed by q u a l i f i e d  p ro fess iona l s  t o  assure t h a t  

p roper  s c i e n t i f i c  r a t i o n a l e  and r e s u l t a n t  eva lua t ions  have been made. 
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6.0 VEGETATION 

6.1 INTRODUCTION 

During the  summer, f a l l ,  and w in te r  o f  1980 and sp r ing  of 1981, f i v e  

f i e l d  t r i p s ,  each o f  approximately f i v e  days durat ion,  were made t o  t h e  

p r o j e c t  si te .  The purpose o f  these t i e l d  t r i p s  was t o  assess the  e x i s t i n g  

composit ion and cond i t i on  o f  t he  p. lant communities and'associated w i l d l i f e  

upon which p r e d i c t i o n  o f  s i t e  development impacts can be based. 

This chapter i s  d i v ided  i n t o  'the f o l l  owing sect ions: background and 

object ives,  threatened and endangered species, sampl i n g  methodology and 

f requency  , sampl ing  l o c a t i o n  and r a t i o n a l e ,  r e s u l t s  and d i s c u s s i o n ,  . 

q u a l i t y  assurance, and references. The -vegetat ion data a re  discussed by. 

overstory, understory, and ground cover as they  r e l a t e  t o  the  h a b i t a t  

types which inc lude bottom1 and, mids l  ope, and up1 and hardwood fo res ts ,  and 

o l d f i e l d  communities. Other p l a n t  communities t rea ted  i n  t h i s  chapter 

i ncl  ude r i p a r i a n  areas, roadsides, fencerows, r a i  1 road r i  ghts-of-way , and 

wet1 ands . 



6.2 BACKGROUND AND OBJECTIVES 

The p r o j e c t  v i c i n i t y  l i e s  i n  the  I n t e r i o r  Low Plateau physiograph-ic 

province (Hunt, 1967). Topographical ly i t  i s  character ized by moderate t o  

s t e e p l y  r o l l  i n g  h i 1  1s e n d i n g  a b r u p t l y  a t  t h e  Ohio R i v e r  f l o o d p l a i n .  

Drainage pat te rns  a re  d e n d r i t i c  w i t h  headwater areas of streams entrenched 

i n  ra the r  narrow ravines. Lower sect ions o f  streams are s luggish w i t h  

wider . f loodp la ins  and are  sub jec t  t o  inundat ion from Uhio RSver backwater. 

The region i s  under la in  by both  sandstones and limestones. Small springs 

and seepages are  common where t h e  l imestones outcrop. 

The topography, sur face water drainage, and va r ie t y .  o f  parent mater ia l  

have a1 lowed the.  development o f  a v a r i e t y  o f  p l a n t  communities. - Braun 

(1950) inc luded the  area i n  t h e  Western Mesophytic Forest region. This i s  

a t r a n s i t i o n  reg ion from t h e  mixed ~nesophyt ic f o r e s t  communiti6s i n  the  

east  and t h e  oak and oak-hickory f o r e s t s  f a r t h e r  west. Mixed mesophytic. 

fo res t  i s  character ized by a s i n g l e  cl imax type usua l l y  w i t h  20 t o  25 

spec ies  as co-dominants. The most . i n d i c a t i v e  t r e e s  o f  t h i s  t y p e  a r e  
--* - 

basswood (T i  1 i a  he terophy l l  a) and sweet buckeye (Asecul us octandra) . The 

species composition o f  t he '  mixed mesophytic f o r e s t  i s  primarily c o n t r o l l e d  

by cl imate, bu t  as one moves westward c l i m a t i c  con t ro l  lessens and other  

factors such as ground water, s o i l  f e r t i l i t y  and topography exe r t  a greater  

i n f l u e n c e  on v e g e t a t i o n a l  development, These t r a n s i t i o n  f o r e s t s  a r e  

genera l ly  dominated by fewer species, b u t  t he re  i s  a greater  v a r i e t y  of 

fo res t  types. 

Braun (1950) i d e n t i f i e d  s i x  sect ions o f  t he  Western Mesophytic Forest 

region. The p r o j e c t  area l i e s  i n  the  H i l l  Section, which i s  d is t ingu ished 

by the  l a rge  component o f  mixed. mesophytic f o r e s t  on slopes. More specif-  
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i c a l l y ,  the  p r o j e c t  area i s  i n  the  Shawnee physiographic subsect ion which 

i s  vegeta t iona l ly  very s i m i l a r  t o  t he  Knobs o f  Kentucky. Forest communi- 

t i e s  range f r o m  m ixed  mesophyt ic  on r a v i n e s  and l o w e r  s l o p e s  t o  v e r y  

xerophyt ic  communities on up1 ands, r i d g e  c r e s t s  and 1 imestone ledges. 

. 
See   able 6.1 f o r  fo res ted  acreage i n  the  p r o j e c t  area. 

A g r i c u l t u r a l  development , c u l t i v a t e d  and pasture 1 and, accounts f o r  

approximately 1000. hectares ( 2470 acres) o r  23 percent o f  t h e  p r o j e c t  area, 

def ined as s i t e  and both waste d isposal  areas (Table 6.1 and Figure 6.1). 

Approximately .84 percent ( 815 hectares o r  2013 acres) of t h i s  land i s  on t h e  

p l a n t  . s i t e .  The c u l t i v a t e d  1 and i s  i n  row crops (corn, soybeans and some 

tobacco) and pasture l and  i s  used f o r  c a t t l e  grazing. The m a j o r i t y  o f  t h e  

a g r i c u l t u r a l  land on t h e  p l a n t  s i t e  i s  prime farmland. For a more d e t a i l e d  

d iscussion o f  prime farmland, see Sect ion 9.5. 

The major p l a n t  communities i n  t he  p r o j e c t  area, based on acreage, a re  

fo res ts ,  c u l t i v a t e d  lands, pasture, and o l d f i e l d s .  O f  these, on ly  t he  

fo res ts  could be considered natura l  communities a1 though t h e  o l d f i e l d s  a r e  

genera l l y  i n  mi d-successional stages developing toward a f o r e s t  community. 

The o b j e c t i v e  o f  t h i s  study i s  t o  assess t h e  e x i s t i n g  cond i t i on  o f  

t h e  p l a n t  communities i n  t he  p r o j e c t  v i c i n i t y  i n  order  t o  be ab le  t o  pre- 

d i c t ,  as accura t ley  as possib le,  t h e  p o t e n t i a l  e f f e c t s  of s i t e  develop- 

ment on those communities. 



, Scale;; 1' = 2709' --- - - 2 Qyal~tottve k m e n f  Areas 
I 8 Th~otenedlEndagnal ~lom/burw) LocaBher 

%x- Wade &rd Survey Route 



6.3 THREATENED' AND ENDANGERED SPE.CIES 

Summer, f a l l  and w in te r  sampling have n o t  revealed t h e  presence o f  any 

f e d e r a l l y  threatened o r  endangered plants. However, the  Kentucky Nature 

Preserves  Commission. has r e c e n t l y  comple ted  t h e i r  N a t u r a l  Areas P l a n  

(Harker e t  a1 . , 1980) which inc ludes extensive data on p lan ts  considered 

r a r e ,  t h r e a t e n e d  o r  endangered i n  Kentucky. N ine  spec ies ,  f o r  w h i c h  

su i tab le  h a b i t a t  appears t o  e x i s t  on o r  near t h e  s i t e ,  are e i t h e r  known 

from Breckinr idge County o r  occur i n  nearby counties. These species a re  

l i s t e d  i n  Table 6.2. 

The d e f i n i t i o n s  of t h e  s t a t e  s ta tus  categor ies l i s t e d  i n  Table 6.2 a re  

as fo l lows:  

Endangered: A species which i s  i n  danger o f  
e x t i r p a t i o n  and/or e x t i n c t i o n  throughout a l l  
o r  a s i g n i f i c a n t  p o r t i o n . o f  i t s  range i n  Ken- 
tucky,. i n c l u d i n g  those species proposed o r  
recognized as f e d e r a l l y  endangered t h a t  occur 
i n  Kentucky. For p lan ts ,  t h i s  inc ludes those 
species occu r r i ng  i n  Kentucky t h a t  a r e  l i s t e d  
as endangered i n  t h e  1978 Smi thsoni  an Report 
o r  publ ished i n  t h e  Federal Register.  Species 
1 i sted as threatened Federa l l y  may be 1 i sted 
as endangered f o r  Kentucky. 

Threatened: A species which i s  l i k e l y  t o  be- 
come endangered w i t h i n  t h e  foreseeable fu tu re  
throughout a l l  o r  a s i g n i f i c a n t  po r t i on  o f  i t s  
range i n  Kentucky, i n c l u d i n g  those species pro- 
posed o r  recognized as Federa l l y  threatened 
t h a t  occur i n  Kentucky. For p lants,  t h i s  i n -  
cludes those species occu r r i ng  i n  Kentucky t h a t  
a r e  l i s t e d  as threatened i n  t h e  1978 Smithsonian 
Report. . . 

Speci-a1 Concern: A species about which s u f f i -  
c i e n t  i n fo rma t ion  e x i s t s  t h a t  i n d i c a t e s  i t  should 
be c o n t i n u a l l y  monitored because (a)  i t  e x i s t s  i n  
a l i m i t e d  geographic area, (b )  i t s  ex is tence may 
become threatened o r  endangered due t o  modi f ica-  
t i o n  o r  d e s t r u c t i o n  o f  i t s  hab i ta t ,  (c )  c e r t a i n  
c h a r a c t e r i s t i c s  o r  requirements make i t  e s p e c i a l l y  
vu'lnerable t o  s p e c i f i c  pressures, o r  (d )  o t  o ther  
reasons i d e n t i  f i  abl  e by experienced researchers. 
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During f i e l d  work i n  August, 1980 two small co lonies o f  Hydrast is 

canadensis (goldenseal) were found i n  the  nor thern  waste disposal area. 

These are  noted as l o c a l i t i e s  one and two shown on Figure 6.1. Also dur ing  

t h a t  survey, a colony o f  Veratrum woodii ( f a l s e  hel lebore)  was found i n  the  

southern waste d isposal  area ( l o c a l i t y  th ree on Figure 6.1). A t  t h a t  t ime 

both species were l i s t e d  as threatened on the  U.S. Department o f  I n t e r i o r  

F ish and W i l d l i f e  Serv ice 's  ra re  p lan t  l i s t ,  40 FR, 27823. Ju l y  1, 1975. 

Consequently t h i s .  prompted a specia l  f i e l d  t r i p  i n  e a r l y  S.eptember t o  more 

ex tens ive ly  survey t h e  p r o j e c t  area and v i c i n i t y  t o  gain some i n s i g h t  i n t o  

t h e  d i s t r i b u t i o n a l  s ta tus  of these p lan ts  i n  t h e  area, No other  colonies 

of f a l s e  he l lebore  were found. However, l o c a l i t i e s  four ,  f i ve ,  and-seven 

on Figure 6.1 had small co lonies o f  goldenseal. Also, l o c a l i t i e s  three, 

s i x ,  and seven had small co lonies o f  ginseng (Panax qu'inquefolium). This 
..-.A - 

species was a l s o  l i s t e d  as threatened on both s ta te  and federal l i s t s .  

Subsequent t o  these surveys, f a l s e  he l lebore  was' dropped from both 

s t a t e  and federa l  l i s t s ;  goldenseal was dropped from the  federal  l i s t  and 

given spec ia l  concern s ta tus  by t h e  KNPC; and ginseng was dropped from the 

federal l i s t  and remained i n  t h e  threatened category on the  KNPC Natural 

Areas Plan (Harker e t  al., 1980). 0 



6.4 SAMPLING METHODOLOGY AND.'FREQUENCY 

6.4.1 Overstory and Understory 

The bottom1 and, midsl ope, and up1 and hardwood vegetat ion types were 

sampled by t h e  point-centered-quarter (PCQ) method (Cottam and Cur t is ,  

1956; Ph i l 1  ips,  1959). This method provides q u a n t i t a t i v e  in format ion  about 

re1 a t i v e  dens i ty  , re1 a t i v e  frequency,. r e l a t i v e  dominance, species f r e -  

quency, and t o t a l  basal area. A t o t a l  o f  40 po in ts  f o r  overstory and 40 

po in ts  f o r  understory was run. The d is tance between po in ts  was 15.2 m (50 

f t ) .  Each p o i n t  was d iv ided i n t o  f o u r  90' segments, and the  c loses t  t r e e  

t o  the po in t  was t a l l i e d .  This t a l l y  inc luded d is tance from t h e  po in t ,  

spec ies ,  and t h e  d iamete r  a t  b r e a s t  h e i g h t  (dbh) o r  1.4 m (4.5 f t ) .  

Distance and dbh were used t o  est imate the  basal area per  acre f o r  each 

species. I n  each PCQ survey, 40 po in ts  were u t i l i z e d ,  p rov id ing  data on 

160 trees. Overstory s t r a t a  were * l i m i t e d  t o  t rees  greater  than 20.3 cm 

(8.0 i n )  dbh, whereas understory s t r a t a  inc luded woody species l ess  than 

20.3 cm dbh and greater  than 6.4 cm (2.5 i n )  dbh. The f o l l o w i n g  ca lcu la-  

t i o n s  were performed on the  overstory and understory data: 

1. ~ i s t a n c e  = d is tance from po in t -center  t o  species. 

2. Mean dis tance = sum o f  distances d i v ided  by number of 

measurements. 

2 3. Total  dens i ty  (p lan ts lhec tare)  = 10,000 m ( 1  hectare) 

2 d iv ided  by mean area (m ) o f  plants. 

4. Re la t i ve  dens i ty  = quot ien t  o f  number o f  i n d i v i d u a l s  o f  

one species d i v ided  by number o f  i n d i v i d u a l s  o f  a l l  spe- 

c ies,  m u l t i p l i e d  by 100. 

5. Frequency o f  species = number o f  p.oints a t  which species 
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occur d i v ided  by t o t a l  p o i n t s  (40). 

6. Re la t i ve  frequency = quot ien t  o f  frequency o f  i n d i v i d u a l  

s p e c i e s  d i v i d e d  by sum o f  f requency  va lues  o f  a l l  species,  

mu1 t i p l  i e d  by 100. 

7. Basal area per t r e e  = t o t a l  basal area divid.ed by number 

o f  trees. 

8. Relat lve  dominance (cover! )  = quo t ien t  o f  to t .a l  basal 

area o f  one species -d i v ided  by t o t a l  basal area o f  a l l  

species, mu1 t i p l  i e d  by 100. 

9- Tota l  basal area = mean area t imes density.  

10, Importance value = r e l a t i v e  dens i t y  p lus  r e l a t i v e  domi- 

nance p l u s  re1 a t  i ve frequency . 
a ~ e l  a t i  ve dbmi nance appl i e s  t o  overstory and. understory . 

species; re1 a t i  ve cover appl i es t o  ground cover, 

( A f t e r  Cottam and Cur t is ,  1956) 

the overstory and understory were sampled i n  t h e  f a l l .  Sampling 

l o c a t i o n s  and r a t i o n a l e  f o r  s e l e c t i o n  are presented i n  Sect ion 6.5, 

6.4.2 Herbaceous Ground Cover 

Ground cover and grassland vegetat ion were sampled by the  microp lo t -  

quadrat method (Kershaw, 1964; Daubenmi re, 1968), which employs un i fo rmly  

spaced sampling points.  The s i z e  o f  t h e  microplot-quadrat frame was 0.1 

2 m2 (1.07 f t  ) I n  t h e  o l d f i e l d  v e g e t a t i o n  ( c o n s i s t i n g  p r i m a r i l y  o f  

graminoid species), 40 sampling p o i n t s  were es tab l ished a t  7.6 m (25 f t )  

i n te rva l s .  I n  the  fo res ted sample areas ground cover was sampled a t  every - 

f o u r t h  p o i n t  y i e l d i n g  10 sample points.  Calculat ions f o r  the  microp lo t -  



quadrat method included stems per acre (computer program se t  up f o r  Engl ish 

i n s t e a d  o f  m e t r i c ) ,  a b s o l u t e  f requency , r e 1  a t i  ve f requency  , a b s o l u t e  

density,  r e l a t i v e  density,  absolute percentage cover, and r e l a t i v e  percent- 

age cover. Importance values were based on the  summation o f  r e l a t i v e  

percentage cover, r e l a t i v e  dens i ty  , and re1 a t i v e  frequency. 

These communities were sampled dur ing  spring, summer and f a l l .  Samp- 

l i n g  locat ions  and r a t i o n a l e  fo'r  se lec t i on  are  presented i n .  Sect ion 6.5. 

6.4.3 Q u a l i t a t i v e  Assessment 

I n  add i t i on  t o  q u a n t i t a t i v e  sampling, several areas on t h e  p l a n t  

s i t e ,  i n  the  waste disposal areas, and i n  the  p r o j e c t  v i c i n i t y  were walked 

over (F igure 6.1). The purposes o f  these surveys were . to: 1) make an 

o v e r a l l  assessment o f  spec ies  c o m p o s i t i o n  and ,  c o n d i t i o n  o f  t h e  p1an.t 

communities (1 ogging frequency , f i r e  damage, successional trends, etc.) ; 2) 

provide some ground t r u t h i n g  in format ion  f o r  t he  fa lse  c o l o r  i n f ra red  

photographs, from which t h e  vegetat ion maps were made; and, 3) search f o r  

unique, threatened, o r  endangered species o r  s u i  tab1 e ha'bi t a t s .  



6.5 SAMPLING LOCATION AND RATIONALE 

I n  mid May, 1980, a h a l f  day p re l im ina ry  s i t e  reconnaissance was made 

t o  f a m i l i a r i z e  i nves t iga to rs  w i t h  t h e  topography, drainage systems, vehic- 

u l a r  access, and genera l  p l a n t  community t y p e s o  A t  t h i s  t i m e  i t  was 

decided tha t ,  due t o  t h e  s i z e  o f  t h e  p r o j e c t  (approximately ,8465 hectares 

[3500 acres]), fa1 se c o l o r  i n f r a r e d  a e r i a l  photographs would be neces- 

sary before vegetat ion sampl i n g  l . oca t i  ons could be chosen. A f t e r  examina- 

t i o n  o f  t he  a e r i a l  photos, 7.5 minute topographic maps, and f i e l d  notes 

from t h e  s i t e  reconnaissance, f o u r  p l a n t  community types were selected f o r  

q u a n t i t a t i v e  sampling. These are bottomland hardwoods, midsl ope hardwoods, 

up1 and hardwoods, and o l d  f i e 1  ds. These sampl i n g  1 ocat ions are shown on 

Figure 6.1, 

The bottomland f o r e s t  along Town Creek was selected because i t  i s  a 

d i s t i n c t  p l a n t  community and i s  located on the  proposed p lan t  ' s i t e ,  Also 

t h e  p re l im ina ry  s i t e  reconnaissance revealed t h a t  t h i s  i s  a mature bottom- 

land fo res t  and i s  exce l l en t  w i ld1  i f e  hab i ta t ,  espec ia l l y  f o r  w h i t e t a i l e d  

deer and woodcock. 

The nor thern waste d i ~ p o s a l  area was selected fo r  t he  midslope wood- 

1 and sampl i n g  area, because a sec t ion  of re1 a t i v e l y  undisturbed mature 

wood1 and surrounded by h i  ghgraded wood1 and i s  found a1 ong t h e  southwest 

fac ing  slope. The southern waste disposal area was selected f o r  t he  upland 

hardwoods sampling- s i t e  main ly  because t h i s  was the  on ly  area under consid- 

e r a t i o n  f o r  development t h a t  contained any appreciable acreage o f  t h i s  

p l a n t  community. Upland hardwoods were sampled because they .are vegeta- - 

t i o n a l l y  d i s t i n c t  from t h e  o the r  two f o r e s t  types and a l so  provide w i l d l i f e  
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h a b i t a t  and espec ia l l y  food (mast) producing t rees  such as oaks and hicko- 

r ies ,  which are important t o  w h i t e t a i l e d  deer and squ i r re l s .  

By se lec t i ng  q u a n t i t a t i v e  vegetat ion sampl i n g  s i t e s  f o r  woodland i n  

a l l  three po ten t i a l  development areas, a  good area-wide data base f o r  t h i s  

vegetat ion type can be obtained, thus he lp ing  t o  m i n i m i z e  sampling b ias,  

w i t h  respect t o  t h e  vegetat ion types, t h a t  would have been present had on ly  

t h e  p l a n t  s i t e  i t s e l f  been sampled f o r  these t h r e e .  wood1 and types. 

The southeastern corner o f  . the  p l a n t  s i t e  was selected f o r  o l d f i e l d  

sampling because: 1) it contained s u i t a b l e  acreage o f  t h i s  p l a n t  community, 

2) i t  appeared representa t ive  o f  O l d f i e l d s  i n  t he  general area, and 3) 

access was b e t t e r  compared t o  some o ther  o l d f i e l d  areas noted on t h e  a e r i a l  

photographs. 

An add i t iona l ,  b u t  equa l ly  important,  r a t i o n a l e  fo r  t h e .  vegetat ion 

sampling l oca t i ons  was t h e i r  s u i t a b i  1  i t y  as w i l d l i f e  sampling areas (note 

Sect ion 7.5). 



6.6 RESULTS AND DISCUSSION 

Q u a n t i t a t i v e  sampling and q u a l i t a t i v e  assessments of t he  vegetat ion 

on the  p l a n t  s i t e  and waste d isposal  areas were done on four f i e l d  t r i p s ,  

t o t a l i n g  approximately 20 days i n  1980 and 1981. Table 6.3 i s  a master 

. 1 i s t  o f  310 species by p l a n t  form and h a b i t a t  type o f  t he  vascular p lan ts  

observed d u r i n g  these f i e l d  t r i p s .  This i s  n o t  intended as a complete l i s t  

of t he  f l o r a  o f  these. areas. Figures 6.2 a, b, and c show t h e  major '  vege- 

t a t i o n  cover pa t te rns  f o r  t h e  p l a n t  s i t e ,  southern and nor thern  waste d is -  

osal areas, respect ive ly .  

6,6,1 Bottomland Hardwood Forest  

T h i s  f o r e s t  t y p e  i s  l o c a t e d  i n  t h e  f l o o d p l a i n s  o f  Town and; B u l l  

Creeks, p r i m a r i l y  a long t h e  lower 4,000 f e e t  o f  Town Creek. The Town Creek 

bottomland f o r e s t  encompasses about 25 acres o f  seasonal ly inundated land. 

This  wood1 and was sampled f o r  overs tory  and understory t rees  i n   all , 1980 

and ground cover was sampled i n  Summer and F a l l ,  1980 and Spring, 1981. 

Resul ts  o f  sampling a r e  shown i n  Table 6.4 overstory,  Table 6.5 understory 

and Tables 6,6,,,6.7, and 6.8 ground cover. A graphic presentat ion o f  t h e  

overs tory  and understory da ta  i s  found i n  F igures 6,3 and 6.4, respect ive ly .  

As seen i n  Table 6.4 and F igure  6.3, t he  dominant canopy t rees  a re  

s i l v e r  maple, sycamore, box e lder ,  hackberry, sl i ppery elm, wh i te  ash, and 

cottonwood, The understory composit ion shown i n  Table 6.5 and Figure 6.4 

i nd i ca tes  t h a t  t h e  canopy s t r u c t u r e  i s  f a i r l y  s t a b l e  and successional 

t rends a re  n o t  r e a d i l y  evident.  F igure  6 -4  shows t h e  understory composed 

s f  approximately t h e  same species as the  canopy which i nd i ca tes  t h a t  any 

replacement o f  canopy t r e e s  w i l l  be by those a l ready represented i n  the  

canopy, Thus a s tab le ,  c l imax community i s  ind icated.  



The ground cover data are presented i n  Table 6.6 f o r  spr ing, Table 6.7 

f o r  summer, and Table 6.8 f o r  f a l l .  As can be seen from these data, the 

o v e r a l l  herbaceous species composit ion changed l i t t l e  du r ing  one growing 

season. Also, the number o f  species occur r ing  i n  t he  sample p l o t s  was n o t  

. s i gn i . f i can t l y  d i f f e r e n t  from season t o  season; spr ing, 13 species, summer, 

16 species, and f a l l ,  12 species. 

Based on the  above data and on observat ions spanning approximately one 

year, t h i s .  bottomland f o r e s t  appears ra the r  t y p i c a l '  o f  t he  area. Hosner 

and M i  nck l  e r  (1963) sampled 62 bottom1 and hardwood f o r e s t s  i n  southern 

I l l i n o i s ,  main ly  along t h e  M iss i ss ipp i  River. The i r  extensive data i n d i -  

cate t h a t  a cottonwood-willow community develops on new al luvium. This 

community develops i n t o  a box e lder ,  s i l v e r  maple, elm, and ash community 

which eventua l ly  develops i n t o  a mixed soft-hardwood associat ion. This  

a s s o c i a t i o n  c o n s i s t s  p r i m a r i l y  o f  s i l v e r  maple, ash, elm, sweet gum, 

w i l low,  sycamore, and box e lde r  (based on basal area data). Thei r  data 

i n d i c a t e  t h a t  these stands genera l l y  reproduce t o  the  same species w i t h  a 

tendency toward an increase i n  hackberry. Resul ts  o f  t h e  present study are  

q u i t e  s i m i l a r  i n  species composit ion w i t h  some v a r i a t i o n s  i n '  frequency o f  

occurrence and basal area among t h e  species. The v a r i a t i o n s  can l i k e l y  be 

a t t r i b u t e d  t o  d i  f ferences i n  micro-c l  imate and water tab1 e 1 eve1 s and 

frequency and du ra t i on  of sur face and ground water f l uc tua t i ons .  

This  Town Creek bottomland f o r e s t  i s  n o t  a v i r g i n  stand; there  i s  

ample evidence of past disturbance. Small areas have been c leared w i t h i n  .. 

t h e  past 30 years, b u t  have been abandoned and are  now r a p i d l y  developing 

t o  t h e  mixed soft-hardwood stand prev ious ly  described. During the  f a l l ,  

w in ter ,  and e a r l y  Spring o f  1980-1981 t h e  steep northwest f ac ing  slope ~f 

Town Creek was ex tens ive ly  logged. This was bu t  a small p o r t i o n  of ap- 
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proximately 1,600 acres o f  t imber on and adjacent t o  the  s i t e  and the  

so'uthern waste d isposal  area t h a t  was logged by high-grading. A more 

d e t a i l e d  d iscussion o f  t h i s  can be found i n  t h e  fo l l ow ing  section. The 

e f f e c t s  of logg ing t h i s  s lope on t h e  bottomland f o r e s t  a re  uncertain, but  

t h e  increased l i g h t  i n t e n s i t y  t o  t h e  bottomland adjacent t o  the  slope may 

a l t e r  species composit ion and frequency somewhat. It i s  not  an t i c ipa ted  

t h a t  t h i s  pe r tu rba t ion  w i l l  have s i g n i f i c a n t  long term impacts on.  the  

bottomland fo res t .  

Although t h i s  f o r e s t  type i s  no t  unique i n  t h e  area o r  i n  t h e  state,  

i t  i s  becoming much r a r e r  due t o  increased f l o o d p l a i n  i n d u s t r i a l  develop- 

ment and cont inued c l e a r i n g  f o r  farmland, This area i s  c l a s s i f i e d  as a 

p a l u s t r i n e  fo res ted  wetland and w i l l  be discussed i n  t h e  wetland section. 

I n  a d d i t i o n  t o  being an important  h a b i t a t  f o r  a v a r i e t y  o f  p lan ts  t h a t  

a re  r e s t r i c t e d  t o  mois t  areas, t h i s  f o r e s t  i s  a very important and h igh ly  

product ive w i  l d l  i fe h a b i t a t  and w i l l  be discussed i n  t h a t  section. 

6.6.2 Midslope Hardwood Forest  

The midslope and upland f o r e s t s  comprise approximately 99 percent o f  

t h e  forested acreage i n  t h e  p r o j e c t  area. The midslope forest  sampled i s  

on a southwest f a c i n g  mesic slope i n  t h e  nor thern  waste disposal area (see 

Figure 6,l). Nineteen species o f  canopy t r e e s  'were sampled. Table 6.9 

shows frequencies, dominance, dens i t i es  and importance values f o r  these 

species and, F igu re  6.5 shows t h e . d e n s i t y - s i z e  c lass  dendrograph, These 

data show beech, sugar maple, shumard oak, whi te oak, wh i te  ash, p ignut  

h ickory,  t u l i p  t r e e ,  b lack oak, and shagbark h ickory  as t h e  dominant canopy 

species, The average age of t h i s  f o r e s t  was est imated using the  growth 

r a t e  data o f  Fowell s (1965). The average ages o f  oaks, h ickor ies ,  sugar 
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maple and beech were calculated,  om i t t i ng  the  unusual ly 1 arge trees, be- 

cause they were undoubtedly passed over when the  woodland was f i r s t  c u t  

and t h e i r  i n c l u s i o n  would b ias  t h e  estimate. The average age o f  beech was 

194 years (12 t rees  measured). Almost a l l  o f  these la rge  beech t r e e s  were 

hol low a t  the  ho le  and thus were unmarketable. This i s  a common occurrence 

i n  t h i s  species, s ince they are suscept ib le t o  f i r e  damage and subsequent 

disease. As w i t h  ' t h e  o ther  unusual ly 1 arge t rees,  they were probably 

passed over i n  previous logging operations. Average age o f  oaks was 103 

years (36 t rees  sampled), h ickor ies ,  65 years (13 t rees  sampled), and sugar 

map1 e, 96 years (36 t r e e s  sampled). 

Results o f  understory sampl i n g  are  found i n  Table 6.10 and Figure 6.6; 

Sugar maple i s  t h e  most important understory canopy species w i t h  shagbark 

. h ickory,  beech, s l i p p e r y  elm, and whi te ash appearing i n  descending order. 

These are  the  species most l i k e l y  t o  replace o l d  canopy t rees  as 'they are  

removed from t h e  stand. Based on these data, i t  appears t h a t  t he  stand i s  

i n  a cl imax cond i t i on  meaning t h a t  s i g n i f i c a n t  changes i n  the  present 

composition are n'ot expected except as a r e s u l t  o f  c l  ima t i c  o r  geologic 

changes. Vankat, Blackwel l ,  and Hopkins (1975) studied a beech-maple 

forest  i n  the  southern po r t i on  o f  t h e  range o f  t h i s  forest  type i n  south- 

western Ohio and d i d  an extensive search and eva luat ion  o f  t he  p e r t i n e n t  

l i t e r a t u r e .  It has long been hypothesized t h a t  t h e  southern beech-maple 

fo res t  i s  successional and i s  undergoing d i r e c t i o n a l  change i n  s t r u c t u r e  

and c o m p o s i t i o n  toward  western  mesophyt i  c o r  m i  xed mesophyt ic  f o r e s t  

(Sears, 1926; Braun, 1941, 1950). Vankat, e t  a l .  have concluded t h a t  

"s ince the re  i s  no f i r m  f ac tua l  evidence o f  successional change, w e  propose 

t h a t  Heuston Woods, as an example o f  t h e  southern p o r t i o n  o f  t he  beech- 
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maple f o r e s t ,  i s  p r o b a b l y  i n  a s t a t e  o f  dynamic e q u i l i b r i u m ,  w i t h  n, 

apparent successional t r e n d  toward a western o r  mixed mesophytic forest," 

Resul ts  o f  t h e  present study support those conclusions. 

Resul ts  o f  ground cover sampling are  found i n  Table 6.11, 6.12, and 

6.13. T h i s  herbaceous g round .  cover  i s  t y p i c a l  o f  mature  mes ic  s l o p e  

wood1 ands. I n  a d d i t i o n  t o  those species sampl ed, several o ther  uncommon 

p lan ts  were found here Go1 denseal (Hydrast i s ) occurs i n  several 

9 arge co lon ies  on t h i s  slope, and ginseng (Panax quinquefol  i am) was found 

spo rad ica l l y  on t h e  opposi te slope. These two p lan ts  a r e  on the  Kentucky 

Nature Preserves Commission's l i s t  o f  ra ra  p lan ts  (see Sect ion 6-3). The 

nor thern  f r a g i  l e  f e r n  (Cys topter i  s f r a g i  1 i s  var. mackayi was foundaron the  

mois t  sandstone ledges t h a t  form an almost unbroken c l i f f  l i n e  ' i n  t h i s  

woodland. C r a n f i l l  (1980) considers t h i s  a very r a r e  p l a n t  i n  Kentucky, 

having been p o s i t i v e l y  i d e n t i f i e d  only  from Hardin and Cr i t tenden Counties. 

These l o c a l i t i e s  appear t o  be near t he  southern terminus o f  i t s  range. 

This  mature beech-maple fo res t ,  (see Figure 6,1, nor thern  waste d i s -  

posal area sample s i t e )  approximately 30 acres, i s  uncnmmnn i n  K ~ n t t r r k y  and 

i s  o f  s c i e n t i  f i c  and educat ional i n te res t .  The woodland surrounding t h i s  

s i t e  has been l ogged w i t h i n  t h e  past f i v e  years (Paul Dowel l , 1 and owner, 

personal comrnunicati on, August, 1980) and t h e  wood1 ands throughout t he  area 

e i t h e r  have r e c e n t l y  been, o r  a re  now being logged. Only one o ther  mature 

t o  o l d  growth midslope woodland was found i n  the  area, This was on t h e  

steep northwest f a c i n g  s lope of Town Creek and was logged i n  t h e  F a l l  and 

Winter o f  1980; 

I n  general, t h e  midslope woodlands o f  the  p r o j e c t  area r e  second and 

t h i r d  growth and a r e  t y p i c a l  i n  composit ion t o  western mesophytic f o res ts  

(Braun, 1950). 
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6.6.3 Upland Hardwood Forest 

The upland hardwood sample area i s  loca ted  i n  the  southern waste d i  s- 

posal area (Figure 6.1). This f o r e s t  t ype  occupies t h e  d r i e r  upper slopes 

and r idges o f  t h e  p r o j e c t  area. Results o f  overs tory  sampling a re  i n  Table 

6.14. and F igure  6.7 and understory r e s u l t s  a re  i n  Table 6.15 and Figure 

6.8. Dominant canopy species here are b lack  oak, post oak, wh i te  oak, 

shagbark h ickory,  red cedar, and p ignu t  h ickory.  As Table 6.7, the  den- 

s i t y - s i z e  c lass  dendrograph, shows t h e  canopy t rees  a re  r a t h e r  small i n  

average basal area but  a re  f a i r l y  dense. This  i s  i n d i c a t i v e  of  a young 

woodland. There i s  ample evidence o f  recent  logg ing  i n  a l l  upland wood- 

lands i n  t he  p r o j e c t  area, and t h e  data shows t h i s ,  Espec ia l l y  i n d i c a t i v e  

o f  t h i s  i s  t h e  occurrence of s i g n i f i c a n t  numbers and s izes  o f  red  cedar i n  

bo th  t h e  overs tory  and understory. Red cedar i s  a t y p i c a l  . invader o f  

o l d f i e l d s  and o ther  d is tu rbed areas. It i s  a l s o  a major component o f  t h e  

eastern red  cedar-hardwood type, which i s  a m ix tu re  o f  whi te and red oaks, 

h ickor ies ,  b lack walnut, and o ther  hardwood (Fowell s, 1965). . . 

The composit ion of t he  understory i s  i n d i c a t i v e  o f  t h e  successional 

t rends o f  t h e  woodland. Dominant understory species are  sugar maple, red 

cedar, chestnut oak, black oak, s l i p p e r y  elm, pos t  oak, and dogwood ( r a r e l y  

a canopy species). From these data, i t  appears t h a t  t he  canopy composit ion 

w i l l  change s l i g h t l y  w i t h  a probable increase i n  occurrence of sugar maple 

and chestnut oak and t h e  cont inued presence o f  red cedar i n  t h e  stand. 

Results o f  ground cover sampling are  i n  Tables 6.16, 6.17, and 6.18. 

This species composit ion i s  t y p i c a l  o f  t h a t  found throughout t h e  area. 

6.6.4 O l d f i e l d  Communities -- 

The o l d f i e l d  community was sampled f i r s t  i n  Summer, 1980 (see F igure  

6.1 f o r  l oca t i on ) ,  and those r e s u l t s  a r e  i n  Table 6.19. Subsequent t o  t h a t  



sample t h e  area was subjected t o  heavy graz ing by c a t t l e  i n  the  f a l l ,  an6 

w i n t e r  o f  1980, and sp r ing  o f  1981. This  made f u r t h e r  sampling o f  t h i s  

area useless, 'since r e s u l t s  would no t  .be comparable. The summer sample 

y i e l d e d  33 species the  most important  o f  which were Korean lespedeza, 

broom-sedge, meadow fescue, m is t f l ower ,  and three-awned grass. 

Woody invader species i n  t h i s . c o r n u n i t y  a re  red  cedar, sycamore, b lack 

cherry,  wh i te  ash, sassafras, sweet gum, winged sumac, smooth sumac, co ra l -  

berry, usage orange, winged elm, g reenbr ie r  and mu1 ti f l o r a  rose, 

Although t h i s  co rnun i t y  does n o t  occupy a l a r g e  percentage o f  t h e  pro- 

j e c t  a r e a  ( l e s s  than f i v e  percent) i t  i s  an important  w i l d l i f e  hab i ta t ,  

6.6.5 Q u a l i t a t i v e  Assessment Areas i: :.,: .. 

'Riparian areas ( r i v e r  and stream banks), roadsides, fencerows, r a i l -  

road r ight-of-way, and wetlands on t h e  p l a n t  s i t e  were inves t iga ted  by 

w a l k i n g  o v e r  t h e  a reas  and i d e n t i f y i n g  m a j o r  components o f  ' t h e p l a n t  

communities, 

6.6.5.1, R ipar ian  areas 

Woody vegeta t ion  a long t h e  Ohio R iver  consis ted of s f l v e r  maple, box 

e lder ,  b lack w i  11 ow, cottonwood, and sycamore, Hosner and M i  nck l  e r  (1963) 

found t h e  same species composit ion on newly formed 1 and along the  Miss is-  

s'ippi River  i n  southern I l l i n o i s .  These t r e e s  were i n  the  sap l i ng  growth 

stage and formed a very narrow band along the  edge o f  t h e  h igh  cut-bank 

between the  r i v e r  and c u l t i v a t e d  land. Based on fi 'eld observat ion, i t  

appears u n l i k e l y  t h a t  t h i s  community w i l l  reach ma tu r i t y ,  s ince l a t e r a l  

bank eros ion destroys po r t i ons  o f  t h i s  community as f a s t  as i t  i s  formed. 

Herbaceous species found here a r e  t y p i c a l  o f  those found on d i s tu rbed  s i t e s  

such as roadsides and fencerows discussed i n  t h e  next  sect ion, 



6.6.5.2 Roadsides, fencerous, and r a i l r o a d  r ight-of -way 

These areas support a s i m i l a r  v a r i e t y  o f  woody invader species as t h a t  

found i n  o l d f i e l d  communities discussed i n  t h e  previous section. Addi- 

t i o n a l  woody spec ies  t h a t  commonly o c c u r  here  a r e  b i t t e r s w e e t ,  honey 

. locus t ,  sh ing le  oak, hackberry, and abundant poison ivy.  

Some t y p i c a l  herbaceous species found here are  ye1 low horse-gentian, 

poke, g i  an t  ragweed, common ragweed, b l  ackber r i e s  , wormwood, i ronweed , 
trumpet-vine, f ox ta . i l ,  common milkweed, johnson-grass, jimson-weed, horse- 

n e t t l e ,  and t h i s t l e s .  

This type o f  p l a n t  comnunity i s  comnon i n  any d is tu rbed area through- 

o u t  t h e  r e g i o n ,  and i t s  p r i m a r y  s i g n i f i c a n c e  i s  as w i l d l i f e  h a b i t a t .  

6.6.5.3 Wetlands 

Based on t h e  Uni ted States Department o f  t h e  I n t e r i o r  F i sh  and Wild- 

1 i f e  Service c l a s s i f i c a t i o n  system (Cowardin e t  a1 . , 1979), the-re are  two 

types o f  wetlands on t h e  s i t e .  Both types are i n  t h e  Pa lus t r i ne  System; 

one i s  classed as Emergent Wetland and t h e  o ther  as Forested Wetland (,,see 

F igure  6.2a f o r  l o c a t i o n s  on t h e  p l a n t  s i t e ) .  The Pa lus t r i ne  System i n -  

c l u d e s  a l l  n o n - t i d a l  we t l ands  dominated by t r e e s ,  shrubs,  p e r s i s t e n t  

emergents, emergent mosses o r  1 ichens and a l l  such wetlands t h a t  occur i n  

t i d a l  areas where s a l i n i t y  due t o  ocean-derived s a l t s  i s  below f i v e  per- 

cent. It . i nc ludes  small, s h a l l  ow, permanent o r  i n t e r m i t t e n t  water bodies 

of ten c a l l e d  ponds. These wetlands may be s i t ua ted  shoreward o f  lakes, 

r i v e r  channels, o r  es tuar ies ;  on r i v e r  f loodp la ins ;  i n  i s o l a t e d  catchments; 

o r  on slopes (Cowardin e t  a1 . , 1979). 

The small ponds w i t h  a border o f  emergent vegetat ion are  Emergent Wet- 

lands and are  c o l l e c t i v e l y  about 10 acres i n  s i z e  (F igure 6.2a). Also 
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considered Emergent Wetland i s  t h e  shorel ine o f  t h e  Town Creek embayment, 

e s p e c i a l l y  t h e  upper reaches, and i s  approximaely 10 acres i n  s i z e  (Figure 

6.2a). 

The bottom1 and hardwood forest  along Twon Creek i s  Forested Wetland 

. and i s  about 20 acres i n  s ize .  



6.7 QUALITY ASSURANCE 

This vegetat ion study, from planning o f  sampling s t ra tegy  and loca-  

t i o n s  t o  techn ica l  repo r t  ed i t i ng ,  has been sys temat ica l l y  subjected t o  a 

q u a l i t y  assurance program. During the  planning phase, sampling d e t a i l ,  

methodology, and t ransec t  1 ocat ions were devel oped by two p l a n t  eco log i s t s  

and a w i l d l i f e  b i o l o g i s t . '  The w i l d l i f e  b i o l o g i s t  was inc luded t o  insure  

t h a t  t h e  vegeta t i  on and w i  1 d l  i f e  programs were compati b l  e. 

During f i e l d  work, a specimen o f  a l l  p lan ts  no t  i d e n t i f i a b l e  i n  the  

f i e l d ,  was co l lec ted .  I d e n t i f i c a t i o n s  were made using standard references 

(Fernald, e i g h t  e d i t i o n ,  1970; H i  tchcock , 1950; G l  eason and Cronqui s t ,  

1963; Radford, Ahles, and B e l l ,  1964), comparison w i t h  specimens a t  t h e  

Un ive rs i t y  o f  Kentucky Hebarium, and consul t a t i o n s  w i t h  i t s  curator ,  Mr. 

Ray C r a n f i l l .  Close cooperat ion w i t h  t h e  Kentucky Nature Preserves Comrnis- 

s ion  was a l so  maintained, espec ia l l y  on mat ters concerning rare, threatened 

o r  endangered species, and any unusual o r  unique communities. 

The p l a n t  community acreages f o r  t h e  vegetat ion maps were independent- 

l y  ca lcu la ted  f o r  consistency. Also, t h e  f i e l d  sampling data, gathered by 

one p lan t  eco log is t ,  was checked by another and subjected t o  computer 

analysis.  These computer data were a l so  checked by both eco log is ts ,  and 

t h e i r  i n t e r p r e t a t i o n s  concurred upon. 

F i n a l l y ,  copies o f  a l l  f i e l d  notes, photographs, and records o f  corre-  

spondence, and l i t e r a t u r e  search data were re ta ined  i n  the  p r o j e c t  f i l e s ,  



6.8 REFERENCES 

Braun, E. L. 1941. The D i f f e r e n t i a t i o n  o f  t he  Deciduous Forest o f  the  
Eastern Un i ted  States. Ohio Jour. Sci. 41:235-41. 

Braun, E. L. 1950. Deciduous Forests o f  Eastern North America.   he 
B l a k i s t o n  Company. Phi ladelphia.  596 p. 

Cottam, G. and 3. T. Cur t i s .  1956. The Use o f  Distance Measures i n  Phyto- 
s o c i o l o g i c a l  Sampling. Ecology. 37:451-460. 

Cowardin, L. M e ,  V. Carter,  F. C. Golet, and E. T. LaRoe. .1979. C l  ass i -  
f i c a t i o n  o f  Wetlands and Deepwater Hab i ta ts  o f  t h e  Uni ted States. U.S. 
Depatment of I n t e r i o r ,  F i sh  and W i l d l i f e  Service... 103 p. - . 

C r a n f i l l  , R. 1980. Ferns and Fern A l l i e s  o f  Kentucky. Kentucky Nature 
P rese rves  Commission T e c h n i c a l  S e r i e s  No. 1 F r a n k f o r t ,  KYo 284 p, 

Daubenmire, R. F, 1968. P lan t  Communities: . A Textbook o f  Plant  Syne- 
cology. Harper and Row, New York. 300 p. 

Fernald, M. L. 1950. Gray's Manual. o f  Botany, e i g t h  ed i t ion .  D o  Van 
Nostrand Company, New York 1632 p. 

Fowells, F. A. 1965. S i l v i c s  o f  Forest  Trees o f  t h e  Uni ted States. Agr i -  
c u l t u r a l  Handbook NO. 271. U.S. Department o f  Agr icu l tu re ,  .Forest Ser- 
vice. 

Gleason, H. A. and A. Cronquist. 1963. Manual o f  Vascular Plants o f  
Northeastern Un i ted  States and Adjacent Canada. D. Van Nostrand Company, 
New York. 810 p. 

Hitchcock, A. S. 1950. Manual o f  t h e  Grasses of t he  Uni ted States, two 
vol umes. General Publ i shing Company, Toronto. 1051 p. 

Hosner, 3. F. and L. S. Minckler.  1963. Bottomland Hardwood Forests o f  
Southern 11 1 i n o i  s--Regenerati on and Succession. Ecology 44(1) : 29-41.. 

Hunt, C, B. 1967. Physiography o f  t he  Uni ted States. W. H. Freeman 
and Company, San Francisco. 480 p. 

Kentucky Nature Preserves Commi ssion, 1980, Natura l  Areas Plan, Frank- 
f o r t ,  KY. 

Kershaw, K O  A. 1964. Q u a n t i t a t i v e  and Dynami c Ecol ogy, American E l  sev ier  
Publ i shi  ng Company, Inc, , New York. 

P h i l l i p s ,  E. A. 1959. Methods o f  Vegetat ion Ecology. Hol t ,  Reinhart  and 
Winston, Inc., New York. 

Radford, A. E., H. E, Ahles, and C, R o  Be l l .  1968. Manual o f  t he  V a s c ~ l ? ~  
F lo ra  of t h e  Carol inas. U n i v e r s i t y  o f  North Carol ina Press, Chapel H i l l  
North Carol ian. 

6-22 



Sears, P. B. 1926. The Natural Vegetation o f  Ohio I 1 1  Plant  Succession. 
Ohio Journal Science. 26:213-231. 

Vankat, J. L., W. H. Blackwell ,  J r .  and W. E. Hopkins. 1975. The Dynamics 
o f  Heuston Woods and a Review o f  t h e  Question o f  t h e  Successional Status 
o f  t h e .  Southern Beech-maple Forest. Castanea Vol . 40(4)  : 291-308. 



Table 6.1 Land Usage i n  Hectares (acres)  and Percent o f  Tg ta l s  f o r  P lan t  S i t e  and Waste Disposal  Areas. 
Composite Column Represents P r o j e c t  Area Tools. 

Land 
P lan t  S i t e  Northern Waste Area 

Area % o f  To ta l  Area % o f  To ta l  ' 

Southern Waste Area 
Area % o f  To ta l  

Compos i t e 
Area % o f  To ta l  

Forested 407(1005) 29 536(1324) 87 1118(2761) 79 2061(5091j 58.1 

. BI Pasture 
I 

133(329) 10 35(86) 6 107(264) 8 275(629) 8.2 
m .  
-b 

Developed 32 (79) 2 0 0 0 0 32(79) 1.0 

To ta l s  139$(3436) 100 612(1512) 100 1417(.35001) . 100 3420(8448) 100 

'sums a r e  n o t  exact  due t o  rounding e r ro r .  
i 4 '  



Table 6.2 Threatened o r  Endangered P.lants Occurr ing i n  o r  Near Breck in r idge  County. a 

S c i e n t i f i c  Name 
Common Name Locat ion S ta te  Status Hab i t a t  i n  Kentucky 

Chel one ob l  i qua var. speci  osa 
Pink t u r t l e h e a d  

Ohio, McLean, 
Henderson Counties 

Threatened F l  oodpl.ain f o r e s t s  and wooded s l  oughs. 

,Dodecatheon f r e n c h i i  
French's shoot ing s t a r  

Breck in r idge  
County 

Threatened Sandstone rockhouses behind d r i p l i n e  i n  
most coun t ies  w i t h i n  t he  d r i p p i n g  spr ings  
escarpment. 

Heteranthera l imosa 
Mud DI an ta in  

Meade County Threatened Edges o f  small ponds and sloughs. 

I 

2 Hydras t i s  canadensis 
Go1 denseal 

Onsi t e  Records Speci a1 
concern 

Rich mesophytic and a1 1 u v i a l  woods. 

Limnobium spongia 
Frog 's  b i t  

McLean County Threatened Muddy edges o f  sloughs. 

Oenothera 1 i n i f o l  i a  
Sundrops 

Breck in r idge  
County 

Special 
Concern 

Thin s o i l  over t a r  sp r ings  sandstone., 

Panax au inauefo l  i us Onsi t e  Records Threatened Rich wocded slopes. Probably occurs 
i n  every Kentucky county. Ginseng 

Sedum t e l  ephi  o i  des 
L i v e  f o reve r  

Hancock County Threatened Shaded sandstone c l i f f s  and ledges. 

Synandra h i s p i d u l a  Breck in r idge  Threatened Mesic wo3dlands. Known from 25 Ken- 
Synandra County tucky  c o ~ n t i e s .  

a Source: Harker, D. F. Jr. e t  al . ,  1980. Kentucky Natura l  Areas Plan. Kentucky Aature Preserves Commission. 



 able 6.3 Mahter L i s t  of Plants Observed on the Plant  .S i te  and Waste Disposal Areas During 1980 and 
1981 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds 1 ope Up1 and Fencerows Ripar ian 
Forest Forest Forest K d f i e l d s  Areas 

Acer negundo L. - 
Box e lder  

Acer rubrum L, 
R e d m a p l e  

', Acer saccharinum L. 
S i  1  ver maple 

Acer saccharum Marsh. - 
Suqar maple 

s chi ilea m i  1  l e f o l  ium b e  
Yarrow 

Actaea pachypoda El  l o  
White baneberry 

Actinomeris a1 t e r n i f o l  i a  (L). DOC, 
Winclstern 

~ d i a n t u m  edatum L. 
Maidenha1 %?- r e rn  

Agrimoni a pubescens Wall a'. 
Aclrimony 

~ ~ r o s t i s  - alba Lo 
Redtop 

Agrostemma gi thago L o  
Cork c o c k r  

Ai lanthus a l t i ss ima  ( M i l l  d )  Swingle 
Tree-of-heaven 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and Midslope Up1 and Fencerows R ipa r i an  
Forest  Forest  Forest O l d f i e l d s  Areas 

A l l i u m  canadense L. 
Wi ld q a r l i c  

A1 1 i um cernuum Roth m m  
Amaranthus hydr ibus L. 

P i  sweed 
Ambrosia a r t e m i s s i f o l  i a  L. I 

rU 
v Common ragweed 

Ambrosia t r i f i d a  L. 
Giant r m  

Ampelamus a1 b idus ( N u t t  .) B r i t t .  
Honevvi ne 

AndroGgon v i  r g i n i c u s  L. 
Broomsedge 

Anemone v i  r g i n i ana  L. 
Thimbl eweed 

Antennaria p l a n t a g i n i f o l  i a  (L . )  Hook. 
Pussytoes 

A r a l i a  s inosa L. 
, H e r c u h c l  ub 

A r i  saema atrorubens (A i  t. ) B l  ume 
3 a c k - i n - t h e - p u l  p i t  . . 
Arjsaema dracont ium (L.') Schot t  

Green dragon 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds l ope Up1 and Fencerows R ipa r i an  
Fores t  Forest  Forest  O l d f i e l d s  Areas 

A r i s t i d a  longespica Poi -. 
Long-awned grass 

Ar temis ia  abs in th ium L. 
Wormwood 

Ar temis ia  annua b. 
+ Wormwood- 

Arund inar ia  'g igantea (ha1 t".) Chapn. 
Wi ld cane 

Asarum canadense L. 
Wi ld g inger  

~ s c l  ep i  as i y r i  aca L. 
Common rnTiEZ3 

Asclepias v e r t i c i l l a t a  L. 
Whorled m i  1 kweed . 

Ascyrum hyper ico ides  L.. 
S t .  Andrew's cross 

Asimina t r i l o b a  (L.) Dunal. 
Paw-paw 

Asplenium p i n n a t i f i d u m  Nutt .  
P i  n n a t i  f i d  s ~ l  eenwor't 

~ s p l e n i u m  platyneuron (L.) Dakes 
Ebony spleenwort  

Aster  e r i c o i d e s  L. 
Heath a s t e r  

As te r  ob long i  f o l  i us Nutt. 
Aromatic a s t e r  



Table 6.3 Continued. ; 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds 1 ope Up1 and 
Forest Forest  Forest  

F'2ncerows R ipar ian  
Ol d f  i e l  ds Areas 

As te r  i l o s u s  Wi l ld .  
-%I- Frostwee a s t e r  
Athyr ium as l e n i o i d e s  (Michx.) 
- - m m t b  

Glade f e r n  
A t h y r i  urn pycnocarpon (Spreng.) 
T i d e s t r o m  

Glade f e r n '  
Barbarea v u l g a r i s  R. Br. 

Winter-cress 
Bidens frondosa L. 

Besqar- t icks 
~ l e ~ h i l  i a  c i l i a t a  (L.) Benth. 

Downv woodmint 
~ o m e r i a  c y l  i n d r i c a  (L.) Sw. 
B o g e m p  
Botrychium v i rg in ianum 

Rat t lesnake f e r n  
Brachyelytrum erectum (schreb.) 

Beauv. 
Grass 

Cacal ia  a t r i p l i c i f o l i a  L. 
Ind ian ~l an ta in  

Campanula americana L. 
T a l l  b e l l t l o w e r  

Campsi s rad icans (L.) Seem. 
Trumpet creeper 



Table 6.3 Continued, 

S c i e n t i f i c  Name Bctttoml and M i  ds 1  ope Up1 and Fencerows R ipar ian  
Forest Forest Forest 01 d f  i e l  ds Areas 

Common Name 

Cam tosorus r h i z o p h y l l  us ( L o )  L ink 
+ern 
Cardamine bu l  bosa (Schreb.) BSP. 

Spring-cress 
cardami i e  pensyl vani ca Muhl . 

S ~ r i n q - c r e s s  
'm carex ~ i s h i i  Mackenz. 
4 l 3 X h m g e  
0 

. .  Carex gr isea  
Sedge 

Carex l a t y p h y l l a  Carey -%-- Broad- eaved sedge 
Carex vu lp inoidea Michx, 

Droopi nq sedge . - 
Carpi nus ca ro l  i n i ana  Wal t o  

Ironwood 
Carya co rd i f o rm is  (Wang.) K. Koch 

Bi  t t e r n u t  h ickory  
Carya g labra (Mill:) Sweet 

p i  g n m k o r y  
Carya l a c i n i o s a  (Michx. f.) Lord 

B ig  shagbark h i cko ry  



\ 

Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  d s l  ope Up1 and Fencerows R ipa r i an  
Forest  Forest  Forest O l d f i e l d s  Areas 

Carya o v a l i s  (Wang.) Sarg. 
Sweet p ignu t  h i cko ry  

Carya ovata ( M i l l  .) K. Koch 
S h a g E d T h i c k o r y  
Carya tomentosa Nutt .  

Mockernut 
Cassia f a s c i c u l a t a  Michx. 

I 
W 
w 

Partr idge-pea 
Cassia mar i land ica  L. 
7KTT senna 
Catal  a  speciosa Warder. 
+pa 
Cel as t rus  scandens L. 
B i t t e r s w e e t  
C e l t i s  o c c i d e n t a l i s  L. 
-berry 
Cerc is  canadensis L. 

Redbud 
Chelone g lab ra  L. 

T u r t l  ehead 
Chenopodi um a1 bum L. 

Lamb's quar te rs  
chrysanthemum leucanthemum L. 

Ox-eye da isy  



Table 6.3 Continued. 

S c i e n t i f i c  Name 

' Common Name 

Bottom1 and M i  ds 1  ope Up1 and Fencerows R ipar ian  
Forest Forest Forest 01 d f i e l  ds Areas . 

Cichor i  um intybus 'L. 
Chicory 

C i  rcium disco1 o r  (Muhl .) Spreng. 
m t h i s t 7 e  
C i  rcium vul gare (Savi ) Tenose 

B u l l  t h i s t l e  
Clematis v i r g i n i a n a  L. 

I 
0 
R) 

V i  r g i  n  ' s  bower 
Co l l inson ia  canadensis L o  

C i  t r o n e l l  a  
Commel i n a  communis Lo  

Dayf 1 ower 
Conophol i s ameri cana 

Squaw- r o o t  
Coral l .orh iza sp. 

Coral - roo t  
Coreopsis t r i p t e r i s  Lo  

T a l l  coreopsi s  
Cornus f l o r i d a  L. 

Doqwood 
cryp io taen ia  canadensis ( L o )  D a C o  

Honewort 
Cuni la or iganoides ( L o )  B r i t t .  

D i  t t any  



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottomland M i  d s l  ope Up1 and Fer cerows R ipa r i an  
Forest  Forest  Forest O l c f i e l d s  Areas 

Cusl:uta gronovi  i W i  1  ld .  
Dodder 

Cyperus r e f r a c t u s  Engelm. 
Sedge 

C v ~ e r u s  esculentus L. 
'cn 

1 Cys top te r i s  f r a g i l i s  (1.) Bernh. var. 
G, - -  
,o mackayi Lawson 

F r a g i l e  f e r n  
~ ~ s t o p t e r i s  p ro t rusa  (Weatherby) 

B lasdel  1  
Southern f r a g i l e  f e r n  

Dacty l  i s  glomerata L. 
O r c h a r d  qrass 
Datura stramonium L. 

Jimsonweed 
Daucus caro ta  L. 
WiTll c a r r o t  
Desmodium c i  1  i a r e  (Muhl .) D.C. 
m e f o i  1  
Desmodium nud i f lo rum (L.) D.C. 

Naked-f 1 owered t i c k - t r e f o i  1  
Desm~dium e r  lexum Schub. 

T i  z k - t r e f o ~  ee- 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and - Mids l  ope Up1 and Fencerows R ipa r i an  
Forest  Forest  ' Forest O l d f i e l d s  Areas 

Desmodium ro tund i  f o l  i um D.C. 
Round-1 eaved t i c k - t r e f o i  1 

Diarrhena americana Beauv. 
Grass 

D i g i t a r i a  sangu ina l i s  (b.) Scop. 
Crabgrass 

D iod ia  t e r e s  Walt, 
but to^ 

P 
Dioscorea quaternata (Walt .) 3 .  F. 

Gmel . 
W i  ldyam 

Diospyros v i r g i n i a n a  b. 
Persimmon 

Dipsacus s y l v e s t r i s  Huds. 
Teasel 

Dodecatheon meadia L. 
Shooting s t a r  

Echinocloa c rus -ga l l  i (Lo) Beauv. 
Ba rnyardgrass 

Elephantopus c a r o l  i n i anus  W i l l d .  
E l  ephants- foot  

Elymus r i p a r i u s  
7 K l T  r ye  
~ ~ i f a ~ u s -  v i  r g i n i anus  (L.) Bart .  

Beech-drops 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottomland M i  ds 1 ope Up1 and Fenc2rows R ipa r i an  
Forest  Forest  Forest  O l d f i e l d s  Areas 

Er ige ron  annus (L.) Pero. 
 hi t e t o r  

Er ige ron  canadensis L o  
Horse-weed 

Euonymus americanus L. 
St rawberry-bush 

Eupatorium c o e l e s t i  num L. 
M i s t f l o w e r  

2 Eu a to r ium f i s t u l o s u m  B a r r a t t  
+weed 
~ u p a t o r i u m  purpureum L. 

Sweet joe-pye weed 
Eupatorium rugosum Houtt .  

White snake r o o t  
Euphorbi a c o r r o l  a t a  L. 

F l  oweri ng spurge 
Euphorbia maculata L. 

Eyebone 
Fagus grandi  f o l  i a Ehrn. 

Beech 
Festuca e l a t o i r  L. 

Meadow fescue 



Tab1 e 6.3 Continued. 

p p - p p p  

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds 1 ope Up1 and Fei-.cerows R ipa r i an  
Forest  Forest  Forest  01 d f  i e l  ds Areas 

Frax inus quadrangulata Michx. 
Blue ash 

Gal ium ap'arine b. 
C 1 v e r s  
Gal i urn c i  rcaezans M i  chx. 

Wi ld . l i c o r i c e  
~ G a l i u m  sp. 
w Bedstraw 
QI 

Geranium caro l in ianum L. 
C ranesb i l l  

Geranium maculatum L. 
' W i  l d gerani  um 

deum canadense Jacq. - 
' White avens 

G I  echoma hederacea L. 
'Ground i v y  

G l e d i t s i a  t r i acan thos  L. 
Honey 1 ocust 

~ n a ~ h a i  ium ob tus i  f o l  i um b. 
Cat foo t  

Hel ianthus sp. 
Fa1 se sunf lower 

Hepat i ca  acu t i l oba  D.C. 
Hepat1 ca 



Table 6.3 .Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds 1 ope Up1 and Fenoerows R ipa r i an  
Forest Forest  Forest O ld f  i e l d s  Areas 

Heuchera americana L. 
A l u m - r o o t  
Hi e r a c i  urn venosum L. 

~attlesn-d 
Hybanthus concol o r  (T.F. Fo rs t  .) 

Spreng. 
o, . Green v i o l e t  4 lYdrangea arborescens L. 

WI l d  hydrangea 
Hydras t i s  canadensis L. 

Goldenseal 
H d ro  hy l lum sp. -3mhz- 
Hypericum unctatum Lam. P S t .  John s wor t  
H y s t r i x  p a t u l a  Moencho 

B o t t l  ebrush grass 
I m  a t i e n s  ca ens is  Meerb. 

b e +  
Impat iens p a l  1 i d a  Nutt .  

Pa 1 e .jewel weed 
~~omoea-pandurata (L.) G.F.W. 

Mey . 
W i  I d  po ta to  v ine  

I r e s i n e  rhizomatosa Stand1 . 
Bl ood 1 ea f  



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottomland M i  ds 1 ope Up1 and Fencerows R ipa r i an  
Forest  Forest  ' Forest  O l d f i e l d s  Areas 

I r i s  c r i s t a t a  A i t ,  
C r e d w a r f  i r i s  
Isopyrum b i te rna tum (Raf .) T. & G .  

False rue anemonl 
J e f f e r s o n i a  d i p h y l l a  (L.) Pers. 

Twin-1 ea f  
a Jug1 ans n i  gra be  
&Black walnut 
03 Juniperus v i  r g i n i a n a  L. 

Red cedar 
Lactuca s c a r i o l a  1, 
; P r i c k l y  l e t t u c e  

Lami um amplexicaule L o  
T b i  t 
Lamium purpureum L. 

' Purp le  deadnet t le  
Laportea canadensis (L.) Wedd. 

Wood n e t t l e  
Lemna minor  L. 

Duck= 
Leonurus card iaca L. 

Mot herwor t  
Lepidium campestre L o  

Peppergrass 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottomland M i  ds 1 ope Up1 and Feneerows R ipa r i an  
Forest Forest Forest Old' ields Areas 

Lespedeza s t i pu lacea  Maxim. 
KO rean 1 es pedeza 

L i a t r i s  sp i ca ta  (L.) Wi l ld .  
B l a l l ' n g  s t a r  
L i  a t r i  s squarrosa (L.) Michx. 
m n q  s t a r  

p L i  ndera 6enzoin (L.) B l  ume 
G, Spicebush w 

Linum sp. 
F l a x  
L i p a r i s  J i l i f o l i a  (L.) Richard 

L i l y - l e a v e d  twayblade 
Liquidambar s t y r a c i f l  ua L. 

Sweet gum 
L i  r iodendron t u l  i p i  f e r a  L. 

T u l i p  t r e e  
Lobe l ia  c a r d i n a l i s  L. 

Card ina l  f l owe r  
Lobe l i a  i n f l a t a  L. 

I nd ian  tobacco 
Lobe l i a  s i  h i l i t i c a  L. 
 rea at d-r-6~ ue o e i a  



Table 6.3 Continued, 

S c i e n t i f i c  Name Bot torn1 and M i  ds 1 ope Up1 and Fencerows R ipar ian  
Forest  Forest  Forest  O l d f i e l d s  Areas 

Common Name 

Lonicera japonica Thunb. 
Honeysuckle 

~ a c l  i r a  porni fera ( R a f  .) Schneid. 
TEEjS orange : 

cn Medicago s a t i v a  L. 
A l f a l f a .  

0 Me1 i 1 otus a1 ba b. - 
White sweet c l o v e r  

Me1 i l o t u s  o f f i c i n a l i s  ( L o )  Besr. 
Ye1 1 ow sweet c l o v e r  

Menispermum canadense L. 
Moonseed 

Mimulus a l a t u s  A i t .  
Monkevf 1 ower 

Morus &bra L. 
Red mulber ry  A$ 
Muehlenbergia sob01 i f e r a  (Muhl .) Tr in .  

.Grass 
Nyssa s y l v a t i c a  Marsh. 

Sour gum 
Oenothera b i enn i s  Lo 

Sundrops 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds 1 ope Up1 and Feicerows R ipar ian  
Forest  Forest  Forest 01 j f i e l d s  Areas 

Onocl ea sensi b i  1 i s  L. 
Sens i t i ve  f e r n  

Orni  thogal  1 um umbel la tum L. 
Star -o f -Bethe l  em 

Osmorhiza c l a y t o n i  (Michx.) C. B. 
C l  arke 

QI Sweet, c i  c e l y  
A Ostrya v i r g i n i a n a  
1.a 

. Hop hornbeam 
Oxal i s  grandi  s Small 

Large wood-sorrel 
Oxa l i s  europea Jordan. 

Ye1 1 ow wood-sorrel 
Panax qu inquefo l ium L. 

G i  nseng 
Panicum anceps Michx. 

Panic grass 
Panicum bosc i  i Poi r .  
Panic grass 
Panicum c a p i l  l a r e  L. 

W i  tch-qrass 
~ a r t h e n o i i  ssus qu inquefo l  i a ( L o )  

Pl  anch. 
V i  r g i n i a  creeper 

Paspalum d is t i chum L. 
Knot grass 



Table 6.3 Continued, 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  d s l  ope Up1 and Fencerows R ipa r i an  
Forest  Forest  Forest  O l d f i e l d s  Areas 

Past inaca s a t i v a  L. - 
Wild parsn ip  

Pel 1  aea' a t ropurpurea (L.) L ink  
Purp le  c l  i f f -b rake  

penstemon sp. 
Beard-tongue 

cn Penthorum sedoides L, 
I 
A D i t c h  stonecrop 
TU Phegopter is hexagonoptera (Michx.) Fee 

Broad beech f e r n  
Phlox d i v a r i c a t a  L. 

51 ue ph lox 
'Phryma lep tos tachya  L. 

L o ~ s e e d  
phys;l i s  subg1abr.ata L. 

Smooth ground-cherry 
Phyto l  acca americana L. 

Poke 

Plantago l anceo la ta  L. 
Buckhorn p l a n t a i n  

Plantago major L, 
Common p l a n t a i n  



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds 1 ope 
Forest  Forest  

up1 and Fencerows R ipa r i an  
Forest  O l d f i e l d s  Areas 

PI atanus occ i den ta l  i s  L. 
sycamore A,B 

Poa p r a t e n s i s  L. - 
Kentuckv b l  ueqrass 

Polemoni urn reptans L. 
g Jacob's 1 adder 

Palygonatum b i f l o r u m  (Walt  .) E l l .  
Sol omon' s-seal  

P~ lygonum ces i tosum L. 
Long-br i  7e- s t  ed smartweed 

Polygonurn pensyl  vanicum L. 
Pennsylvania smartweed 

Polypodium v i rg in ianum L. 
Rock-ca~  f e r n  

~ o l ~ s t i c h ; m  ac ros t i cho ides  (Michx.) 
Sc ho t  t 

Christmas Fern 
Popul us de l  t o i d e s  Marsh. 

Cottonwood 
Por tu laca  01 eracea L. 

Purs l  ane 
Potamogeton c r i spus  L, 

Pondweed 



Table 6.3 Continued, 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and M i  ds 1 ope Up1 and Fencerows R i  pa r i an  
Forest  Forest  Forest   oldf fields Areas 

P o t e n t i l  l a  s i m ~ l e x  Michx, 
O l d f i e l d  c i n q u e f o i l  

Prenanthes sp. 
Rat t l esna ke- r o o t  

P rune l l a  vu l  a r i s  L. 
o-l S e l f - h e  Te a 
4, Prunus s e r o t i n a  

m k  cher ry  
P te lea  t r i f o l i a t a  L, 

S t i n k i n s  ash 
~~cnanthemurn  f 1 exuosurn (Ual t ,) BSP. 

Slender mountain-mint 
P r u l a r i a  pubera Michx. 
--nut 
Quercus a lba  L. 

White oak 
uercus b o r e a l i s  Michx. f .  var. maxima 

Marsh- + 
Northern red  oak 

Quercus coccinea Muench. 
. Scarier 

uercus i m b r i c a r i a  Michx. 
%IT- i n g l e  oak 
~ u e r c u s  p r i nus  b e  

Chestnut oak 



Table 6.3 Continued. 

S c i e n t i f i c  Name Bottomland Midsl  ope Up1 and Fencerows R ipa r i an  
Forest  Forest  Forest O l d f i e l d s  Areas 

Common Name 

Quercus shumardi Buckl. 
Shumard oak 

Quercus s t e l l a t a  Wang. 
Post 07 

uercus v e l u t i n a  Lam. 
%~XZ oat  
Ranunculus abo r t i vus  L. 

K i  dneyl ea f  bu t t e r cup  
01 

Rhamnus c a r o l i n i a n a  Walt. 
C a r o l i n a  buckthorn 
Rhus c o p a l l i n a  L. 

Winged sumac 
Rhus g labra  L. - 

Smooth sumac 
Robin ia  seudo-acacia L. e-- Black ocust 
Ribes cynosbat i  L. - 

P r i c k l y  gooseberry 
Rosa ca ro l  i n a  L. - 

Carol i n a  rose 
Rosa mu1 t i  f l o r a  Thunb. 
M u 1  ti t l o r a  rose 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bot t om1 and Mids l  ope Up1 and 
Forest  Forest  Forest  . 

Fencerows 
O l d f i e l d s  

R ipa r i an  
Areas 

Rubus sp. 
B l a c k b e r r y  
Rubus o c c i d e n t a l i s  L o  

Bl ack r a s ~ b e r r v  
Rudbeckia h i r t a  i. 

. Black-eyed Susan 
Rumex ace tose l l a  L. 
S h e e p - s o r r e d  .CI 

Rumex c r i spus  L. 
Cur ly  dock 

Rumex o r b i c u l a t u s  Gray 
Water dock 

Sabat ia angu la r i s  ( L o )  Pursh 
R o s e - ~ i  nk 

~ a ~ i t t a r i a  l a t i f o l  i a  Wi l ld .  
Arrowhead 

S a l i x  n i g r a  Marsh. 
B l a c k 1  ow 
S a l v i a  l y r a t a  Lo  

L y r e - l  sage 
Sambucus canadensis L o  

E lderber ry  
~ a n g u i  n a r i  a- canadensi s b. 

B1 ood r o o t  



Z 

Tab le  6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and 'Mi d s l  ope Up1 and 
F o r e s t  F o r e s t  F o r e s t  

Fencerows R i p a r i a n  
a l d f i e l d s  Areas 

San icu la  g r e g a r i a  Bickn.  
B l  ack snakeroot  

Saponar ia o f f i c i n a l i s  L. 
Soapwort 

Sassaf ras  a1 bidum ( N u t t  .) Nees 
, Sassat ras  
Saururus cernuus L. 

I a L i z a r d s ' s - t a i l  
Saxi  f raga c a r o l  i n i a n a  Gray 

S a x i f r a g e  
Sc i  rpus  a t r o v i r e n s  W i  1  l d .  

b u l l  r u s h  
S c u t e l  l a r i a  i ncana  B i e h l e r  

Downy sku1 1 cap 
Sedum te rna tum Michx. 

White s tonec rop  
Senecio aureus L. 
G o l d e n  ragwor t  
Senecio g l a b e l  l u s  P o i r  

But terweed 
S e t a r i a  v i  r i d i s  (L.) Beauv. 

Green f o x t a i  1 
Seymeria macro h l l a  Nu t t .  
~ u l l i e n - f o x g  + ove 



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name 

Bottom1 and Mids l  ope Upl and Fencerows R ipa r i an  
Forest  Forest  Forest  O l d f i e l  ds Areas 

S i l ene  v i r n i g i c a  L. 
R e d c a t c h - f  ly 
Smilacina race-mosa (Lo) Desf, 

Fa lse solomon's -eal  
Smilax bona-nox b. 

B r i s t m b r i e r  
Smilax glauca Idalt. 
S a w b - r F  a " Smilax r o t u n d i f o l i a  L o  

Greenbr ier  
Solanum caro l inense  L, 

Horse-nett1 e  
So l i da  o  a l t i s s i m a  b. 
-TI-+ go1 den rod  

Sorgum ha1 pense 
Johnson-grass 

S e c u l a r i a  e r f o l i a t a  (L.) A. D.C. 
k o ~ s  
Stachys t e n u i f o l i a  Wi l ld .  

Hedge-net t 1  e  
~ t a p h y l e a  t r i f o l  i a  L. 

Bl addernut 



Table 6.3 Continued. I 

S c i e n t i f i c  Name 

Common Name 

Bottomland M i  ds 1 ope Up1 and Fencerows R ipar ian  
Forest Forest Forest O ld f i e l ds  Areas 

S t e l l a r i a  media (L.) C y r i l  l o  
Common chickweed 

Stylophorum d i  p h y l l  um (Michx.) Nut t  . 
Wood POPPY . 

Swer.tia, c a r o l i n i e n s i s  (Walt.) Ktze. 
Col umbo 

Symphoricarpos o rb i cu la tus  Moench. 
A Coral -berr.y - -  

Taenidia integerimma (L.) Drude 
-Yel pimpernel 
Taraxacum o f f i c i n a l e  weber 

Dandel i o n  
T ia re l  l a  c o r d i f o l i a  L. 

\ Foam f lower  
T i l i a  sp. - 

Basswood 
T i  pu l  a r i  a d i s c o l o r  (Pursh) Nutt. 

Crane-f l y  o rch id  
Tovara v i  r g in iana  (L.) Raf. 

Jumpseed 
Toxicodendron radicans Ktze. 

Poison i v y  
Tradescant ia subaspera Ker. 

Spiderwort ' 



Tab1 e 6.3 Continued. 

S c i e n t i f i c  Name Bottom1 and M i  ds 1 ope Up1 and Fencerows R ipa r i an  
Forest Forest  Forest  O l d f i e l d s  Areas 

Common Name 

T r i f o l i u m  pratense L o  
Red c l o v e r  

T r i f o l i u m  repens L o  
White c l o v e r  

T r i  11 i urn 1 uteum (Muhl ,) Harbison 
Yellow m u m  
T r i l l i u m  s e s s i l e  L o  

u, - S e s s f l e t r i T l i u m  0 
Triosteum angus t i f o l i um  L, 

Horse-gentian 
Typha l a t i f o l i a  L. 

Ca t - t a i  1 
Ulmus a l a t a  Michx. 
- b l i q e l m  - 
Ulmus americana L. 

American elm 
Ulmus rubra  Muht. 
S 1 - i ~ i G i G - e  1 m 
~ n i o l a '  l a t i f o l i a  Michx. 

Spang1 e-grass 
U r t i c a  d i o i c a  h .  

St i nq inq  n e t t l e  



Table 6.3 Continued. 

S c i e n t i f i c  Name 

Common Name. 

Bottomland M i  d s l  ope Up1 and Fencerows R ipa r i an  
Forest Forest Forest O l d f i e l d s  Areas 

Veratrum woodi i Robbi ns 
Fa1 se he1 l ebore 

Verbascum tha  sus L. 
Wolly mu ~di- 

~ e r n o n i a  a1 t i s s i m a  Nutt .  
Ironweed 

y Veronica sp. 
Speedwell 

Viburnum p r u n i  f o l  i um L. 
B l a c k - h  a w 
V io l a  canadensis L. 

Canada v i o l e t  
V i  01 a papi  1 ionacea Pursh. 

Meadow v i o l  e t  
V io l a  t r i l o b a  Schwein. 
T h r e e - l o b e d  v i o l e t  
Woodsia obtusa (Spreng.) Torrey 

B l  u n t - m w o o d s i  a 
Xanthium pensy l  vanicum 
C o c k l b u r  

a~ - Overstory,  B - Understory, C - Ground Cover, D - Aquat ic - ~mergent .  



Table 6.4 Frequencies, dens i t i es ,  dominance, and importance values o f  overs tory  
t r e e  species a t  the  bottomland hardwood sample l oca t i on ,  F a l l ,  1980. 

s c i e n t i f i c  Name 

Percent 

Re1 a t i  ve Re1 a t i  ve R e l a t i  ve importancea 

Common Name Frequency Frequency Densi ty  Dominance Value 

Acer saccharinum L. 
-1 ve r  map1 e 60.0 
Platanus o c c i d e n t a l i s  L. 

Sycamore 27-5 . . . 
Acer negundo L. - 

Box e lde r  30.0 
C e l t i s  o c c i d e n t a l i s  L. 
Hack -be r r y  27.5 
Ulmus rubra Muhl. -- 

Sl i ppery Elm 30.0 
Fraxinus americana L. . 

White ash 25.0 
Popul us del  t o i  des Marsh. 
C o t t o n w o o d  20.0 
Carya ovata (Mi l l ' . )  K. - 

~ o c h 7  
Shagbark h i c k o r y  ' ' 2.5 

Carpinus c a r o l i n i a n a  Walt. 
Ironwood 2.5 

Morus rubra L. 
Red mu 1  ber ry  2  5  

L i  uidambar s t y r a c i f l u a  L. 
+5jLz 2.5 

a~mpor tance va lue = r e l a t i v e  frequency, r e l a t i v e  dens i t y  , re1 a t i v e  dominance. 

b~o lumns  may n o t  add e x a c t l y  due t o  rounding. 



Table 6.5 Frequencies, d e n s i t i e s ,  domi nance, and importance values o f  understory  
t r e e  species a t  t h e  bottomland hardwood sample l oca t i on ,  F a l l ,  1980. 

Percent 

s c i e n t i f i c  Name Re1 a t i  ve R e l a t i v e  R e l a t i v e  importancea 

Common Name Frequency Frequency Densi ty  Dominance , Value 

Ulmus rubra  Muhl. - 
S1 ippery  elm 

Acer saccharinurn L. 
S i  1 ver  m a ~ l  e 

C e l t i s  occ iden ta l  i s  L. 
7 Hackberry 32.5 16.5 18.9 17.0 52.4 

Fraxinus americana L. 
White ash .30.0 15.2 13.8 9 -6  38.6 

Platanus occ iden ta l  i s  L. 
Sycamore , 10.0 5.1 4.3 4.9 14.3 

~ c e r  negundo L. - 
Box e l d e r  

Populus d e l t o i d e s  
Cottonwood 7.5 3.8 2.6 3.6 10.0 

Carya ovata ( M i l l  .) K. Koch 
S h a g b a r k h i c k o r y  5.0 2.5 . 2.6 2.5 7.6 
Juglans n i g r a  L. 

Black G t  2.5 : 1.3 0.8 1.0 . 3.1 
Liquidambar s t y r a c i f l  ua L. 

Sweet gum 2.5 1.3 0.8 0.5 2.6 

- -- - 

a~mpor tance  va lue  = r e l a t i v e  frequency, r e l a t i v e  dens i ty ,  r e l a t i v e  dominance. 

b~o lumns  may n o t  add e x a c t l y  due t o  rounding. 



Table 6.6 Cover, frequencies, densi t ies,  and importance values o f  ground cover 
species a t  the  bottomland hardwood sample 1 ocation, Spring, 1981. 

. . Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve  el a t i  ve importancea 

Common Name Frcqucncy 8pns i ty  nnminanc~  . V a l  . 119 

Aster er ico ides L o  
Heath as ter  

Carex r a y i i  Carey -h Grav s se ae 
~ r t i &  d i o i c i  L. 

S t ing ing  n e t t l e  
Desmodium sp. 

T i  c k - t r e f o i l  
Uniola r a t i f o l  i a  Michx. 

Spang1 e-grass 
Impatiens sp. 

Jewel weed 
Campsis ladicans (L.) Seem. 

Trumpet-vi ne 
Eupatorium f is tu losum B a r r a t t  

Joe-pye weed 
Poxicodendron radicans Ktze. 

Poison i v y  
A r i  saema dracontium ' 

Green dragon 
Carex vul p i  noi dea Michx. 

Drooping sedge 
~ r y p t o t a e n i a  canadensis (L.) UC. 

Honewort 
Galium aparine L. 

C1 eavers 
Leaf 1 i t t e r  

a~mportance value = re1 a t i v e  cover, re1 a t i  ve frequency, re1 a t i  ve density.  

b~olumns may not  add exac t ly  due t o  rounding. 



Table 6.7 Cover, f requencies,  d e n s i t i e s ,  and importance values o f  ground cover 
species a t  t he  bottomland hardwood sample l o c a t i o n ,  Summer, 1980. 

Percent  

S c i e n t i f i c  Name 

Common Name 

Re1 a t i  ve Re1 a t i  ve Re1 a t i  ve importancea 

Frequency , Dens i ty  Dominance Val ue 

As te r  e r i c o i d e s  L. 
Heath a s t e r  23.0 15.8 23.5 62.3 

Laportea canadensi s (L. ) Wedd. 
Wood n e t t 1  e 17.0 13.1 17.3 47.4 

Un io la  l a t i f o l i a  Michx, 
Spang1 e-grass 

~esmodium ip. 
T i c k - t r e f o i l  , 3.5 

Tovora v i r g i n i a n a  (L.) Raf. . 

Jumpseed 5.0 
Toxicodendron rad icans (L.) Ktze. 

Poison I v y  2.5 
Eupatorium f i s t u l o s u m  B a r r a t t  

Joe-pye weed 
~ i m u l  us- a1 a tus  Ai  t. 
Monkey- 
Carex g ray i  i Carey 

Gray's sedge 
V io l a  sp. 

V i  01 e t  
Tradescant ia subaspera Ker 

Spiderwort  
~ r a x i n u s  americana L. 

White ash 
Campsis rad icans 

Trumpet creeper  
Cuscuta sp. 

Dodder 
Vernonia a1 t i s s i m a  Nutt .  

Ironweed 
Acer saccharinum L. 

S i  1 ver  map1 e seed1 i ng 

To ta l s  b 

a~mpor tance  va lue  = re1 a t i v e  percent  cover, re1  a t i v e  frequency, r e l a t i v e  dens i ty .  

b~o lumns  may n o t  add e x a c t l y  due t o  rounding. 
6-55 



Tab1 e 6.8 Cover, f requencies,  d e n s i t i e s  , and importance values of ground cover 
species a t  t h e  bottom1 and hardwood sampl e 1 o c a t i  on, Fa1 1 , 1980. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve   el a t i  ve importancea 
Percent 

Common Name Cover Frequency 0ensi ty Val ue 

As te r  e r i co ides  Lo - 
Heath as te r  23.2 

La o r t ea  canadensis (L.) Wedd 
*ett 1 e 11.0 
I r i  s i n e  rhizomatosa Stand1 . 
B l o o d 1  ea f  5.7 
Un io l a  l a t i f o l  l a  Michx. 

Spang1 e grass 1.9 
Toxi  codendron r a d i  cans (L.) Ktze 

Poison i v y  3.4 
Carex g r a y i i  Carey - 

~ r a y m g e  1.5 
Tovara v i  r g i n i ana  (L.) Raf. 

Jumpseed 0.8 
V i o l a  sp. 'm e t  0.8 
Tradescant ia subusper'a Ker 

Spi derwort  1.5 
Acer saccharum L, - 

Sugar maple 0.4 
Cam s l s  radicans (L.1 Seem, 
-T??- rumpet creeper 0.4 
Desmodium sp. 

T i  ck -Tre fo i  1 0.4 
Bareground and 1 i t t e r  48.7 

To ta l s  
b 

100.0 

a Importance va lue = re1  a t i v e  cover, re1 a t i  ve frequency, re1 a t i  ve densi t y O  

b~o lumns  may n o t  add e x a c t l y  due t o  rounding. 

1 



Table 6.9 Frequencies, d e n s i t i e s ,  dominance, and importance values o f  overs to ry  
t r e e s  on t h e  mid-slope hardwood sample l o c a t i o n ,  F a l l ,  1980. 

/ 

Percent 

S c i e n t i f i c  Name Re1 a t  i ve R e l a t i v e  R e l a t i v e  Importance 
a 

Common Name Frequency Frequency Dens i ty  Dominance Value 

Fagus g r a n d i f o l i a  Ehrh. 
Beech 45.0 

Acer saccharurn L. - 
Sugar map1 e 62.5 

Quercus shumardi Buck1 . 
Shumard oak 35.0 

Quercus a lba L. 
White oak 25.0 

F rax i  nus ameri cana L. 
White ash 20.0 

Carya g l  abra (Mi 11 .) Sweet. 
Pi  gnut h i cko ry  17.5 

L i r iodendron  t u l  i p i f e r a  L. 
T u l i p  t r e e  12.5 

~ u e r c u s  ve l  u t i r i a  Lam. 
oak 12.5 

Carya ovata (Mi 11 .) -- 
K. Koch. 

Shagbark h i c k o r y  1 5'. 0 
Ulmus rubra Muhl . -- 

Sl i ppery e l  m 12.5 . .  - 
Juglans n i g r a  L. 

Black walnut 
U n i d e n t i f i e d  5.0 
Ouercus muehl enberg i  i 
E n g e l m  

Chinquapin oak 5.0 
Prunus s e r o t i n a  Ehrh. 

Wi ld  cher ry  5.0 
G l e d i t s i a  t r i a c a n t h o s  L. 

Honey l o c u s t  2.5 
Morus rubra L. -- 

Red mu 1 be r r y  2.5 
C e l t i s  o c c i d e n t a l i s  

Hackberry 



Table 6.9 Continued. - 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve Re1 a t i  ve . Importance 
a 

Common Name Frequency Frequency Density . .Dominance. Value 

Quercus boreal i s  Michx. 
f. var. 

maxima (Marsh.) Ashe 
R e d o a k  
Nyssa sy l  va t i ca  

Sour gum 2.5 0-9 0.6 0.2 1.7 

Tota ls  b 290.0 100.0 100.0 100.0 . 300.0 

a~mportance value = r e l a t i v e  frequency, r e l a t i v e  dens i ty  , r e l a t i v e  dominance. 

b~olumns may not  add exac t l y  due t o  rounding. 



Table 6.10 Frequencies, dens i t i es ,  dominance, and importance values o f  understory  
t r e e  species a t  t h e  mid-slope hardwood sample l o c a t i o n ,  F a l l ,  1980. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve Re1 a t i  ve importancea 

Common Name Frequency Frequency Dens i ty  Dominance Value 
-.. 7 . .  =-- 

Acer saccharum L. - 
Sugar map1 e 100.0 

Carya ovata (Mi 11 .) 
K. K a i r  

Shagbark hi .ckory 17.5 
Fagus g rand i  f o l  i a  Ehrh. 

Beech 12.5 
Cerc is  canadensis L. 

Redbud 12.5 
Ulmus ru.bra Muhl. 
S l i p p e r y e  1 m 
Frax inus americana L. 
-ash 10.0 
Sassafras a1 bidum (Nu t t  .) 

Nees. 
Sassafras 5.0 

Carya g l  abra (Mi 11 .) Sweet. - 
Pignut  h i c k o r y  5.0 

Juglans n i g r a  L. 
Black f i t  5.0 

Prunus s e r o t i n a  Ehrh. 
Black che r r y  5.0 
Ostrya v i r g i n i a n a  (M i l l . )  

K, Koch. 
Hop-hornbeam 5.0 

C e l t i s  o c c i d e n t a l i s  L. 
Hackberry 5.0 

Quercus a l b a  L. 
White oak 

Quercus shumardi Buckl. 
Shumard oak 2.5 

Quercus muehlenberg i i  
Engelm. 

Chinquapin oak . 2.5 1.2 0.7 0.5 2.4 



Table 6.10 Continued. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve Re1 a t i v e  importancea 

Common Name Frequency Frequency Density Dominance Val ue 

L i  r iodendron t u l  i p i f e r a  L. 
T u l i p  pop1 a r  2.5 

Carpinus ca ro l i n iana  Walt. 
Ironwood 2.5 

Nyssa sy l va t i ca  Marsh, 
Sour gum 

Cornus f l o r i d a  L. 
x e r i  ng dogwood 

Tota ls  b 210.0 100.0 100.0 100.0 - 300.0 

"~mportance value = r e l a t i v e  frequency, r e l a t i v e  density,  r e l a t i v e  dominance. 

b~olumns may not  add exac t l y  due t o  rounding. 



Table 6.11 Cover, f requencies,  d e n s i t i e s ,  and importance values o f  ground cover 
species a t  t h e  mid-slope hardwood sample l o c a t i o n ,  Spring, 1981. 

Percent 

. S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve Re1 a t i  ve importancea 
Cover 

Common Name Frequency Dens i ty  Dominance Value 

Rhus aromatica A i t .  
Fraqrant  sumac 

~ r a c h y e l y t r u m  erectum (Schreb.) Beauv. 
Grass 

Galium sp. 
- 8 e d s t r a w  
Parthenocissus qu inque fo l  i a  (L.) 

P l  anch. 
V i  r g i n i a  creeper 

Diar rhena americana Beauv. 
Grass 

Euonymus americanus L.. 
S t  rawberry-bush 

Gal i um c i  rcaezans M i  chx. 
Wi ld  l i c o r i c e  

A r i  saema at rorubens (A i  t .) B l  ume 
Jack - i n - t he -pu lp i t  

Impat iens sp. 
Jewel weed 

Lonicera japon ica  Thunb. 
Honeysuckle 

Asarum canadense Lo  
'Wi ld g inger  - - 

S t e l l a r i a  media (L.) Cyri l  l o  
Common c m e e d  

Agrimonia pubescens Wall r. 
Ag rimony 

As te r  sp. 
As te r  

Ulmus americana L. 
American e l  m seed1 i nqs - 

Acer saccharum Marsh. - 
Sugar map1 e seed1 i ngs 

Carya sp. 
I-li ckory  seed1 i ngs 



Table 6.11 Continued. 

S c i e n t i f i c  Name 

Common Name 

Percent 

Re1 a t i  ve Re1 a t i  ve ' Re1 a t i  ve importancea 
Cover 

Desmodium sp, 
T i c k - t r e f o i  l 

Uvular ia  e r f o l  i a t a  L. 
P e r f o l i a t e  %lT e wort  

Epi fagus v i  r g i  n i  ana (L.) Bart. 
Beech-drops 0.5 2.5 0.9 " 3.9 

Leaf  l i t t e r  22.6 22.6 

Tota l  

a~mportance value = re1 a t i  ve cover, re1 a t i  ve frequency, re1 a t i  ve density. 

b~o lumns may not  add exac t l y  due t o  rounding. 



Table 6.12 Cover, f requencies,  d e n s i t i e s ,  and importance values f o r  ground 
cover species a t  the  mid-slope hardwood sample l o c a t i o n ,  Summer, 
1980. 

Percent  

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve Re1 a t i  ve 1mportancea 
Percent 

Common Name Cover Frequency Dens i ty  ' Val ue 

Lonicera japon ica  Thunb. 
Ja~aneSe honevsuckl e 8.7 

~ o x i  codendron A d i  cans 
(L.) Ktze. 

Poison ivy 4.8 13.2 10.5 28.4 "T 
Desmodi um nudi f 1 orum 

I I  \ nP 
\ L . )  UL. 

Naked-1 eaved t i c k -  
t r e f o i l  4.3 

Galium apar ine L. 
Cleavers 1.4 

Asarum canadense L. 
Wi ld  g inger  4.2 

Hepat ica a c u t i l o b a  DC. 
Hepat ica 2.3 

Parthenocissus q u i n q u e f o l i a  
(L).  Planch. 

V i r g i n i a  creeper  1.0 
Euonymus americanus L. 

St rawberry-bush 0.7 
Ulmus americana, L. 

American elm 1.7 
Sedum .ternaturn M i  chx.. 

White s t o n e c r o ~  0.5 - - -  

Oxal i s  grandi  s ~ m a l l  
~arge-orrel 1.7 

Panicum sp. 
Panic qrass 

Conopholis americana (L.) 
Wal l r .  

Squawroot 0.3 
Cynoglossum v i  rg in ianum L. 

W i  1 d comf rey  1.7 



Table 6.12 Continued. 

Percent 

. . 

. S c i e n . t i f i c  Name Re1 a t  i ve Re la t i ve  Re la t i ve  Importancea 
Percent 

Common Name Cover Frequency ,Density . Value 

Impatiens sp. 
Jewel weed 

Senecio aureus L o  
G d l d e n  ragwort 1.3 
P o t e n t i l l a  simplex Michx. 

O ld f i e ld '  c inquefo i l  0.3 
Agrimonia pubescens Wall r. 

Ag rimony 0.9 
Canthare l l  us sp. 

Mushroom 0.4 
U n i d e n t i f i e d  grass 0.4 
Quercus muehl enbergl i 

Engelm. 
Chinquapin oak 0.4 

Fagus g r a n d i f o l i a  Ehrh. 
~ e e c y  0.4 

Muhlenbergia sp. 
Muhly 0.1 

Cryptotaenia canadensis 
(Lo)  DC. 

Honewort 0.1 
S t e l l a r i a  media (L.) 

C y r i l 1 0  
Common chickweed 0,1 

Smilax ro tund i  f o l  i a  L. 
Common greenbr ie r  0,1 

Leaf l i t t e r  59.0 

Tota l  
b 100.0 100.0 100,O 300.0 

a~mportance value = re1 a t i  ve percent cover, re1 a t i  ve frequency, re1 a t i v e  

dens i ty  . 
b~olumns may. no t  add exac t l y  due t o  rounding. 



Table 6.13 Cover, f requencies,  dens i t i es ,  and importance values f o r  ground 
cover species a t  t h e  mid-slope hardwoods sample 1 oca t ion ,  Fa1 1, 
1980. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve R e l a t i v e  R e l a t i v e  Importance a 
Percent 

Common Name Cover Frequency 

Brachyelytrum erectum 
(Schreb.) Beauv. 

Grass. 
Gal ium c i  rcaez.ans Michx. 

Bedstraw 
Toxicodendron rad icans  , 

(L.) Ktze. 
Poison i v y  

Enonymus arnericanus L. 
St rawberry-bush 

Asarum canadense L. 
Wi ld  g inger  

Smilax sp. 
Greenbri e r  

Ulmus rubra  Muhl . 
S l i p m e  1 rn . . 

Lonicera japon ica  Thumb. 
Japanese honevsuckl e 

~i arrhena ameri iana ~ e a u v .  
Grass 

Polyst ichum ac ros t i cho ides  
(Mi chx .) Schot t  

Christmas fe rn  
Parthenocissus quinque- 

f o l i a  (L.) Planch. 
V i  r g i  n i a  creeper 

Frax inus americana L. 
White ash , 

Carya g l  abra (Mi 11 .) Sweet, 
P ignut  h i c k o r y  1.2 

Hepat ica a c u t i l o b a  DC. 
Hepat ica 0.4 

Dens i ty  .' Value 



Table 6.13 Continued. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re la t i ve  Re la t i ve  lmpbrtancea 
Percent 

Common Name Cover Frequency Density Value 

Laportea canadensis (L.) 
Wedd. 

Wood n e t t l e  0.4 
Impatiens sp. 

Jewel weed - - .  
Staphylea t r i f o l  i a  Lo 

Bl adderriut 0.4 
Fagus grandi f o l  i a  Ehrh. 

~ e e c y  0.4 
Quercus spo 

Oak 
Osmorhiza c l  ay ton i  (Michx.) 

C.B. Clarke 
Sweet c i c e l y  0.4 

Leaf  l i t t e r  45.6 

a~mportance value = re1 a t i  ve percent c o v e r ,  re, l  a t  i ve frequency, re1 a t i  ve 

densi ty .  

b~o lumns  may no t  add exac t l y  due t o  rounding. 



Table 6.14 Frequencies, dens i t ies ,  dominance, and importance values o f  overs to ry  
t r e e  species a t  t he  up-land hardwood sample l oca t i on ,  F a l l ,  1980. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve 'Re la t i ve  Re la t i ve  importancei 

Common Name Frequency Frequency Dens i ty  Domi nance Value 

uercus v e l u t i n a  Lam. h oak 47.5 
Quercus s t e l l a t a  Wang. 

Post oak 30.0 
Quercus a lba  L. 

White oak -- - - 
Carya ovata (M i l l . )  -- 

K. Koch. 
Shagbark h ickory  25.0 

Juniperus v i r g i n i a n a  L. 
Red Cedar 25.0 

Carya g labra (Mi 11 .) . 
Sweet. 

Pignut h i cko ry  25.0 
Fraxinus americana L. 

White ash 15.0 
Nyssa s y l v a t i c a  Marsh. - 

15.0 si:i L. 
12.5 - . -  

Quercus muehl enbergi  i 
Engelm, 

Chinquapin oak 10.0 
L i r iodendron t u l  i p i f e r a  L. 

T u l i p  pop la r  7.5 
Diospyros v i  r g i n i a n a  L. 

Pers immon 10.0 ~ ~ 

Sassafras a1 bidum (Nut t  ,) 
Nees. 

Sassafras 10.0 
Platanus o c c i d e n t a l i s  L o  

Sycamore 10.0 



Table 6.14 Continued. 

Percent 

S c i e n t i f i c '  Name Re1 a t i  ve Re la t ive  Re la t ive  1mportancea 

Common Name Frequency Frequency Density Dominance - Value 

Uuercus boreal i s  M i  chx. 
f .  

var. maxima (Marsh.) 
As he 

Red oak 2.5 
Carya cord i forrn is  (Wang.) 

Ke K o c ~ .  
B i  t t e r n u t  h ickory  5.0 

Juglans n ig ra  L. 
Bl ack walnut 

Quercus coccinea Muenchh. 
S c a r l e t  oak 5.0 1.7 2.1 0,s 4.. 3 
Acer saccharum L. 

Susar m a ~ l e  
~ u e r c u s  s h k a r d i  Buck1 . 

Shumard oak 2.5 0.9 0.7 ' 0.4 2.0 
Ulmus rubra Muhl . 
T p E e l  m 

a~mportance val  ue = re1 a t i  ve frequency, re la t i ve .  density,  re1 a t i  ve dominance. 

b~o lumns  may not  add exac t l y  d i e  t o  rounding. 



Table 6.15 Frequencies, dens i t i es ,  dominance, and importance values o f  understory 
t r e e  species a t  the  up-land hardwood sample l o c a t i o n ,  Fa1 1, 1980. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve  el a t i  ve Re1 a t i  ve importancea 

Common Name Frequency Frequency Dens4 t y  Domi.nance Value 

Acer saccharum L. - 
Sugar map1 e 

~ u n i p e r u s  v i  r g i n i a n a  L. 
Red cedar 27.5 ~ ~ 

Quercus p r i n u s  L. 
Chestnut oak 30.0 

Quercus ve l  u t i n a  Lam. 
Black oak 22.5 

Ulmus rubra  Muhl. 
S l i p w e  1 m 17.5 
Quercus s t e l  1 a t a  Wang. 

Post oak 10.0 
Cornus f l o r i d a  L. 

F l  oweri ng dogwood 15.0 
Carya g labra  (M i l l . )  Sweet. 

p i  g n m o r y  12.5 
Cerci s canadensi s L. 

Redbud 12.5 
Nyssa s y l v a t i c a  Marsh. 

Sour gum 12.5 
Quercus a lba L. 
Whiteoak 7.5 
Sassafras ,a1 bidum (Nu t t  .) 

Nees . 
Sassafras . 7.5 

. Ulmus a l a t a  Michx. -- 
W i  w e d  elm 10.0 

~ i o s ~ y r o s  v i  r g i  n i  ana L. 
Persimmon .5.0 

Quercus muehlenbergi i L. 
C h i n a u a ~ i n  oak 5.0 

Carya ovata (Mi 11 .) K. Koch -- 
Shagbark h i c k o r y  5.0 

Quercus cocc i  nea Muenchh. 
m e t  oak 2.5 



Table 6.15 .Continued. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve Re1 a t i  ve Importance 

Common Name Frequency Frequency Density Dominance Value 
-.--. .. . -- 

Juglans n i g r a  L. 
Blackwalnut 
Pl atanus occ identa l  i s L. 

Sycamore 2,s 1-0 0.8 1.0 . 2.8 
F rax i  nus americana L; 

White ash 2.5 1 .O 0.8 0.3 2.1 
C e l t i s  occ i den ta l i s  L. 
H a c k b e r  ry 2.5 
Carya o v a l i s  (Wang.) Sarg. 

Sweet p ignu t  h ickory  2.5 1.0 0.8 0.3 2.1 

a~mportance value = r e l a t i v e  frequency, r e l a t i v e  dens i ty  , Pelat1 ve doml nance. 

b~olumns may not  add exac t l y  due t o  rounding. 



Table 6.16 Cover, frequencies, dens i t ies ,  and importance values of ground cover 
species a t  the upland hardwood sample loca t ion ,  Spring, 1981. 

Percent 

S c i e n t i f i c  Name Re1 a t i v e  Re1 a t i  ve Re1 a t i  ve Importancea 
Cover 

Common Name Frequency Dens i ty. ~omini ince Val ue 
.* . 

P o t e n t i l l a  sim l e x  Michx. + O l d f i e l d  cinque o i l  - 8.2. 13.2 15.3 36.7 
Panicum sp. 

Panic grass 8.0 7.9 11.5 27.4 
Parthenocissus quinquefol  i u s  (L.) 

Pl anch. 
V i  r g i n i a  creeper 

Hypericum punctatum 'Lam. 
St. Johnswort ' s 

Cryptotaenia canadensis (L.) DC. 
Honewort 

Fraxinus americana L. 
White ash seedlings 

Carex sp. - 
Sedge 

Eupatorium rugosum Houtt. 
White snakeroot 

Ulmus sp. 
ETm seed1 i ngs 
Cerci  s canadensi s L. 

Redbud 
Desmodium c i l  i a r e  (Muhl .) DC. 

T i c k - t r e f o i  1 
Quercus a lba L. 
m o a k  
Impatiens sp. 

Jewel weed 
Ipomoea pandurata (L.) G.F.W. Mey 

Wild potato v ine  
Podo h y l l  um p e l  tatum L. +m- 
Symphoricarpos o rb i cu la tus  Moench. 

Coral -berry  
Sol idago sp. 

Goldenrod 
'uonymus americanus L. 
-erry- bus h 



Table 6.16 Continued, 

Percent 

Scientif ic  Name Re1 ative Relative Relative Importancea 
Cover 

Common Name Frequency Density Dominance Val ue 

Unidentified grass 
Unidentifed grass - 
Viola sp. 

Wi 01 e t  

a~mportance value = re1 ative percent cover, re1 ative frequency, re1 ative density, 

b~olumns may not. add exactly due to rounding. 



Table 6.17 Cover, frequencies, dens i t i es ,  and importance values f o r  ground 
cover species a t  t h e  upland hardwood sample l oca t i on ,  Summer, 
1980. 

Percent 

S c i e n t i f i c  Name Re la t i ve  Re1 a t i  ve Re1 a t i  ve importancea 
Percent 

Common Name Cover Frequency .Density .. .Val ue 

Toxicodendron radicans 
(L.) Ktze. 

Poison i v y  9.3 
Smi  1 ax g l  auca Walt . 

Sawbrier 4.6 
Desmodium c i l i a r e  -- DC. 

TI c k - t r e f o i  1 4.2 
Muhl enbergi a sob01 i f e r a  

(Muhl.) T r in .  
Muhly 1.0 

Panicum b o s c i i  Poi r .  
Panic g r a s s .  

Gal i um c i  rcaezans M i  chx. 
Bedstraw 1.2 -.- 

P o t e n t i l l a  simplex Michx. 
O l d f i e l d  c i n q u e f o i l  1.0 

~ a r t h e n b c i s s u s  'quinque- 
f o l i a  (L.) Planch. 

V i  r g i n i a  creeper 2 - 1  
Frax i  nus ameri cana L. 

White ash 0.8 
Agrimonia pubescens Wall r. 

Agrimony 2-5 
Desmodium nud i f lo rum (Lo )  

DC. 
Naked-1 eaved t i c k -  

t r e f o i l  0.8 
Sassafras a1 bidum (Nut t  ,) 

Nees 
Sassafras 0.8 

Menispermum canadense L. 
Moonseed 0.8 



Table 6.17 Continued. 

Percent 

S c i e n t i f i c  Name Re1 a t  i ve Re1 a t i  ve Re1 a t i  ve importancea 
Percent 

Common Name Cover Frequency Denslty Val ue 

Ulmus rubra Muhl, -- 
S l  i ~ p e r ~  elm 

~ o n ~ m u s  a-mericanus L. 
S t  rawber ry-Bush 0-4 

Lonicera japonica Thunb. 
Japanese honeysuckl e 0.1 

Rosa ca ro l i na  L. - 
Carol i na rose 0.1 

B l e p h i l i a  c i l i a t a  (L.) 
Ben th'. 

Downy woodmi n t  0.1 
Bareground and p l ant . 

debr is  66.1 

Tota l  100.0 

a~mportance "a1 ue = re1 a t i v e  percent cover, re1 a t i v e  frequency, re1 a t i  ve 

density.  

b~o lumns may no t  add exac t l y  due t o  rounding. 



Table 6.18 Cover, f requencies,  dens i t i es ,  and importance values f o r  ground 
cover species a t  t h e  upland hardwood sample l o c a t i o n ,  F a l l ,  1980. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i  ve ' Re1 a t i  ve 1mportancea 
Percent 

C B i ~ m o r ~  Name Cover Frequency Densi ty  Val ue 

P o t e n t i l l a  s im l e x  Michx. 
O l d f i e l d  -% cinaue o i l  . 7 - 4  

Lonicera joponi'ca Thumb. 
Japanese honeysuckle 9.9 

Cun i la  o r igano ides  (L.) 
B r i t t .  

8.3 8.3 22.8 Di t t a n y  6.2 ' 

Toxicodendron rad icans 
(L.) Ktze. . - 

Poison i v y  2.9 4.2 . 10.0 17.0 
Desmodium c i l  i a r e  (Muhl.) 

DC. 
T i c k - t r e f o i  1 2.1 

Panicum bosc i  i Poir .  
Panic grass 3.3 

Smilax sp. 2 
Greenbr ier  1.6 

Frax inus americana L. 
White ash 1.6 

Sol idago sp. 
Go1 den r o d  1.2 

Gal ium c i  rcaezans Michx. 
~ e d s t r a w  0.2 

Acer rubrum L. - 
Red maple 

L i r i odend ron  t u l  i p i f e r a  L. 
T u l i p  t r e e  1.6 

Cerc is  canadensis L. 
Redbud 0.8 

As te r  sp. - 
As te r  0.8 

Smilax sp. 1 
Greenbri  e r  



Table 6.18 Continued. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve R e l a t i v e  , R e l a t i v e  1mportancea 
Percent 

Common ,Name Cover Frequency Dens i ty  Value 

B l e p h i l i a  c i l i a t a  
Downy woodmint 0.4 4,2 1.7 6,2 

Leaf  l i t t e r  56.5 56.5 

a~ lnpor tance  ' va lue  = re1 a t i v e  percen t  cover, re1  a t i  ve frequency, re1  a t i  ve 

d e n s i t y  , 

b 
Columns may n o t  add e x a c t l y  due t o  rounding. 



Table 6.19 Cover, f requencies,  d e n s i t i e s ,  and importance values f o r  ground 
cover species a t  t h e  o l d  f i e l d  sample l o c a t i o n  Summer, 1980. 

Percent 

Sc i en t i f i.c Name Re1 a t i  ve R e l a t i v e  R e l a t i v e  importancea 
Percent 

Common Name Cover Frequency Dens i ty  Value 
.. . 

Lespedeza s t i p u l a c e a  
Maxim. 

Korean 1 espedeza 
Andropogon v i  r g i  n i cus  L. 

Broom-sedge 
Festuca e l  a t i o r  L. 

Meadow fescue 
Eupatorium coe l  est inum L. 

M i  s t f  1 ower 
A r i s t i d a  l o n g i s p i c a  Poi r .  

Three-awned grass 
Pani cum anceps M i  chx. 

Panic grass 
Sol idago a l t i s s i m a  L. 

T a l l  go1 denrod 
Elephantopus c a r o l  i n i anus  

Wi l ld .  
Elephant ' s - f o o t  

panicurn' sp. 
Panic grass 

Paspalum sp. 
Paspal um grass 

Rudbeckia h i r t a  L. 
Bl ack-eyed Susan 

Rubus sp. 
B l  ackberrv  

Plantago l a n c e o l a t a  L. 
Eng l i sh  p l a n t a i n  

As te r  sp. 
Aster  

Frax inus americana L o  
White ash 

Cassia f asc i cu l  a t a  Michx. 
P a r t r i  dge-pea 



Table 6.19 Continued. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve Re1 a t i v e  Re1 a t i  ve lrnportancea 
Percent 

Common Name Cover Frequency Dens i t y  Value 
.-- -- 

Sol idago sp. 
Go1 denrod 

Ambrosia t r i f i d a  L. 
Great r m  . - 

Lonicera japon ica  Thunb. 
Japanese honeysuckle 0.3 

Ar temis ia  absinth ium L. 
Wormwood 0.2 

Sassafras a1 bidum (Nut t  .) 
Nees 

Sassafrass 0.1 
'Desmodi urn pkrapl exum Schub. 

T i c k - t r e f o i  1 0.0 
Ascyrum hyper ico ides L. 
m n d r e w '  s cross 0.2 
Prune1 1 a vul  g a r i  s L. 

Sel fheal  - - -  
Sol anum, ca ro l  i nense L. 

Horse-nett1 e 0.2 
D iod ia  t e r e s  (Walt,) 

B u t t o m  
Plantago major L. 

Common p l a n t a i n  
Eupatorium rugosum Houtt. 

White snakeroot 0.1 
Vernonia a l t i s s i m a  Nutt ,  

Ironweed 0.1 . - 
Juniperus v i r g i n i a n a  L. 

Red cedar 0.1 
Se ta r i a  v i  r i d i  s ( L o )  

Beauv, 
Green f o x t a i  1 0,1 



Table 6.19 Continued. 

Percent 

S c i e n t i f i c  Name Re1 a t i  ve R e l a t i v e  R e l a t i v e  Importancea 
Percent 

Common Name Cover Frequency Dens i ty  . Value 

Prunus s e r o t i n a  Ehrh. 
B l a c k  cher ry  0.0 
Carex g r i sea  ~ a h l .  

Sedge 
~ i t t e r  and p l a n t  deb r i s  25.2 

.a Importance va lue = r e l a t i v e  percent  cover, r e l a t i v e  frequency, r e l a t i v e  

dens i ty .  . 

b ~ o l u m n s  may n o t  add e x a c t l y  due t o  rounding 



Figure 6.2a Vegetation Cover Type Map o f  Plan! S t  t e .  
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Figure 6.2b Vegetation Cover Type Map o f  Northern Waste Disposal Area. 
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Figure 6 . 2 ~  Vegetation Cover Type Map f o r  Southern Waste Disposal Area. 
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Figure 6.3 ' 

Density - Size Class Dendrograph for 
Bottomland Hardwood 0verstory.Trees 

size Class: average basal arealtree in inches2 each unit 
equale 30 in. 
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Figure 6.4 Density - S i z e  Class Dendrograph for  Bottomland 
Hardwood Understory R e e s  

? 
S i z e  Claae: average beeel  erealtree i n  inchee- 

each unit  equale 2.5 In. 
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7.0 WILDLIFE 

7.1 INTRODUCTION 

The w i l d l i f e  o f  an area r e f e r s  t o  a l l  animal. l i f e  (protozoans, i nve r -  

, . , tebrates, and ver tebrates)  w i t h i n  s p e c i f i e d  temporal and s p a t i a l  1 i m i  t s .  

The cu r ren t  study, whi 1 e. r c c o g n i r i r ~ y  the  importance o f  t he  i nve r teb ra te  

communities to '  area ecosystems, concentrated on i nves t i ga t i ons  o f  t h e  

vertebrates; amphibians, r e p t i  1 es , bi rds ,  and mammals. These i n v e s t i  ga- 

t i o n s  consisted o f  q u a n t i t a t i v e  sampling techniques f o r  b i r d s  and mammals, 

and qual i t a t i v e  observat ions f o r  a1 1 groups. 

T h i s  c h a p t e r  i s  d i v i d e d  i n t o  t h e  f o l l  owing sec t i .ons ;  background 

and object ives,  threatened and endangered species, sampling frequency and 

methodology, sampling l o c a t i o n  and ra t i ona le ,  r e s u l t s  and discussion, 

qual i t y  assurance, and references. The w i l d1  i f e  i s  discussed by taxonomic 

groups. 



7.2 BACKGROUND AND OBJECTIVES 

The p ro jec t  area, because of i t s  approximately cen t ra l  l oca t i on  i n  the 

eastern United States, contains faunal components c h a r a c t e r i s t i c  o f  north- 

ern, southern, and western areas as wel l  as the assemblages t y p i c a l  o f  an 

eastern fauna. This s i t u a t i o n  i s  due, i n  part ,  t o  the. d i s t i n c t i v e  seasonal 

c l  imate, and d i v e r s i t y  o f  topographic and' vegetat ional features. The s i t e  

v i c i n i t y  i s  r i c h  i n  h a b i t a t  types and t h i s  provides an abundance s f  a v a i l -  

a b l e  niches, which. the fauna can occupy. 

The r e p t i l e  and amphibian fauna, although a ra the r  covert ,  general ly  I 

unnoticed component, i s  h i g h l y  important t o  the  s t a b i l i t y  of area t roph ic  

s t ruc ture .  O f  t he  122 species and subspecies o f  h e r p t i l e s  t h a t  occur i n  

Kentucky (Barbour, 1971), the  ranges of 79 species overlap the  ' p r o j e c t  

area, o r  come c lose enough t o  i t t o  a l l ow  a reasonable expectat ion o f  t h e i r  

occurrence here. This represents approximately 65 percent s f  t he  taxa i n  

t h e  state. 

The avi fauna o f  the  s t a t e  i s  q u i t e  diverse; Mengel (1965) l i s t s  296 

species w i t h i n  Kentucky's boundaries, wh i le  Barbour, -- e t  a l e  (1973) notes 

,275 species as regu lar  breeders o r  v i s i t o r s .  Due t o  the  great  d i v e r s i t y  o f  

hab i ta ts ,  approximately 190 species p o t e n t i a l l y  occur i n  t he  l oca l  area, 

This  represents approximately 65 percent t o  69 percent (depending upon 

wh ich  number o f  t o t a l  t a x a  i s  used) o f  t h e  b i r d  spec ies  o c c u r r i n g  i n  

Kentucky. 

The s i t e  l i e s  on the border between the Western Upland Avifaunal 

Region and the A l l  u v i a l  Forest Avi faunal Region (Mengel , 1965). Species 

such as the  great  b lue heron (Ardea herodias), great egret (Casmerodius 
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a1 bus), wood duck ( ~ i x  sponsa) , hooded merganser (Lophodytes cucul 1 atus) ,  - - 
and prothonotary warbler (Proteonotar ia  c i t r e a )  a re  c h a r a c t e r i s t i c  o f  the  

A1 1 u v i a l  Forest Avi faunal Region. The Western Upland Avi faunal  Region i s  

d is t ingu ished by t h e  r e l a t i v e  abundance o f  t he  American woodcock (Phi lohela 

minor), whip-poor-wi l l  (Caprimul gus voc i fe rus )  , - ye1 1 ow-throated v i  reo 

(Vi reo f l a v i v f r o n s )  , black-and-white warbler ( M n i o t i l  l a  v a r i a )  , worm-eating 

warbler (Helmi theros vermi vorus) , northern ' paru l  a  (Parul a. ameri cana) , 

p r a i  r i e  warbler (Dendrocica d i  scol  o r )  , pine warbler  (Dendroi ca p i  nus), 

hooded warbler  (Wi lsonia c i t r i n a )  , ovenbird (Seiurus aurocapi l  l u s ) ,  Ameri- 

can r e d s t a r t  (Setophaga r u t i c i  11 a), and s c a r l e t  tanger (P i  ranga 01 ivacea) 

(Mengel, 1965). Because o f  t h e  s i t e ' s  l o c a t i o n  between these two av i fauna l  

regions, c h a r a c t e r i s t i c  species o f  bo th  regions a re  found a t  t h e  s i t e .  

The mammalian fauna o f  t h e  area i s  genera l l y  c h a r a c t e r i s t i c  o f  t h a t  o.f 

t he  eastern Uni ted States. However, several species w i t h  nor thern,  south- 

ern, and western a f f i n i t i e s  a l s o  .occur i n  t h e  regjon, due t o  i t s  cen t ra l  

l o c a t i o n  i n  t he  east. For example, t he  eastern harvest  mouse and swamp 

r a b b i t  a re  p r i m a r i l y  southern i n  d i s t r i b u t i o n  and approach t h e  nor thern  

1 i m i  t s  . o f  t h e i r  range i n  Kentucky, whi 1 e the  woodchuck and meadow jumping 

mouse, nor thern  species, approach t h e i r  southern range l i m i t s  i n  o r  j u s t  
- .  

south o f  the  s t a t e  (Barbour and Davis, 1974). Because o f  i t s  l oca t i on ,  t he  

mammal fauna o f  Kentucky i s  q u i t e  d iverse  w i t h  t h e  occurrence of approxi-  

mately 76 species and subspecies probable i n  t he  s ta te .  The ranges o f  

approximately 46 mammals over1 ap o r  c l o s e l y  approach t h e  p r o j e c t  v i c i n i t y ;  

t h i s  r e p r e s e n t s  about  61  p e r c e n t  o f  t h e  t a x a  o c c u r r i n g  i n  t h e  s t a t e .  



The major w i l d l i f e  h a b i t a t s  i n  the  p ro jec t  area are woodlands, wood- 

l a n d  edges, and o l d f i e l d s .  These areas o f f e r  t h e  s a f e s t  s h e l t e r  and 

most cons is ten t  food suppl ies.  

From the  preceding background information, i t  i s  evident t h a t  t he  

p r o j e c t  v i c i n i t y  has a  r a t h e r  d iverse  fauna. It i s  the  ob jec t i ve  o f  t h i s  
> 

study t o  assess t h e  e x i s t i n g  species composition and general cond i t i on  o f  

t h e  amphibian, r e p t i l e ,  b i r d ,  and mammal populat ions i n  the  area, so as t o  

be ab le  t o  p red ic t ,  as accurate ly  as possible, t he  p o t e n t i a l  effects of 

s i t e  development on the  fauna. 



7.3 THREATENED AND ENDANGERED SPECIES 

Summer, f a l l  and w in te r  sampling have n o t  revealed t h e  presence o f  any 

fede ra l l y  threatened o r  endangered animals on s i t e .  The KNPC Natural Areas 

Plan (Harker e t  a1 ., 1980), noted i n  t he  vegetat ion sect ion, contains s i x -  

teen .animals o f  concern i n  t he  state.  These a r e  b r i e f l y  noted below. 

S c i e n t i f i c  and Common Name Locat ion State Status 

Cry tabranchus d l  l e y a r ~ l e i ~ s i s ,  
* .  B reck in r idge Threatened 

County 

Hyla a v i  voca , - 
B i  rd-voice Tree f r o g  Henderson Special Concern 

County 

C l  onophi s k i  r t l  andi , 
Ki r t l  and's Water Snake Ohio County Endangered 

Ophisaurus attennatus, 
S l  ender G l  ass L i za rd  Hardin County Undetermined 

Ammodrammus savannarum, 
Grasshopper Sparrow 

Bartramia 1 ongicauda, 
Up1 and Sandpi per 

Circus cyaneus, 
Marsh- 

Pandi on ha1 i aet  us. 
0s prey 

Thryomanes bewicki  i , 
Bew~ ck '  s Wren 

Microsorex thompsoni, 
Thompson's Pygmy Shrew 

Myoti s keeni i , 
Keen I- 

Myotis gr iscens,  
Gray Bat 

Hardin County Threatened 

Hardin County Threatened 

On S i t e  Undetermined 

On S i t e  Speci a1 Concern 

Meade County Threatened 

Breckinr idge Endangered 
County 

Breck in r idge 
County Undetermi ned 

Meade County Endangered 
(Federal L i  s t )  

7-5 



S c i e n t i f i c  and Common Name Locat ion State Status 

Myotis l e i b i i  , 
Smal l -Footed Myoti  s 

Myotis soda l is ,  
Indiana Bat 

Sorex 1 ongi r o s t  r i  s , 
Southeastern Shrew 

Syl v i  1 agus aquat i  cus 
Swamp Rabbi L 

Breckinr idge Undetermined 
County 

Breckinr idge Endangered 
County (Federal L i s t )  

Meade County Threatened. 

Hancock Countv .Threatened : . 

Monroe (1978) repor ted  on d e c l i n i n g  species o f  breeding b i r d s  i n  Ken- 

tucky. His ana lys i s  o f  eleven years o f  b i r d  counts inc luded e i g h t  species 
. ,- 

observed dur ing  the  present  study. Those species 'are the  eastern meadow- " 

1 ark, f i e l d  sparrow, rnockingbi rd, y e l l  ow-breasted chat, t u f t e d  t i tmouse, - 
ch ipp ing  sparrow, eastern b lueb i rd ,  and c a r o l i n a  wren. . -- 

Annually, the  e d i t o r s  o f  American B i rds  and the  American Orn i tho lo -  

g i s t s  Union p u b l i s h  a Blue L i s t  o f  b i rds.  This l i s t  i s  designed as an 

e a r l y  warning o f  species c u r r e n t l y  g i v i n g  i n d i c a t i o n s  o f  non-cycl i c a l  

popul a t1  on decl ines  o r  range cont rac t ions ,  e i t h e r  1 ocal  l y  o r  widespread 

(Tate, 1981). The 1981 Blue L i s t  conta ins 19 species observed i n  t h e  

present  study; osprey, nor thern  - h a r r i e r ,  sharp-shi nned hawk, American 

k e s t r e l ,  bobwhite, ye1 l ow-b i l  l e d  cuckoo, screech owl, common. nighthawk, 

ruby- throated hummingbird, red-headed woodpecker, h a i r y  woodpecker, c l i f f  

swa l l  ow, purp le  mart in ,  Carol i n a  wren, eastern b lueb i rd ,  go1 den-crowned 

k i n g l e t ,  loggerhead shr ike,  y e l l o w  warbler,  yel low-breasted chat, and 

eastern meadowhark, 

The pygmy shrew i s  extremely ra re '  i n  t he  state. Barbour and Davis 

(1974) discussed i t s  recent  occurrence i n  the state,  bu t  no longer con- 
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sidered i t  a member o f  the  fauna here. They noted i t s  remains found i n  

Welch Cave i n  Woodford County and a d r i e d  specimen w i t h  no l o c a l i t y  data 

i n  the museum o f  t he  Un ive rs i t y  o f  Kentucky. However, a specimen was 

recen t l y  c o l l e c t e d  near Gar f i e ld  i n  t h e  i n t e r i o r  o f  Breckinr idge County. 

Consequently t h i s  species may occur i n  t h e  p r o j e c t  area. 

Both t h e  gray ba t  and Indiana bat  (endangered on the  federal  l i s t )  

have been recorded i n  Breckinr idge County (Barbour and Davis, 1974). The 
. . 

gray ba t  i s  almost completely a cave dwe l l i ng  spec'ies and i t s  presence i n  

t h e  p r o j e c t  area i s  un l i ke l y .  The Indiana b a t  uses wooded streambank areas 

f o r  n u r s e r y  c o l  o n i e s  (Humphrey, R i c h t e r ,  and Cope, 1977). Exce l1  e n t  

h a b i t a t  o f  t h i s  type i s  found i n  t h e  p r o j e c t  area. A d d i t i o n a l l y  t he re  'are 

summer records o f  Indiana bats along t h e  Green River  i n  Daviess County 

(Harvey and Kennedy, 1980) which i s approximately 40 m i  1  es west-southwest 

o f  t he  p r o j e c t  area. I n  June, 1979 a small matern i ty  colony o f  Indiana 

ba ts  was discovered along Knob Creek i n  B u l l  itt County, Kentucky. This  

s i t e  i s  approximately 40 m i  l e s  east-northeast o f  t h e  p r o j e c t  area (Kessl.er, 

Turner, and Morgan, 1981). Based on these records and the  presence of  

s u i t a b l e  hab i ta t ,  i t  i s  l i k e l y  t h a t  Indiana bats  occur i n  the  p r o j e c t  

area. 



7.4 SAMPLING FREQUENCY AND METHODOLOGY 

7.4.1 Amphibians and Rep t i l es  ' 

The he rpe to fauna  o f  t h e  p r o j e c t  a rea  i s  b e i n g  i n v e s t i g a t e d  by  a 

v a r i e t y  o f  q u a l i t a t i v e  methods. The major p l a n t  communities were searched 

by t u r n i n g  logs ,  rocks, and debris.  These were replaced i n  t h e i r  o r i g i n a l  

p o s i t i o n s  so as no t  t o  degrade the  cond i t i on  o f  t h e  hab i ta t .  The stream 

h a b i t a t s  were i nves t i ga ted  us ing  t h e  prev ious ly  mentioned techniques and a 
. , 

p o r t a b l e  backpack e lect roshocker  (Sect ion 5.4). Area roads were dr iven a t  

n i g h t  t o  assess p r i m a r i l y  f rog,  toad and salamander populat ions. Addi t ion-  

a l l y ,  a l l  road k i l l s  were checked and i ' den t i f i ed .  This  i s  a p a r t i c u l a r l y  

good method o f  i nven to ry ing  snake populat ions. Small ponds i n  t he  area 

were searched a t  n igh t .  During the  f i s h e r y  study a l l  t u r t l e s  caught i n  hoop 

ne ts  were i d e n t i f i e d .  The m a j o r i t y  o f  amphibian and r e p t i l e  surveys took 

p lace dur ing  the  sp r ing  sample period. 

7.4.2 B i rds  

Surveys o f '  t h e  res iden t  and migra tory  avi fauna were conducted w i t h  the  

o l d f i e l d ,  bottomland, and midslope hardwood fo res ts ,  and along roadsides 

from August 11 through 17, December 15 through 18, 1980, and May 12 through 

16, 1981. A m o d i f i c a t i o n  o f  Emlens (197%) s t r i p  census technique was used 

t o  determine species composit ion, d i v e r s i t y  and popu la t ion  dens i t ies .  

Censuses were conducted beginning a t  sunr ise  f o r  t h ree  consecut ive days 

du r ing  each survey. , The order  i n  which the '  areas were v i s i t e d  was changed 

each day t o  o f f s e t  the  normal decrease i n  b i r d  a c t i v i t y  'as the  morning 



wanes. The o l d f i e l d ,  bottomland hardwoods and mids lope hardwoods were 

i n v e s t i g a t e d  a l o n g  v a r i o u s  t r a n s e c t  l e n g t h s  and w i d t h s .  The ave rage  

number o f  i n d i v i d u a l  b i r d s  per  species was conver ted t o  t h e  mean number o f  

b i r d s  per  2.47 hectares ( 1  acre) w i t h i n  each h a b i t a t .  

~i i d  d i v e r s i t y  i s  t h e o r e t i c a l  l y  a  f u n c t t o n  o f  t h e  q u a n t i t y  and qua1 i t y  

o f  t h e  h a b i t a t  a v a i l a b l e  i n  a  g iven  area. K r i c h e r  (1973) and.Graber and 

Graber (1976) i n d i c a t e d  t h a t  species d i v e r s i t y  r e f l e c t s  t h e  successional  

stage o f  t he  hab i t a t .  MacArthur and MacArthur (1961) and MacArthur (1965) 

have,found t h a t  t h e r e  i s  a  d i r e c t  c o r r e l a t i o n  between b i r d  species d i v e r s i -  

t y  and h a b i t a t  h e t e r o g e n e i t y .  H i g h  d i v e r s i t y  r e f l e c t s  t h e  vo lume o f  

d i v e r s e  h a b i t a t  prov ided by herbaceous, shrub, and t r e e  l a y e r s  of vegeta- 

t i o n .  A h i gh  volume o f  d i ve rse  h a b i t a t  t h e o r e t i c a l l y  p rov ides  a  g rea te r  

number o f  m i c r o - h a b i t a t s ,  and hence s u p p o r t s  a  d i v e r s e  a r r a y  .of b i r d  

species. 

B i r d  d i v e r s i t y  f o r  each o f  t h e  f i v e  major h a b i t a t  t ypes  was c a l c u l a t e d  

us ing  t h e  Shannon-Weaver func t ion ,  a. The machine formula below i s  t h a t  o f  

Lloyd, Zar, and Karr ,  1968. 

a = - c (N  loglO N  - ni l o g  n i )  
N 

where C = 3.321928 (conver ts  base 10 t o  base 2 [ b i t s ] ) ;  N  = t o t a l  

number o f  i n d i v i d u a l s  and n i  = t o t a l  number o f  i n d i v i d u a l s  i n  t h e  

i t h  species. 

where Pi = t h e  p r o p o r t i o n  o f  a l l  i n d i v i d u a l s  be longing t o  t h e  i t h  species: 

i = 1, 2..0..000, n) 

I n  general ,  a  species d i v e r s i t y  va lue  o f  3.00 o r  h i ghe r  i n d i c a t e s  t h a t  

t h e  g iven  area i s  o f  h i g h  q u a l i t y  and suppor ts  a  r i c h  assemblage o f  species. 
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A d i v e r s i t y  value o f  1.00 o r  lower i nd i ca tes  t h a t  t h e  area i s  o f  lower 

qua1 i t y  and cannot support a l a r g e  number o f  species. Evenness ( o r  equi ta-  

b i l i t y )  was a l s o  ca l cu la ted  from components o f  Shannon's formula (where E 

= d/d maximum, d maximum being based on the  d i s t r i b u t i o n  obtained from 

MacArthur's, 1957, broken s t i c k  modei) t o  show the r e l a t i v e  d i s t r i b u t i o n  of 

i n d i v i d u a l s  among the  various species i n  each h a b i t a t  dur ing  each seasonal 

survey. For a more d e t a i l e d  d iscussion o f  t h i s  method, see we be^, 1973. 
# -- 
T h i s  i n f o r m a t i o n  p r o v i d e s  i n s i g h t '  i n t o  t h e  e f f e c t ,  t h a t  a n u m e r i c a l l y  

dominant  b i r d  s p e c i e s  o r  group o f  s p e c i e s  has on t h e  c a l c u l a t e d  b i r d  

d i v e r s i t y  i n  a p a r t i c u l a r  hab i ta t .  

A roadside survey was u t i l i z e d  t o  determine b i r d  abundances i n  agricul: 

t u r a l ,  developed, and edge hab i ta ts .  The survey was conducted beginning a t  

sunr ise  over roads i n  t h e  s i t e  v i c i n i t y .  During t h e  survey, 3-minute stops 

were made a t  regu la r  i n t e r v a l s  along t h e  selected route, and a l l  b i r d s  seen 

o r  heard were counted. The r e l a t i v e  abundance 'of b i r d s  along t h e  route  was 

determined from t h e  t o t a l  number o f  observat ions made. 

7.4,3 Mammals 

Species composition and re1 a t i  ve abundance o f  small mammals were 

determined from snap-trapping dur ing  October, 1980 and A p r i l ,  I 9 8 1  i n  

bottomland, midslope, and upland hardwoods, and o l d f i e l d  communities on the  

p l a n t  s i t e  and i n  t h e  proposed waste disposal areas. Traps were se t  f o r  

t h ree  consecutive n i g h t s  i n  l i n e s  w i t h  approximately 12 s ta t i ons  per l i n e  

and two t raps  a t  each s ta t i on .  Se lec t ive  p i t f a l l  t rapp ing was done i n  

midslope and bottomland woodlands t o  determine presence o f  shrews i n  the  

area, . Trap loca t ions  were s e l e c t i v e l y  chosen i n  hab i ta t s  which appeared 



s u i t a b l e  f o r  shrews. Sixteen ounce open-top cans ( t a l l - b o y  beer cans) were 

placed up r igh t  i n  the  ground w i t h  t h e  top  f l ush  w i t h  the  s o i l  surface. 

Traps were checked once a day. 

Signs ( t racks ,  scat, nests, dens, etc.) o f  medium t o  la rge-s ized 

mammals were sought by reconnaissance of a l l  major h a b i t a t  types. Much of 

these data were gathered wh i l e  doing the  vegetat ion f i e l d  work. I n  addi- 

t i o n ,  evening survey routes were es tab l ished i n  the  area. These rqadside 
. . 

Surveys were conducted f o r  th ree  evenings du r ing  the  e a r l y  w in te r  survey. 

I nves t i ga to rs  drove area roads a t  slow speeds (16 t o  32 kph o r  10-20 mph) 

w i t h  a 200,000 candlepower sealed-beam s p o t l i g h t .  Mamnals observed were 

recorded by h a b i t a t  type, and the  number o f  observat ions was expressed as- 

observat ions per  1.6 km ( 1  m i  .) and 32.2 km (20 mi .). 



7.5 SAMPLING LOCATION AND RATIONALE 

Amphibians and r e p t i l e s  were not  q u a n t i t a t i v e l y  sampled. Rather, 

searchs were made i n  s u i t a b l e  hab i ta t s  on s i t e  and i n  the  waste disposal 

areas. Some o f  these searches were made i n  conjunct ion w i t h  o ther  por t ions  

o f  t h e  t e r r e s t r i a l  ecology wh i l e  others were h e r p t i l e  spec i f i c ,  such as 

shocking and n igh t  road surveys. Shocking surveys were made i n  -Town and 

B u l l  Creeks a t  t h e  same l o c a t i o n s  as were t h e  aq 'uat ic  sampl ings  (see 

Sect ion 5.4 f o r  locat ions) .  The n i g h t  survey route  inc luded a l l  roads on 

s i t e  and i n  the  general v i c i n i t y  such as Route 144 from B u l l  Creek t o  New 

Bethel Road, then .New Bethel Road south and southwest back t o  Route 144. 

Th is  rou te  completely circumnavigated the  s i t e  and both waste disposal 

areas. Since road c o l l e c t i n g  f o r  amphibians i s  espec ia l l y  successful on 

r a i n y  sp r ing  n igh ts ,  t h i s  rou te  was d r i ven  under such condi t ions.  

B i r d  t ransect  l oca t ions  coinc ided w i t h  the  bottomland and midslope 

hardwoods and t h e  o l d f i e l d  vegetat ion sampling areas. Upland hardwoods 

were no t  q u a n t i t a t i v e l y  sampled f o r  b i r d s  , because o f  t he  simi 1  a r i  t y  o f  

t h i s  woodland type w i t h  t h a t  o f  t h e  midslope. The roadside survey was done 

on the  s i t e  boundary and i n t e r i o r  roads (Figure 6.1). Qua l ' i t a t i ve  assess- 

ments f o r  avi fauna were made i n  conjunct ion w i t h  vegetat ion assessments on 

r a i l r o a d  R,O.Wo and fencerowso 

Mammal sampl i n g  l oca t ions  coinc ided w i t h  the  m i  ds l  ope and bottom1 and 

hardwood and 01 df i e l d  vegetat ion transects. Night  spot1 i g h t i n g  routes 

inc luded s i t e  boundary and i n t e r i o r  roads and t h e  p r o j e c t  area circumnavi- 

ga t i on  route used f o r  amphibian road c o l l  ect ing.  



For a1 1  wild1 i f e  studies, survey routes, t ransect  locat ions ,  and 

q u a l i t a t i v e  assessment a r e a s  were s e l e c t e d  so as t o  p r o v i d e  t h e  most 

information on species composition, abundance, h a b i t a t  preference, e tc .  as 

was pract icable.  



7.6 RESULTS AND DISCUSSION. 

7.6.1 Amphibians and Rept i les  

During a l l  f i e l d  surveys, 29 species o f  amphibians and r e p t i l e s  were 

recorded ons i te ,  i n  t h e  waste d isposal  areas, o r  on roads i n  the  v i c i n i t y .  

A l i s t  o f  species i n  t h e  p r o j e c t  area and v i c i n i t y  i s  found i n  Table 7.1. 

Th is  l i s t  conta ins  t h e  s i t e  records, Breckinr idge County records o f  Wester- 

man and Westerman' (1979) and those of probable occurrence from Barbour 

(1.971). . Westerman and Westerman c o l l e c t e d  i n  the  northeast p o r t i o n  of t h e  

county approximately 10 t o  15 mil 'es from the  p r o j e c t  v i c i n i t y  and species 

they  c o l l e c t e d  a re  l i k e l y  i nhab i tan ts  o f  t h e  p ro jec t  area. 

No threatened, endangered, unique o r  unusual species were found during" 

t h e  surveys o r  by t h e  Westermans. However, t he  eastern narrow-mouthed toad 

l o c a l i t y  i n  t h e  county i s  on t h e  nor thern ex t remi ty  o f  i t s  range, 

7.6.2 B i rds  

During t h e  course o f  t h e  basel ine study, 105 b i r d  species were ob- 

served i n  t h e  p r o j e c t  area. ' This i s  approximately 55 percent o f  t h e  190 

species l i k e l y  t o  occur here (see Table 7.2). 

Table 7.3 shows t h e  est imated b i r d  dens i ty  per acre i n  the  major 

h a b i t a t  types. The bottom1 and and midsl ope hardwoods contained t h e  great- 

e s t  number o f  species and b i r d s  per acre. During spr ing migra t ion  the  

bottomland hardwoods supported 41 species and 18.7 b i r d s  per acre. This 

r e f l e c t s  the  importance o f  t h i s  h a b i t a t  t o  m ig ra t i ng  birds. During t h e  

summer the  midslope hardwoods supported the  greater  number o f  b i r d s  per 

acre bu t  contained f i v e  less  species than the bottomland hardwoods. O f  

p a r t i c u l a r  i n t e r e s t  was t h e  use o f  t h e  midslope f o r e s t  as a nest  s i t e  by a 

p a i r  o f  red - ta i l ed  hawks, who r a i s e d  two young here. The o l d f i e l d  community 



contained almost t h e  same .number o f  species i n  summer and spr ing,  b u t  b i r d  

usage almost doubled i n  sp r i ng  due t o  migrants. Hab i ta t  usage i n  w in te r  

was decidedly g reater  i n  the  bottomland hardwoods and was the  same fo r  t h e  

o t h e r  two surveyed h a b i t a t s .  Again t h i s  i 11 u s t r a t e s  t h e  impor tance  

o f  t h i s  h a b i t a t  t o  t h e  b i r d  fauna o f  t h e  area. 

B i r d  d i v e r s i t y  and equi t a b i  1  i ty  f o r  each h a b i t a t  was ca l cu la ted  and 

i s  shown i n  Table 7.5. These data are  g raph ica l l y  represented i n  F igure 
. . 

7.2. For a  d iscussion o f  t h e  s t a t i s t i c a l  m e t h o d ~ l o ~ ~ ,  see se;tion7.4.2. 

Species d i v e r s i t y  was very h i g h  f o r  a1 1  sampled h a b i t a t s .  I n  general, a  

d i v e r s i t y  index over 3.00 i nd i ca tes  a h igh  qua1 i ty hab i ta t .  Weber (1973) 

i nd i ca tes  t h a t  e q u i t a b i l  i t y ,  ca l cu la ted  i n  t h i s  manner (see sec t i on  7.4.2 

f o r  methodology)., ranges from 0 t o  1 except i n  t h e  s i t u a t i o n  where the  

e q u i t a b i l i t y  i n  t h e  sample i s  g rea ter  than t h a t  o f  t he  ~ a c ~ r t h u r  model. 

Val ues greater  than one can 'occur i n  a  sampl e  where only  a  few specimens 

from several taxa a re  represented. I n  the  present s i t u a t i o n ,  E values 

greater  than one occur because a  l a r g e  number o f  i n d i v i d u a l s  a r e  repre- 

sented by a  p r o p o r t i o n a l l y  1  arger number o f  taxa. E q u i t a b i l  i t y  i s  h ighes t  

when a l l  species i n  t he  sample are  as nea r l y  equal i n  populat ion as i s  

poss ib le  (Kr icher ,  1973). ' T h i s  again po in t s  t o  the  extremely h igh  q u a l i t y  

o f  t h e  habi tats .  

Migratory waterfowl usage o f  t h e  s i t e  i s  f a i r  t o  moderate w i t h  2,500 

t o  3,500 ducks us ing  t h e  Town and B u l l  Creek embayments as w in te r  stop-over 

areas. (Personal communication. June 21, 1981 telephone conversat ion w i t h  

Bob Kesseler, Kentucky Department o f  F ish and W i l d l i f e  Resources) Primary 

waterfowl usage i s  by breeding wood ducks (Personal communication. June 

21, 1981 telephone conversat i  on w i t h  Vernon Anderson, ~ e n t u c k y  Department 



of F i sh  and W i l d l i f e  Resources). 

- Anderson a l s o  r e l a t e d  an apparent ly v a l i d  r e p o r t  o f  w i l d  turkeys i n  

t h e  Town Creek area. Turkeys were stocked i n  an area near t h e  Breckinr idge 

- Hancock County l i n e  two years ago by F i sh  and W i l d l i f e  personnel, bu t  are 

u n l i k e l y  t h e  source o f  t he  i n d i v i d u a l s  i n  t h e  p r o j e c t  area. Anderson 

pos tu la ted  t h a t  tu rkeys  i n  t he  Hoosier Nat ional  Forest  across the  Ohio 

R ive r  i n  Indiana g l i d e d  across the  r i v e r .  Regardless o f  how they got  t o  
. . 

t h e  area, t h e i r  ' presence represents a p o t e n t i a l l y  va luable w i l d l i f e  re -  

source. 

7.6.3 Mammals 

Forty-seven species o f  mammals ' p o t e n t i a l l y  occur i n  t h e  p r o j e c t  area:; 

These species, along w i t h  a b r i e f  d i . s t r i bu t i ona1  s ta tus  and p re fe r red  hab- 

i t a t ,  are presented i n  Table 7.6. Eighteen species, o r  38 percent of t h e  

species l i s t e d  i n  t h e  tab le ,  were recorded i n  t h e  p r o j e c t  area. 

The most outstanding mammal resource i n  t h e  area i s  an extremely h igh  

and apparent ly  very hea l thy  populat ion o f  w h i t e - t a i l e d  deer. A t  l e a s t  one 

deer, and usua l l y  t h r e e  t o  f i v e ,  were seen on every day o f  f i e l d  work. 

Anderson (personal communication, June, 1981) i nd i ca ted  t h a t  there  was a 

r a t h e r  l a r g e  popu la t ion  i n  t h e  h i l l y  areas adjacent  t o  t he  Ohio River,  a t  

l e a s t  f rom t h e  Yel lowbank Creek a rea  southward  t o  t h e  B r e c k i n r i d g e  - 
Hancock County l i n e .  The bottomlands and adjacent areas along Town Creek 

seem t o  be t h e  c e n t r a l  area o f  use. Deer t r a i l s  a re  abundant and heav i l y  

used here. Also, t h e  vegetat ion i s  no t  over browsed, i n d i c a t i n g  t h a t  t he  

h a b i t a t  has n o t  exceeded c a r r y i n g  capacity,  Local res idents  say t h e  deer 

a r e  so numerous as t o  be pests i n  gardens and soybean and corn f i e l d s ,  

During the  w i n t e r  o f  1980-1981, a small colony o f  beavers moved i n t o  

t h e  Town Creek bottomland and b u i l t  a  dam on t h e  creek. It appears t h a t  
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beaver a re  increasing i n  t he  area. (Personal communication. June 21, 1981 

telephone converstaion w i t h  Vernon Anderson, Kentucky Department o f  F i sh  

and W i l d l i f e  Resources). 

Results o f  t h e  small mammal t rapp ing  are  i n  Table 7.7. Only f i v e  

species were taken, w i t h  the  meadow jumping mouse the  most unusual. The 

species seems uncommon, bu t  t h i s  may be a r e f l e c t i o n  o f  t he  d i f f i c u l t y  o f  

t r app ing  them ra the r  than actual  sca rc i t y .  Barbour and Davis (1974) n0t.e 
... . 

t h a t  they are  seldom a t t r a c l e d  t o  b a i t .  

I n  conclusion, t h e  area supports a f a i r l y  d iverse  assemblage o f  mam- 

mals w i t h  the  deer populat ion represent ing an outstanding w i l d1  i f e  re-  

source. 



7.7 QUALITY ASSURANCE 

The study of t h e  fauna, from planning o f  t h e  sampling stragegy and 

loca t ions  t o  the  techn ica l  ed i t i ng ,  has been subjected t o  a  q u a l i t y  assur- 

ance program. I n  the  p l  anning phase, sampl i ng deta i  1  , method01 ogy , and 

1  ocat ions were developed by two w i ld1  i f e  b i o l o g i s t s  and two p l a n t  ecolo- 

g i s t s .  The p lan t  eco log is t s  were included t o  insure  - t h a t  t h e  w i l d1  i f e  and 

vegetat ion programs were compatible. 

The accuracy o f  t h e  f i e l d  data was checked by two ind iv idua ls ,  I n  

add i t ion ,  t he  i n t e r p r e t a t i o n  o f .  such data, was concurred upon by both ,,,, 

- .  
Li  

w i l d l i f e  b i o l o g i s t s .  - 
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Table 7.1 Amphibians and Rep t i l es  o f  the  P ro jec t  Area and v i c i n i t y a .  

S c i e n t i f i c  Name 

Common Name 

Kentucky Pre fe r red  Hab i t a t  
D i s t r i b u t i o n a l  Status 

Ambystoma je f fersonianum Breck i  n  r i  dge County record  Low woodlands and swampy 
Je f f e r son ' s  salamander Breeding co lon ies  i n  Meade areas 

and several  o ther  count ies 

Ambystoma texanum Breck in r idge  County record Wooded areas near streams 
Small - m o m a l  amander S i t e  record 

V 
I 
IU 

Probably s ta tewide d i s t r i -  
w but  i on 

Ambystoma opacum 
Marbl ed' ?A%i%der 

Ambystoma maculatum 
Spotted sa l  amander 

Ambystoma t i g r i n u m  
T ige r  sa l  amander 

Notoph'thalmus v. v i  r idescens 
Red-spotted newt  

Desmognathus f. fuscus 
Morthern duyky-ander 

Breck in r idge  County , record 
S ta te  d i s t r i b u t i o n  

Breck in r idge  County record 
Statewide d i s t r i b u t i o n  

Breck in r idge  County record 
Approximately western h a l f  
o f  s t a t e  

Breck i  n r i dge  County record 
Statewide d i s t r i b u t i o n  

Breck i  n  r i d g e  County record 
S i t e  record 
Statewide d i s t r i b u t i o n  ' 

A  v a r i e t y  o f  woodlands 

Mois t  woodlands, u s u a l l y  
near ponds 

Va r i e t y  o f .  h a b i t a t s ;  wood- 
lands t o  open grass land 

Mois t  wood1 ands , pool s  , 
ponds 

Wood1 and s t  reams 

a  
Source: Barbour 1971, Westerman and Westerman, 1979. Conant, 1975. 



Table 7.1 Continued. 

S c i e n t i f i c  Name 

Common Name 

Kentucky Prefer red Hcbi t a t  
D i s t r i b u t i o n a l  Status 

Plethodon dorsal  i s  
Z i  g-zag sa l  amander 

Plethodon g l  u t inosus 
u S l  imey salamander 
TU 
TU 

Pseudotr i ton montanus 
Eastern mud salamander 

Pseudotr i  t on  ruber  
Northern r e m a r n a n d e r  

Eurycea b. b i  s l  i nea ta  
~ o r t h e r n  two-1 ined salamander 

Eurycea i . longicauda 
~ o n g - t z i  1 ed sa l arnander. 

Eur cea l u c i f u  a 
-7-p Cave sa amander 

Breck inr idge County record 
S i t e  record 
Occurs i n  western two t h i r d s  
o f  s ta te '  

Breck inr idge County record 
S i t e  record 
Statewide d i s t r i b u t i o n  

Brecki  n r idge  County record 
East and cen t ra l  s t a t e  d i s -  
t r i b u t i o n  

Breck inr idge County record 
Occurs i n  eastern t h ree  
quar ters  o f  s t a t e  

Breck inr idge County record 
S i t e  record 
Statewide d i s t r i b u t i o n  f o r  
species 

Brecki  n r idge  County record 
Statewide d i s t r i b u t i o n  

Brecki  n r idge  County record 
Statewide d i s t r i b u t i o n  except 
Jackson Purchase 

Rocky wood1 ands 

Var ie ty  o f  woodlands 

Muddy areas along streams 
and i n  spr ings 

Clear, rocky streams and 
spr ings 

Rocky streams 

Woodland streams and 
wet shale outcrops 

Wet caves, sp>r.ings, along 
Wooded streams 



Table 7.1 Continued. 

S c i e n t i f i c  Name 

Common Name 

Kentucky 
D i s t r i b u t i o n a l  Status 

Pre fe r red  Hab i t a t  

Necturus macul osus 
Mudpuppy 

Scaphiopus h. ho lb rook i  
Eastern spadefoot toad 

ci Rana catesbeiana - 
B u l l  f r o g  

Rana c lami tans melanota - 
Green f r o g  

Rana u t  r i  c u l  a r i  a  - 
Southern 1 eopard f r o g  

Rana p a l  u s t r i s  - 
Pi ckere l  f r o g  

Breck in r idge  County record 
Statewide d i s t r i b u t i o n  

Breck in r idge  County record  
Breeding co l  ony record  
Occurs i n  western h a l f  o f  
s t a t e  

Breck in r idge  County record 
S i t e  record 
Statewide d i s t r i b u t i o n  

Breck in r idge  County record 
S i t e  record 
Statewide d i s t r i b u t i o n  f o r  
species 

Breck in r idge  County record 
S i t e  record 
Occurs i n  western two t h i r d s  
o f  s t a t e  

Brecki  n r i  dge County record 
Statewide d i s t r i b u t i o n  

Lakes, s lugg ish  stream, 
sloughs , swamps, e tc .  

Woodlands t o  c u l t i v a t e  
Burrows ex tens i ve l y  

Va r i e t y  o f  aqua t i c  areas 

Va r i e t y  o f  aqua t i c  areas 

Va r i e t y  o f  aqua t i c  h a b i t a t s  

Va r i e t y  o f  aqua t i c  h a b i t a t s  



Table 7.1 Continued. 

- 

Kentucky Pre fe r red  Hab i t a t  
D i s t r i b u t i o n a l  Status 

Common 'Name 

Ga~ t roph r~yne  c. ca ro l  i nens i s  Breck in r idge  County record  Va r i e t y  - o f  h a b i t a t s  w i t h  
Easter.? narrow-mouthed toad Breeding colony record  shade and mo is tu re  

Occurs i n  t h e  western cen- 
t r a l  p o r t i o n  o f  s t a t e  

.in' 

Bufo a .: !'ameri canus 
v-- 
I American toad 
rU 
P 

Bufo *oodhousei f o w l e r i  
, - 
+ Fowl'er's toad 

Breck i  n r i dge  County record  Va r i e t y  o f  h a b i t s  from 
S i t e  record  lawns and gardens t o  deep 
Statewide d i s t r i b u t i o n  wood1 ands 

Breck in r idge  County record  Same as above 
S i t e  record  
Statewide d i s t r i b u t i o n  

A c r i s  c r e  i t a n s  b lanchard i  Breck in r idge  County record  Farm ponds, lakes,  l a r g e  
m n h r i c k e t  f r o g  S i t e  record  creek and . r i v e r s  

Statewide d i s t r i b u t i o n  

Hy.1 a c r u c i  f e r  - 
Spring peeper 

Hyla chrysoscel  i s  
Southern gray t r e e f r o g  

Breck in r idge  County record  Woodlands and t h i c k e t s  
S i t e  record  near water 
Statewide d i s t r i b u t i o n  

Breck i  n r i dge  County' record  Wood1 ands 
S i t e  record  
Statewide d i s t r i b u t i o n  



Table 7.1 Continued. 

S c i e n t i f i c  Name 

Common Name 

Kentucky 
D i s t r i b u t i o n a l  Sta tus 

- - -~ 

P re fe r red  H a b i t a t  

Pseudacris t r i s e r i a t a  f e r i a rum 
Upland chorus f r o g  

Chelydra se rpen t ina  
;.r Common snapping t u r t l e  
r\l 
VI 

Sternotherus odoratus 
St  i nkpot  

Terrepene c a r o l i n a  
Box t u r t r  

Graptemys geographica 
Map t u r t l e  

Chrysemys p i c t a  marginata 
Midland pa in ted  t u r l t e  

Chrysemys s c r i p t a  elegans 
Red-eared t u r t l e  

Breck in r idge  County record  
S i t e  record  
Occurs i n  t he  western two 
t h i r d s  o f  s t a t e  

Breck i  nr idge '  County record  
S i t e  record 
Statewide d i s t r i b u t i o n  

Statewide d i s t r i b u t i o n  

Breck i  n r i d g e  County record  
S i t e  record  
Statewide d i s t r i b u t i o n  

Breck in r idge  County record  
S i t e  record  
Occurs s ta tewide except 
Jackson Purchase 

Breck in r idge  County. record  
S i t e  record  

Breck i  n r i d g e  County record  
S i t e  record  
Statewide d i s t r i b u t i o n  

Grassy open area near 
water 

Almost any body o f  water 

Shallow mud-bottomed 
ponds and lakes 

V a r i e t y  o f  wood1 ands ; occa- 
s i o n a l l y  found i n  suburban 
area . , 

Large r i v e r s  and Aakes 

Qu ie t ,  sha l low water o f  
ponds, 1  akes, doughs 

Q u i e t  l a r g e  bodies o f  .water 



Table 7 , l  Continued. 

S c i e n t i f i c  Name 

Common Name 

Kentucky Pre fe r red  Hab i t a t  
D i s t r i b u t i o n a l  Status 

Scel oporus undulatus hyac in th inus  Breck in r idge  County record  
. Nor thern fence l i z a r d  S i t e  record  

Sci  necel 1  a  1  a t e r a l  i s  
V 
I 

Ground sk ink  
IU 
0, 

Eumeces f a s c i  a tus 
F i ve - l i ned  sk ink  

Statewide d i s t r i b u t i o n  

Dry, open woodlands, o l d  
houses, and barns 

Breck in r idge  County record  Wood1 ands 
S i t e  record  
Statewide except Bluegrass 

Breck i  n r i dge  County record  
S i t e  record  
Statewide 

Cut-over woods, 01 d houses 
and barns, sawdust and rock 
p i  1 es 

Carphophis amoenus helenae Breck in r idge  County record  Woodlands and woods edges 
M i  dwest worm snake Statewide f o r  t he  species 

Diadophis punctatus edwardsi 
Northern r ingneck snake 

Heterodon p l  a t ysh i  nos . 
Eastern hognose snake 

0 heodrys aes t i vus  
*reen snake 

Breck in r idge  County record  Woodlands 
Statewide d i s t r i b u t i o n  f o r  
the species 

Breck in r idge  County record  
. S i t e  record  

Statewide 

Breck in r idge  County record  
Statewide 

Var ied fro,m pastures t o  
deep woodlands' 

Woodlands, woods edges 
and shampy areas 



Table 7.1 Continued. 

S c i e n t i f i c  Name 

Common Name 

Kentucky P re fe r red  H a b i t a t  
D i s t r i b u t i o n a l  Sta tus 

Col uber c o n s t r i c t o r  p r iapus  
Southern .black r ace r  

E l  aphe obsol e t a  
Black r a t  snake 

- Lam r o  e l t i s  ge tu lus  n i g e r  
* S n a k e  

Lampropel t i s  t. t r i angu lum 
Eastern mi l h n a k e  

Thamnophis s i r t a l i s  
Gar ter  snake 

V i  r g i n l a  v. v a l e r i a e  
Eastern-smooth e a r t h  snake 

Breck in r idge  County record  
S i t e  record  
Statewide 

Breck in r idge  County record  
Occurs i n  western h a l f  o f  
s t a t e  . 

B reck in r idge  County record  
Statewide 

Breck in r idge  County record  
S i t e  record  
Statewide 

Breck in r idge  County record  
S i t e  record  
Statewide 

Breck in r idge  County record  
Statewide 

Var ied from woodlands t o  
c u l t i v a t e d  f i e l d s  

Old f i e l d s ,  grasslands, 
open woods- 

Open woodland and o l d  
f i e l d s  

Var ied from woodlands t o  
suburban areas 

Var ied b u t . p r e f e r s  mo is t  
areas 

Wood1 ands 

S t o r e r i a  dekayi  wr ightorum Breck in r idge  County record  Woodlands, o l d  f i e l d s  pas- 
M i  d l  and brown snake Statewide tures,  suburbs 



Table 7.1 Continued. 

S c i e n t i f i c  Name Kentucky Pre fe r red  Hab i t a t  
D i s t r i b u t i o n a l  Status 

I 

Common Name 

S t o r e r i a  o. o c c i p i  tomaculata 
~ o r t h e r ? i  r e d b e l l y  snake 

Regina sep temv i t ta ta  

u 
Queen water snake 

I 
ry 
a3 

Nerodia sipedon p l e u r a l i s  
m n d  watersnake 

Agkis t rodon c o n t o r t r i x  mokeson 
Nor thern copperhead 

C ro ta l  us ho r r i dus  
Timber w a k e  

Breck in r idge  County record  ' 

Statewide except 
Bluegrass 

Breck i n s i  dge County record  
S i t e  record 
Centra l  h a l f  o f  s t a t e  

Breck in r idge  County record  
S i t e  records 
Statewide 

Breck in r idge  County record 
S i t e  record  
Statewide 

Breck in r idge  County record 
Statewide 

Wood1 ands 

Small rocky streams 

Va r i e t y  of aquat i c  habi -  
t a t s  

Roc,k wood l ands 

Rocky wood1 ands 



Table 7.2 B i r d s  o f  The ~ r e a ~  

Common Name S c i e n t i f i c  Name 
Late 

Summer Winter Spr ing s ta tusC  

b Red-necked grebe 
Pi  ed-bi  11 ed grebe 
Doubl e-crested cormorant b 

Great b l u e  heron 
Green heron 
L i t t l e  b l  ue heron 
Great e g r e t  
Ye1 1 ow-crownei n i g h t  heron b 

;. Least b i t t e r n  
American b i t t e r n  
Canada goose 
Snow goose 
Ma1 1 a rd  
Black duck 
Gadwall 
P i  n t a i  1 
Green-winged t e a l  
B l  ue-winged t e a l  
American widgeon 
Nor thern shoveler  
Wood 'luck 
R i  ng-necked duck 
Lesser scaup 
Common goldeneye 
Bu f f 1  ehead 
Hooded merganser 
Common merganser 

Podice s gr isegena Pa7% o i ym us podiceps 
P l  a1 acrocorax a u r i  t u s  
Ardea herod ias 
B u t o r i  des v i  rescens 
F l o r i d a  caeru l  ea 
Casmerodius a lbus 
Nyctanassa v m e a  
Ixobrychus 
Botaurus l e n t i g i n o s u s  
Branta canadensis 
Chen caerulescens - 
Anas p l  atyrhynchos 
Anas - rubr ipes  
Anas s t repera  - 
Anas acuta -- 
Anas c a r o l  i n e n s i s  - 
Anas d i s c o r s  
Anas americana 
Anas c l ypea ta  
A i x  soonsa 
Aythya c o l  l a r i s  
Avthva a f f i n i s  
~ ic& ;e i  a c l  angul a 
Bucep a a a l beo la  
Lophodytes c u c u l l a t u s  
Mergus merganser 



Table 7.2 Continued. 

La te  , 
Summer Winter Spr ing s ta tusC  Common Name S c i e n t i f i c  Name 

Red-breasted merganser 
Turkey v u l t u r e  
Black v u l t u r e  
Sharp-shinned hawk 
Cooper's hawk 
Red-tai 1 ed hawk 
Red-shouldered hawk 
Broad-winged hawk 
Bald eagle 
Marsh hawk 
Osprey 
American kes t  re1 

Mergus se ra to r  
Cathartes aura 
Coragyps a t r a t u s  
Acc io i  t e r  s t r i a t u s  

Buteo jamaicensis 
Buteo l i n e a t u s  
Buteo p l a t y p t e r u s  
Hal iaeetus leucocephalus 
C i  rcus cyaneus 
P a n d i o n m t  u s 
m ~ a r v e r i  us 

Bobwhite 
W i  l db tu r key  
So r a  
American coo t  , ,, 
Semi pa 1 mated p l  over 
K i  11 deer 
American go1 den p l  over  
American woo cock 
Common sn ipe 1 
Up1 and sandpiper 
Spot ted sandpiper 
Sol i t a  ry sandpi pe6 
Lesser ye1 1 owl egs 
White-rumped sagdpiper 
Least sandpiper 
He r r i ng  g u l l  

Col inus v i r g i n i a n u s  
Me1 eag r i  s ga l  1 opavo 
Porzana ca ro l  i na 
F u l i c a  americana 
Charadr ius semi~a lmatus  
Charadr ius voc i  f e rus  
P l u v i a l i s  dominica . 
Phi  1 ohel a m i  no r  
Cape1 1 a ga l  1 i nago 
Bar t rami  a 1 ongi  cauda 
a c t i t i s  macular ia  
-sol i t a r i a  
C a l i d r i s  m i n u t i l l a  
Cari f u s c i c o l 1 i s  
C a l i d r i s  m i n u t i l l a  
Larus argentatus 



Table  7.2 Continued. 

Common Name S c i e n t i f i c  Name 
La te  

Summer Winter  S p r i n g  s t a t u s C  

Rock dove 
Mourning dove 
Ye1 1 ow-bi 11 ed cuckoo 
B l  ack-b i  11 ed cuckoo 
Barn owl 
Screech owl 
Great  horned owl 
Bar red  owl 

-;1 Shor t -eared owl 
Whi p-poor-wi  11 

)--. 

Chuck-wi 11 's-widow 
common nighthawk 
Chimney swi ft 
Ruby- throated humrni ngb i  r d  
Be1 t e d  k i n g f i s h e r  
Common f l  i c k e r  
P i l e a t e d  woodpecker 
R e d - b e l l i e d  woodpecker 
Red-headed woodpecker 
Ye1 1 ow-be1 1 i e d  sapsucker 
Hai r y  ,woodpecker 
Downy woodpecker 
Eastern  i i ngb i  r d  
Great  c r e s t e d  f l y c a t c h e r  
Eas te rn  phoebe 
Acadian f l y c a t c h e r  
Eas te rn  wood pewee 

Col umba 1 i v i a  
'Lenaiaa K E F C u r a  
Coccyzus ameri canus 
Coccyzus e ry th rop tha lmus  
Ty to  a l b a  -- 
Otus a s i o  -- 
Bubo v i r g i n i a n u s  
S t r i x  v a r i a  
As io f - l - iKZus  
Caprimul gus voc i  f e r u s  
Caprimul gus c a r o l  i n e n s i s  
Chorde i l es  m ino r  

Dryocopus p i  1 eatus  
Centurus c a r o l i n u s  
Me1 anerDes e r v t h r o c e ~ h a l  us 
Sphyra i c u s  G r i u s  ' & m u s  
Dendrocopos pubescens 
Tyrannus t y rannus  
Myiarchus c r i n i  t u s  
Sayorni  s p h o ~ b e  
I r i  doprocne I c o l  o r  
Contopus v i  rens  



Table 7,2 Continued. 

Common Name S c i e n t i f i c  Name 
La te  

Summer Winter Spr ing 

Horned l a r k  
Tree swal l  ow 
Bank swallow 
Rough-wi nged swal 1 ow 
Barn swallow 
C l  i f f  swal 1 ow 
Purp le  m a r t i n  
Blue j a y  
Common crow 
Carol i n a  chickadee 
Tu f t ed  t i tmouse 
White-breasted nu tha tch  
Red-breasted nu tha tch  
Brown creeper  
House wren 
Winter  wren 
Bewick's wren 
Carol i n a  wren 
Mock inb i rd  
Gray c a t b i r d  
Brown, t h rashe r  
American r o b i n  
Wood t h rush  
Hermi t  t h rush  
Swainson's t h r u s h  
Gray-cheeked t h rush  
Veery 

Eremophi l a  a1 p e s t r i s  
Tr idoprocne b i c o l o r  - 
R i p a r i a  r i p a r i a  
S t e l  g idop te ryx  r u f i c o l l  i s  
Hi rundo r u s t i  ca 
Pet rochel  i don 
Progne sub is  
Cvanoci t t a  c r i s t a t a  
Corvus brachyrhynchos 
Parus c a r o l i n e n s i s  
Parus b i c o l o r  
Sitta c a r o l i n e n s i s  
S i t t a  canadensis 
C e r t h i a  f a m i l i a r i s  
T rog lody tes  aedon 
Trog lodytes t r o g l o d y t e s  
Thryomanes b e w i c k i i  
Thryomanes 1 udovi  c i  anus 
Mimus p o l y g l  o t t o s  
Dumetel 1 a ca ro l  i n e n s i  s 
Toxostoma rufum 
Turdus m i  g r a t o r i u s  
H y l o c i c h l a  m u s t e l i n a .  
Catharus g u t t a t u s  
Catharus u s t u l a t u s  
Catharus minimus 
Catharus fuscescens 



Tab le  7.2 Cont inued.  

Common Name S c i e n t i f i c  Name 
L a t e  

Summer Win te r  S p r i n g  s t a t u s C  

E a s t e r n  b l u e b i r d  
B lue-gray  g n a t c a t c h e r  
Golden-crowned k i n g l e t  
Ruby-crowned k i n g l e t  
Cedar waxwing 
Loggerhead s h r i k e  
S t a r 1  i n g  
Whi te -eyed  v i  r e o  
Ye1 1 ow- throated v i r e o  
Sol i t a r y  v i r e o  
Red-eyed v i  r e o  
Ph i  1  ade l  p h i  a  v i r e o  
Warbl i n g  v i r e o  
B l  ack-and-whi t e  w a r b l e r  
P r o t h o n o t a r y  warb l  e r  
Swainson's w a r b l e r  
Worm-eat i ng w a r b l e r  
Go1 den-winged w a r b l e r  
Blue-winged w a r b l e r  
Tennessee warb l  e r  
Nashvi 11 e  w a r b l e r  
N o r t h e r n  p a r u l  a  
Ye1 1  ow w a r b l e r  
Magnol i a  warb l  e r  
Cape may w a r b l e r  
B l  a c k - t h r o a t e d  b l u e  w a r b l e r  
Ye1 1  ow-rumped w a r b l e r  

S i a l i a  s i a l i s  
P o l i o  t i l a  c a e r u l e a  
&t rapa 

c a l e n d u l a  
Bombvc i l l a  cedrorum 
Lan ius  l u d o v i c i a n u s  
Sturnus v u l g a r i s  
V i r e o  q r i s e u s  ' 

V i r e o  f l a v i  f r o n s .  
V i r e o  s o l  i t a r i u s  
V i  r e o  01 i vaceus 
V i  r e o  p h i  1  ade l  ph i cus  
V i r e o  g i l v u s  
M n i o t i l t a  v a r i a  - 
P r o t o n o t a r l a  c i t r e a  - 
L i m n o t h l y p i s  s w a ~ n s o n i i  
Helmi t h e r o s  vermi vorus  
Vermivora c h r v s o ~ t e r a  
Vermi vora  p i  nus 
Vermi vo ra  p e r e g r i  na 
Vermivora r u f i c a ~ i  1  l a  

T----L-- 
P a r u l  a  ameri cana 
Dendroica p e t e c h i a  
Dendroica magnol iii 
Dendro ica  t i g r i n a  
Dendro ica  caeru lescens 
Dendro ica  co rona ta  



Table 7,2 Continued. 

Late 
Summer Winter Spr ing s ta tusC Common Name S c i e n t i f i c  Name 

B l  ack- throated green warb le r  
Cerul  ean warb le r  
B l  ackburnian warb ler  
Ye1 1 ow-throated warbl e r  
Chestnut-s ided warb le r  
B l  ackpol 1 warbl e r  
Pine warbl e r  
P r a i r i e  warb ler  
Palm warb ler  

I 
w Bay-breasted warb le r  
P 

Ovenb i r d  
Northern water thrush 
Louis iana water thrush 
Kentucky warb ler  
Connect icut  warb le r  
Mourning warb le r  
Common y e l l o w t h r o a t  
Ye1 1 ow-breasted chat  
Hooded warbl  e r  
W i  1 son 's  warb ler  
Canada warbl e r  
American r e d s t a r t  
House sparrow 
Bob01 i nk  
Eastern meadow1 ark  
Red-winged b l a c k b i r d  
Orchard o r i o l e  

Dendroica v i  rens 
Dendroica ceru lea  
Dendroica fusca 
Dendroica dominica 
Dendroica pensylvanica 
Dendroica s t r i a t a  - 
Dendroica p i  nus 
Dendroica d i s c o l o r  
Dendroica palmarum 
Dendroica castanea 
Sei urus a u m u s  
Seiurus noveboracensis 
Seiurus motaci  11 a 
Opororn is  formosus 
Opororni s ag i  1 i s  
Oaororni s nh i  1 adel nh ia  
Geoth lyp i  s t r i c h a s  
I c t e r i  a v i  rens 

W i l son ia  c i t r i n a  
Wi lsonia 
Wi lsonia canadensis 
Setophaga r u t i c i l l a  
Passer domest iCupp 
Dol ichonvx o rvz ivo rus  
S tu rne l  l a  ma&a 
Agela ius phoeniceus 
I c t e r u s  spur ius  



Table  7.2 Continued. 

Common Name S c i e n t i f i c  Name 
L a t e  

Summer Winter '  Sp r ing  

Nor the rn  o r i o l e  
Rusty  b l  ackb i  r d  
Brewers b l  ackb i  r d  
Common g r a c k l e  
Brown-headed cowb i rd  
Scar1 e t  tanager  
Summer tanager  
Card ina l  
Rose-brea s ted  grosbeak 

I 
w UI I n d i g o  b u n t i n g  

D i c k c i s s e l  
Evening grosbeak 
P u r p l e  f i n c h  
House f i n c h  
P ine  s i s k i n  
American go1 d f i n c h  
Rufous-s ided towhee 
Savannah sparrow 
Grasshopper sparrow 
Vesper sparrow 
Lark  sparrow . 
Bachman' s  sparrow 
Dark-eyed junco  
Tree sparrow 
Ch ipp ing  sparrow 
F i e l d  sparrow 
Whi te-crowned sparrow 

I c t e r u s  ga l  b u l a  
E u ~ h a q u s  c a r o l i n u s  

P i  ranga r u b r a  
C a r d i n a l i s  c a r d i n a l i s  
Pheuct icus  l u d o v i c i a n u s  
Passer ina cyanea 

7 

Spi za americana 
Hesperiphona v e r p e r t i n a  
Carpodacus pu rpureus  
Carpodacus mexicanus 
Spinus p inus  
S i n u s  t r i s t i s  + P i  p i  o  e ry th roph tha lmus  
Pasercu lus  sandwichensis 
Ammodramus savannarum 
Pooecetes gramineus 
Chondestes grammacus 
Aimophi l a  a e s t i v a l  i s  
Junco hyemal is  
S p i z e l l a  arborea 
S p i z e l  l a  passer ina  
S p i z e l l a  p u s i l l a  
Z o n o t r i c h i a  leucophrys  



Table 7.2 Continued, 

-- - 

Common Name S c i e n t i f i c  Name 
Late 

Summer w in te r  Spr ing s ta tusC 

Whi te- throated sparrow Zono t r i ch ia  a l b i c o l l i s  - X X W r 
Fox sparrow Passere l la  i l i a c a  - - - T 
L i  ncol  n '  s sparrow Me1 ospi  za 1 i n c o l  n i  i - - - T 
Swamp sparrow Melospiza melodia - - - T,Wr 
Song sparrow Me1 ospiza georgiana X X X P r  ,RB 
Lap1 and 1 ongspur Cal c a r i u s  1 apponicus - - .  - W r 

a ~ n c l u d e s  those species recorded du r i ng  Dames & Moore f i e l d  surveys and those  t h a t  may be found on t h e  
0 
rn s i t e  based upon known species range, documented records and accounts o f  area res iden ts .  

b ~ a b i t a t  f o r  these species i n  t h e  s i t e  area i s  r e s t r i c t e d .  

'status:  Pr - Permanent r e s i d e n t  
Su - Summer r e s i d e n t  , 

Wr - Winter r e s i d e n t  
M - Mig ran t  
T - Trans ien t  
V - V i s i t a n t  

RB - Regular breeder 



Data Sources: Dames & Moore f i e l d  observat ions.  

R. W. Barbour, e t  al., Kentucky B i rds :  A F i nd ing  Guide, U n i v e r s i t y  Press o f  Kentucky, 
Lexington, 1973. 

R. M. Mengel , The B i r ds  of Kentucky, American 0 r n i  t h o l  og i  s t s  ' Union, Orni  t h o l  o g i c a l  
Monograph No. 3, 1965. 

B. I. Monroe, Jr., "Summary o f  Occurrence o f  B i r ds  o f  Kentucky," Kentucky Warbler 45: 
47-56 ( 1969). 

C. S. Robbins, B. Brun, and H. S. Zim, B i r ds  o f  Nor th  America, Golden Press, New York, 
1966. 



Table 7.3 Estimated B i r d  Densi ty  Per Acre i n  The Major Hab i ta t  ~ ~ ~ e s , ' 1 9 8 0 ,  1 9 8 1 ~ ' ~  

Commo n Bottom1 andC M i  ds 1 ope O l ' d f i e l d  
Hardwoods Hardwoods 

Red-tai 1 ed hawk 
Green heron 
Woodcock 
Mourning dove 
Ye1 l o w - b i l l  ed cuckoo 
Screech owl 
Barred owl 
Ruby-throated hummingbird 
P i  1 eated woodpecker 
Red-bel l ied woodpecker 
Downy woodpecker 
Great crested f l y c a t c h e r  
Eastern wood pewee 
Eastern phoebe 
Blue j a y  
Common crow 
Carol i na  chickadee 
Tuf ted  t i tmouse 
White-breasted nuthatch 
01 ue-gray gnatcatcher 
Red-eyed v i  reo 
Worm-eati ng warbl e r  
Blue-winged warbler 
Cerulean warbler 



Table 7.3 Continued. 

Common Bottom1 andC Ni ds 1 ope O l d f i  l e d  
Hardwoods Hardwoods 

Common ye1 1 owthroat 
Kentucky warb ler  
Varbl  e r  sp. 
S c a r l e t  tanager 
Yel low warb ler  
Prothonotary  warb ler  

4 
I Summer tanager 
0 
k n  

Cardina l  
I nd igo  bun t ing  
Hooded warbl e r  
Rufous-sided towhee 
Whi te-eyed v i  reo 
Wood th rush  \ 

Tennessee warb ler  ' 

Em idonax sp. 
t u r e  : 

~i e l  d- sparrow 
Ye1 1 ow-throated warb ler  
Eastern k i n g b i r d  . 
Eastern b l  uebi  r d  
Chimney s w i f t  
Red-breasted nuthatch 
Caro l ina  wren 
Nor thern h a r r i e r  



Table 7.3 Continued. 

Common Bot t om1 andC M i  d s l  ope 01 c l f i e l d  
' Hardwoods Hardwoods 

Common f l i c k e r  
Ye1 1 ow-be1 l i e d  sapsucker 
Ye1 low-rumped warb ler  
White-crowned sparrow 
Whi t e - t h roa ted  sparrow 
Dark-eyed junco 
Golden-crowned k i n g l e t  
Song sparrow 
Red-headed woodpecker 
Brown creeper 
Robin 
Cedar waxwing 
Common g rack le  
Go1 d f i n c h  
Black-and-white warb ler  , 

Red-winged b l a c k b i r d  
Nor thern o r i o l e  
B lue grosbeak 
Hai r y  woodpecker 
wood duck 
Catb i  r d  
American r e d s t a r t  
B l  ackpol 1 warb ler  
Magnol i a  warbl e r  



Table 7.3 Continued. 

Common Bottom1 andC M i  ds 1  ope O l d f i e l d  
Hardwoods Hardwoods. 

Bay-breasted warb le r  1 
Be1 t e d  k i n g f i  sher 1 
Ye1 1 ow-breasted cha t  
P r a i r i e  warb ler  
Bobwhite 

4 B l  ackburnian warb le r  
I 
P Pine warb le r  
w f l o ck i nb i r d  

Brown-headed cowbird 
Swainson's t h rush  
Ovenbi r d  
B l  ackburnian warb ler  
Other u n i d e n t i f i e d  b i r d s  6 2 3 

To ta l  Number o f  Species 33 19 4 1 28 13 30 2.2 13 23 
To ta l  Number o f  

I n d i v i d u a l s  139 155 336 197 54 139 66 49 128 

B i r d s  Per Acre 7.7 8.6 18.7 17.9 2.2 5.6 3.0 2.2 5.8 

a ~ s t i m a t e s  based upon t o t a l  observat ions o f  b i r d s  made wh i l e  walk ing a g iken t r a n s e c t  
on t h r e e  consecut ive days. 

b ~ i  r d  t r a n s e c t  l o c a t i o n s  . a re  shown i n  F i gu re  7.1. 
C The areas sampled w i t h i n  each h a b i t a t  t ype  ( f r om  l e f t  t o  r i g h t )  were 18 acres, 25 

acres, and 22 acres. 



Table 7.4 Rea l t i ve  Abundance o f  B i rds  Observed Along the ~ o a d s i d e  Survey 
a t  the Proposed P lan t  S i te ,  1980-1981a 

Common Name 

Re la t i ve  Abundance b 

Summer Winter Spring 

I Cardinal 
Mourning dove 
Ind igo  bunt ing  
Star1 i n g  
Common crow 
Mockingbird 
Robin 
Red-winged b lackb i rd  
Ca tb i rd  
Eastern k ingb i  r d  
Ye1 1 ow-breasted chat 
Barn swallaw 
Eastern meadow1 ark 
House sparrow 
Bobwhite 
Song sparrow 
Prothonotary warbler  
Brown thrasher  
Ruby-throated hummingbird 
Kest re1 
K i  11 deer 
Ye1 1 ow-bi 11 ed cuckoo 
Downy woodpecker 
Common f l i c k e r  
Red-b i l led  woodpecker 
P i  1  eated woodpecker 
Great b lue  heron 
F i e l d  sparrow 
White-breasted nuthatch 
Wood th rush 
Purple m a r t i n  
Warbler sp. 
Eastern wood pewee 
Blue-gray gnatcatcher 
Ye1 1 ow warbler  
Carol i n a  chickadee 



Table 7.4 Continued. 

Re1 a t i  ve Abundance b 

Common Name Summer Winter Spr ing 

Brown-headed cowbird I 
Tuf ted  t i tmouse U 
Screech owl I 
Rufous-sided towhee I 
Blue j a y  U 
Turkey v u l t u r e  I 
C l i f f  swallow ' 

Common y e l l o w t h r o a t  
Nor thern o r i o l e  
Red-headed woodpecker 
P r a i r i e  warb le r  
Red-eyed v i  reo  
Wood duck 
Chimney s w i f t  
Common g rack le  
Go ld f inch  
White-crowned sparrow 
Eastern phoebe 
House f i n c h  
Ye1 1 ow-rumped warb le r  
Red- ta i l  ed hawk 
White-throwted sparrow 
Eastern b l u e b i r d  

a ~ h e  roads ide survey r o u t e  i s  dep i c ted  i n  F igu re  7.1 

b ~ e l  a t i  ve abundance c l a s s i f i c a t i o n s  a re  based an t he  
f o l l o w i n g  c r i t e r i a :  

Abundant - Species l i k e l y  t o  be seen i n  l a r g e  numbers - 
(more than 50 b i r d s )  i n  i t s  p r e f e r r e d  h a b i t a t  
per  f i e l d  v i s i t  d u r i n g  i t s  expected occurrence. 

Common - Species l i k e l y  t o  be seen i n  sma l le r  numbers 
(10-50) i n  a t  l e a s t  h a l f  of  t h e  f i e l d  v i s i t s  i n  
i t s  p r e f e r r e d  h a b i t a t  a t  t h e  proper  season. 



Table 7.4 Continued, 

Uncommon - Species seen i n  small numbers (4 -9)  i n  t h e  
app rop r i a te  h a b i t a t  and season i n  a t  l e a s t  h a l f  
o f  t h e  f i e l d  v i s i t s .  

In f requent  - Species seen as fewer than f o u r  bi , rds per  f i e l d  
t r i p  o n l y  1-3 t imes d u r i n g  t he  e n t i r e  survey. 
The c r i t e r i a  does n o t  apply  f o r  herons o r  hawks. 



Table  7.5 B i r d  ~ i v e r s i t ~ ~  and E q u i t a b i l i t y  Wi th in  Each Major  H a b i t a t  
Type i n  t h e  Area,  1980-1981. 

D i v e r s i t y  a Equi t a b i  1  i t y  E 

H a b i t a t  Type S  u  W SP Su W SP 

Bottomland Hardwoods 4.48 3.51 4.42 .. 1.0 . 0.89 0.78 
Midslope Hardwoods 3.59 3.27 4.37 0.63 1.07 1.02 

O l d f i e l d s  2.35 3.49 4.77 0.32 1.2 1.78 



Table 7.6 Mammals o f  t he  P r o j e c t  Area and V i c i n i t y a  

S c i e n t i f i c  Name 

Common Name D i s t r i b u t i o n a l  Status Pre fe r red  Hab i t a t  

D i  e l  h i s  v i r g i n i a n a  
+ $ k i m  

Sorex c inereus 
Masked shrew 

Sorex 1 ongi  r o s t r i s  
u Southeastern shrew 

D 
a 
m. 

B l  a r i n a  brevicauda 
Sho r t - t a i  1 ed shrew 

C r y p t o t i  s parva  
Least shrew 

Microsorex thompsoni 
Pigmy shrew 

Scalopus aquat icus 
Eastern mole 

S i t e  Records 

Henderson Co. record; 
Har lan Co. i s  on l y  o the r  
s t a t e  record. 

B u l l  itt, Hsrdin,  Meade Co. 
records known from western 
h a l f  o f  s te te .  

S i  t e  records. Statewide. 

Statewide. 

Breck in r idge  Co. record. 
D i  s t r i  b u t i o n  unknown ; 
extremely rare.  

S i t e  record. Statewide. 

Var ied from woodlands t o  
urban areas. 

Mo is t  woodlands. 

Low swanpy weedf i e l  ds , 
mois t  woods and honey- 
suck le  patches. 

Mois t  woods bu t  uses wide 
v a r i e t y  o f  hab i t a t s .  

Grass1 ands. 

Wood1 ands . 

Var i e t y  o f  h a b i t a t s  w i t h  
loose 1 oamy s o i  1. 



Table  7.6 Continued. 

S c i e n t i f i c  Name 

Common Name D i s t r i b u t i o n a l  S t a t u s  P re fe r red  H a b i t a t  

Myo t i  s  1  u c i f u g u s  
L i t t l e  brown h a t  

Myot i s g r i  scens 
Gray b a t  

w 
I 
P 

M y o t i  s  keen i  i 
Keen's b a t  

Myot i s soda1 i s  
I n d i a n a  b a t  

M y o t i s  l e i b i i  
T l - f o o t e d  b a t  

L a s i o n y c t e r i s  noc t i vagans  
S i  1  v e r - h a i  r e d  b a t  

Statewide.  

B r e c k i n r i d g e  Co. record .  
Occurs i n  k a r s t  areas o f  
s t a t e .  

B r e c k i n r i d g e  Co. record .  
S ta tewide except  Purchase. 

B r e c k i n r i d g e  Co. record.  
S ta tew ide  except  Purchase. 

B r e c k i n r i d g e  Co. r e c o r d  
Cave r e g i o n s  o f  sou th  eas t  
Kentucky and Mammouth Cave 
N a t i o n a l  Park. 

S ta tewide,  ra re .  

wood eGges, o l d  f i e l d s ,  
suburban areas g e n e r a l l y  
nea r  water .  

Caves near  water .  

Caves near  streams. 

Caves in  w i n t e r .  M a t e r n i t y  
c o l o n i e s  use wood s t ream 
areas. 

I n  Kentucky, around caves i n  
summer months. 

woodland ponds and streams. 



Table 7.6 Continued. 

S c i e n t i f i c  Name 

Common Name D i s t r i b u t i o n a l  Status P r e f ~ r r e d  Hab i t a t  

P i  p i s t r e l  l us subf lavus 
Eastern p i  p i  s t r e l  l e  

Eptesicus fuscus 
B i g  brown b a t  

w 
I Las iurus b o r e a l i s  
P 
03: Red ba t  ,. 

Las iurus c inereus 
Hoary ba t  

Wyt iceius humeral i s  
Evening b a t  

Syl  v i  1 agus f 1 or idanus 
Eastern c o t t o n t a i l  

. Sy l v i l agus  aquat icus 
Swamp r a b b i t  

Statewide. 

Statewide. 

Statewide. 

Statewide. 

Statewide.. 

Wood la~d  edges usual l y  near 
water. 

Urban and suburban areas. 

Woodlands bu t  sometimes uses 
suburban areas. 

. . 

bloodlands. 

Suburbs. areas w i t h  abundant 
trees. 

S i t e  records. Wide v a r i e t y  o f  hab i t a t s .  
Statewide, 

Two Hancock Co. l o c a l i t i e s  Lowlald swamps and wooded 
near p r o j e c t  area. f lood21ain.s. 

Tamias s t r i a t u s  
ch i  p m r  

S i t e  records .' Woodlanjs. 



Table  7.6 Continued. 

S c i e n t i f i c  Name 

Common Name D i s t r i b u t i o n a l  S t a t u s  P r e f e r r e d  H a b i t a t  

Marmota monax 
Groundhog 

S c i u r u s  c a r o l  i n e n s i s  
Gray s q u i r r e l  

Sc i  u rus  n i  ge r  
Fox s q u i r r e l  

G l  aucomys v o l  ans 
S o u t h e r n m g  s q u i r r e l  

Cas to r  canadensis 
Beaver 

Re i th rodontomys humul is  
Eas te rn  h a r v e s t  mouse 

Peromyscus man icu la tus  b a i  r d i  i 
P r a i r i e  dee r  mouse 

Peromyscus leucopus 
Whi t e - f o o t e d  mouse 

S i t e  records .  
Statewide.  

S i t e  records .  
Statewide.  

S i t e  reco rds  
Statewide.  

Statewide.  

S i t e  record .  
Statewide.  

Statewide.  

Sta tewide except  e a s t e r n  
mountains. 

S i t e  records., 
S ta tewide d i s t r i b u t i o n  

Wood edges, fencerows, road- 
s i d e s  , postures .  

Wood1 ands , e s p e c i a l  l y  oak 
and h i c k o r y  . 
Fencerows, open areas w i t h  
s c a t t e r e d  t r e e s .  

Wood1 ands. 

Creeks, r i v e r s ,  1 akes. 

Dense weed f ie lds .  

Old f i e l d s ,  g rass lands,  a g r i -  
c u l t u r a l  . . land.  

p r e f e r '  wood1 ands w i t h  good 
ground cover ,  b u t  occu r  i n  a 
v a r i e t y  o f  h a b i t a t s .  



Table  7.6 Continued. 

-- - 

S c i e n t i f i c  Name 

Common Name 

\ 

D i s t r i b u t i o n a l  S t a t u s  P r e f e r r e d  H a b i t a t  

R a t t u s  n o r v e g i  ous 
Norway r a t  

Mus muculus - 
House mouse 

4 
I 

Zapus hudsonius 
cn 
0 Meadow jumping mouse 

Vulpes vu lpes  
Red f o x  

Urocyon,cinereoargenteus 
Gray f o x  

Procyon 1 o t o r  
Raccoon 

Muste l  a f r e n a t a  
L o n g - t a i l e d  weasel 

Statewide.  

S i t e  records .  
Statewide.  

S i t e  record .  
Western and c e n t r a l  
Kentucky . 
Statewide.  

Statewide.  

Statewide.  
S l  t e  records .  

S ta tewide.  

Open carbage dumps, g r a i n  
s t o r a c e  areas.  

Barns,  g r a n a r i e s ,  houses, 
garbage dumps. 

T a l l  g rass lands  i n  l o w  areas.  

Farmlands and open areas. 

Wood1 ands. 

Fores,t: edge, fencerows, s t ream 
banks ., 



Table 7.6 Continued. 

. S c i e n t i f i c  Name 

Common Name D i s t r i b u t i o n a l  Sta tus P re fe r red  H a b i t a t  

Ochrotomys n u t t a l l i  
Golden mouse 

Neotoma f l o r i d a n a  magis ter  
E a s t e r n  woodrat 

V 
I 
ul 
Ga 

Micro tus  pennsylvanicus 
Meadow v o l e  

M i c ro tus  ochrogaster  
P r a i r i e  vo l e  

M ic ro tus  p inetorum 
Pine vo le  

Ondatra z i be th i cus  
Muskrat 

Synaptomys cooper i  
Southern bog lemming 

Statewide except i nne r  
bluegrass . 

S i t e  records from s i gn  
s ta tew ide  except i n n e r  
Bluegrass. 

B reck in r idge  Co. record  
i n n e r  b luegrass and knobs. 

S i t e  records. 
Statewide except extreme 
southeastern mountains. 

Statewide. 

Statewide. 
S i  t e  records. 

Wood1 ands w i t h  dense under- 
s t o r y  o f '  g reenbr ie r ,  honey- 
suck le  and/or w i l d  grape. 

Rock outcrops and l a r g e r  
boulder  p i  1  es. 

Mois t  grasslands and open 
swamps. 

Any h a b i t a t  w i t h  grassy cover 

va r i e t y .  o f  h a b i t a t s  f rom wood- 
lands o f  grass1 and. 

Sl ugg i  sh 1  owl and streams and 
farm ponds. 

Breck in r idge  Co. record. Grassy 'areas w i t h  some brush. 
Eastern mountains, b lue -  
grass and a long Ohio River .  



Tab1.e 7,6 Continued. 

S c i e n t i f i c  Name 

- Common Name D i s t r i b u t i o n a l  Status P r e f e r r e d  H a b i t a t  

Mustel a vison 
M i  nk 

Mephi t is  mephi t is  
S t r iped  skunk 

Lynx ru fus  -- 
Bobcat 

Statewide.  

S i t e  records 
Statewide.  

Statewide.  

Odocoileus v i r g i n i a n u s  S i t e  records.  
Whi te - ta i l ed  deer Statewide.  

Any r i p a r i a n  wooded area 

V a r i e t y  o f  h a b i t a t s .  

Remote wood1 ands . 
Woodlands, edges, brushland. 



Table 7.7 Resu l t s  o f  Small Mammal Snaptrapping i n  Major H a b i t a t  Types f o r  Spr ing  and F a l l  

H a b i t a t  Spec i es Tota l  Captures Trap N igh ts  Trap Success (%)  

Spr ing F a l l  Spr ing F a l l  Spr ing  Fa1 1 

Elottoml and Hardwoods Meadow jumping mouse - - 4 150 150 - - 2.6 

White-footed mouse - - 6 150 150 - - 4.0 

House mouse - - 2 150 150 - - 1.3 
-4 
I 
cn 
0 

. M i  ds lope Hardwoods White-footed mouse 4 8 150 150 2.7 5.3 

S h o r t - t a i  l e d  shrew 4 - 150 150 2.7 - - 

P r a i r i e  vo l e  18 10 150 150 12.0 6.7 

Sho r t - t a i  1 ed shrew 6 -- , 1 5 0  150 4.0 - - 



Bottomland 
Hardwoods 

Mi dslope 01 df i e l  ds  
Hardwoods 

Major Hab i t a t  Types 

Figure 7.1- Comparati ve b i r d  d i v e r s i t y  i ndexes f o r  major h a b i t a t  types .  

Source: Dames & Moore f i e l d  da t a  1980-1981. 





8.0 GEOLOGY 

8.1 INTRODUCTION 

The geology o f  t h e  proposed p l a n t  s i t e  and waste d isposa l  areas, wh i l e  

n o t  complex, does i nvo l ve  several  li tho log ies  w i t h  va ry i ng  h i s t o r i e s .  

o rder  t o  most completely represent  s i t e  geology, several  aspects have been 

considered. Background i nves t i ga t i ons ,  ob jec t i ves ,  methods o f  study, and. 

sources are l i s t ed .  Regional physiography and s t r a t i g r a p h y  are discussed 

i n  a  broad-brush manner. S i t e  s p e c i f i c  s t r a t i g r a p h i c  re1 a t i onsh ips  a re  

descr ibed i n  g rea te r  d e t a i l  as necessary, w i t h  t h e  p l a n t  s i t e  and waste 

d isposal  areas considered separate ly .  

~mpor tan t '  s t r u c t u r a l  fea tu res  a f f e c t i n g  areas c l o s e s t  t o  t h e  s i t e  a r e  

presented a1 ong w i t h  a  d iscuss ion  o f  reg iona l  se i sm ic i t y .  F i n a l l y  , poten- 

t i a l  and ac tua l  minera l  resources a re  evaluated. 



8.2 BACKGROUND AND OBJECTIVES 

Ba,sel i n e  i n f o r m a t i  on prov ided by t h i s .  chapter  w i  11 serve as a source 

document f o r  d e s i g n  o f  s t r u c t u r a l  e l emen ts  o f  t h e  p roposed  p l a n t  and 

development o f  p o s s i b l e  m i t i g a t i n g  measures t o  p rov ide  f o r  env i  ronmental l y  

sound cond i t ions ,  f o r  t h e  s torage o f  c,oal, products  o r  waste mater ia ls .  

The chap te r  w i l l  be used as a source o f  i n f o rma t i on  concerning reg iona l  

qeoloqy and s i t e  s p e c i f i c  geology as i t  r e l a t e s  t o  ground water qua1 i t y  and 
.. . 

hydro logy (Chapter 11.0). . . a 



8.3 METHODOLOGY AND SOURCES 

Regional aspects o f  i n t e r e s t  such as physiography, reg iona l  s t r a t i  - 
graphy , and s t r u c t u r e  were gathered from var ious sources o f  pub'l i shed 

and unpubl ished data. These sources.. i nc l ude  U.S., I 1  1 i n o i s ,  and Kentucky 

Geological  Survey pub l i ca t i ons ,  maps :and data as we1 1 as reg iona l  r e p o r t s  

p rev ious l y  prepared by Dames & Moore. 
' 

S i t e  s p e c i f i . , ~  c o n d i t i o n s  a r e o d e s c r i  bed on t h e  b a s i s  o f  p r e v i o u s  
... . 

env i  ronmental r epo r t s  a v a i l a b l e  t o  Dames & Moore, where appl i cab le ;  i n  

add i t i on ,  i n f o rma t i on  prov ided by a f i e l d  reconnaissance program supervised 

by Dames & Moore personnel and a geotechnical  and geohydraul ic  i nves t i ga -  

t i o n  conducted i n  1981 by Dames & Moore i s  included. 



8.4 PHYSIOGRAPHY 

The proposed s i t e  l i e s  w i t h i n  t h e  Mammoth Cave Plateau area o f  t he  

a r cua te  M iss i ss i pp ian  P la teau  reg ion  (See F igure  8.1). The Mammoth Cave 

Plateau,  l y i n g  immediately t o  t h e  eas t  o f  the  Western Coal F i e l d  region, 

i s  separated from t h e  lower  Pennyroyal P la teau by t h e  south-facing, U- 

shaped D r i pp ing  Springs Escarpment (Brown and Lambert, 1963; Hopkins, 

S u r f a c e  d r . a i nage  i n  t h e  r e g i o n  i s  by s h o r t ,  s m a l l  s t reams w i t h  

s t e e p  g r a d i e n t s  (Brown and l amber t ,  19G3). Ttie a r e a  l i e s  w i . t h i n  t h e  

Ohio R i v e r  dra inage basin,  w i t h  f lows  gene ra l l y  down d i p  t o  t h e  west. 

Man-made ponds have a l t e r e d  t h e  sur face  drainage somewhat. 

W i t h i n  t h e  p l a n t  s i t e  area surface drainage i s  p r i m a r i l y  d i r e c t l y  i n t o  

t h e  Ohio River ,  o r  i n t o  t h e  'upper branch o f  Town Creek. Drainage i n  t h e  

waste d isposa l  area i s  i n t o  B u l l  Creek. Both creeks empty i n t o  t h e  Ohio 

River .  

The proposed p l a n t  s i t e  area i s  gene ra l l y  f l a t  w i t h  a s l i g h t  westward 

slope. E leva t i ons  above mean sea l e v e l  range from 113 m e  (370 f t . )  c l o s e  

t o  t h e  r i v e r  t o  over  131 m. (430 f t . )  on t h e  eastern h a l f  o f  t h e  s i t e .  The 

borrow area i s  moderately f l a t  i n  pa r t ,  ranging i n  e l e v a t i o n  from 122 m. 

(400 f t . )  t o  approx imate ly  131 m. (430 f t . ) ,  b u t  con ta ins  r idges  and h i l l s  

i n  t h e  western p o r t i o n  w i t h  e l e v a t i o n s  as h i gh  as 210 m. (690 f t . ) .  

The waste d isposa l  areas e x h i b i t  g rea te r  o v e r a l l  r e l i e f  than t h e  p l a n t  

s i t e  area. The southern waste d isposal  area encompasses' roughly  t h e  upper 

p o r t i o n  o f  t h e  B u l l  Creek watershed ( r e f e r  t o  Chapter 10). E leva t ions  

range f rom 122 m (400 f t )  i n  t h e  lower  p o r t i o n s  o f  B u l l  Creek t o  229 m (750 

f t )  a long  t h e  r idges.  The no r the rn  waste d isposal  area i s  composed o f  

v a l l e y s  and r i dges  whose sur face  dra inage i s  i n t o  t he  easternmost p o r t i o n  

o f  Town Creek. E leva t i ons  t h e r e  range from 126 m (415 f t )  t o  198 m (650 

f t ) .  
8- 4 
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8.5.1 Regional S e t t i n g  

The e a r l y  geo log ic  h i s t o r y  o f  t he  reg ion  i s  fragmentary due t o  t he  

absence o f  deep d r i l l  ho les  i n  t h e  area. However, i t  i s  poss ib le  t h a t  t h e  

o l d e s t ,  most deeply b u r i e d  rocks a r e  a  t h i c k  sequence o f  layered  vo lcan ic  

and sedimentary rocks s i m i l a r  t o  t h a t  found i n  southern Oklahoma (Swann, 

The o l d e s t  known rocks  i n  t h e  Mammoth Cave Plateau a re  ~ i d d l e  t o  Late 

M i  s s i s s i p i  an i n  age. These rocks formed from sediments deposi ted w i t h i n  

what was then a  l a r g e  s t r u c t u r a l  depression encompassing p a r t s  o f  southern 

I 1  1  i n o i  s  , southern I n d i  ana', and western Kentucky, known as t h e  11 1  i no i  s  

Basin. An anc ien t  r i v e r  system, t h e  Michigan River ,  brought s i l t  and f i n e  

sand over  t h e  broad Canadian. Sh ie l d  f rom t h e  r i s i n g  F r a n k l i n  Mountains o f  

t h e  A r c t i c .  The r i v e r  formed a  d e l t a i c  complex on t h e  nor thern  and eas te rn  

p o r t i o n s  o f  t he  I l l i n o i s  Bas in  (Swann, 1968). 

The M iss i ss i pp ian  cons i s t s  o f  t h i n  a l t e r n a t i n g  format ions o f  l imestone 

and shale.  o r  sandstone and shale. Each c l  a s t i c  u n i t  represents  an advance 

o f  t h e  Michigan R i v e r  d e l t a  over hundreds o f  mi les.  The l imestone u n i t s  

r eco rd  t h e  r e t u r n  o f  t h e  sea due t o  a  decrease i n  t he  anc ien t  r i v e r ' s  

sediment l oad  and gradual s i n k i n g  o f  t he  basin. ' These changes i n  t he  

c h a r a c t e r i s t i c s  o f  t h e  r i v e r  were l i n k e d  t o  c l i m a t i c  c y c l e s  spann ing  

thousands o f  years.  

These o lde r  M i s s i s s i p p i a n  format ions a re  general l y  l e s s  than 15 m. (50 

f t . )  t h i c k ,  w i t h  t h e  excep t ion  o f  t he  B i g  C l i f t y  Sandstone Member o f  t h e  

Golconda Formation, which may be c l ose  t o  100 f e e t  i n  th ickness.  Major 

members o f  t h i s  group are,  from o l d e s t  t o  youngest, t h e  Beaver Bend and 



Pa01 i Li~nestones, t he  Go1 conda Format i  on, t h e  Hardinsburg Sandstone, t h e  

Glen Dean Limestone, and t h e  Tar Spr ings Formation. I n d i v i d u a l  th icknesses 

and c h a r a c t e r i s t i c s  a re  catalogued i n  F i gu re  8.2, t he  geo log ic  column f o r  

t h e  area. 

Over l y ing  these t h i n n e r  sedimentary depos i t s  i s  t h e  61+ m. (ZOO+ 

f t . )  t h i c k  B u f f a l o  Wallow Formation. Youngest o f  t h e  La te  M i ss i ss i pp ian  

rocks, i t  i s  a  t h i c k  g ray i sh  sha le  u n i t .  Occasional much sma l le r  sandstone 
.. . 

o r  l imestone '  beds a re  inc luded  w i t h i n  t h i s  u n i t  and serve as marker beds. 

Fo l low ing  t h e  Miss iss ipp ian ,  t h e  I l l i n o i s  Basin was u p l i f t e d  and 

t i l t e d  t o  t h e  nor th .  The nex t  300 m i l l i o n  years  were a pe r i od  o f  eros ion.  

The M i c h i g a n  R i v e r ,  meander ing  back and f o r t h ,  c u t  away a w ide ,  deep 

v a l l e y  extending w e l l  i n t o  t h e  deep bedrock o f  t h e  region. Dur ing  t h e  l a s t  

m i l l i o n  years,  f o u r  major P le is tocene  i c e  sheets covered t h e  no r t he rn  

p o r t i o n  o f  t h e  basin. Al though t h e  g l a c i a l  advances d i d  no t  extend i n t o  

B reck i n r i dge  County, pe r iods  o f  major f l o o d i n g  as t h e  i c e  mel ted a l lowed 

r e p e a t e d  d e p o s i t i o n  o f  c o a r s e  sand, p e b b l e s  and c o b b l e s  o f  g l a c i a l l y '  

de r i ved  ma te r i a l .  F ine-gra ined sediments were depos i ted by t r i b u t a r y  

streams i n  temporal l akes  accompanying t h e  i c e  movement. These l a c u s t r i n e  

depos i t s  formed t he  t h i c k  c l a y  u n i t s  discussed i n  Sec t ion  8.5.2. Th is  

depos i t ,  up t o  46 m. (150 f t . )  t h i c k ,  o f  P le is tocene  a l l u v i u m  and t e r r a c e  

ma te r i  a1 , accounts f o r  t h e  excep t iona l  ground water  s to rage  c h a r a c t e r i s t i c s  

o f  t h e  a1 luvium. 

Ove r l y i ng  t h e  P le is tocene  i s  a  t h i n n e r  (up t o  9 m. o r  30 f t . )  depos i t  

o f  s i l t ,  sand, and c lay .  Th is  depos i t  i s  t h i c k e s t  a long t he  Ohio R i v e r  

f l o o d  p l a i n ,  and represents  sediment l a i d  down w i t h i n  t h e  l a s t  10,000 

years.  I t  i s  a l s o  present  t o  a  l e s s e r  degree i n  i n t e r m i t t e r ' t l y  f l ooded  

sloughs and a long t r i b u t a r i e s  o f  t h e  Ohio R i v e r  such as Town Creek. 



Figure 8.2. General i.zed S t ra t i g raph i c  Column o f  t he  Area. 
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8.5.2 S i t e  Cond i t ion  - P l a n t  Area 

8.5.2.1 S u r f i c i a l  depos i t s  

Two major types o f  s u r f i c i a l  depos i t s  a re  found on t h e  s i t e :  Recent 

a l l u v i a l  depos i t s  o f  t he  Ohio H i ve r ' and  Town Creek, and o l d e r  a l l u v i u m  

o f  P le is tocene  age from g l a c i a l  me1 twater .  I n  a d d i t i o n ,  bedrock present  

beneath t h e  s u r f i c i a l  depos i t s  outcrops a t  e l e v a t i o n s  above 134 m (440 

f t . )  as shown i n  F igure  8.3. 

Recent a1 a 1  - uvium ..-..- =...- - Clayey s i l t  w i t h  seams and pockets o f  f i ne '  sand has 

been depos i ted by t h e  Ohio R i v e r  d u r i n g  f l o o d  stage. Th is  depos i t  v a r i e s  

i n  depth f rom 0-7.6 m (0-25 f t . ) ,  and extends 305 t o  610 m (1000 t o  2000 

f t . ) ,  forming a  crescent  marked by t h e  r i v e r  t o  t h e  west and t h e  L o u i s v i l l e  

and N a s h v i l l e  Ra i l r oad  r igh t -o f -way  t o  t h e  east.  Th inner  depos i t s  . a r e  

formed a long Town Creek d u r i n g  f l o o d  s tage as we l l .  

Depos i ts  o f  t h i s  age and t ype  a re  found i n  Bor ings 101, 102 and.103 i n  

t h e  p l a n t  s i t e  area (F i gu re  8.4). 

.P le is tocene o l d e r  a1 1  uvium and t e r r a c e  depos i t s  - S u r f i c i a l  depos i t s  

g e n e r a l l y  west o f  t h e  r a i l r o a d  a re  composed o f  o l d e r  a l l u v i u m  depos i ted  

w i t h i n  t h e  l a s t  m i l l i o n  y e a r s .  A s m a l l  l i n e a r  r i d g e  above t h e  131  m 

( (430-ft. ) con tour  may represent  a  P le is tocene  dune depos i t  ( C r i  t tenden  

and Hose, 1965). A minor topographica l  r i s e  (west o f  Bor ing  8  i n  F i gu re  

8.4) has been i n t e r p r e t e d  as a  l o c a l l y  conspicuous t e r r a c e  depos i t  repre-  

s e n t i n g  an  o l d e r ,  s l i g h t l y  h i g h e r  r i v e r  v a l l e y  ( C r i t t e n d e n  and Hose, 

1965). 

Clayey t o  sandy s i l t ,  4  t o  8  m (14-25 f t . )  t h i c k ,  o v e r l i e s  a  f i n e  t o  

riiedium coarse s i l t y  sand. The c layey  s i l t ,  becoming sandy c l a y  t o  t h e  

south, i s  genera l l ' y  medium s t i f f ,  and may con ta i n  occasional .  s i l t y  sand 

seams. 
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Figure 8.3 continued. Geologic Map Legend 
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Beneath these upp.er s o i l s  l i e s  a  t h i c k  sequence of s i l t y  sands ranging 

i n  th ickness  from 12 m (40 f t . )  beneath t h e  r i v e r  bed t o  more than  40 m 

(130 f t . )  a few hundred meters west (F igures  8.5 and 8.6). Genera l ly ,  t h e  

sand becomes l e s s  s i l t y  and more dense w i t h  depth. Approximately 6  m (20 

f t . )  o f  dense sand and gravel  marks t h e  lowermost l i m i t  o f  t h e  stratum. To 

t h e  west ,  t h e  s i l t y  sand i s  absen t ,  g i v i n g  way t o  a  l a ' r g e  l a c u s t r i n e  

depos i t  (up t o  20 m, o r  65 f t . )  o f  gray c l a y  and s i l t y  c l a y  (F igure  8.5). 
... . 

8.5.2.2 Bedrock 

The bedrock  unde r  t h e  sur . f i  c i a 1  d e p o s i t s  r e f l e c t s  t h e  e r o s i o n a l  

h i s t o r y  o f  t he  area. The youngest, uppermost depos i ts  were eroded almost 

e n t i r e l y ,  and a re  l e f t  i n  small patches on . t h e  tops  o f  h i l l s  and r idges.  

P r ~ g r e s s i v e l y  o l d e r  u n i t s  appear downslope, as t he  anc ien t  Michigan R i ve r  

eroded deeper i n t o  t h e  s e c t i o n  toward i t s  v a l l e y  bottom. 

Rock u n i t s  exposed by e ros ion  extend from t h e  B u f f a l o  Wallow Forma- 

. t i o n  down t o  t h e  B i g  C l i f t y  Sandstone Member o f  t h e  Go1,conda Formation. 

La te r ,  when g l a c i a l  mel twater  increased f l o o d i n g  i n  t h e  area, the  Miss iss -  

i p p i a n  rock's exposed i n  t h e  lower reg ions were covered by P le is tocene 

a1 luvium. F igure  8.3 i l l u s t r a t e s  t h e  r e l a t i o n s h i p s  o f  t he  var ious  bedrock 

u n i t s  based on outcrop s tud ies.  F iyu res  8.7 and 8.8 represent  t h e  probable 

p o s i t i o n  o f  bedrock u n i t s  i n  t h e  v i c i n i t y  based on known reg iona l  d i p  and 

o n - s i t e  bor ings. 

Bedrock depth va r i es  from 0.2 m. (0-7 f t . )  beneath t h e  sur face  on t h e  

h i l l s  i n  t h e  southeast p o r t i o n  o f  t h e  p l a n t  s i t e  t o  44 m. (145 f t . )  i n  t h e  

c e n t r a l  p o r t i o n  o f  t h e  s i t e  beneath a t h i c k  b lanke t  o f  unconsol idated 

deposi ts .  
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8.5.3 S i t e  Condi t ions - Southern Waste D ~ S D O S ~ ~  Area 

8.5.3.1 S u r f i c i a l  depos i t s  

S u r f i c i a l  depos i t s  a re  n o t  o f  major  s i g n i f i c a n c e  i n  t h e  waste d isposa l  

a r e a ;  however,  b o t h  Recen t  and P l e i s t o c e n e  d e p o s i t s  o c c u r  a l o n g  B u l l  

Creek. Bedrock i s  a t  su r face  o r  near-surface e l eva t i ons  on h i l l s i d e s ,  and 

7 - .  9 rn (24  - 30 f t )  below sur face  e l e v a t i o n  i n  creek bottoms (F i gu re  

8.9).  
. .. . 

Recent a1 luv ium - .A t h i n  b l anke t  o f  s i l t y  c l ay ,  approx imate ly  one 

t o  1.5 m (4-5 f t . )  represents  t h e  youngest f l o o d  depos i t s  of B u l l  Creek. 

Th is  i s  found i n  two o f  t he  t h r e e  bor ings  d r i l l e d  i n  t h e  waste 'd isposal  

area (F igures  8.10 and 8.11). 

P le is tocene  o l d e r  a 1  luv ium and t e r r a c e  depos i t s  - A l a y e r  o f  s i l t y ,  

p o o r l y  graded sand, 4  t o  6 m. (15-20 f t . )  t h i c k ,  u n d e r l i e s  t h e  Recent 

a l l u v i u m  i n  t h e  westernmost bor ing.  Toward t h e  eas t  t h i s  s t ra tum q u i c k l y  

gives'  way t o  an equa l l y  t h i c k  c l ay .  u n i t ,  l o c a l l y  i n t e r r u p t e d  by t h i n  sand 

o r  coarse sand w i t h  grave l  seams. The c l a y  i s  brown and s i l t y ,  g rad ing  

downwards t o  gray and sandy. 

8.5.3.2 Bedrock 

Bedrock i n  t h e  waste d isposa l  area l i e s  near su r face  under 0-2 m. 

l a y e r  o f  s o i l  ( r e f e r  t o  Chapter 9.0 f o r  d i scuss ion) .  Rocks exposed i n c l u d e  

t h e  B u f f a l o  Wallow Format ion t o  t h e  n o r t h  a t  e l eva t i ons  h igher  than 190 m. 

(630 f t . )  through t h e  Tar Spr ings Formation, Glen Dean Limestone, Hard- 

insburg  Sandstone and Golconda Format ion a t  p rog ress i ve l y  lower  e leva t ions .  

The Beech Creek Limestone Member o f  t h e  Golconda Format ion represents  

a  u n i t  no t  found i n  outcrop i n  t h e  p l a n t  area, bu t  which i s  found i n  t h e  

waste d isposa l  area a long t h e  upper p o r t i o n s  o f  B u l l  Creek. However, i t  i s  

found i n  subsurface a t  bo th  l o c a ' l i t i e s ,  unde r l y i ng  t h e  a l l u v i a l  depos i ts .  

8-1 8 
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Figure 8.9 continued. Geologic Map Legend 
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Figure 8.9 continued. Geologic Map Legend 
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8.5.4 S i t e  Cond i t ions  - Nor thern Waste Disposal  Area 

8.5.4,l Su r - f i c i a l  depos i t s  

S u r f i  c i a 1  depos i t s  i n  ' t h e  nor thern  waste, d isposal  area a re  m i  nor. As 

w i t h  t h e  southern waste d isposa l  area, however, some Recent and Ple is tocene 

depos i t s  occur  a l ong  t h e  creek bed (a  branch o f  Town Creeek). Younger 

(Recent)  a l l u v i u m  i s  found a t  e l eva t i ons  below about 128 m (420 f t ) ,  w h i l e  

o l d e r  (P le i s t ocene )  a l l u v i a l  depos i ts  a re  found a t  e l eva t i ons  between 128 m 
.. . 

and 1 3 1  fn  137 m (430 t o  45U ft). 

8.5.4.2 Bedrock 

Bedrock i n  t h e  no r the rn  waste d isposa l  area outcrops a t  e l eva t f ons  

b e g i n n i n g  a t  1 3 1  t o  137 m (430  t o  450 f t ) ,  t o p o g r a p h i c a l l y  above t h e  

h i ghes t  s u r f i c i a l  deposi ts .  Outcropping u n i t s  i nc l ude  t h e  Haney Limestone 

Member o f  t h e  Golconda. Formation, t he  Hardinsburg Sandstone, t he  Glen Dean 

Limestone, and t h e  Tar Spr ings Formation. 



8.6 STRUCTURE 

8.6.1. Regional S e t t i n g  

The reg ion around Breck in r idge  County i s  d i v i d e d  i n t o  t h ree  main . 

s t r u c t u r a l  provinces; t he  I 1  1  i n o i s  Basin, C inc inna t i  Arch and M i s s i s s i p p i  

Embayment (F igure  8.12). Breck in r idge  County i s  along t he  eastern 1 i m i t  

o f  the  I l l i n o i s  Basin border ing  on t h e  C i n c i n n a t i  Arch province. Many 

sma l le r  fea tu res  a re  i n  each prov ince ( o r  crosscuts  more than one prov ince) .  

F a u l t  zones (F igure  8.13) near t he  proposed p l a n t  s i t e  of.-'i'.nterest- 

are:  

1)  Rough Creek F a u l t  Zone 
2) Wabash ' R i ve r  F a u l t  Zone 
3) Fau l ted  M ine ra l i zed  Area 
4) New Madrid Seismic/Faul t  Zone ( M i s s i s s i p p i  

Embayment area).  

Rouah Creek F a u l t  Svstem 

This  System i s  t h e  c l o s e s t  s t r u c t u r a l  f ea tu re  t o  t he  proposed coa l  . 

conversion p lan t .  It i s  approximately 280 km.(174 m i )  long, t r end ing  

east-west through Southern I l l i n o i s  and Western Kentucky. The System's 

nearest  expression i s  50 km. t o  t h e  south i n  Ohio and Grayson Counties 

(F igure  8.13) 

The System i s  b a s i c l y  a  compressional f o l d  between t he  Moorman Syn- 

c l i n e  and t h e  I l l i n o i s  Basin. The f a u l t i n g  i s  mos t l y  h i gh  angle, reverse 

w i t h  t h e  downthrown b l o c k ( s )  t o  t h e  nor th .  Complexity o f  t he  system ranges 

. f rom a s i n g l e  h igh-angle reverse f a u l t  t o  a  network o f  b lock  f a u l t s  u s u a l l y  
,, . . .  

. normal. -The l a s t  recognized t ime  o f  movement a long t he  System was post -  

Pennsyl vanian, about 280 m i  11 i o n  years  ago. 

Two nor th -nor theas t  t r end ing  normal f a u l t  zones are w i t h i n  33 km. 

o f  t he  proposed p l a n t  s i t e ,  one through southeast Breck in r idge  County and 

one extending from Perry  County, Indiana, t o  Hancock County, Kentucky 

(Figure.8.14). Both a re  . predominately downthrown t o  .the northwest and 

8-26 



Figure 8.1 2 Major S t ruc tu ra l  Provinces 
SOURCE: B r i  s t01 and Buschbach , 1971 a Proposed coal conversion p l a n t  
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Figure 8.13 Fault zones and major faults 
SOURCE: Bristol and Buschbach, 1971 
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Figure 8.14 Fau l ts  and s t ruc ture  contours on t h e  Devonian- ' 
Mississippian shales on and near  Breckinridge County, Kentucky. 
SOURCE: Schwalb and P o t t e r ,  1978 

Gray, Wayne, and Wier, 1970. 
- 8-29 



cons idered i n a c t i v e .  Displacement on t h e  nor thwestern f a u l t  i s  approx i -  

mate ly  20 m. 

Wabash R i ve r  F a u l t  Zone 

Th is  f a u l t  zone t rends  nor th -nor theas t  from G a l l a t i n  County t o  Wabash 

County, I l l i n o i s .  Width i s  rough ly  30 km. and l e n g t h  130 km. Southern 

e x t e n t  i s  i n t o  t he  very complex Fau l t ed  M ine ra l i zed  Area. Th is  zone i s  

s t i l l  s e i s ~ n i c a l l y  a c t i v e  w i t h  f u t u r e  earthquakes no t  expected t o  exceed 

mb = 6.5 ( ~ u t t l i ,  1979). The W e l b b l ~  Va l l ey  Seismic Zone i s  much l a r g e r  

than  t h e  known f a u l t  zone, 100 km. by. 200 km. 

The s t r onges t  earthquake i n  t h e  zone occurred on November 9, 1968 

(mb = 5.5) b u t  because o f  i t s  g rea t  depth (20 km.) o n l y  moderate damage 

r e s u l t e d  a t  t h e  ep i cen te r  ( N u t t l  i , 1979). 

Over 30 major f a u l t s  a re  known t o  be i n  t h i s  f a u l t  zone (Heyl ,  J r .  

and Brock, 1961). The longes t  f a u l t  i s  approx imate ly  65 km. l ong  and 

l oca ted  under t h e  Wabash River.  

Faul t e d  Minera l  i zed Area 

Hundreds o f  f a u l t s  have been mapped i n  t h i s  area. The i n t e r r e l a t i o n -  

s h i p  o f  these f a u l t s  i s  complicated. The Rough Creek F a u l t  i n  t h e  area 

( h i g h  a n g l e  r e v e r s e  w i t h  o v e r  900 m. d i s p l a c e m e n t )  i s  c o n s i d e r e d  t h e  

no r t he rn  boundary (Heyl ,  J r .  and Brock, 1961). Th is  area i s  w i t h i n  t h e  

no r t he rn  p a r t  o f  a  c o l  lapsed nor th-nor thwest  t r e n d i n g  domal a n t i c 1  i ne which 

.. i s  a l s o  t h e  j u n c t u r e  o f  t h e  t h r e e  sub-1 i n e a r  f a u l t  zones d iscussed i n '  t h i s  

. -. 
sec t ion .  

New Madrid Seismic /Faul t  Zone 

Th i s  Zone co inc ides  w i t h  t h e  M i s s i s s i p p i  Embayment p rov ince  on F ig -  

gure 8.12. Sediments o f  Upper Cretaceous and ;ounger age cover  t h e  Zone 

and t h i s  masks t h e  f a u l t s  present  i n  t h e  Paleozoic  rocks. Seismic and 

o t h e r  geophysical  da ta  i d e n t i f i e d  two l a r g e  f a u l t s  :and severa l  smal l  f a u l t s  * 



( F i g u r e  8.15b). The map o f  ep icen te rs  o f  microearthquakes (F igure  8.15a) 

shows a l a rge  s e i s m i c a l l y  a c t i v e  area. Focal depths range from 5km. t o  20 

km. 

Large earthquakes (body-wave magnitude o f  over mb = 6.0) have occur- 

r e d  f i v e .  t imes ( N u t t l i ,  1979); t h r e e  (7.2, 7.1, 7.4) du r i ng  t h e  w i n t e r  o f  

1811-1812, one each on January 4, 1843 (6.0) and October 31, 1895 (6.2). 

Because these have occurred om recen t  t ime  t h i s  area i s  considered very 
- .  

a c t i  ve. 

8.6.2 S i t e  c o n d i t i o n s  

No s t r u c t u r a l  fea t l i res  a r e  known t o  be present  under t he  proposed 

p l a n t  s i t e .  A l l u v i a l  d e p o s i t s  o f  o l d e r  Ohio K i v e r  t e r r a c e s  mask any 

f e a t u r e s  which. may be present.  Depth t o  bedrock exceeds 30 m throughout 
> 

t h e  area. A l i n e a r  s e r i e s  o f  h i l l s  t rends  through t h e  proposed p l a n t  s i t e ,  

Ac tua l  o r i g i n  o f  these h i l l s  i s  unknown b u t  they  have niorphologic s i m i l a r -  

i ti es t o  dunes. 

Bedrock eas t  and west (across t h e  Ohio R i ve r )  o f  t h e  s i t e  i s  f l a t l y i n g  

w i t h  s l i g h t  d i p  toward t he  northwest. S t r u c t u r a l  contours o f  bedrock a t  

depth (F igu re  8.15b) i n d i c a t e  d i p  t o  t h e  west o r  northwest. Nearest mapped 

f a u l t  zones a re  8 km t o  t h e  west (mentioned i n  8.8.1) and 10 km t o  the  

east.  Th-e two near f a u l t s  t o  t h e  eas t  t r e n d  east -nor theast  w i t h  downthrown 

displacement o f  t h e  nor thwest  b lock  approching 9 m. These f a u l t s  may be 
" .. 

two sur face  expressions o f . t h e  same l ineament. T h e i r  d i r e c t i o n  and charac- 

t e r  a r e  c o n s i s t e n t  w i t h  t h e  nearby 1 a rger  f a u l t  zones. 

F a u l t s  near t h e  p l a n t  s i t e  a re  t ens iona l  i n  o r i g i n  as opposed t o  the  

compressional Rough Creek F a u l t  System. (Compressional and tens iona l  are 

d e s c r i p t i v e  terms c h a r a c t e r i z i n g  the  t e c t o n i c s  i nvo l ved  i n  t h e  fo rmat ion  
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o f  va r ious  s t r u c t u r a l  features.  Compressional fea tu res  r e s u l t  when tec -  

t o n i c  f o r c e s  a r e  d i r e c t e d  t owa rds  an a rea ,  i .e.  a  squeez ing  a c t i o n .  

Tensional  f ea tu res  r e s u l t  when t e c t o n i c  forces are d i r e c t e d  away from an 

area, i.e. a  p u l l i n g - a p a r t  ac t ion .  Two poss ib l e  o r i g i n s  f o r  t he  near 

f a u l t s  cou ld  be: 

1) From r o t a t i o n a l  movement o f  t he  bedrock du r i ng  t he  compressional 

event  c r e a t i n g  t h e  Rough Creek F a u l t  system or ,  
-. " .  

2)  Tensional  r e l e a s e '  o f  conf ined forces a f t e r  t h e  co l~ l l~r*ess lonal  

phase. 



8.7 SEISMICITY 

. . 

F igures 8.16 and 8.17 show t h e  proposed s i t e  t o  be w i t h i n  two d i f -  

f e r e n t  se ismic acce le ra t i on  areas as determined by t h e  Appl i e d  Technology 

Counci l  (1978). F igure  8.18 shows t h e  s i t e  t o  be w i t h i n  seismic zone 2 of 

A l g e r m i s s e n  (1969) .  B r e c k i n r i d g e  County ,  Ken tucky  i s  i n  Area  1 w i t h  

respect  t o  t he  E f f e c t i v e  Peak Acce le ra t ion  ( c o e f f i c i e n t  Ad) and -. Area 2 
... . 

w i t h  respect  t o  t h e  E f f e c t i v e  Peak Ve loc i t y -Re la ted  Acce le ra t ion  (coef- 

f i c i e n t  A,). Even though t h e  s i t e  i s  l oca ted  i n  two d i f f e r e n t  acce le r -  

a t i o n  areas t he  two c o e f f i c i e n t  values a re  equal ; Aa = Av = 0.05. Zone 

2 o f  Algermissen (1969) can expect moderate damage due t o  earthquakes. 

Modera te  damage ex tends  up t o  I n t e n s i t y  V I I  on t h e  M o d i f i e d  M e r c a l l i  

I n t e n s i t y  (MMI) sca le  (F igure  8.19). 

S i x  se ismic zones a r e  present  i n  t h e  Centra l  Un i ted  States ( ~ u t t l  i, 

1979). The Wabash, New Madrid, Ozark and Anna (F igu re  8.20) se ismic areas, 

a l l  w i t h i n  400 km .(250 m i l e s )  o f  t he  proposed s i t e ,  w i l l  be discussed. 

The Wabash Val l e y  Seismic Zone i s  approx imate ly  100 km by 200 km. (60 

m i l e s  by 120 m i l es ) .  The l a r g e s t  h i s t o r i c  earthquakes were about mb. = 

5.5 and f u t u r e  earthquakes should n o t  exceed mb = 6.5 o r  one u n i t  l a rge r .  

Focal mechanisms f o r  four  earthquakes were developed f o r  t h i s  zone, t h r e e  

i nd i  ca te  reverse f a u i t i  ng w i t h  nor th-south f a u l t  p l  anes and one i n d i c a t e s  
1 

. . .  
r i g h t - l a t e r a l  s t r i k e - s l  i p  f a u l t i n g  w i t h  a  nor th-nor thwest  f a u l t  p lane  

( N u t t l  i , 1979). . ' C  

F ive  earthquakes had mb va lves o f  5  o r  greater .  These were events 

on 29 A p r i l ,  1899 (mb = 5.0), 27 September, 1909 (mb = 5.31, 26 Novem- 

, ber,  1922 (mb = 5.0), 26 A p r i l ,  1925 (mb = 5.U) ,  and 9 ~overnber, 1968 



Figure 8.16 Map for Coefficient A, 

SOURCE : Appl ied Techno1 ogy Counci 1 , 1978. 



Figure 8.17 Map f o r  C o e f f i c i e n t  A, 

SOURCE: Appl i e d  Techno1 ogy Counci 1 , 1978. 



EXPLANATION 

0 NO REASONABLE EXPECTANCY 
OF EARTHQUAKE DAMAGE 

1 EXPECTED MINOR DAMAGE 

2 EXPECTED MODERATE DAMAGE 

3 MAJOR DESTRUCTIVE 
EARTHQUAKES MAY OCCUR 

Figure 8.18 SEISMIC R I S K  ZONES IN THE EASTERN UNITED STATES. 
Source: 5. T. Algermissen, Seismlc Rlsk Studles ln the United States, 
National Oceanic and Atmospheric Administration, 1969, - . .- 
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Figure 8.19 MODIFIED MERCALLI EPICENTRAL INTEBSITY SCALE FOR 
EARTHQUAKES. Sources: H. 0. Wood and F. Newnann, "I4odif ied 
Merca l l i  I n t e n s i t y  Scale of 1931 ,I1 B u l l e t i n  o f  the Seismological 
Society of America 21 : 278-283 (1931 ) ; U.S. Atomic Energy Commission, 
Nuclear Reactors and Earthquakes, Report No. TID-7024, Washington, 
D.C. , 1975.. 
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SOURCE: N u t t l  i , 1979. 



(mb = 5.5). The f oca l  depth o f  the  l a r g e s t  event ( 9  November, 1968) was 

20 km and caused minor damage i n  Evansv i l l e ,  Indiana; S t .  Louis,  Missour i  

and Chicago, I l l i n o i s .  The f e l t  area extended t o  Mobile, Alabama; Boston, 

Massachusetts and Southern Ontar io.  

The New Madrid Seismic Zone has roughly  t h e  same s i z e  and t r e n d  as t h e  

Wabash Va l ley  Seismic Zone bu t  da ta  i s  i n s u f f i c i e n t  t o  'determine i f  they  

a r e  pa r t s  o f  one cont inous zone. The New Madrid Zone ' is  t h e  most- ac t i ve -  . 

area . i n  t h e  c e n t r a l  Un i ted  States, account ing f o r  over one - th i r d  o f  t he  

f e l t  earthquakes. The most s e i s m i c a l l y  a c t i v e  three-month p e r i o d  i n  t he  . ,  

recorded h i s t o r y  o f  t he  Un i ted  States occurred t h e r e  du r i ng  t h e  w i n t e r  o f  

1811 and 1812. Three shocks were over mb = 7.0 du r i ng  t h i s  per iod ;  16 

December, 1811 (mb = 7.2); 23 January, 1812 (mb = 7.1) and 7 February, 

1812 (mb = 7.4). The two l a r g e s t  shock's a f t e r  t h i s  pe r i od  occurred 4 

January, 1843 (mb = 6.0) and 31 October, 1895 (mb = 6.2) near, respec- 

t i v e l y ,  t h e  southern and nor thern  terminus o f  t he  seismic zone'. N u t t l  i , 

(1979) c a l c u l a t e d  t h e r e  w i l l  be annual averages o f  300 earthquakes o f  mb 

= 1 + - 0.5 o r  g rea te r  and 1.5 earthquakes o f  mb = 4 + 0.5. - 
The Ozark area i s  named t h e  S t .  Francois  Mountain Seismic Zone. Three 

foca l  mechanisms i n d i c a t e  normal ( o r  t ens iona l )  f a u l t i n g  ( N u t t l  i , 1979) 

w h i c h  i s  expec ted  i n  an a r e a  o f  u p l i f t ,  i .e.  t h e  Ozark ~ o ~ n e  U p l i f t .  

Seismographs have .been i n  use i n  t h i s  area s ince  1909 and because o f  t h i s  

t h e r e  have been l a r g e  numbers o f  earthquake ep icen te rs  recorded. On 9 

A p r i l ,  1917 a l a r g e  earthquake (mb = 5.0, I n t e n s i t y  V I )  occurred near t h e  

town a t  Ste. Genevieve, Missour i  bu t  t h e  Ste. Genevieve F a u l t  (a western 

e x t e n s i o n  o f  t h e  Rough Creek F a u l t  System) does n o t  appear  t o  be t h e  

cause, 



The Anna, Ohio Seismic Region i s  a small area which had moderate- 

damage producing earthquakes. F i v e  mb = 5.3 earthquakes have occurred 

f rom 1875 t o  1937, one i n  1875 and t h e  o t h e r  f o u r  between 1930 and 1937. 

P o s s i b l e  mecha'ni sms a r e  unknown owing  t o  i n s u f f i c i e n t  r e 1  i a b l e  da ta .  
\ 

A 1 i s t  of a1 1 earthquakes up t o  1974 w i t h  I n t e n s i t y  V o r  g rea te r  i s  

i nc l uded  i n  F igure  8.21 ( N u t t l i ,  1974). 

... . 



Figure 8.21 

SEISMIC HISTORY 
EARTHQUAKES OF INTENSITY V OR GREATER WITHIN 175 MILES OF SITE 
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Figure 8.21 (Continued )I 

SEISMIC HISTORY 
EARTHQUAKES OF INTENSITY V OR GREATER WITHIN 175 MILES OF SITE 
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Figure 8.21 (Cor.tinued) 

SEISMIC HISTORY 
EARTHQUAKES OF INTENSITY V OR GREATER WITHIN 175 MILES OF SITE 
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8.8 MINERAL RESOURCES 

Minera l  resources i n  B reck in r i dge  County inc lude,  i n  order' of impor- 

tance, stone, sand and g rave l  , petroleum and coal. To ta l  va lue o f  m inera l  

p roduc t i on  f o r  1971 ( t h e  l a s t  ava i  l ab le  year  B I -e~k in r i dge  County r e l ~ a ~ ~ d  

such f i g u r e s  f o r  pub1 i c a t i  on) was $508,000. 

8.8.1 Petroleum 
.. - . . 

I n  1962, o i l .  was d iscovered l e s s  than t e n  111iles south o f  t he  s i t e ,  

near  M a t t i n g l y ,  Kentucky. The producing zone, i n  t he  B i g  C l i f t y  Member 

o f  t h e  Golconda F o r m a t i o n ,  i s  l e s s  t h a n  550 f e e t  deep i n  most  w e l l s ,  

and, i n  some we1 l s ,  i s  l i t t l e  more than 200 f e e t  deep. 

B reck in r i dge  County p roduc t i on  of crude o i l  has dec l i ned  cons iderably  

f r om a h i g h  o f  18 thousand b a r r e l s  i n  1971 and 1972 t o  4  thousand b a r r e l s  

p e r  y e a r  s i nce  1976 (Tab le  8.1). No o i l  i s  produced i n  the  s i t e  v i c i n i t y .  

8.8.2 Coal - .  

The s i t e  l i e s  on t h e  eas te rn  edge o f  t he  Western Kentucky coal  f i e l d .  

Coal i n  t h e  "western coa l  f i e l d  i s  est imated a t  34.8 b i l l i o n  m e t r i c  tons 

(38.4 b i l l  i on , .  s h o r t  tons) .  Twenty- f ive percent  o f  the  t o t a l  tonnage i s  

con ta ined  i n  t h e  Mu l f o rd  (No. 9 ) .  coa l  seam w i t h  an a d d i t i o n a l  68% from s i x  

s m a l l e r  seams (Nos, 11, 12, 6, 4, 13 and 14), 

B reck in r i dge  County con ta ins  an est imated 243,076 m e t r i c  tons  (268,000 

s h o r t  tons)  o f  coal ,  none o f  which have been, o r  a r e  c u r r e n t l y  being, 

commerc ia l ly  mined as of January 1976. Only one bed, t he  Breck in r idge  

Cannel seam, i s  p resen t  w i t h i n  t h e  county, The seam i s  uncorre la ted.  O f  

t h e  t o t a l  est imate,  9,070 m e t r i c  tons  (10,000 sho r t  t ons )  have been meas- 

u red  and t h e  remainder a re  i n f e r r e d  (Smith and Brant,  1978). 



Table 8.1 Mineral  Product ion i n  Breck in r idge  County 

O i l  and Gas Well Crude O i  1 Product ion To ta l  Value 
Product ion D r i l  l i n g  Completions (thousands o f  42- Crushed Stone o f  Minera l  Product ion 

Years No. Wells Foot age Gal 1  on b a r r e l  s )  (thousands o f  s h o r t  tons)  (thousands o f  do1 1 a r s )  

Dashes i n d i c a t e  data unavai lab le ,  genera l l y  w i t hhe ld  a t  request o f  companies involved. 



No coal  has been repo r ted  i n  o r  near t he  s i t e ;  however, some has been 

rec'orded on t h e  extreme western boundary o f  Breck in r idge  County. 

8.8.3 Sand and Gravel 

A s m a l l  amount o f  g r a v e l  i s  p r e s e n t  i n  t h e  t e r r a c e  d e p o s i t s  and . . 

s tream beds near t h e  cemetary a t  Stephensport, approximately 6.4 km ( f o u r  

m i )  f rom t h e  s i t e .  Th is  i s  a  minor occurrence, and i s  l i m i t e d  t o  l o c a l  

use. .. . . . 

A sand and g r a v e l  o p e r a t i o n '  has been f u n c t i o n i n g  a t  C l o v e r p o r t ,  

11.3 km ( 7  m i )  from t h e  s i t e ,  f o r  approx imate ly  twenty years.  Sand produc- 

t i o n  i s  est imated a t  18,140 m e t r i c  tons  (20,000 t ons )  pe r  year,  hyd rau l i c -  

a l l y  pumped from a se t t lement  pond by t h e  Ohio River .  Gravel p roduc t ion  i s  

approx imate ly  one - th i r d  t h a t  of sand (C loverpor t  Sand and Gravel, pers. 

comm.) . 
8.8.4 Limestone and Shale 

Limestone and sha le  a re  no t  developed as resources i n  t h e  immediate 

s i t e  v f c i n i t y .  Shale .from t h e  lowe'r p a r t  o f  t he  Hardinsburg Sandstone 

has been used a t  C love rpo r t  f o r  the  manufacture o f  b r i c k  and r o o f i n g  t i l e .  

S i m i l a r  sha le  found i n  t h e  Bu f f a l o  Wallow Formation, t h e  upper member o f  

t h e  Glen Dean Limestone, and i n  t h e  B i g  C l i f t y  Sandstone Member o f  t h e  

Go1 conda Formati on, may be s u i  tab1 e f o r  l i g h t w e i g h t  aggregate and t e r r a  

c o t t a  products  (C la rk  and Cr i t tenden,  1965; C r i  t tenden and Hose, 1965). 

H igh -pu r i t y  l imestone'  has been qua r r i ed  from t h e  Glen Dean Limestone 
, . 

a long  t h e  Ohio R iver ,  and f rom t h e  Haney Limestone Member o f  t h e  Golconda 

Format ion near Hard i  nsburg, w i t h i n  B reck in r i dge  County. . A1 though t he re  

a r e  no qua r r i es  c u r r e n t l y  opera t ing  i n  t he  immediate area, i t  . i s  a  poten- 

t i a l  resource i n  areas where t h e  overburden i s  l i g h t .  
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9.0 . SOILS 

9.1 INTRODUCTION 

Both t h e  proposed p l a n t  s i t e  and waste d isposa l  areas a re  covered 

by s o i l s  t h a t  e i t h e r  developed i n  t h e  a l l u v i a l  depos i t s  o r  formed ou t  of 

t h e  weathered bedrock. F i gu re  9.1 and 9.2 a re  s o i l  maps o f  the  proposed 

s i t e  and southern waste d isposa l  area, r espec t i ve l y .  . ' ... . 
. . 

Deep d l  1  u v l a l  so i  I s  cover  t h e  western ha1 f and nor theas te rn  q u a r t e r  
L .  

o f  t h e  p l a n t  s i t e  a rea .  These loamy s o i l s  a r e  f o u n d  on n e a r l y  l e v e l  

t o  s t r o n g l y  s l o p i n g  stream te r races .  T h e i r  p e r m e a b i l i t y  r a t e  i s  moderate, 

e x c e p t  i n  t h e  f r a g i p a n ,  i f  i t , e x i s t s ,  where t h e  r a t e  i s  s l i g h t .  The 

f r a g i p a n  i s  a  loamy, b r i t t l e ,  s u b s u r f a c e  h o r i z o n  t h a t  i s  v e r y  l o w  i n  

o rgan ic  ma t t e r  con ten t  and c l ay ,  bu t  i s  r i c h  i n  s i l t  o r  very  f i ne .  sand. 

The a c i d i t y  o f  these s o i l s  va r i es  from s ' l i gh t  . to  moderate. The major 

so i  1  s e r i e s  i nc l uded  a re  Wheel ing ,  Weinbach, S c i o t o v i  1  l e ,  Melv in ,  and 

Hunt ington. 

The southeastern q u a r t e r  o f  t h e  p l a n t  s i t e  area i s  o v e r l a i n  by sha l -  

low res i dua l  s o i l s .  These s o i l s  a re  found on s t r o n g l y  s l op i ng  t o  steep 

slopes. The i r  a c i d i t y  v a r i e s  from s l i g h t  t o  moderate and t h e  p e r m e a b i l i t y  

r a t e  i s  gene ra l l y  moderate, 'The  s o i l  s e r i e s  found i n  these upland areas 

a re  Weikert, G i l p i n ,  and Wellston. 

These s e r i e s  a r e  a1 so found, w i t h  o the rs  inc luded,  i n  t he  waste d i s -  

posal  area, where r es i dua l  s o i l s  predominate (F i gu re  9.2). The area i s  

l a r g e l y  cha rac te r i zed  by smal l  r i dges  and va l l eys ,  bu t  some wide bottom 

lands  a re  present. These bottoms a re  found p a r a l l e l  t o  t h e  t r u n k  o f  B u l l  





Soil Map, Southern 
Waste Disposal Area 



Creek which d r a i n s  t h ' i s  area. The Cuba, Captina, L inds ide,  Melvin,  and 

Markland s o i l  s e r i e s  a r e  found i n  these lowlands. 

These s o i l s ,  except  f o r  Markland, and t h e  Zanesv i l l e  s e r i e s  a re  c l a s -  

s i f i e d  as pr ime farmland s o i l s .  Also, t he  deep a l l u v i a l  s o i l s  t h a t  a re  

found i n . t h e  proposed p l a n t  s i t e  area have t h i s  c l a s s i f i c a t i o n .  F igures 

9.3 and 9.4 d e l i n e a t e  t h e  areas covered by t h e  Kentucky Prime Farmland 

S o i l s  c l a s s i f i c a t i o n .  
... . 



Prime Farmland S o i l s  

Prime Farmland S o i l s  



Prime Farmland S o i l s .  
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9.2 BACKGROUND AND OBJECTIVES 

Several geotechnical and geological d r i  11 ing investigations have been 

performed. on the proposed s i t e  i n  the recent past. A t o t a l  o f  51 borings 

were d r i l l e d  i n  the plant  s i t e  i n  1974 and 1975. Then i n  l a t e  1980 and 

ear l y  1981, 18 borings were put down i n  the plant  s i t e  and 3 i n  the waste 

disposal area. 

Ten hand s o i l  samples were also taken i n  ear ly 1981 i n  the proposed 

waste disposal area. Figure 9.5 shows t h e i r  location. Disturbed and undis- 

turbed samples were taken a t  each location. The s o i l  series sampled are as 

follows: 1) She1 octa, 2) Wei kert-Gi 1 p i n  complex, 3) Elk, 4-7) Wei ker t -  

G i lp in  complex,. 8-9) Caneyville, 10) Gilpin. Samples 3, 6, and 10 were 

sent  t o  Commonwealth Technology Laboratory f o r  phys ica l  and chemical 

testing. Refer t o  Tables 9.1 and 9.2 f o r  the results. 

The data was gathered t o  present enough information t o  assess the 

potent ia l  and a v a i l a b i l i t y  o f  the s i t e  so i l s  t o  be used as e f fec t i ve  l i n e r s  

f o r  surface impoundments, raw matr i  a1 s storage areas, and waste disposal 

areas, as well as t h e i r  general attenuative propert ies f o r  ground water 

protect ion i n  the event o f  the accidental d i  scharge o f  potent ia l  pol lutants. 



Figure 9.5 

. . .  
Legend Reference : 

0 Primary Boring Location U. S. G. S .  7.5 minute quadrangle .a Hand Auger Location sheets for Rme, 1nd.-Q.(1970) and 
Matt ingly,  Q.-Ind. (1970). 

Boring & Hand Soi l  Sample Locations i n  

.. . - 

Waste Disposal Area 



Tab le  9.1 S o i l  Analyses 

TEST RESULTS - CHEMICAL PARAMETERS 

SAMPLE I D  HOLE 3 HOLE 6 HOLE 10  

Depth Below Surface  From 
Which Samples Tested 6-10, 18-22'' 7-11, 14-18'' 6-10,'20-24" 

Water (paste)  pH 

SMP Buffer pH 

Moisture (% o f  d ry  w t )  

Organic Matter  (% of  dw) 

S u l f a t e  (% of  dw) 

T o t a l  I r o n  (% of  dw) 

T o t a l  Arsenic  (% o f  dw) 

T o t a l  Barium (% of dw) 

To ta l  Calcium (% of  dw) 

T o t a l  Chromium (% of  dw) 

To ta l  Lead (% o f  dw) 

To ta l  S i l v e r  (% of  dw) 

To ta l  Mercury (% o f  dw) 0.000004 0.000004 . O  .000002 

T o t a l  Selenium (% o f  dw) <O. 00002 <O .00002 <O. 00002 

TEST RESULTS - CATION (SODIUM) EXCHANGE CAPACITY 

SAMFLE I D .  HOLE 3 HOLE 6 HOLE 10  

Exchangeable K (meq/100 gm) 0.30 0.20 0.02 

Exchangeable Mg (meq/100 gm) 1.73 0.56 0.32 

Exchangeable Ca (meq/100 gm) 7.63 4.55 - 8.77 

Cat ion Exchange Capac i ty  (meq/100 gm) 2 1  17 24 

Base S a t u r a t i o n  (%) 4 3 31 39 . . 



Table 9.1 Continued 

TEST RESULTS - PHYSICAL PARAMETERS 

SAMPLE ID HOLE 3 HOLE 6 HOLE 10 

Dep th  Below S u r f a c e  From 
Which Samples  T e s t e d  22-26" 28-32" 26-30" 

M o i s t u r e  (% o f  d r y  w t )  24.8 

122.6  W e t  Un i t  W t .  ( p c f )  

Dry  U n i t  W t .  ( p c f )  98.2 

L i q u i d  L i m i t  (%) 3 5 

P l a s t i c  Lim5t  (%) 25 

P l a s t i c i t y  Index 1 0  6  8 

P e r m e a b i l i t y  (cm/sec)  5 .2  x 7 , l  x loe7 2.6 x 



Table 9.2 Results of Mineralogical Analyses - 
(Semi -@anti ta t ive)  

, 

~oca t ion  Parameters 

Hole No. 3 \ 
>40% kaolinite 

>30% mica (illite) 

<15% hydroxy-A1 montmorillonite ' 

<lo% montmorillonite 

<5% quartz 

Hole No. 6 

Hole No. 10 

>50% kaolinite 

<20% montmorillonite 

<15% hydroxy-A1 montmorillonite 

<lo% mica 

<5% quartz 

<1% feldspar 

>50% kaolinite 

>20% mica 

215% llydroxy-A1 montmorillonite 

<lo% montmorillonite 

<5% quartz 

NOTE: Same samples tested as for  chemical parameters. 



9.3 METHODOLOGY 

The s o i l  survey i n  B reck in r i dge  County has no t  been publ ished, so t h e  

f 01 1 owing d i scuss ion  was developed from unpubl i shed county da ta  and s o i  1  

d e s c r i p t i o n s  f rom o t h e r  county  s o i l  surveys w i t h  s i m i l a r  s o i l s .  

The i n f o r m a t i o n  gathered from t h e  bor ings was n o t  used i n  t h i s  d i s -  

cuss ion,  b u t  w i l l  be presented and i n t e r p r e t e d  i n  a  l a t e r  repor t ,  

Two sampling techniques were used t o  c o l l e c t  the. hand soil... samples.. 

The d i s t u r b e d  samples were taken w i t h  a  hand auger, which has three cur-ved 

b lades t h a t  c u t  i n t o  t h e  s o i l  when turned. The s o i l  remains i n s i d e  t he  

t r i a n g l e  o f  blades when t h e  auger i s  removed from the  hole. A th in -wa l led ,  

seamless shelby tube  was used t o  c o l l e c t  t h e  undis turbed samples. The tube  

i s  pushed down pas t  t h e  s o i l  u n t i l  f u l l ,  then removed f rom t h e  ho le  w i t h  

t h e  sample i n  t a c t .  

A shelby tube and j a r  con ta in i ng  d i s t u r b e d  sample from each o f  t h ree  

l o c a t i o n s  were taken over  t o  Commonwealth Technology Laboratory  f o r  phys- 

i c a l  and chemical t e s t i n g .  The phys ica l  t e s t s  inc luded  t h e  samples beha- 

v i o r  unde r  v a r y i n g  m o i s t u r e  c o n d i t i o n s ,  p e r m e a b i l i t y ,  and g r a i n  s i z e  

ana l ys i s .  The saruples were a l s o  t e s t e d  f o r  c a t i o n  exchange capac i ty ,  pH, 

t o t a l  o rgan ic  and metal  content ,  and c l a y  minera l  content.  



9.4 SAMP L I NG LOCAT IONS 

The hand s o i l  sampling l o c a t i o n s  were chosen t o  g i ve  samples f o r  

t e s t i n g  and v i sua l  i nspec t i on  o f  t he  major s o i l  types i n  t h e  waste d isposal  

area. F igure  9.5 i s  a  p l o t  o f  sampling loca t ions .  



9.5 DISCUSSION OF SURFICIAL SOILS 

The Wheeling, Weinbach, ~ c i o t o v i l  l e ,  Melvin,  and Hunt ington s o i l  

s e r i e s  a re  l oca ted  i n  t h e  western h a l f  and nor theas te rn  q u a r t e r  o f  the  

proposed p l a n t  s i t e .  These s e r i e s  are found on nea r l y  l e v e l  t o  gen t l y  

s l o p i n g  stream t e r r a c e s  and have moderate permeabi 1  i t y  ra tes.  See Tab1 e  

C f o r  a  l i s t  o f  t h e i r  se lec ted  p roper t ies .  

The Wheeling s o i l s  vary from a  s i l t y  c l a y  loam t o ' a  f i n e  sandy loam;' 

They a r e  found on s lopes ranging f rom 0 t o  20 percent,  a re  s l i g h t l y  a c i d i c ,  

a n d  have  a  mode ra te  n a t u r a l  f e r t i l i t y .  T h e i r  p e r m e a b l l l t y .  r a t e s  a r e  

moderate, excep t  i n  t h e  f r ag ipan  where i t  i s  slow. 

The Weinback s o i l s  have a  s i l t  loam tex tu re .  They a re  found on n e a r l y  

l e v e l  s lopes, a re  a c i d i c ,  and have a  moderately low na tu ra l  f e r t i l i t y .  

T h e i r  pe rmeab i l i t y  r a t e s  a re  moderate, except i n  t h e  f r ag ipan  where i t  i s  

slow. 

The S c i o t o v i l l e  s o i l s  have a  s i l t  loam tex tu re .  They a re  loca ted  

on n e a r l y  l e v e l  ground, a re  a c i d i c ,  and have a  moderate n a t u r a l  f e r t i l i t y .  

T h e i r  pe rmeab i l i t y  r a t e s  a re  moderate, except i n  t h e  f r ag ipan  where i t  i s  

slow. 

The Me l v i n  s o i l s  have a  s i l t  loam tex tu re .  They a re  found on nea r l y  

l e v e l  s lopes, a re  s l i g h t l y  a c i d i c ,  and have a  moderate na tu ra l  f e r t l l l t y .  

T h e i r  pe rmeab i l i t y  r a t e s  a r e  moderate. The Hunt ington s o i l s  have t h e  same . . 

c h a r a c t e r i s t i c s  as t h e  Melvin.  

G i  1  p in ,  We1 1  ston, Caneyvi 11 e, Zanesvi 1  l e, and She1 oc ta  s o i  1 se r i es  

. cover  the  southeastern qua r te r  o f  the  proposed p l a n t  s i t e  area and 85 

pe rcen t  o f  t h e  proposed waste d isposa l  area. The o the r  15  percent  o f  the  

waste d isposal  area i s  covered by low1,and s o i l s ,  such as, Cuba, Captina, 



Linds ide,  Me lv in  and Markland. Table 9.3 con ta ins  a  l i s t  o f  t h e i r  se l ec ted  

p rope r t i es .  

The G i l p i n  s o i l s  c o n s i s t  o f  a  s i l t  loam. These s o i l s  a r e  f o u n d  

on uplands and form by d e p o s i t i o n  o f  l oess  over  weathered sandstone. Loess 

i.s a  wind blown s i l t  o r  f i n e  sand depos i t .  These s o i l s  a re  a c i d i c  and have 

moderate permeabi 1  i t y  ra tes.  

The W e l l s t o n  s o i l s  r ange  i n  t e x t u r e  f r o m  a  s i l t  loam t o  a  s i l t y  
... . 

c l a y  loam. These s o i l s  a re  c l o s e l y  assoc ia ted w i t h  t h e  G i l p i n  s o i l s  and 

form i n  t h e  same manner. They have moderate p e r m e a b i l i t y  r a t e s  and a re  

a c i d i c .  

The Caneyvi l  l e  s o i l s  have a  s i l t  loam o r  s i l t y  c l a y  t ex tu re .  These 

s o i l s  a re  found on upland slopes and a r e  formed i n  residuum de r i ved  from 

l imestone. 

The Z a n e s v i l l e  s i l t  loams a re  found on 2 t o  6 percent  s lopes, a re  

a c i d i c ,  and develop from loess  depos i t s  o v e r l y i n g  sandstone and shale. The 

permeabi 1 i ty  r a t e s  a re  moderate a t  t h e  sur face,  bu t  decrease s i g n i f i c a n t l y  

w i t h  depth a t  t h e  f rag ipan.  

The Shelocta s o i l s ,  which a re  g r a v e l l y  s i l t  loams i n  t h e  d isposa l  

area, a re  found a t  t h e  base o f  t h e  steep slopes. These s o i l s  a re  s l i g h t l y  

t o  moderately a c i d i c  and have moderate pe rmeab i l i t y  ra tes.  

The Cuba s o i l s  have a  s i l t  loam tex tu re .  They a re  deep, a c i d i c ,  

we l l -d ra ined  s o i l s  t h a t  a re  found i n  t h e  bottoms. 

The Markland s o i l s  have a  s i l t y  c l a y  t ex tu re .  These s o i l s  a re  found 

on s l o p i n g  s ides  o f  stream te r races .  The p e r m e a b i l i t y  r a t e s  a re  slow and 

t h e  a c i d i t y  range from a c i d i c  t o  basic.  

The t e n  hand s o l 1  samples were taken on t h e  r i d g e  slopes o f  t h e  south- 



Table 9.3-Selected Soil-Pfape_rGgs 
----...l-.-.----.-. - .. .- - ------ -. -. - - - . - - - . . - - - .- - . . . . .- - - . - - - - . . . - - - - -. . - . .- - - - . - - - - 

MapplngUnlt S o i l s e r i e s  Pri111e USDA Texture Range o f  Slopes  exo on pctneabil-i t y  4 Source 
S y ~ b o  1 _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . - - - - - -  far1111 and - ( i nfhr)----k!!&~~..LK--) .--. 

S 11 t Loall1 6-12% 6.1-7.8 0.ti-2.0 10 Huntiny ton yes A l l u v i a l  So i l  - - 4.2-14.1 -: 
44D;DZ Sheloc ta No Gravel 1 y S i  1 t Loan1 12-201 5.6-6.0 0.6-2,.0 4.2-14.1 ' C o l l u v i u ~ ~ ~  derived fro111 

- Ilkland Soi 1 s 
-.--- __---- . - - - .- - -- .. - . . . . . . . - . - - - - . - . . . - .- - . . . - - - -- - . - - 

No S i l t  LO~III 6-125 Acidic 61C;C1.2 Crider 
6103 - -- No S i l t y  G a y  Loam --- ------.-- . - 

83C;C1.2 We1 1 s ton No S i l t  Loan1 6-12% 5.6-6.0 0.6-2.0 4.2-14.1 Loess 8 111atcria1 
wra thered f I.OIII bedrock 

83D;D1.2 No S i l t  Loam 12-20% 
8303 - No S i l t y  Clay Loam 12-20% - ---- 
84F;81,2.3 Zanesvil le Yes S i l t  Loan~ 2-696 4.5-5.5 4.2-14.1 Loess 8 n ~ a t e r i a l  0.6-2.0 

wea thercd f roll1 -bedrock - 
105 Lindside Yes Si 1 t Loam " 2-6% 4.5-5.5 0.6-2.0 A l l u v i a l  Soi l  4 - 2 - 1 4 - 1  - - - - - - .  --- 
11 7 Melvin Yes S i l t  Loam. Level 6.1-6.5 0.6-2.0 4.2-14.1 A l l u v i a l  So i l  

180 ---- Cuba Yes S i  1 t Loam Acidic 

3068;81,2 . Captina --- Yes Si 1 t Loam 2-6% 5.6-6.0 0.6-2.C 4.2-14.'1 A1 !!!!!~~?SL!~ 

3438 Wheel ing Yes Fine Sandy Loam 2-6% 5.1-6.0 2.0-6.: 14.1-44.5 A l l u v i a l  Soi l  
34 5A Yes Si 1 t Loam 0-2% 
34 58 yes S i  1 t Loam 2-6% 
34% No Si 1 t Loam 6-1 2% 
34513 No S i l t y  Clay Loam 6-12% 
34503 No S i l t y  Clay Loam 12-20% --..- 

348A;Al S c i o t o v i l l e  Yes S i l t  Loam 0- 2% 6.1-6.5 0.6-2.0 4.2-14.1 A l l u v i a l  So i l  
348U;B1,2 Yes S i  1 t Loam 2-6% ----- -- - 

350 Weinbach Yes S i l t  Loam Level 5.6-6.0 0.6-2.3 4.2-14.1 A l l u v i a l  So i l  
8 

420C Markland No S i l t y  Clay Loam 6-12% 5.6-6.0 0.6-2.0 . 4.2-14.1 S e d i ~ ~ ~ e n t  deposited i n  
--- --.- slack water - -- - . , - . - - - . . . - . . . . -. - - -- . . - - .. . . . . . - .- 

726C;C1.2 Caneyvll le No S i l t  Loam 6-12% 4.5-6.0 . 0.6-2.0 4.2-14.1 Residuunl derived fro111 
7260;01,2, NO Si 1 t Loam 12-20% 1 i~nestone 
72603 .------ - 
800C;C1,2 Wellston No Si 1 t Loam 6-12% 5.6-6.0 Loess 8 l ~ la te r ia l  
80003 No S i l  t y  Clay Loam w e a t h e r c f  ron~ bedrock 

8640;01,2 G i l p i n  No S i l t  Loam - 12-20s . 4.5-5.0 0.6-2 .O 4.2-14.1 Residuul~~ derived 
fro111 sandstone and 

886 Wei ke r t -G i lp in  shale ----. . 



e r n  waste d isposa l  area. Continuous samples were c o l l e c t e d  t o  a depth o f  

5 f e e t  o r  bedrock, whichever was reached f i r s t .  The depth t o  bedrock f o r  7 

o f  t h e  l o c a t i o n s  was 2-3 fee t .  Bedrock was no t  reached a t  sample 1. It 

was found a t  6 inches and 4.5 f e e t  f o r  sample 8 and 10, r espec t i ve l y .  The 

t e x t u r e  o f  t h e  s o i l  samples ranged f rom c l a y  t o  sandy s i l t .  The s i l t y  c l a y  

t e x t u r e  was predominant. 

Samples 3, 6 and 10 were sent t o  Commonwealth Technology's l a b  f o r  

physical  and chemical t e s t i n g .  Sample 3 was l oca ted  midway up t h e  s.lope, 6. 

was l oca ted  a t  t h e  base o f  another  s lope  and 10 was l oca ted  near t h e  t o p  

o f  s t i l l  another  slope. The county s o i l  survey map i n d i c a t e d  t h a t  t h e  E l k  

s o i l  s e r i e s  was sampled a t  l o c a t i o n  3, Weikart  G i l p i n  a t  6, and t h e  G i l p i n  

a t  l o c a t i o n  10. . Tables 9.1 and 9.2 1 i s t  se l ec ted  phys i ca l  and chemical 

c h a r a c t e r i s t i c s  o f  these s o i l s .  



9.6 PRIME FARMLAND SOILS 

Prime farmland i s  l and  t h a t  has t h e  bes t  combinat ion o f  phys ica l  and 

chemical  c h a r a c t e r i s t i c s  f o r  produc ing food, feed, forage, f i b e r ,  and 

o i l s e e d  crops, and i s  a l s o  a v a i l a b l e  f o r  these uses ( t h e  l and  cou ld  be crop 

rand, pas tu re  land,  range land, f o r e s t  land, o r  o the r  land, bu t  no t  urban 

b u i l t - u p  land o r  wa te r ) ,  (U.S. S o i l  Conservat ion Service, 1979). Most 

pr ime s o i  1s a re  found on slopes o f  6  percent  o r  1  ess, 
, . .. -- . 

The s o i l s  o v e r l y i n g  t h e  a l l u v i a l .  depos i ts  o f  t h e  proposed p l a n t  s i t e ,  

e x c e p t  f o r  t h e  s o i l s  w i t h  t h e  map symbol 345C, 345C3, and 345D3, a r e  

c l a s s i  f i e d  as pr ime farm1 and s o i  1  s. These so i  1  s' cover approximately 70 

percen t  o f  t he  proposed area. The Zanesvi 1  l e  s i l t  loams, 848 and 838, 

which a re  found on 2 t o  6  percent  s lopes i n  t he  uplands o f  t h e  proposed 

waste d isposa l  area and t he  Cuba, Captina, L inds ide,  and Me l v i n  lowland 

s o i l s  are a l s o  c l a s s i f i e d  as pr ime farmland s o i l s .  None o f  t h e  r i d g e  

s o i l s  i n  t he  southeastern qua r te r  o f  t h e  p l a n t  s i t e  o r  t h e  d isposal  area 

have t h i s  c l a s s i f i c a t i o n .  F igure  9.3 and 9.4 denote pr ime farmland s o i l  

a  reas. 



&., 
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10.0 SURFACE WATER 

10.1 INTRODUCTION 

Major water bodies on o r  border ing  t he  proposed s i t e  i nc l ude  t h e  Ohio 

R iver ,  Town Creek and B u l l  Creek (F igure  10.1). The Ohio R i ve r  f r o n t s  t h e  

s i t e  from r i v e r  m i l e  (RM) 705.6 t o  707.4. A t  t h i s  p o i n t  t he  r i v e r  i s  T 

approx imate ly  425 meters (1400 f e e t )  wide w i t h  a  maximum depth o f  19 meters 
... . . . 

(62 f e e t )  a t  a  normal pool  e l e v a t i o n  o f  116.73 meters (383 f e e t )  MSL. The 

r i v e r  i s  a  major t r a n s p o r t a t i o n  a r t e r y  f o r  barges c a r r y i n g  m a t e r i a l s  t o  

p o i n t s  throughout t h e  Ohio and M i s s i s s i p p i  Valleys. I t  accepts p o l  1 u t i o n  

from many sources, bo th  p o i n t  and non-point, as i t  f lows  t he  1578 k i l o -  

meters (981 ml 1 es) f rom P i  t t s b u r g  - t o  the  M i s s i s s i p p i  River.  A t  Cannel ton, 

22.5 k i l ome te rs  (14  m i l e s  downstream o f  t h e  s i t e ,  t he  t o t a l  drainage area 

2  2  
o f  t h e  Ohio R i ve r  i s  about 251,204 Km (97,000 m i  ) (USGS, 1980). 

The r i v e r  i s  c o n t r o l  l e d  by a  s e r i e s  o f  high-1 i f t  dams and rassociated 
. . 

l o c k i n g  f a c i l i t i e s .  Near t h e  s i t e ,  t h e  o l d  wicker- type dam, a t  Addison (RM 

703) was, d ismant led and rep laced i n  1975 by t h e  present  h i g h - l i f t  dam a t  

Cannelton (RM 720.7). Th is  r a i sed  t h e  water l e v e l s  . i n  t h e  Cannel t on  Pool 

by 7.6 meters (25 f e e t ) ,  from 109.11 t o  116.73 meters (358 t o  383 f e e t )  

MSL. Thus, many areas such as t h e  backwaters i n  Town and B u l l  Creek, have 

been inundated f o r  on ly  a  shor t  time. The r a i s i n g  o f  t he  water l e v e l  has 

brought  about many changes, i n c l u d i n g  new h a b i t a t  f o r  aqua t i c  and semi- 

aqua t i c  fauna and f l o r a ,  a  r educ t i on  i n  cur ren t ,  and assoc ia ted changes i n  

' w a t e r  q u a l i t y .  These p o i n t s  a r e  deve loped  f u r t h e r  i n  t h i s  and o t h e r  

chapters.  

The sec t i on  o f  t h e  Ohio R i v e r  main stem which inc ludes  t h e  s i t e ,  from 





j u s t  upstream of Brandenburg, Kentucky (RM 645.8) t o  t h e  Cannelton Lock and 

Dain (RM 720.7),  has been c l a s s i f i e d  as an " e f f l u e n t  l i m i t e d "  segment 

(Commonwealth o f  Kentucky, 1975). These segments i nc l ude  waters i n  which 

t h e  a p p l i c a t i o n  o f  e f f l u e n t  l i m i t a t i o n s  (best  p r a c t i c a b l e  technology f o r  

i.ndust'ry . and secondary t reatment  f o r  pub1 i c l y  owned works) w i  11 probably 

r e s u l t  i n  t h e  achievement o f  des i red  water q u a l i t y .  

Water q u a l i t y  of water bodies o f  t he  proposed s i t e  a re  under t he  
... . 

j u r i  s d i e t i o n  o f   standard.^ o f  Kentucky D i v i s i o n  o f  water (401 KAR 5:031) 

promulagated i n  December, 1979 (Table 10.1). C r i t e r i a ,  which i n  many 

' ins tances a re  t h e  same as t h e  Kentucky standards, a re  a1 so s e t  by t h e  Ohio 

R i ve r  Va l ley  S a n i t a t i o n  Commission ORSANCO (1976). The l a t t e r  c r i t e r i a  a re  

under rev iew and r e v i s i o n s  a r e  expected soon. Fur ther  c r i t e r i a  f o r  t o x i c  

substances were s e t  by t h e  USEPA (1980). I n  many instances,  e i t h e r  s u f f i -  

c i e n t  data are l a c k i n g  o r  bioassay r e s u l t s  o f  " r ep resen ta t i ve "  aqua t i c  

organism are requ i red  t o  s e t  numerical l i m i t s  f o r  t o x i c  substances. 



TablelO.1. Surface Water Standards f o r  Kentucky (401 KAR 5:031)asb 
. - 

Parameter " Standard 

A.1 kal i ni t y  Less than a 25% reduction; i f  l eve l s  a r e  below 
20 mg/l CaC03, no 'reduction a1 lowedC 

ANnonia ,. un-ionized 0.05' 

Arsenic 0.050' 

Bar1 um ' 1 

Chloride, t o t a l  
d 

250 

~ h l  o r i  ne, t o t a l  res idua l  0. 0 l c  

Col iform, feca l  (pe r  200esf,  400e sg 
3 .,. - 100 ml) - 

Color ' (PI-Co u n i t s )  7sd 

Cyanide, f r e e  

~ i s s o l ' v e d  sol  i d s ,  t o t a l  

Fluoride,  t o t a l  

Flow ' ( c f s )  

Hydrogen s u l f i d e ,  undissociated 

Methyl ene blue a c t i v e  
subs.tances 

Nitrate-N, t o t a l  
. . 

Oxygen, d i  s so l  ved 

pH ( u n i t s )  

Phthalate  e s t e r s  

4 ( i n s t a n t a n e o ~ s ) ~ ;  5 (da i ly  average)c 

Radionucl i des  (pCi/l  ) 
Gross t o t a l  alpha p a r t i c l e  f 5 
a c t i v i t y  ( i nc l  uding radium-226 but 
excl udi ng radon and urani um) 

Radi um-226 pl us radi  um-228 5 

Total gross  beta p a r t i c l e  50 
a c t i v i t y  
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Table 10.1 Continued. 

Parameter Standard . 

Radionucl ides (pCi/l . ) . (Continued) 

Tri t i  um ; 20,000 

Strontium-90, to ta l  : 8 

Sulfate,  to ta l  250d .. . 

.h,c Suspended sol ids , to ta l  -- 
Temperature ( O C )  Increase above ambient not t o  exceed 2.8O; not / t o  

exceed monthly 1 eve1 s given belowc,' 

Jan 10.0 Jul 31.7 
Feb 10.0 Aug 31.7 
Mar 15.6 Sep 30.6 
Apr 21.1 Oet 25.6 
May 26.7 Nov 21.1 
Jun 30.6 Dec 13.9 

Toxic substancesC 
Noncumulative and nonpersistent 0.1 x 96 hr L C ~ O  
Others, including pesticides 0.01 x 96 h r  LC50 

Trace elements, unfi 1 tered,  as to ta l  (pg/l ) 

Beryl 1 i um 

Cadmi um 

Chromi um 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Sel eni um 

Silver 

Zinc 

11 ( so f t  
1100 (hard water) k'c 

4 ( so f t  water lJ i t t  
12 (hard water) 



Table 10.1 Continued. 

Parameter . Standard 
i Mixing Zones ( a )  ,No pollutants in excess of 0.44 x 94 hr LC50 

fo r  representative indigneous aquatic organism 

(b) Not in te r fe re  with spawning o r  nursery areas,  f i sh  
migrati.on, pub1 i.c water supply intakes, bathing 
areas, nor preclude f ree  passage of aquatic l i f e  

( c )  Not exceed 113 vdldth or crush-sectional area of 
receiving stream, where 'possible, and i n  no case 
exceed 11.2 of t h i s  volume 

(d) Must not adversely a l t e r  legitimate uses of 
receiving water o r  adversely affect  an established 
aquatic community 

- - -  - 

"units are  mgll unless noted otherwise 
b ~ o ~ t  s t r ingent  use standard is  presented 
C~armwater aquatic habitat  
d~omes t ic  water supply source 
e ~ e c r e a t i  onal waters (during recreation season) 
f ~ o n t h l y  geometric mean based on a t  l e a s t  5 samples a month 
g ~ n  more than 10% of a l l  samples taken during the  month 
h ~ h a l l  not adversely a f f ec t  aquatic community 
' ~ e c i d e d  on a casO by case basis 
j0-75 mg/l CaCOj 
k ~ r e a t e r  than 75 mgll CaC03 
 or low flow streams, daily average is 3.5 mgll when i t  i s  established 
t h a t  there will be no damage t o  aquatic l i f e  



10.2 BACKGROUND AND OBJECTIVES 

Surface w a t e r  qual i t y  and hydro1 og i c  data a re  avai  1  ab le  from several  

sources. Both t he  U.S. Geological  Survey (USGS) and t h e  Ohio R i ve r  Va l ley  

Water S a n i t a t i o n  Commission (ORSANCO)' operate water q u a l i t y  s t a t i o n s  near 

t h e  Cannelton Lock and Dam. The former agency a l s o  c o l l e c t s  hyd ro log i c  

( f l o w )  and b i o l o g i c a l  data as p a r t  o f  t h e  Nat ional  Stream Q u a l i t y  Account- 

i n g  and P e s t i c i d e  Network. Also, the  U.S. Army Corps o f  Engineers main- 
,.. . 

t a i n s  d a i l y  records o f  l o c k i n g  a c t i v i t i e s  and gage e leva t ions .  

Other recen t  data c o l l e c t e d  i n  p r o x i m i t y  t o  t he  s i t e  a r e  a v a i l a b l e  

f rom U.S. EPA ( i n  press).  Th is  inc ludes  data from t h e  Ohio River ,  RM's 

705-722, wh i ch  encompasses t h e  p roposed s i t e ,  and a  1  i m i  t e d  d a t a  ';et ' 

f rom Town Creek. 

The pr imary o b j e c t i v e  o f  t he  present  water qual  i t y  base l i ne  survey was 

t o  o b t a i n  s i t e - s p e c i f i c  da ta  from the  Ohio River ,  Town Creek and B u l l  

Creek. As t h e r e  i s  an e x i s t i n g  data base on t h e  r i v e r ,  t h e  s i t e  da ta  can 

be compared t o  i t  t o  determine i f  any major d i f f e rences  e x i s t  between t he  

da ta  bases. I f  they  do e x i s t ,  i n v e s t i g a t i o n s  may then be conducted i n t o  t h e  

probable causes. As l i t t l e  i n f o rma t i on  i s  a v a i l a b l e  on t h e  creeks, base- 

l i n e  cond i t i ons  w i l l  be determined by t h e  present  work. 

As they are an impor tant  component o f  the  chemical environment i n  an 

aquat i c  ecosystem, i t  i s  a l s o  necessary t o  gather  i n fo rma t i on  from t h e  

sediments as we l l  as t h e  water and b io ta .  The sediments a c t  as a  s i nk  f o r  

many m a t e r i a l s  adsorbed t o  suspended mater. These m a t e r i a l s  a re  i n  t u r n  

taken up by ben th ic  organisms and p ro jec ted  i n t o  t he  food chain. Thus, 

w h i l e  they  are cons tan t l y  be ing llloved downstream and t h e  exact source o f  

m a t e r i a l s  i n  then, can be d i f f i c u l t  t o  determine, t he  sediments a r e  a  useful  

and necessary i n d i c a t o r  o f  t he  o v e r a l l  qual i t y  o f  t h e  aqua t i c  environment. 
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10.3 METHODOLOGY AND SOURCES 

Water samples were taken by a simultaneous grab a t  a depth o f  0.5 m 

(1.6 f e e t ) .  B o t t l e s  and p rese rva t i ve  used f o r  t h e  var ious  parameters were: 

B o t t  1 e B o t t l e  
Parameter Vol ume(m1) . Type Preserva t i ve  

Organics 4000 Glass None 
Cyan i de 500 Polyurethane Sodium hydroxide 
C O ~  i forms 250 Po l yurethane Nur~t! . . 

.* . . . 
Meta ls  1000 Polyurethane N i t r i c  a c i d  
Others 1000 Polyurethane None 

Sediment .samples were taken w i t h  a Wildco 2400 se r i es  p i s t o n  c o r e r  

w i t h  a po lyurethane 1 i ner. The sediments were immediately t r a n s f e r r e d  t o  

1-1 i t e r  g lass  j a r s .  I n  t h e  creeks, sediments were taken d i r e c t l y  i n  t h e  

g l a s s  j a r  as compos i t es  of  ma in  sed iment  t ypes .  A1 1 sample b o t t l e s  

were immediately p laced  on i c e  and then shipped t o  Howard Labora to r ies  

i n',Dayton, Ohio. 

I n - s i  t u  meter readings f o r  d i sso l ved  oxygen (Ye1 low Springs I n s t r u -  -- 
ment, YSI, 33), s p e c i f i c  conductance (YSI 57), pH (LaMotte Chemical) and 

a i r  and water temperature (YSI 33) were taken i n  con junc t ion  w i t h  water 

sample c o l l e c t i o n .  Several o the r  random se ts  o f  meter readings were c o l -  

l e c t e d  on t h e  Ohio R i v e r  throughout  t h e  course o f  each survey. The pH 

meter  was s tandard ized u s i n g  4.0 and 7.0 b u f f e r  s o l u t i o n s  and t h e  DO meter 

by c a l i b r a t i n g  atmospheric oxygen t o  a i r  temperature as s p e c i f i e d  by t h e  

ins t rument  manufacturers. 

Flow i n  t h e  creeks was determined by t h e  v e l o c i t y  p r o f i l e  method. A 

t r a n s e c t  was es tab l i shed  a t  r i g h t  angles t o  t h e  stream course and c u r r e n t  

measured w i t h  a Marsh McBirney 201 c u r r e n t  meter a t  r e g u l a r  i n t e r v a l s  



across t h e  t r a n s e c t  a t  0.6 o f  t h e  t o t a l  depth i f  t h e  t o t a l  depth was l e s s  

than  0.6 m ( 2  f e e t )  and a t  0.2 and 0.8 o f  t h e  t o t a l  depth i f  i t  was g rea te r  ... 
than  0.6 m ( 2  f e e t ) .  Flow was c a l c u l a t e d  by: 

(Vi  + . v i + l )  (Di + .Di+l) 
Flow ( c fs )  = x x W  

Where V ,  = v e l o c i t y  a t  p o i n t  i ( T p s )  

' it1 = v e l o c i t y  a t  next  p o i n t  across t r ansec t  

i = t o t a l  depth a t  p o i n t  i ( f e e t )  

Ditl 
= t o t a l  depth a t  nex t  p o i n t  across t r a n s e c t  

W = i n t e r v a l  w id th  ( f e e t )  - 
F = f l o w  ( c f s )  

On a  s i n g l e  occasion i n  t h e  w in te r ,  t h e  f l o w  was measured d i r e c t l y  

f rom t h e  o u t l e t  p i pe  below t h e  concrete  f o r d  a t  Town Creek. Flow was then  

c a l c u l a t e d  by t h e  area o f  t h e  v e r t i c a l  p lane  o f  t h e  water  a t  t h e  end 'o f  t h e  

p i p e  , m u l t i p l i e d  by t h e  average v e l o c i t y  measured w i t h i n  t h a t  area. 

Cubic f e e t  can be transposed t o  cub i c  meters by: . 

cub i c  f e e t  x  0.028 = cub ic  meters 

and t o  l i t e r s  by: 

cub ic  f e e t  x 28.32 = 1  i t e r s  



10.4 SAMPLING LOCATIONS, FREQUENCY AND RATIONAL 

Water q u a l i t y  was taken a t  Ohio R i v e r  S ta t i ons  2  and 3 and t h e  upper 

p o r t i o n s  o f  Town (St. T )  and B u l l  (St. 0 )  Creeks (F igu re  10.1) d u r i n g  each 

o f  t h e  q u a r t e r l y  surveys. -- I n - s i t u  meter readings were taken i n  con junc t ion  

w i t h  t h e  water qual ' i ty  sampling. I n  add i t i on ,  24 hour meter readings were 

taken  on t h e  Ohio R i v e r  a t  S ta t i ons  2  and . 3  du r i ng  each q u a r t e r l y  survey. 

These wore b ~ g u n  a t  0500 hours and taker1 every f o u r  hours u n t i l  O l ? O  hours 
.. . 

o f  t h e  f o l l o w i n g  day. 

Due t o  t h e  s u b s t a n t i a l  data base a t  Cannelton, water qua1 i t y  sampling 

o f  t h e  Ohio R i v e r  was l i m i t e d  t o  a  q u a r t e r l y  bas i s  a t  two o f  t he  t h r e e  b i o -  

- .. l o g i c a l  s t a t i ons .  Once c o n s t r u c t i o n  begins, S t a t i o n  1 w i l l  be u t i l i z e d  as , 

a.  c o n t r o l  . 
Flows were taken q u a r t e r l y  a t  S ta t i ons  T  and B. On t h e  Ohio River ,  

d a i l y  d ischarge and 's tage l e v e l s  f o r  1980 were obta ined from t h e  L o u i s v i l l e  

D i s t r i c t  Corps o f  E n g i n e e r s  t o  d e t e r m i n e  s i t e  c o n d i t i o n s  d u r i n g  each 

survey. However, as d ischarge i s  measured below t h e  dam, i t  i s  no t  d i r e c t l y  

a p p l i c a b l e  t o  cond i t i ons  a t  t h e  s i t e  (U.S. Army Corps o f  Engineers 

L o u i s v i l l e  D i s t r i c t ,  personal communication w i t h  Dave L e i s t ,  December 5, 

1980). Flow i s  measured above t h e  dam on a  monthly bas i s  by t he  U.S. 

Geol og i  c a l  Survey. 



10.5 RESULTS AND DISCUSSION 

10.5.1 Ohio R i ve r  

10.5.1.1 Low f l o w  

The updated 7-day 10-year low f l o w  o f  t h e  Ohio R iver  i n  t h e  Cannelton 

Pool reach i s  368 m3 (13,000 c f s )  (ORSANCO, personal communication w i t h  

John Keys, January 5, 1980). The lowest  d ischarge on record a t  Cannelton 

was 280 m3 (10,000 c f s )  on August  25, 1976 (U.S. G g o l o g i c a l  ... . Survey,  . . 

10.5.1.2 Flood f lows  

The g rea tes t  f l o o d  on record  was t he  1937 f lood ,  when discharge peaked 

3 a t  39,921 m (1,410,000 c f s )  a t  E v a n s v i l l e  (U.S Geological  Survey, 1980). 

Since t h e  Cannel t o n  Lock and Dam has been i n  operat ion,  t he  maximum d a i l y  

d ischarge was 17,469 mJ (617,000 c t s )  on December 15, 1978. The maximum 

gage he igh t  o f  121.2 m (397.8 f e e t )  MSL was recorded on t h e  same day (u.S. 

Geol ogS c a l  Survey, 1980). 

10.5.1.3 S i t e  drainage 

The s i t e  area t o  t he  eas t  o f  Route 144 d r a i n s  i n t o  Town Creek; t he  

area t o  t h e  west o f  t h e  road d ra ins  d i r e c t l y  i n t o  t h e  Ohio R i ve r  (F i gu re  

2 10.2). Most o f  the  proposed p l a n t  . s i t e  area, 4.64 Km (682 acres)  i s  
. . 

2 2 c u l t i v a t e d ;  2.76 Km (407  a c r e s )  i s  wooded; 0.54 Km (133  a c r e s )  i s  

2 pasture;  0.37 Km (92 acres)  i s  o l d f i e l d ;  a small amount o f  o the r  acreage 

i s  e i t h e r  developed o r  underwater (see Tab1.e 6.1). The m a j o r i t y  o f  the  

proposed waste areas i s  f o res ted  (Table 6.1). Town Creek has a t o t a l  

2 dra inage bas in  o f  about 17.6 Km (6.8 squake m i l e s )  (Dames and Moore, 

1975). B u l l  Creek has a t o t a l  drainage bas in  o f  about 13 K m' ( 5  square 

m i  l e s )  (Commonwealth o f  Kentucky, 1975). 
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10.5.1.4 100-Year and 500-year f 1 ood e levat ions 

The adjusted 100-year f l ood  e levat ion  pro jected a t  t he  s i t e  i s  e s t i -  

mated t o  be 125.42 rn (411.5 f e e t )  MSL, 1929 Datum, (U.S. Army Corps of 

Engineers, personal communication w i t h  Mr .  Robertson, March 17, 1981). The 

area t h a t  would be inundated by such a f l o o d  i s  depicted i n  Figure 10.3. 

No data was ava i l ab le  on the  500-year f l o o d  elevat ion. Also, no floodway 

map has been produced f o r  t h i s  area (National Flood Insurance Agency, 
. - 

personal communication w i t h  Maynard Long, March 24, 1981). 

10.5.1.5 Surface water users 

There are no surface users f o r  some distance downstream o f  t h e  pro- 

posed s i t e  (ORSANCO, 1980). Most o f  t he  downstream towns use t h e  a1 l u v i a l  

aqu i fe r  as a potable water source (see Sect ion 11.6.5). Although water 

from the.  r i v e r  probably recharges the  a1 l u v i a l  aqu i fe r  - a t  po in ts  o f  con- 

s t a n t  pumping, the  water i s  f i l t e r e d  through t h e  a l l u v i a l  mater ia ls  '(sand, 

gravel, s i l t y  clays).  The nearest downstream mun ic ipa l i t i es  u t i l i z i n g  the  

Ohio River  as a source o r  por tab le  water a re  Evansv i l le  (RM 791.5) on t h e  

Indiana s ide  and Henderson (RM 803.2) on t h e  Kentucky side. 

10.5.1.6 Discharges 

Discharges w i t h i n  80 k i lometers (50 mi les)  upstream o f  the  s i t e  on t h e  

Kentucky s ide e i t h e r  on t h e  Ohio River  o r  i t s  t r i b u t a r i e s  inc lude. the Hard- 

i nsburg STP and th ree small e r  dischargers. These domestic wastes enter  

t h e  Sink ing Creek basin and eventual ly  t h e  Ohio River  a t  RM 700.9 (Kentucky 
. 

D iv i s ion  o f  Water, personal communication w i th  Ken Pidgeon, January 6, 

3 
1981). The Hardinsburg STP has a design f low o f  416.4 m /day (110.00b 

gpd) and receives secondary treatment. The o ther  th ree discharges are 

3 
e i t h e r  domestic o r  animal wastes o f  less  than 75.7 m /day (28,000 gpd). 





3 e i t h e r  domestic o r  animal wastes o f  l e s s  than 75.7 m /day (20,000 gpd). 

On t h e  Ind iana  s i de  t he re  a re  f i v e  r e l a t i v e l y  small s a n i t a r y  waste d i s -  

chargers i n  Perry  and Crawford Count ies i n  a d d i t i o n  t o  a l a r g e r  STP f a c i l -  

i t y  a t  Leavenwor th  (RM 664)  ( I n d i a n a  S t a t e  Board o f  H e a l t h ,  p e r s o n a l  

communication w i t h  David Cooper, March 12, 1981). 



10.5.1.7 Water q u a l i t y  

Q u a r t e r l y  water  q u a l i t y  data, (Tables 10.2 - 10.6), i n d i c a t e d  t h a t  t h e  

. waters  are gene ra l l y  of good q u a l i t y .  They can be bes t  descr ibed as w e l l  

oxygenated, w i t h  moderate hardness and n u t r i e n t  l e v e l s  and - low i n  t r a c e  

me ta l s  and o rgan i c  substances. Condi t ions a t  t h e  s i t e  were comparable t o  

t h o s e  d ~ e s c r i b e d  b y  t h e  h i s t o r i c a l  d a t a  a t  C a n n e l t o n  ( T a b l e s  10.7 and 

10.8,). -. 
... . . . 

Standard v i o l a t i o n s  occurred w i t h  f e c a l  c o l i f o r m s  and severa l  t r a c e  

elements, i n c l u d i n g  manganese, mercury, and i r o n  (Table 10.9). Fecal 

c o l  i forms a re  gene ra l l y  h i ghes t  i n  t h e  Ohio R i ve r  downstream o f  C i n c i n n a t i  

. . and L o u i s v i  11 e  (ORSANCO, 1980). Several v i  01 a t i o n s  o f  the  f eca l  c o l  i form 

p u b l i c  r e c r e a t i o n  s tandard were recorded a t  Cannelton du r i ng  1979 (ORSANCO, 

1980). They a t t r i b u t e d  these h igh  values t o  h i gh  f l o w  cond i t i ons  du r i ng  : 

t h e  summer o f  1979, caus ing g rea te r  sewer over f lows  and urban r u n o f f  and 

decreased r e t e n t i o n  t ime  i n  t h e  L o u i s v i l l e  t o  Cannelton reach. I n  t h e  

p resen t  study, t he  g rea tes t  concen t ra t ions  were a l s o  found i n  t h e  summer, 

b u t  a  review o f  USGS and ORSANCO da ta  from Cannelton revealed t h a t  h i gh  

feca l  c o l  i fo rm va lues  a r e  h i g h l y  v a r i a b l e  t h r ~ u q h ~ u t  the  year. 

The most commonly v i o l a t e d  standard was t h a t  f o r  manganese. Th is  

element i s  h i gh  i n  waters o f  much o f  t he  Ohio R i ve r  Va l ley  (ORSANCO 1980, 

USGS, 1980). Also, t he  standard i s  f o r  t h e  t a s t e  and odor t a i n t i n g  o f  

p o t a b l e  water (U,S, EPA, 1977). I t  I s  n o t  an element t h a t  i s  considered 

h i g h l y  t o x i c  t o  aqua t i c  l i f e  (U.S. EPA, 1977), and n e i t h e r  Kentucky ( o r  

ORSANCO) has a  standard ( o r  c r i t e r i a )  f o r  aqua t i c  l i f e .  

' Mercury, a  h i g h l y  t o x i c  element w i t h  a  standard f o r  aqua t i c  l i f e  o f  

o n l y  0.05 g / l  , was i n  non-compliance i n  on l y  one sample i n  t h e  Ohio R i ve r  



Table 10.2 Summary o f  water q u a l i t y  co l lec ted  from the  Ohio River. B u l l  Creek, and 

. .- Town Creek. 1980 - 0 1 . ~ ' ~ ' ~ ' ~  

Ohio River  Ohio River  
Parameter Stat ion 2 S ta t ion  3 B u l l  Creek Town Creek 

PH (6.8 - 7.9) (6.1 - 7.9) (7.0 - 7.7) (7.0 - 7.8) 
Dissolved Oxygen (mg/l ) 9.2(5.6 - 13.0) 9.2(5.2 - 13.2) 8.1(5.0 - 11.4) 7.6(5.2 - 11.2) 
Conductivi ty (umholun) 313(235 - 390) 304.8(210 - 390) 297.5(215 - 350) 318.3(265 - 380) 
Water Temperature (OC) 17.2(1.2 - 28.0) 17.3(1.5 - 28.0) 16.0(0.5 - 28.0) 13.9(1 - 25) 
A i r  Temperature (OC) lg.Z(O.6 - 35) 21.0(5.0 - 36.0) 20.3(0 - 33.0) 17.6(0 - 32) 
Total Coli form (per  

100 ml ) 
Fecal Col i f o rm (per  

100 ml) 
Suspended Sol i d s  
Total Oissolved Sol ids 
BOO 
TOC 
COO 
Dissolved Organic Carbon 
A l k a l i n i t y  
Total Phosphorus as P 
Total Nitrogen (TKN) 
Amnonia as N 
Chloride 
Fluor ide 
Cyanide 
O i l  and Grease 
Total Residual Chlorine 
A1 umi num 
Arsenic 
Boron 
Barium 
Bery l l ium 
Bismuth 
Bromine 
Cadmium 
Cobalt 
Total Chromium 
Copper 
I r o n  
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnesium . 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Antimony 
Selenium 
T in  
S t ron t i  um 
Titanium 
Uranium 
Vanadium 
Tungsten 
Zinc 
Z i  rconi  um 
S i l v e r  
Phenols (ug/ l )  
A l ipha t i c  Hydrocarbons 

(!J9/1) 
Arylamines (pg / l )  ' 

Mono 8 Polycyc l i c  
Hydrocarbons (ug/ l )  

Su l fu r  Compounds: 
Thioohenes 8 Mercaotans 

(u9/1) 
Chlororqanics (us11 

" ~ 1 1  values are i n  mi l l igrams per l i t e r  (mg/l) unless otherwise noted. 

b ~ e e  Figure 10.1 f o r  sampling locat ions.  

CValues are means and (ranges); means no t  ca lcu lated when one o r  more observations reported as a less than ( < )  
value. 

d ~ o u r  observations per s tat ion;  May. J u l y  and October, 1980 and January. 1981. 
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f a b l e  10.3. Surface water Q u a l i t y  Data o f  the Breckinridge S i t e ,  Spring, 1980. 

Sta. 2 Sta.  3 Sta. B Sta.. T 
5-15-80 5-15-80 5-15-80 . 5-18-80 

330 330 800' 2,600 Total  Colifonn (per 100 ml) 
Fecal Goliform ( ~ e r  100 ml) 45 38 100 . 800 

Suspended Solids 
Total  Dissolved Solids 
BOD 
TOC 
COD 
Dissolved Organic Carbon 
Alkal in i ty  
'Tota l .~hosphorus  as P 
Total  Nitrogen (TKN) 
Ammonia a$ N 
Chloride 
Ff uoride . 
Cyanide 
oil & .  Grease 
Tota l  Residual Chlorine 

Aluminum 
Arsenic 
Boron 
Barium 
Beryl1 ium 
Bismuth 
Bromine 
Cadmium 
Cobalt 



Table  10.3. Continued 
- - .  . . 

Sta. 2 
5-15-80 
mg IL 

Total Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magne s ium 
Manganese 
Molybdenum 
Nickel 
Lead 

. Rubidium - . 

Antimony 
Selenium 
Tin 
Strontium 
Titanium 
Ur a n i k  
Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver 

Phenols (1) <2 .O 
Aliphatic Hydrocarbons <5.0 
Arylamines <0.1 
Mono & polycyclic Hydrocarbons (2) <0.01 
Sulfur Compounds: 

Thiophenes and Mercaptans (3) (1.0 
Chlororganics (4) 0.017 
Chlaramines <100.0 

Sta. 3 
5-15-80 
mg1L 

Sta. B Sta. T 
5-15-80 - 5-18-80 
mg/ = mg1 L 



Table 10.4. Surface Water Quality Data o f  the Breckinridge Site, Summer, 1980. 

Sta. 2 S.ta. 3 ~ t a .  B ~ t a .  T Sea. T 
7-15-80 . 7-15-80 . .7-15-80. . 7-15-80 . 7-19-80 

Tota l  Coliform (per  100 ml) 
Fecal Coliform (per 100 ml) 

Suspended Solids 
Tota l  Dissolved Solids 
BOD 
TOC 
COD 

" Dissolved Organic Carbon 
Alkal in i ty  
Tota l  Phosphorus as  P 
Tota l  Nitrogen '(TKN) 
Ammonia as  N 
Chloride 
Ff uoride 
Cyanide 
O i l  & Grease 
Total  Residual Chlorine 

A l  uminum 
Arsenic 
Boron 
B a r i u m  
Beryl f ium 
Bismuth 
Bromine 
Cadmium 
Cobalt 



Table 10.4. Continued 
. . 

. . .  . . . . .  . . . . . . . . . . .  . . .  . . 
. . . .  . -- :._ -. .---. .- - _ ..__- -..- . . . . . . . . . . . . . . . . . . .  - .  . . .  

. . .  
. 

Sta 2 sta 3 .EaT- 57%-1 

T. Chromium 
Copper 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnes ium 
Manganese . 

.Molybdenum 
Nickel 
Lead 
Rubidium 
Ant bony 
Selenium 
Tin 
Strontium 
Titanium 
Uranium 
Vanadium 
Tungsten 
Zinc 
Zirconium 
Silver 

Phenols (1) <2.0 
Aliphatic Hydrocarbone <5.0 ' 

Arylamines <O ..1 
Mono & polycyclic hydrocarbons (2) <0.01 
Sulfur Compounds: 

Thiophenes and Mercaptons ( 3 )  (4-0 
Chlororganics 0.017 
Chloraminee 200.0 

0.006 
<o. 001 
2.510 

<O .003. 
<0.010 
<0.0001 
<O. 005 
11.400 
0.085 

so. 001 
<0.001 
<o. 001 
<o. 020 
0.012 

<O. 0025 
0.190 
0.033 

<O. 007 
<0.011 
<o .001. 
<o. 020 
0.019 

<O. 006 
<o. 001 



Table 1.0.5. Surface Water Quality Data of the Breckinridge Site, Fall, 1980. 

-- - 

sta. 2 .Sta. -3.. , Bull Creek Town Creek 
10-10-80 10-10-80 10-9-80. 10-9-80 

Tota l  Coliform (per 100 ml) (20 300 4,600 1,300 
Fecal Colitorm (per IUU m l ]  CZO <7 34, . 300 

Suspended Sol ids  
Tota l  Dissolved Solids 
BOD 
TOC 
COD 
Dissolved Organic Carbon 
Alkal in i ty  
Total  Phosphorus a s  P 
Tota l  Nitrogen (TKN) 
Ammonia a s  N 
Chloride 
P I  uoride 
Cyanide 
O i l  & Grease 
Tota l  Residual Chlorine 

Aluminm 
Arsenic 
Boron 
Barium 
Beryllium 
Bismuth 
Bromine 
Cadmium 
Cobaf t 



. 
.Tab:l_elJ.O,5.. .-Conti nued 

- - *___, -.hi-_ _ -.. ' - 

Sta. 2 Sta. 3 Bull Creek Town creek 
10-10-80 10-10-80 10-9-80 

- <.  
10-9-80 

..-- - =L .. - ,. 

T. Chromium 
Copper 
Iron . 

Gallium 
Germanium 
Mercury 
Lanthanum 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 

. - 
Ant imony 
Selenium 
Tin 

. Strontium 
Titanium 
Uranium 
Vanadium 
Tungsten 
Zinc 
Zirconium' 
Silver 

Phenols (1) (2.0 <2 .O <2.0 <2.0 
Aliphatic Hydrocarbons <5 .O <5 .O <5.0 12.0 
Arylamines <1 .O <1.0 <1.0 <1 .O 
Mono & polycyclic hydrocarbons (2) (0.02 <O. 02 <O .02 (0.02 

' Sulfur Compounds: 
Thiophenes and Mercaptons (3) <1 .O <1 .O <l..O (1.0 

Chlororganics <O. 006 <O. 006 <O .006 <O .006 
Chloramines <100.0 <100.0 <loo. 0 <loo. 0 



Table 10.6. Surface Water Quality Data o f  the Breckinridge Site, Winter, 1981. 

. . Sta. 2 Sta .  3 Bull Creek Town Creek 
1-15-81 1-15-81 1-15-81 1-15-81 

Tota l  Coliform (per LOO ml) 
Faaal Colifnrm (per 100 ml) 
pH ( S . U . )  

Suspended Solids 
To ta l  Dissolved. Solids 
BOD 
TOC 
COD 
Dissolved Organic Carbon 
Alkal in i ty  
Tota l  Phosphorus as P 
Tota l  Nitrogen (TKN) 
Annnonia as N 
Chloride 
Fluoride 
Cyanide 
O i l  & Grease 
Tota l  Residual Chlorine 

Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
Bismuth 
Bromine 
Cadmium 
Cobalt 



Table 10.6.. Continued 
-- . ....----- . - 

. . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . -. . .. 

Sta. 2 sta. 3 Bull Creek Town Creek 
. .  . . . . . . . . . . . . . . . .  : . . . . : . .  : . .  :1-15-81 .I-15-81 . .  .1-15-18 . . .  1-15-81 

.,.v:- - - - . 

mg/L mg/L mg/L mg/L 

T. Chromium 
Copper ' 
Iron 
Gallium 
Germanium 
Mercury 
Lanthanum 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Ant imon y 
Selenium 
Tin 
Strontium 
Titanium 
Uranium 
Vanadium 
Tungsten 
Zinc 
Zirconium 
S i lyer 

i i 

Phenols (1) <2.0 
Aliphatic Hydrocarbons <5 .O 
Arylamines <1.0 
Mono & polycyc.lic hydrocarbons (2) <O. 02 
Sulfur Compounds: 

Thiophenes and Mercaptons ( 3 )  <1 .O 
~hlororganics ( 4 )  <O ,006 
Chlor amines . . <lo0 . . . . .  .O . . . . .  



Tab1 e 10.7 Water qua1 i t y  data from the ORSANCO manual sampling s t a t i o n  a t  Cannel ton 
Lock and Dam, Ohio River,  M i l e  720.7, November 1975 - August 1980 a,b,c 

No 
Parameters Mean Max M i  n Observation 

A1 k a l  i n i  ty 84 . 84 84 . .  1 
Ammonia.- N <0.16 . 1.97 <O. 05 9 2 
Ammonia - .N, unionized 0.002 0.007 0.001 3 2 
Biochemical oxygen demand 2.36 7.4 0.4 5 0 
Cal c i  um 58.69 65.9 51.5 . 2 
Chemical oxygen demand 11.28 22.0 4 . . 7  
Col i forms, f eca l  (per 100 m l  ) 54.3.41 9,400 ,a  ,. li02 
Col i forms, t o t a l  (per 100 ml )  . 6934.42 91,000 0. . . . .86 
Conduct iv i ty  (pmhos) 355.32 650 130 98 
Cyanide ~9.54.  <50 <0.01 97 
Dissolved so l  i d s  220.28 403 8 1 98 . 
Flow ( c f s )  
F l  o u r i  de 0.31 0.31 0.31 1 
Hardness, t o t a l  139.81 193 109 22 
Kjedahl n i t rogen,  t o t a l  <O. 59 2.2 <O. 1 9 2 
Magnes i urn 9.78 14.0 7.8 8 
N i t r i t e  & n i t r a t e  n i t rogen 1.06 1.96 0.02 92 
Oxygen, d isso lved 8.81 14.0 4.9 98 
pH ( u n i t s )  7.8 6.5 98 

. Phenol ics (pg/ l  ) ~ 2 . 9 0  19 < 2 87 
Phosphorus, t o t a l  <0.30 2.89 <0.05 92' 
Potassi urn 3.0 3.0 3,O 1 
Sodi um 17.83 37.0 8.0 16 
Sul f a t e  72.68 156 42 8 7 
Suspended soldds 67.24 ' 579 <I0 83 
feniperature ( C) 16.37 30.5 0.0 . 98 

Trace elements, t o t a l  (uq/1) I 

Arsenic <8.82 <10 <5 17 
Bar i  um <187.50 <20O < 100 32 
Cadmi um <4.29 28 < 1 4 5 
Chromi um <23.18 <30 4 . 34 
Copper <25.36 160 4 47 
I r o n  2690.81 15,000 160 47 
Lead- ~26 .89  410 . < 5 47 
Manganese 149.89 . 560 30 3 1 

. . 

Mercury <0.63 . 6 <0.5 46 
Ni ckei  d8 .94 100 < 10 32 
Sel eni  urn <5.31 4 3  <5 16 
S i  1 ver  <15.56 .<33 < 1 16 
Zinc ~45.53 260 3.0 47 

a ~ a t a  reduced from ORSANCO "Qua1 i ty Moni t o r "  
b ~ n i  t s  are mg/l i t e r  unless spec i f i ed  otherwise 
' ~ b s o l u t e  value assumed f o r  one o r  more observation(s), bu t  the mean i s  less  

than (<) the  absolute value calculated 



Table 10.8.  U. S. Geological Surveya Water Qua1 i t y  Data from ~ a n n e l  tonb. 

. . . . . . . . .  - .......... 
I IJUH'AT I O N " ' T A ~ L E  "UF' DA I C Y  SPEC ~f'IC--'~blid~'C'f'A'r;iC~c 
O A I L Y  bPt iC IF IC CUNDUCTANCL 
tiICt4uMtlUs A I  2a 0C6 C e  T H A T  wAb 1% 5% ' 

. ....... . - . . .  .. 10% . . . . . . .  25% - - - -.- ---.- 
.50% 74 

c ~ u A L L L ~  oi4 CAC~EOEII f O i i  ' fht '  ' 
-- 



,Table 10.8 Continued 

..n5tNlC T ~ J T A L  ( U G / L  AS A 5 1  
L ~ S ~ I J I C  bI[SSOLWEO ( U G I L  A S  AS)  
d A d l U M p  T ~ T A L  k l E C ~ d E u k B L t  ( ~ G / L  AS u 4 )  
o h d l d M ,  u ~ S S O L V E D  ( O G / L  k S  u A )  
C k 3 ~ 4 1 l l M  TOTAL H k C b V k b A d L r  (UU/L  US CD)  
C~L~I-IICIM Ijl S ~ O L V E ~  1 L~(I/L ~5 C t 1  1 
C n d ~ l 4 I U M r  T U T 4 L  H t  C O d t H A t j ~ t  L L J G I L  A'S Ci? )  
Cnt tur4 l  U I ~  r 111 S5OL WE D ( U t i / h  r:S CH 1 
C U ~ H L T I  T ~ T A L  ~ E C n v t ~ u b ~ t  (u,,/L A S  C d )  
i . j n ~ ~ 1 ,  I ) I S ~ U L W L ~  (uu/L k b  C O )  
Ct j i 'P tH r  TC)TAL U E L U J E ~ L B L ~  ( U G / L  A 5  CU) 
C d P r t d r  D I S S O L J E i J  ( d G / L  a S  CU) 
A M ~ I J ,  T i rTaL  14ECc)vErckbLE (uti/L US FE) 
IF(UIJ,  DISSOLVE^) ( U G / L  AS F E I  

-- L t A b r  TOTAL R E C U V E H A ~ L E  (UG/L  AS P d )  
? L E A L ) ~  D ISSOLVED (UG/L AS Pt3) 

N 
co ,t+\ANtiANESE, TOTAL ~ E C O W E H A B L E  (UG/L A S  dN 

~ ~ I J ~ ~ N E S E  L)ISSC)LWED (UG/L  A S  M N )  
YLdCUdY TuTAL dECUVERABLk ( U G / L  A S  ~ b . 1  
;.lt t t C u ~ v  o I SSOL d E u  (uc;/~ .,S HG 
S E L E N I I J I ~ ~  TOTAL (Ucj /L AS S E )  
~ E L ~ I J ~ U M ,   ISS SOLVE^ (UG/L 11s S E )  
S I L V E R e  TOTAL ~ E C O V E U A ~ L ~  ( U G / L  AS A G )  
S I L V E H ,  D I S S O L V ~ ~ J  (UG/L AS  A G )  
1 l t u C  c T O T A L .  RECOVERABLE (UC;/L AS ZN) 
211JCr  a l S S 3 L V E D  l U G / L  4 s  ZNI 

Id M E A N  STANI~AHU I4 I fd 1 1.1 U 11 !-I& x 1  MUY 
O E V I A T l O f J  VALUE V P L l J t  

a Data Summary f o r  1974-1980 received from Dave L e i s t  o f  the USGS, July 8 and ~ecember 12, 1980. 

Uni ts mg/l unless noted otherwise. 



TABLE 10.9 surface water q u a l i t y  standards' v i o l a t i o n s  a t  water bodies o f  the  Breck inr idge 
s i t e ,  1980-81 :a 

% o f  Total  
KY. Samples Exceeding 

Parameter Locat ion Date Concentrat i o n  standardb Standard 

Fecal Col i form Ohio River  7-1 5-80 . 1300 4 00 
(per  100 m l :  S t .  2 

Ohio River  7-1 5-80 ,1400 
S t .  3 
B u l l  Creek 7-1 5-80 600 
Town Creek 5-1 8-80 80 

Chlor ine, t o t a l  Ohio River  5-1 8-80 ' 0.1 
res idua l  S t .  3 
(mg/ 1 B u l l  Creek 5-1 8-80 0.1 

Bul.1 Creek ' 7-1 5-80 0.1 
Town Creek 5-1 8-80 0.1 
Town Creek 5-18-80 0.2 

C .  

I ron ,  t o t a l  Ohio River  7-1 5-80 4.0 1 .O 
(mg/l> S t .  2 

Ohio River  7-1 5-80 2.5 
S t .  3 .  

. . 
Mercury Ohio River  ' *  1-1 5-81. 0.2 0.05 2 5 
u 9 / 1 )  S t .  2 

25 B u l l  Creek . I , -1 5-83. 0.2 
Town Creek 1-1 5-80 0. 1 25 

Manganese Ohio River  5-1 5-80 76 50 7 5 
( u g / l )  s t .  2 

7-1 5-80 118 
1-1 5-80 83 . . 



TABLE 10.9. Continued. 

%o f  To ta l  
KY Sampl es Exceed i ng 

Parameter Loca t ion  Date Concentrat ion s t indardd  Standard 

Manganese 
( u g l l )  

Ohio R i ve r  7-1 5-80 
S t .  3 

1-1 5-81 
B u l l  Creek 5-1 5-80 

7-1 5-80 
10-9-80 
1 -1 5-81 

Town Creek 5- 1 5-80 
1 0- 9-80 
1-1 5-81 

a. To ta l  o f  4 observat ions per  s t a t i o n .  
b. See Table 10.1 f o r  exp lanat ion.  

. . 



However, ORSANCO (1980) s ta tes  t h a t  mercury cont inues t o  be a problem i n  

many areas o f  t he  r i v e r ,  and no sources have p resen t l y  been i d e n t i f i e d .  

Four o f  the  e i g h t  samples taken by ORSANCO i n  1980 ( through August) a t  

Cannelton conta ined a t  l e a s t  0.5 g / l  . Three S t a t i o n  (RM's 705, 717, 722) 

sampled by U.S. EPA ( i n  press)  i n  May, 1980 conta ined 1.8 - 2.6 ug/ l .  

Thus, mercury i s  a  problem i n  t h e  Ohio R i ve r  t h a t  appears t o  be g e t t i n g  

worse w i t h  t ime  (ORSANCO 1980). 
... . 

I r o n  exceeded t he  Kentucky standard on two occasions i n  t he  Ohio 

River .  A review o f  t h e  h i s t o r i c a l  data revealed t h a t  i t  i s  f r equen t l y  i n  

v i o l a t i o n  i n  t h e  Ohio R i v e r  Val ley.  Sources probably i nc l ude  min ing  and 

i n d u s t r i a l  a c t i v i t i e s .  

U.S. EPA ( i n  press)  found l i t t l e  thermal o r  d i sso l ved  oxygen s t r a t i f i -  

c a t i o n  i n  t h e  r i v e r  f rom J u l y  9  t o  September 8, 1979 and from A p r i l  30 t o  

June 6,. 1980. However, t he  summer o f  1979 was unusual ly  wet, and p r o f i l e s  

d u r i n g  t h e  hot,  d r y  summer o f  1980 were no t  made. . 

Resul ts  on t h e  24-hour sampling showed l i t t l e  d i u r n a l  v a r i a t i o n  f o r  

d i  sso l  ved oxygen, speci f i c  conductance, o f  pH (Tab1 e 10.10). Conduc- 

tance gene ra l l y  showed s l i g h t  increases throughout t he  day, and du r i ng  t h e  

w i n t e r  t h i s  increase was more pronounced. As expected, bo th  water and a i r  

temperature gene ra l l y  peaked du r i ng  t h e  a f te rnoon readings. Although t h e r e  

was l i t t l e  d i u r n a l  v a r i a t i o n  f o r  pH, readings were usua l l y  s l i g h t l y  h igher  

i n  t h e  d a y l i g h t  hours. 



Table 10.10. 24-Hour I n - S i t u  Readings from Ohio River  
S ta t i ons  2A and 3A, May, July,  October 1980 and January, 1981. 

Time A i r  Temp. 
(hours) (OC) 

Spr ing Summer Fa1 1 Winter 

0500 14 14 ' 2 5  25 15 15 3 3 

0900 18 18 29 28.5 . 16.5 16.5 0 0 : 

1300 27.5 27.5 36 35 . 26 26 1.5 1.5 

1700 22 22.5 31 31 25 25 1 1.0 

21 00 17 17 23 23 20 20 0 0 

01 00 - - 15 - - 2 2 20.5 20.5 -2 - 2 

Water Temp. 
(QC)  

Spr ing Summer Fa1 1 Winter 

18 18 28 2 8 .  20.5 20.5 1.5 1.5 

18.5 18.5'  28 28.5 21.0 21 1 1 

19 19 28.5 29 22 23 1.5 1 

19 19 28.5 28.5 22 22.5 1 1 

19 18 28 ' 2 8  22 21 1 1 

18 -- - - 28 21 2 1 1 1 

Time Dissolved Oxygen 
(hours) (mg/ 1 ) 

Spring Summer Fa1 1 Winter Spring Summer Fa1 1 Winter 



Table 10.10. Continued 

Time 
(hours) pH ( u n i t s )  

Spring Summer Fa1 1 W i  n te ra  

a Buf fe rs  and pH probe f rozen 



10.5.2 Town Creek 

10.5.2.1 Water Q u a l i t y  

Q u a r t e r l y  water  q u a l i t y  samples taken on t h e  upper p o s i t i o n  o f  Town 

Creek i n d i c a t e d  t h a t  some d i f f e r e n c e s  e x i s t e d  between t he  creek and Ohio 

R i v e r  (Tab le  10.2). The most no t i ceab le  d i f f e r e n c e s  were t he  h igher  l e v e l s  

o f  a l k a l i n i t y  and manganese and l owe r  l e v e l s  o f  suspended s o l i d s ,  c h l o r i d e ,  

i r o n  and aluminum. These d i f f e r e n c e s  a re  because Town Creek i s  a  headwater 
.. . 

s t ream f e d  by sp r i ngs  f rom t h e  l imestone s t r a t a .  

Al though wate r  qua1. i ty was genera l l y  e x c e l l e n t ,  w i t h  low amounts o f  

t r a c e  meta ls  and organi-cs, a  few v i o l a t i o n s  o f  Kentucky water q u a l i t y  

s tandards d i d  occur. Foremost among these was rrianganese, which averaged 

more t han  4 t imes  t h e  d r i n k i n g . w a t e r  standard. Other v i o l a t i o n s ,  i n c l u d i n g  

f e c a l  co l i f o rm ,  t o t a l  r e s i d u a l  c h l o r i n e ,  and ll lercury were l e s s  severe and . 

1  ess f requent .  A1 though severa l  c h l o r i n e  values exceeded t h e  standard, ' '  

t hese  values were near  t h e  l a b o r a t o r y  d e t e c t i o n  l i m i t s .  Ch lo r ine  u s u a l l y  

a r i s e s  f rom w a t e r  o r  w a s t e w a t e r  t r e a t m e n t  and wou ld  n o t  be e x p e c t e d  

i n t h i s  headwater stream. 

Flow 

Owing t o  t h e  unusua l l y  d r y  year ,  Town Creek had f lows  less. than  1 c f s  

3  on a l l  f o u r  dates,  w i t h  t h e  maximum f l o w  o f  0.02 m (0.7 c f s )  occu r i ng  i n  . .  

May (Tab le  10.11). The 7-day 10-year low f l o w  i s  0.0 c f s  (Commonwealth o f  

Kentucky, 1975). P rev i ous l y  hyd ro l og i c  s t ud ies  o f  Town Creek found t h a t  . . 

maximum water l e v e l s  would be caused b y  Ohio R i v e r  f l ood ing  (Dames & Moore, 

1975). 

10.5.3 B u l l  Creek 

10.5.3.1 Water ~ u a l  i t y  

Qua1 i t y  o f  t he  water  i n  B u l l  Creek, as i n  Town Creek, was gene ra l l y  



Table 10.11 Seasonal Flow Data from 
Town and B u l l  Creeks, 1 980-81a. 

Spr i  nq Summer Fa1 1 Winter 

B u l l  Creek 0.008 (0.3) <0.003(<0.1) <O. 003(<0.1) 0.003(0.1) 

Town Creek 0.02(0.7) 0.008(0.3) <0.003(<0.1') 0.008(0.3) 

a Presented as m3/sec and ( c f s )  



exce l  1 ent .  Standards v i  01 a t i  ons t h a t  6ccurred were f o r  t h e  same parameters 

' as  i n  Town Creek. Also, w h i l e  suspended s o l i d s  were lower than a t  any of  

t h e  f o u r  water qua1 i ty  s ta t i ons ,  a l i p h a t i c  ( s t r a i g h t  chain)  hydrocarbons 

were t h e  h ighest .  Th i s  can probably  be expla ined by presence o f  t h e  o i l -  

bea r i ng  B i g  C l i f t y  Sandstone s t r a t a  i n  t h i s  area (C la rk  and Cr i t tendon,  

1965) . 
... . 

10.5.3.2 Flow - 
Flow was even lower  i n  B u l l  Creek than i n  Town Creek f o r  t h e  dates o f  

3 
measurement, o n l y  exceeding 0.003 m (0.1 c f s )  i n  May (Table 10.11). I t  

shou ld  be noted t h a t  on bo th  creeks, a p a r t i a l  b a r r i e r  i s  l oca ted  j u s t  

upstream o f  t h e  measurement l oca t i on .  On B u l l  Creek t h i s  i s  a se r i es  o f  

road  c u l v e r t s ,  and on Town Creek. i t  i s  a concrete ford.  These p a r t i a l  

b a r r i e r s  tend t o  backup water  behind them, p reven t ing  a complete f r ee - f l ow  

s i t u a t i o n .  The 7-day 10-year low f l o w  o f  Town Creek i s  0.0 c f s  (Common- 

wea l t h  o f  Kentucky, 1975). 



10.6 SEDIMENT QUALITY 

Sediment c o l l e c t e d  i n  t h e  sp r i ng  and f a l l  o f  1980 from t h e  Ohio R iver  

Town Creek and B u l l  Creek contained some a l i p h a t i c  hydrocarbons and t he  

t r a c e  e l  ements a1 umi num, i r o n ,  manganese (Table 10.12). Concentrat ions o f  

most metals were much h igher  i n  t h e  f a l l ,  when t h e  percent  d r y  weight was 

less.  I n  t he  r i v e r ,  t h i s  i s  probably  due t o  t h e  near-normal pool  stages 

t h a t  p r e v a i l e d  throughout t h e  year  (Table 10.13), al lowi.ng f i n e r  ... suspended . 

m a t e r i a l s  con ta in i ng  adsorbed heavy meta ls  t o  s e t t l e .  Chromium and bromine 

were unexplained except ions t o  t h i s  phenomena. 

Cobalt, chromium, copper, n i c k e l  and z i n c  were present  i n  h i ghe r  

l e v e l s  than i n  two p o l l u t e d  I l l i n o i s  r i v e r s  (Math is  and Cummings, 1973; 

Anderson and Brower ,  1978) .  Z i n c  was a l s o  g r e a t e r  t h a n  th.e U.S. EPA 

(1976) g u i d e l i n e  o f  50 ppm f o r  sediments. Cadmium and lead  were gene ra l l y  

w i t h i n  t he  upper range o f  those repor ted  f o r  uncontaminated waters i n  t h e  

f a l l  and were low i n  . t h e  spr ing.  Arsenic and copper were h i ghe r  than  

va lues repor ted  from t h e  lower  Green R i ve r  (Southern Company Services , 

Inc., 1980). Mercury, w h i l e  s i m i l a r  t o  values i n  t he  Green River ,  was 

s u b s t a n t i a l l y  lower than from sediments i n  t h e  Ohio R i v e r  j u s t  downstream 

o f  C i n c i n a t t i  (U.S. Army Corps o f  Engineers, 1978). O f  t h e  meta ls  d i s -  

cussed above, cadmium and mercury most f r equen t l y  exceed t h e  st.andard o r  

c r i t e r i a  i n  t h e  water column. 

I n  t h e  creek sediments, several  o f  the  metals, i n c l u d i n g  cadmuim, 

mercury, magnesium, n i c k e l  and z i n c  were l e s s  concentrated than  i n  r i v e r  

sediments. These elements were no t  gene ra l l y  lower i n  t h e  water column 

o f  t h e  creeks as compared t o  t h e  r i v e r .  I n  f a c t ,  those elements t h a t  were 

e l eva ted  i n  t h e  creek waters, aluminum and manganese, d i d  no t  show t h i s  

same tendency i n  t h e  sediments. 



Table 10.12 Sediment qua l i t y ,  Ohio River, Bu l l  Creek, Town Creek, 1980.~ 

Ohio River Stat ion 2 Ohio River Stat ion 3 Bu l l  Creek Town Creek 

b Parameter Spring  all' Spring F a l l  Spring Fa l l  Spring Fa1 1 

A1 umi num' 13,550 
Arsenic 1.25 
Boron 0.77 
Bari  um 11.00 
Ber'yll 1 UIII 0.86 
Bismuth <0.30 
Bromi ne 784 
Cadmi urn 0.17 
Cobalt 16.20 
Total Chromium 30 
Copper 5.90 
I r o n  24,000 
Gal 1 i um <0.4 
Germanium <0.6 
Mercury 0.022 
Lanthanum 12.40 
Magnesi wn 3,260 
Manganese 779 
Molybdenum 0.093 
Nickel 60 
Lead 0.33 

- Rub'idium <0.7 
Antimony <1.9 
Sel eni um <0.085 
T i n  9.35 
S t r o n t i  um 121 
Titanium 15.14 
Urani um <5 .O 
Vanadi wn 9.2 
Tungsten <0.9 
Zinc 162 
Z i  rconi  um (2.2 
S i l v e r  0.47 
Phenols (1) aO.0 
A1 i p h a t l c  

Hydrocarbons 4,400 
.Aryl ami nes 42 
Mono & Po lycyc l i c  

Hydrocarbons 
(2) <0.02 

Su l fu r  Compounds 
Thi ophenes and 

Mercaotans 
(3 ) '  <26 

Chlororganics (4)  16.93 
Chl orami nes <7.26 

Dry Wei yht  77 -47% 

-. - - - - -  --- 
a ~ e s u l t s  i n  mg/kg dry weight. 

b ~ a y  15-18, 1980. 

'0ctober 8-9. 1980. 



Table 10.13. 1980 Upper Gage Readings f rom Cannel t o n  a 
Lock & Dam. Zero E leva t i on  i s  374.0 MSL. 

DAY JAN FEB MAR APR MAY JUN 



Table 10.13. Continued 

DAY JULY AUG SEPT OCT NOV DEC 

8 9.2 10.0 9,2 10.2 9.3 9.4 
9 9.4 9.9 9.0 .I 0.8 9.1 9.1 

10 9.1 10.1 9.3 10.5 9.1 9.5 
11 8.9 9.9 9.2 10.1 9.4 9.3 
12 9.5 9.1 9.2 9bT 9.3 9.2 
13 \ 9.4 8.9 9.7 9.7 9.3 9.2 
14 9.3 9.0 9.5 9.5 9.5 9.3 
15 9.0 9.0 9.4 9.6 9.2 9.2 
16 . 9.1 9.1 9.2 9.9 9.3 9.1 
17 9.2 9.0 9.2 10.0 9.4 9.1 
18 9.2 9.1 9.3 11 .O 9.1 9.2 
19 9.1 9.2 9.2 9.3 9.3 9.3 
2 0 9.2 8.9 9.0 9.4 9.4 9.2 
21 9.0 9.0 9.4 9.4 9.1 9.4 
2 2 9'. 1 9.0 9.2 9.6 9.1 9.3 
23 9.2 9.4 9.2 9.4 9.4 9.0 
24 9.0 8.9 9.5 9.6 9.4 9.0 
2 5 9.3 9.2 9.3 10.2 9.2 .9.4 
26 9.1 9.2 9.7 10.4 9.1 9.5 
2 7 9.2 9.1 9.5 10.4 9.0 - 9.5 
28 . 9.1 9.2 9.5 10.5 9.0 9.2 

- 29 9.1 9.1 9.5 10.5 9.0 9.1 
30 10.0 9.0 9.5 10.4 9.2 9.3 . . .  
31 9.8 .9.1 - - 10.2 9.2 9.5 

a Source U. S. Army Corps o f  Engineers, L o u i s v i l l e  D i s t r i c t  (1981). 



As might be expected, concentrat ions o f  meta ls  i n  t h e  sediments were 

g r e a t e r  than those i n  t h e  water and f i s h .  This  tendency o f  increased 

metal  l e v e l s  from water  t o  f i s h  t i s s u e  t o  sediments .has been reported by 

severa l  others  (Mathis and Cummings, 1973; Enk and Mathis ,  1975). 
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11.0 GROUND WATER 

11.1 INTRODUCTION 

The . proposed p l a n t  s i t e  and waste d isposa l  areas i n  Breck in r idge  

County ,  Kentucky were evaluated w i t h  respect t o  ground water u t i l i z i n g  

a v a i l a b l e  sources. P a r t i c u l a r  a t t e n t i o n  was g iven t o  t h e  phys ica l  a q u i f e r  
... . 

c h a r a c t e r i s t i c s  and e x i s t i n g  chemical cond i t i ons  i n  t h e  p l a n t  area and t h e  

occurrence o f  bedrock ground water i n  t h e  waste d isposa l  areas. I n  t h e  

f o l l o w i n g  s e c t i o n  g round w a t e r  c o n d i t i o n s  w i l l  be d i s c u s s e d  f o r  b o t h  

r e g i  onal and s i t e  speci  f i c  cond i t i ons  : method01 ogy , sampl i ngs methods, 

1  oca t ions  and r a t i o n a l e ,  and water q u a l i t y .  



11.2 BACKGROUND AND OBJECTIVES 

Subsurface i n v e s t i g a t i o n s  a t  t h e  s i t e  were performed i n  1974 and 1975 

i n  which some p r e l  i m i  na ry  ground water i n v e s t i g a t i o n s  were done. Th is  

e a r l y  work was p r i m a r i l y  f o r  foundat ion des ign and f o r  development o f  a  

ground wate r  supply. Water l e v e l  da ta  f o r  f ou r  observa t ion  w e l l s  were 

ob ta i ned  as we l l  as water  q u a l i t y  da ta  from e x i s t i n g  domestic wel ls .  Most 

o f  t h e  sampled w e l l s  a r e  no longer  opera t iona l .  Fuct-her foundat.ion and 

ground water  i n v e s t i g a t i o n s  were conducted i n  1980 and e a r l y  1981. F i e l d  

reconnaissance and ground water  sampling was performed i n  1980-81; addi-  

t i o n a l l y ,  e i g h t  observa t ion  w e l l s  were i n s t a l l e d  a t  t h e  p l a n t  s i t e  and , 

t h r e e  i n  t h e  southern waste d isposa l  area. 

The o b j e c t i v e s  o f  t h i s  study were t o  del ' ineate t h e  e x i s t i n g  ground 

wate r  c h a r a c t e r i s t i c s  o f  t h e  reg ion  and s i t e  v i c i n i t y  u t i l  i z i n g  e x i s t i n g  

s i t e  s p e c i f i c  i n f o rma t i on ,  l i t e r a t u r e  and f i e l d  i nves t i ga t i ons .  P a r t i c u l a r  

a t t e n t i o n  was g i v e n  t o  d e l i n e a t i n g  bedrock  f l o w  and a l l u v i a l  a q u i f e r  

c h a r a c t e r i s t i c s .  



11.3 METHODOLOGY AND SOURCES 

Ground water da ta  was obta ined du r i ng  a geotechni c a l  i n v e s t i g a t i o n  

from i n s t a l  l e d  observat ion w e l l s  i n  t h e  p l a n t  and waste areas. I d e n t i f i c a -  

t i o n  o f  s u r f a c e  e x p r e s s i o n  o f  g round w a t e r  was o b t a i n e d  d u r i n g  f i e l d  

reconnaissance by Dames & Moore personnel . Water l e v e l s  a r e  from observa- 

t i o n  w e l l s  u t i l i z i n g  t he  wetted tape method. Th is  i s  t h e  most. accurate 

method when done ca re fu l l y .  R i ve r  e l eva t i ons  were supp l ied  by the'.Corp of 

Engineers and Cannelton Lock and Dam: Water q u a l i t y  was analyzed by Howard 

Labora to r ies  i n  Dayton, Ohio. Sampling was performed by Dame's and Moore 

personnel a t  se lected we1 1 s and spr ings. References u t i  1 i zed , i n  t h i s  

s e c t i o n  a r e  noted i n  11.8. 



11.4 SAMPLING LOCATION, FREQUENCY AND RATIONALE 

Water q u a l i t y  sampl ing l o c a t i o n s  are shown on F igure  11.1. Sampling 

was conducted seasonal l y  t o  r e f l e c t  temporal v a r i a t i o n s  i n  ground water  

q u a l i t y .  The domestic w e l l s  u t i l i z e d  were se lec ted  on t h e i r  p rox im i t y  t o  

t h e  s i t e .  Dur ing t h e  e a r l y  phases o f  t h i s  i n v e s t i g a t i o n  t h e r e  were no 

. w e l l s  i n s t a l l e d  a t  t h e  s i t e  proper. Spr ings were sampled t o  determine 

background water q u d l i t y  i n  t h e  bedrock aqu i fe rs .  Ground w a t e r . i n  the. 

bedrock gene ra l l y  occurs as f l o w i n g  water i n  s o l u t i o n a l  c a v i t i e s  and a long 

bedding planes o f  which s p r i n g  and seeps : are  sur face expressions. The 

s p r i n g s  u t i l i z e d  were se lec ted  on p r o x i m i t y  t o  t h e  s i t e  and t h e i r  d i f f e r e n t  

g e o l o g i c  o r i g i n .  



0 qt3und %\cr Well 

4 Spnnq Water S n p s  



11.5 QUALITY ASSURANCE 

The qual i t y  c o n t r o l  (QC) process w i t h i n  t h e  Lexington , (LX) o f f i c e  i s  

i n t e n d e d  t o  p romote  a  check and r e v i e w  sys tem o f  t h e  p rocedu res ,  and 

r e s u l t a n t  measurements, used and determined by our  s t a f f  t o  c a r r y  ou t  t h e i r  

assigned work. It i s  p r i m a r i l y  app l i cab le  t o  t h e  t echn i ca l  q u a l i t y  o f  work 

be ing  performed i n  t h e  f i e l d ,  l abo ra to r y  and o f f i c e .  

The LX QC p l an  i s  admin is tered by P r o j e c t  ~ a n a ~ e m e n t  (PM) h;ho d i r e c t  

. r espec t i ve  P r i n c i p a l  I n v e s t i g a t o r s  (P I ) .  The PM i s  advised by t h e  P r i n -  

c i  pa l  -In-Charge (PIC)/Managing P r i n c i p a l  -In-Charge (MPIC) . This admi n i  s- 

t r a t i v e  set-up r e s u l t s  i n  t h e  enhancement o f  t h e  u n i f o r m i t y ,  c o n t i n u i t y  and 

i n t e g r i t y  o f  t h e  t echn i ca l  q u a l i t y  o f  a l l  LX QC p ro j ec t s .  

I n  con junc t ion  w i t h  QC management procedure above, t he  LX o f f i c e  uses 
, 

a  s i  gn-o f f  procedure which i s  completed a t  r egu la r  i n t e r v a l s  d u r i n g  t he  

course o f  our p ro j ec t s .  The s i g n - o f f  procedure may be i n i t i a t e d  by p r i n -  

c i p l e  personnel assigned t o  t h e  p r o j e c t  and from which designated work has 

o r i g i na ted .  Upon complet ion o f  each task,  p r o j e c t  personnel must s i  gn -o f f  

t h e i r  work and submit i t  t o  t h e  next  h ighes t  p ro fess iona l  l e v e l  f o r  review. 

The completed work i s  reviewed, poss ib l y  severa l  t imes, and approved by t h e  

respec t i ve  PM, PIC o r  s p e c i f i e d  t echn i ca l  rev iewer  f o r  o v e r a l l  t echn i ca l  

con ten t  and qual  i t y .  This  procedure a1 so assures o v e r a l l  p r o j e c t  qual i t y  

on a  r e l a t i v e l y  l o n g  term basis.  I n  t h e  event t h a t  a d d i t i o n a l  quest ions ' ' 

a r i s e  d u r i n g  t h e  eventual  complet ion o f  a  p r o j e c t  t h e  o r i g i n a t o r  o f  work 

may be e a s i l y  i d e n t i f i e d ,  then consul ted, through our  s i g n - o f f  po l i c y .  

I n  general, t h e  methods, procedures and gu ide l ines  f o r  f i e l d  sampling, 

l abo ra to r y  ana l ys i s  o f  samples, and f o r  data ana l ys i s  i s  adopted from 



standard re ferences suppl i e d  by t h e  U.S. Envi ronmental P r o t e c t i o n  Agency, 

t h e  U.S. Geolog ica l  Survey, American Pub1 i c  Hea l th  Assoc ia t ion,  American 

Water Works Assoc ia t ion  and t h e  Water P o l l u t i o n  Contro l  Federat ion. There 

a r e  a l s o  spec ia l  re fe rences  which may be used f o r  h i g h l y  spec ia l i zed  cases, 

o r  s i t u a t i o n s  when s t a t e - o f - t h e - a r t  e x p e r t i s e  i s  required. 

Before f i e l d  sampl ing i s  i n i t i a t e d  t h e  p r i n c i p a l  (PIC, PM, P I )  person- 

n e l  assigned t o  t h e  p r o j e c t  a t t end  a p r o j e c t  meet ing i n .  which t h e  .- important. 

o b j e c t i v e s  and goals  p e r t a i n i n g  t o  . t h e  t echn i ca l  make-up i s  discussed, 

P o t e n t i a l  t echn i ca l  problems a re  discussed, and ( f i n a l )  p lans f o r  complet- 

i n g  t h e  f i e l d  sampl ing a c t i v i t i e s  a r e  t r ansm i t t ed  t o  t h e  PI. 

Sample c o l l e c t i n g  a c t i v i t i e s  i n  t h e  f i e l d  a r e  q u a l i t y  c o n t r o l  l e d  from 

t h e  i n i t i a l  set-up o f  t he  p r o j e c t  t o  i t s  completion. Prepara t ion  f o r  

f i e l d  sampl ing a c t i v i t i e s  i s  done by compi l ing  a f i e l d  equipment check l i s t  

. f o r  t h a t  equipment necessary t o  complete a l l  s p e c i f i e d  work tasks  accord ing 

t o  predetermined methods and procedures. .The equipment l i s t  serves as a 

check by which q u a l i f i e d  f i e l d  personn.el may inven to ry ,  and see t h a t -  a l l  

equipment i s  c a l i b r a t e d  and standardized, i f  necessary, and i n  good work ing 

order .  

Records o f  maintenance, ca l  i b r a t i o n  and s tanda rd i za t i on  a r e  kep t  on 

f i l e  f o r  a1 1 speci  a1 mechanical and e l e c t r i c a l  devices. 

Dur ing  sample c o l l e c t i n g ,  f i e l d  logs a r e  maintained t o  document d a i l y  . . .  

progress. Records o f  a l l  sampling parameters, c l i e n t ,  l oca t i on ,  data, t ime,  

c o l  l e c t o r ( s )  name, sampl e r  type, p rese rva t i ve  and volume, and o the r  observa- 

t i o n s  i s  made. Every reasonable at tempt  i s  made t o  assure t h a t  t h e  f i e l d  

c o l l e c t i o n s  a re  o f  h i g h  q u a l i t y ,  and w i l l  produce r e l i a b l e  data. 

S p e c i f i c  QC p r a c t i c e s  a re  c a r r i e d  o u t  by t h e  PI, and a re  reviewed by 



t h e  PM, when t h e  f i e l d  memo f o r  t h e  respec t i ve  p r o j e c t  i s  completed. This 

' rev iew process i s  a check on d i f f i c u l t i e s  which occurred i n  t h e  f i e l d  and 

what, 1 f any, methods o r  procedures were abor ted lmodi f ied.  A1 1 a1 t e r -  

a t i o n s ,  i f  any, a r e  r e c o r d e d  and p l a c e d  i n  t h e  r e s p e c t i v e  j o b  f i l e s :  



11.6 REGIONAL AQUIFERS 

Water i s  avai 1 able from three interconnected and interrelated parts 

of the hydrological system in Breckinridge County. Water i s  found on 

the surface, in the Mississippian bedrock and in the alluvial deposits 

along the Ohio River and i t s  tributaries (Figures 11.2 and 11.3). 

11.6.1 A1 luvial Aquifers 
. . 

- 

The 0hio.River a1 luvial plain is. one of the major groundwater aquifers 

in the central United States. I t  has been estimated t h a t  the alluvium 

stores over four t r i l l ion  l i t e r s  (one t r i l l  ion gallons) of water over the 

length of the aquifer (E .H.  Walker, 1957). The ,aquifer i s  situated in the 

broad, u-shaped trough of the Ohio River. This trough i s  partly f i l led 

with clay, s i l t ,  sand, gravel and some boulders in the deeper portions. 

The alluvial plain i s  relatively f l a t  with a gentle slope to the river. 

.The aquifer sediments are composed of glacial outwash deposits over- 

l a in  by recent alluvium. The coarse f ining upward f i l l  materi'al was 

deposited during the retreat of glacial activity in the Ohio River drainage 

area. Relatively thin finer grained recent a1 luvial deposits overly the 

glacial outwash. The aerial extent and thickness of the aquifer varies due 

to  erosion of the glacial material, variation with distance from the valley 

- walls, and inclusion of impermeable units from tributary streams. Gener- 
. . 

ally the maximum thickness of the saturated zone increases downstream 

and across the valley toward the river, 

We1 1s completed within the a1 luvial aquifer yield 1 arge quantities of 

water suitable for public water supply systems with as much as 5000 gpm t o  



.Water i n  Recent and Pleistocene A l l  uvium 
( D r i  1 l e d  we1 1s i n  A1 luvium may y i e l d  several  hundred gal. lons 
a minute. 
Water i n  Pennsylvanian Rocks. 

Water i n  Miss iss ipp ian  Rocks o f  Meramec Age. 
(Most w e l l s  inadequate f o r  domestic use) 

water i n  Miss iss ipp ian  Rocks o f  Chester Age 
(We1 1s y i e l d  enough f o r  domestic purposes (>500 gpd) a t  
depths i n  excess o f  150 fee t .  

Water i n  Miss iss ipp ian  Rocks o f  Meramec Age. 
(Most w e l l s  y i e l d  more than 500 ga l lons  per day) 

F igure 11.2 A v a i l a b i l i t y  o f  Groundwater 

SOURCE: Brown & Lambert, 1963 



Recent 

and 

Pleistocene 

WATER-BEARING CHARACTER , 

Alluvlum 

. , . I .  Ylelds several hundred gallons per mlnute to  drll led wells In  ~ l l u v l u m  In the Ohlo Rlver valley. Ylelds as 
much as 5,000 gpm (gallons per mlnute) to compound horlzontal wells. Nearly all wells (urnlsh more 

I . * _ ,  . I 
than 500 gpd ( allons per day), enough water for a domestlc supply w l th  a power pump. Alluvlum I n  
stream valley tributary to  the Ohlo Rlver Is flne gralned and thln; most  wells do not furn lsh enough 
for a baller o bucket (less than 100 gpd). 

. . . . * *  
. a , . .  I 

Yleld l l t t le or no water t o  wells. 

Sandstone formatlons yleld enough water for a domestlc supply wlth baller or bucket (more than 100 gpd) 
I n  lowland areas bordering streams and I n  broad upland areas where there Is a substantial saturaled 
thlckness In  perched water bodles. Deep welts that tap the sandstone formatlons near'perennlal stream 
level lurnlsh enough for a domestlc supply wlth a power pump (more lhan 500 gpd). Close to outcrop 
areas, partlcularly near malor escarpments, ylelds from perched water bodles generally are low and not 

...-.. . . . . . . , . . . dependable. Mlnor sprlng horlzons occur near the base of most of the sandstones on dlsconllnuous 
layers of shale. The most promlnant sprlngs are those whlch discharge f rom the base of the Blg Clllty 
sandstone. These are the "drlpp!ng sprlngse' of the Drlpplng Sprlngs escarpment. Many of these 
sprlngs go dry .during the late fall and summer, and very few are adequate for a domestlc supply wi lh a 
power pump. 

- Limestone fdrmatlons yleld small to.adequste supplles f rom solutlon openlngs. I n  lowland areas bore 

derlng streams some wells furnlsh enough for a domestlc supply wlth a power pump (more than  500 
gpd). Most I n  upland areas are Inadequate lor  a dornestlc supply wlth s baller or bucket (less than 100 
gpd). Deep wells that encounter solutlon openlngs I n  Ilmestone may produce more lhan  5 gpm, but  
most deep wells are Inadequate for a domestlc supply wlth bailer or bucket (less than 100 ~ p d ) .  Where 
karst Is formed on the Paoll Ilmestone, some wells yleld more then 5 gpm from solu!lon openlngs In lhe 
Paoll and the underlylng Ste. Genevleve Ilmestone. Close to  outcrop areas, partlcularly near malor 
escarpments, yle!ds f rom perched water bodles generally are Inadequate during dry perlods. Springs 
occur a! the base of many of the limestones where they crop out on escarpments and hlllsldes. Adla- 
cent t o  large upland areas, flows are as much as 1,000 gpm and low flows are more than 5 gom f rom 
some sprlngs. , ' 

F igure 11 :3 Columnar sect ion a t  s i t e  

SOURCE: Brown and Lambest, 1963 



compound h o r i z o n t a l  we1 1  s. Such 1  a r g e  q u a n t i t i e s  a r e  r e p l e n i s h e d  by 

induced i n f i l t r a t i o n  from t h e  r i v e r .  

Medium values f o r  hyd rau l i c  c o n d u c t i v i t y  and t r a n s m i s s i b i l i t i e s  f o r  

t h e  Ohio R i ve r  a l l u v i a l  a q u i f e r  a re  18.8 meterslday (460 gpd pe r  square 

f o o t )  and 648 cub ic  meterslday (52,150 gpd per  f o o t )  (Gal lagher  and Pr ice ,  

1966). 

A l luv ium i n  t h e  t r i b u t a r i e s  a re  gene ra l l y  t h i n ,  f i n e  g ra ined  and y i e l d  
... . 

small q u a n t i t i e s  o f  water. 

11.6.2 Bedrock Aqu i fe rs  

Perched water t a b l e s  a re  common i n '  t he  M iss i ss i pp ian  Chester Age 

format ions which c o n s i s t  o f  a l t e r n a t i n g  l aye rs  o f  sandstone, l imestone and 

shale. Perched water i s  commonly found i n  sandstones unde r l a i n  by shale o r  

i n  l imestones t h a t  con ta in  d iscont inuous shale lens. Water i s  a lso '  a v a i l -  

a b l e  i n  wate r - f  i 11 ed c a v i t i e s  between two 1  i tho1 og i  c  . u n i t s  as sheet water 

(Brown and Lambert, 1963). 

So lu t i ona l  openings i n  some lower  Chester l imestones a r e  w e l l  formed 

w i t h  f l ows  o f  as much as 6.3 x 10'~ cub ic  meters lsec (100 gpn). Gener- 

a l l y ,  d r i l l e d  w e l l s  a r e  adequate f o r .  domestic supp l ies  when i n s t a l l e d  i n  a  

sa tu ra ted  sandstone. format ion. Well s  i n  1  imestones a re  l e s s  depqndable and 

y i e l d s  w i l l  vary w i t h  t he  number and q u a l i t y  o f  s o l u t i o n a l  c a v i t i e s  pene- 
. . 

t rated. 

11.6.3 Recharge and Discharge 

Recharge t o  t he  a l l u v i a l  aqu i f e r s  i s  der i ved  from t h r e e  sources: 

water  e n t e r i n g  the  a q u i f e r  du r i ng  f loods ,  seepage from bedrock and p r e c i p i -  



i t a t i o n .  Recharge t o  t h e  a q u i f e r  i s  g rea tes t  i n  t he  w i n t e r  and e a r l y  

s p r i n g  when p r e c i p i t a t i o n  i n f i l t r a t i o n  i s  u s u a l l y  g rea tes t  and stream f lows  

a r e  high. Dur ing  f l o o d s  low lands a re  indunated and i f  a  d i r e c t  con tac t  

w i t h  t h e  a q u i f e r  i s  a v a i l a b l e  recharge i s  rap id .  More commonly an over- 

l . y ing  impermeable u n i t  i s  present  r e s u l t i n g  i n  very slow recharge ra tes.  

Pr imary  recharge t o  t h e  a1 l u v i a l  a q u i f e r s  i s  accompl ished through i n f l o w  

f rom the  bedrock a long  t h e  v a l l e y  w a l l s  and p r e c i p i t a t i o n  i n f i l t r a t i o n .  
.* . . . 

Groundwater usual l y  seeps i n t o  t h e  r i v e r  and he1 ps ma in ta in  r i v e r  

f l o w .  D u r i n g  f l o o d s  t h i s  s i t u a t i o n  . i s  r e v e r s e d  and r e c h a r g e  t o  t h e  

a q u i f e r  i s  l o c a l i z e d  near  t h e  r i v e r .  

Recharge f rom p r e c i p i t a t i o n  t o  t h e  a l l u v i a l  a q u i f e r  i n  Lou i sv i  1  l e ,  

Kentucky i s  est imated a t  1136 cub i c  meterslday t o  1893 cub i c  meterslday 

(0.3 t o  0.5 m i l l i o n  g a l l o n s  pe r  day) and recharge from bedrock i n f l o w  a t  

757 c u b i c  meterslday (0.2 m i l l i o n  ga l l ons  a  day) (Whitesides and ' ~ y d e r ,  

1969). 

Recharge t o  bedrock aqu i f e r s  i s  accomplished through i n f i l t r a t i o n  o f  

r a i n f a l l  through t h e  s o i l ,  by f l o w  from streams o r  o the r  sur face f l o w  and 

by f l o w  o f  su r face  water  through s inkho les  and j o i n t i n g .  

11.6.4 Water Q u a l i t y  

Chemical and phys ica l  q u a l i t y  o f  t he  water i n  t h e  a l l u v i a l  a q u i f e r  

v a r i e s  over  t h e  l eng th  o f  t h e  Ohio R i ve r  and i s  r e l a t e d  t o  depth, compo- 

s i t i o n  o f  t h e  a1 luv ium and t ype  o f  rock and q u a l i t y  o f  water e n t e r i n g  t h e  

a q u i f e r  f rom t h e  bedrock. Water i n  t h e  a1 l i v i a l  a q u i f e r  i n  Breck in r idge  

County i s  a  predominant ly  calcium-magnesium, b icarbonate t ype  w i t h  some 

s u l f a t e  and c h l o r i d e  (Gal lagher ,  1963). The f resh-sa l  i n e  i n t e r f a c e  i s  a t  

11-13 



61 meters (200 f e e t )  mean sea leve l  below t h e  aqu i fe r  along the  Ohio River  

(Hopkins, 1966). Groundwater qua1 i t y  i n  t h e  Miss iss ipp i  an rocks i s  deter- 

mined by the  geologic source and length  o f  t ime water has been i n  contact  

w i t h  the  rocks. The water i s  general ly  a calcium bicarbonate type. 

11.6.5 Water Uses 

Ground water use i n  Breckinr idge County i s  p r i m a r i l y  used f o r  p r i n -  
., . 

c i p a l  and small domestic supplies. Cloverport i s  t h e  c h i e f  user o f  ground 

water from the a l l u v i a l  aqu i fe r  (Mull, Cushman and Lambert, 1971), wi th-  

drawing 4900 cubic meters a day (1.3 m i l l i o n  gal lons a day) from three 

hor izonta l  wells. Domestic we l l s  w i t h i n  the  s i t e  v i c i n i t y  are shown i n  , . 
> 

Figure 11.4. These we1 1s are i n s t a l l e d  i n  t h e  a l l u v i a l  aquifer.  



Figure 11.4. Domestic we l ls  a t  the p l a n t  s i t e  
1 inch = 2000 f e e t  



SITE CONDITIONS 

11.7.1 A l l u v i a l  Aqu i fe rs  

The a l l uv i um beneath t h e  p l a n t  p o r t i o n  o f  t h e  f a c i l i t y  cons i s t s  of  a  

c layey t o  sandy s i l t  l a y e r  unde r l a i n  by t h e  a l l u v i a l  aqu i fe r .  The t h i c k -  

ness o f  t he  s u r f i c i a l  c l a y  l a y e r  ranges from 4.3 t o  7.6 meters (14 t o  25 

f e e t )  across t he  s i t e  (F igure  11.5) and ac t s  t o  con f i ne  t h e  a q u i f e r  near 

t h e  r i v e r .  The a1 l u v i a l  a q u i f e r  cons i s t s  o f  a  f i n e  t o  coarse sand w i t h  
.- . 

some gravel  grad ing t n  gravel  a t  t he  base. The th ickness  o f  t h e  a q u i f e r  

averages above 33.5 meters (110 f e e t )  t a p e r i n g  t o  16.8 meters (55 f e e t )  

under t h e  r i v e r  and, reaches a  maximum i n  excess o f  46 meters (150 f e e t )  i n  

t h e  ancestora l  Ohio R i ve r  channel unde r l y i ng  t h e  s i t e .  

Ground water e l eva t i ons  obta ined i n  February, 1981 show a  r e l a t i v e l y  

f l a t ,  gen t l y  s l op ing  g rad ien t  , toward t h e  r i v e r .  P re l  im inary  da ta  from 

water e l eva t i ons  i n d i c a t e  an i n f l u e n c e  on t h e  southern edye o f  t h e  s i t e  

f rom t h e  Town Creek backwater.' Ground water e l eva t i ons  range from 385.4 

f e e t  a t  t h e  eas te rn  edge o f  t h e  s i t e  t o  an Ohio R i ve r  e l e v a t i o n  of  383.4 

f e e t  i n d i c a t i n g  a  h y d r a u l i c  g r a d i e n t  o f  3.3 x (1.8 f t /  m i l e ) .  

Ground water e l eva t i ons  f o r  February and March, 1981, are shown on Table 

11.1. Locat ions of observat ion w e l l s  a t  t he  s i t e  a re  shown i n  F igure  

Hydraul i c  c o n d u c t i v i t y  values f o r  t h e  a1 l u v i a l  a q u i f e r  were obta ined 

u t i l i z i n g  t h e  Hazen formula from geotechnica l  data (Dames & Moore, 1976), ' . .  

and i n  s i t u  values obta ined from fal .1 i n g  head pe rmeab i l i t y  ' tes ts .  These 

values, 4  x  cm/sec and 2 x cm/sec, r espec t i ve l y ,  are compared 

w i t h  o t h e r  v a l u e s  f o r  t h e  a l l u v i a l  a q u i f e r  i n  T a b l e  11.2. The v a l u e  

from the  Hazen equat ion w i l l  be used i n  t h i s  r e p o r t  t o  rep'resent s i t e  

s p e c i f i c  h y d r a u l i c  c o n d u c t i v i t i e s .  Those values from i n  s i t u  pe rmeab i l i t y  
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Table 11.1 Water Levels 

Observat ion We1 1  Sur face E leva t i on  Groundwater E leva t i on  

March, 11 February, 26 

Ohio R i v e r  e leva t ion :  383.4 . 383.9 



@ Water Qua1 i t y  Well 

F i  gure 11.6 Observation We1 1 Locations (P lan t  S i t e )  



Table 11.2 -.. 

. . Hydraul i c  Conduc t i v i t y  

Reference , Value 

(1  1 
- 

Ohio R i v e r  g.02' cmlsec 

( 2  Hawesvi 1 1 e 0.0Z cmlsec 

Hazen equat ion (Ashland s i  t e )  0.04- cm/ sec 

I n  s i  t u  permeabi 1 i ty t e s t s  2 x .lo-4 cmlsec 

) Median va lue  f o r  Ohio R i ve r  A l l u v i a l  A q u i f e r  
(Gal 1 agher and Pr ice ,  1966) 

( 2 )  (Grubbs, 1975) 



t e s t s  r e f l e c t  l o c a l i z e d  c o n d i t i o n s  e x i s t i n g  w i t h i n  t h e  1.5 meter ( 5  f o o t )  

screen l e n g t h  whereas t h e  values o f  g r a i n  s i z e  incorpora ted  l n t o  t h e  Hazen 

equat ion  a r e  more rep resen ta t i ve  o f  t h e  s o i l s  w i t h i n  t h e  s i t e .  Add i t ion -  

a l l y ,  a  va lue o f  0.04 cmlsec i s  i n  c l o s e r  agreement w i t h  hyd rau l i c  conduct- 

i v i  t i e s  obta ined i n  a q u i f e r  pump t e s t s  near Hawesvil l e ,  Kentucky. 

U t i l i z i n g  a  h y d r a u l i c  c o n d u c t i v i t y  va lue o f  0.04 cm/sec (Hazen -- f o r -  
- .  

mula) and an average sa tu ra ted  th ickness  o f  t h e  a l l u v i a l  a q u i f e r  o f  30.5 

meters  (100 f e e t )  a  t r a n s m i s s i v i t y  was c a l c u l a t e d  a t  approximately 1052 

c u b i c  meters p e r  day (84,700 ga l l ons  per  day p e r  f oo t ) .  Th is  va lue i s  

s l i g h t l y  g r e a t e r  than t h e  median va lue  o f  648 cub i c  meters pe r  day (52,150 

gpd.per  f o o t )  f o r  t h e  Ohio R i v e r  aqu i f e r .  

A perched a q u i f e r  i s  l oca ted  a t  t h e  eastern edge o f  t h e  p l a n t  above 

t h e  t h i c k  l a k e  depos i t  (see observa t ion  w e l l  110). I n  s i t u  pe rmeab i l i t y  c, 

t e s t s  i n d i c a t e  a  va lue o f  l ' x  10 '~  cm/sec and a  ground water  e l e v a t i o n  of  

398 f e e t  msl. Ne i t he r  d i r e c t i o n  o f  f l o w  nor  a rea l  ex ten t  o f  t h i s  perched 

zone i s  known a t  t h i s  t ime. 

Recharge t o  t h e  a q u i f e r  i s  p r i m a r i  l y  f rom t h e  v a l l e y  w a l l  and p rec ip -  

i t a t i o n .  The Ohio R i v e r  and Town Creek l o c a l l y  recharge t h e  a q u i f e r  du r i ng  

f l o o d  cond i t ions .  Discharge i s  t o  t h e  Ohio R i v e r  and Town Creek.. 

 he B u l l  Creek a1 luv ium i n  t h e  waste d isposa l  area cons i s t s  o f  i n t e r -  
. . . . 

bedded c l ays  and sands. The water  t a b l e  ranges from 414.0 t o  397.2 (March 

. . 
11, 1981) i n d i c a t i n g  a  g rad ien t  o f  6  x  (30 f t l m i l e ) .  Locat ions of 

obse rva t i on  w e l l s  are shown on F igure  11,7 and water e l eva t i ons  on Table 

11.1. Recharge t o  t h e  B u l l  Creek a q u i f e r  i s  p r i m a r i l y  f rom bedrock seepage. 





11.7.2 Bedrock Aaui fers 

Numerous seeps and s p r i n g s  a r e  l o c a t e d  w i t h i n  t h e  s t r - a t i g r a p h i c  

column a t  t h e  s i t e .  These a re  commonly found a t  bedding planes and 1 i t h o -  

l o g i c  contacts. General ly t h e  springs a t  h igher e levat ions were d ry  dur ing 

t h e  summer months except those i n  t h e  B ig  C l i f t y  Sandstone, which are the  

most prominent i n  t h e  Miss iss ipp ian Chester series. Some springs show we l l  

developed so l  u t i  onal conduits w i t h  entrances o f  several feet. Locations 

o f  known spr ings i n  t h e  s i t e  v i c i n i t y  are shown on Figure 11.8. Boring 

303 performed d u r i  ng thg  geotechni c a l  i nves t i ga t i on  i n  t h e  southern waste 

d isposal  area penetrated t h e  Beechcreek Limestone which ac ts  as an aqu i fe r  

and i s  under artesian. pressure. 

11.7.3 Water Qua1 i t y  

Ground water q u a l i t y  data c o l l e c t e d  from we l l s  and spr ings o f  t h e  s i t e  

area a r e  presented i n  Tables 11.3 and 11.4. 

Water from Well # l  d i f f e r e d  i n  several respects from waters o f  domestic 
* 

Wells #2 and #3. Odor, t u r b i d i t y ,  co lor ,  t o t a l  d issolved sol ids,  notrogen 

compounds and several t race  elements, i nc lud ing  a1 umi nun, b a r i  um, i r o n  and 

manganese were h igher  than i n  t h e  o ther  two we1 1s. Possible explanations 

a re  t h a t :  1) t h e  ho ld ing  tank and we l l  casing are worn; 2) t h e  water o f  

t h e  a l l u v i a l  aqu i fe r  d i f f e r s  from t h a t  o f  t he  a l l u v i a l  aqu i fe r  of Wells #2 . 

and #3; and 3) l o c a l  surface cond i t ions  d i f f e r ,  causing surface recharge i n  

t h e  immediate area surrounding t h e  wel l  t o  degrade the  water qua l i t y .  

Elevated leve ls  o f  t race  elements are probably due t o  explanations 1 and 2 

above. 





Table 11.3 Ground Water Q u a l i t y  o f  Wells o f  t i le Breck-nridge 

Parameter Well #3 I Well # I  I Well 12 1 Well # I05 1 Well #303 
Date 2-2-81 10-9-80 5-23-80 10-9-80 2-19-81 5-23-80 2-27-81 2-2-81 

Tota l  Col i f o rm (per 100 ml 
Fecal Col i form (per 100 ml 

pH (S.U.) 
Density 
Odor (TON) 
T u r b i d i t y  (NTU) 
Color (CU) 
~ a s t e ~  

Total Suspended Sol i d s  
Total Dissolved Sol i d s  
TOC 
Amnonia as N 
N i t r a t e  
Cyanide 
F luor ide 
Su l fa te  
Ortho-Phosphate 
Chlor ide 
Hardness as CaC03 
A1 ka l  i n i  t y  
Total Nitrogen 

A1 umi num 
Arsenic 
Barium' 
Boron 
Beryl1 ium 
Bismuth 
Bromine 
Cadmium 
Cobalt 
Total Chromium 



Table 11.3 Continued. 

Parameter --- Well #3 1 Well ?ilmWell-#2 Well #303 
Date 2 T l O T Q - g 0 -  5-23-80 10-9-80 2:lg-81 5-23-80 2-27-81 2-2-81 

Copper 
I r o n  
Germanium 
Mercury 
Lanthanum 
Magnesium 
Manganese 
Molybdenum 
Nickel 
Lead 
Rubidium 
Antimony 
Selenium 
T i n  

I-' 
Titanium 

c-. Uranium 
I 
N Vanadium 
m Tungsten 

Zinc 
Zirconium 
S i l v e r  

Thorium (pCi/L) 
Radium (pCi/L) 

Organics (u /L) 
Phenols (7) (2.0 (3.0 
A l i p h a t i c  Hydrocarbons 28.0 3,000.0 
Arylamines (0.1 (0.1 
Mono & Polycycl  i c  Hydrocarbons (0.01 (0.01 

Benzo a anthracene 
Benzo [ b j  f luoranthene 
Benzo ( c )  pyrene 

S u l f u r  Compounds: (3)  
Thiophenes and mercaptans (1.0 (3.0 

Chlororganics ( 4 )  (0. 006 (0.1 
Chloramines <100.0 <100.0 
. - - - - . - - 

a See F igure 11.1 f o r  wel l  locat ions.  
Not determined due t o  b a c t e r i a l  contamination. 
Exceeds USEPA Dr ink ing Water' Standard. 
Not detectable, s l i g h t l y  higher background rad ia t i on .  

mg/L 

. <0.001 
3.490' 

<0.010 
(0. 0001 
(0.008 
22.00 
0.057C 
0.033 
0.054 
0.002 . 

(0.012 
<o. 001 
(0.0025 

0.012 
<o. 001 
(0.010 
(0.001 
co. 020 
0.026 

(0.005 
(0. 001 

<5c 
(1 5 



Table 11.4 Ground Water Q u a l i t y  of Spr ings o f  t he  Breck inr idge 

Parameter Spr ing # I  I Spring #2 1 Spring #3 1 Spring #4 
Date 5-23-80 10-9-80 2-2-81 5-23-80 2-2-81 5-23-30' 2-23-81 5-23-80 

Tota l  Col i f o r m  (per 100 ml ) 190 320 7 7 800 520 3,400 140 100 
Fecal Col i f o r m  (per  100 m l )  7 I C  2C Zc 1 6Oc 1 95C 1 , ZOOC: 60' 3C 

pH(S. U.) 
Dens i ty  ( /cc) 
Odor (Toti7 
T u r b i d i t y  (NTU) 
Color b(CU) 
Taste 

To ta l  Suspended Sol i d s  
Tota l  Dissolved Sol i d s  
TOC 
Ammonia as N 
N i t r a t e  
Cyanide 
F luo r ide  
S u l f a t e  
Ortho-Phosphate 
Chlor ide 
Hardness as CaC03 
A l k a l i n i t y  
Tota l  N i t rogen 

Aluminum 
Arsenic 
Barium 
Boron 
Bery l  1 ium 
Bismuth 
Bromine 
Cadmium 
Cobalt  
Tota l  Chromium 
Copper 
I r o n  
Germanium 
Mercury 
Lanthanum 



Table 11.4 Continued. 
-. 

Parameter Spr ing #1 I Spri  nq #2 I Sprinq #3 1 Sprinq #4 
Date 5-23-80 10-9-80 2-2-81 5-23-80 2-2-81 5-23-80 2-23-81 5-23-80 

Magnesium 
M~nganese 
Molybdenum 
N icke l  
Lead 
Rubidium 
Antimony 
Selenium 
T i n  
T i tan ium 
Uranium 
Vanadium 
Tungsten 
Zinc 
Zj rconium 

w S i l v e r  
' F  

I 
IU Thorium (pCi/L 
CX, Radium (pCi /L)  

Organics b g / L )  
Phenols ( 1 )  <2.0 
A1 i p h a t i c  Hydrocarbons <1 .O 
Ary lami  nes <1 .O 
Mono & po l ycyc l  i c  hydrocarbons: . 

Benzo (a)  anthracene 0.41 . 
Benzo (b )  f luoranthene 0.05 
Benzo ( c )  pyrene 0.20 

S u l f u r  Compounds: ( 3 )  
Thiophenes and mercaptans <1 .O 

, Chlororganics ( 4 )  0.156 
Chl oramines <100.00 

a For l o c a t i o n  o f  spr ings  see F igu re  11 .l. 
Not determined due t o  b a c t e r i a l  contaminat ion.  
Exceeds USEPA Dr ink ing  Water Standards. 
Not detected.; h igher  background r a d i a t i o n .  



, U.S. Environmental P r o t e c t i o n  Agency pr imary (40 CFR 141; 45 FR 57342, 

August 27, 1980) and secondary (40 CFR 143; 44 FR 42198, January 19, 1981) 

d r i n k i n g  water  standards were exceeded on severa l  occasions i n  t h e  domestic 

we1 1 s. The most f requent  v i o l a t i o n s  occurred f o r  f eca l  co l  i form, t u r b i d -  

i t y ,  iron., and manganese (See Table 11.2). 

Non-compl iance w i t h  t h e  f eca l  co l  i f o r m  standard (1/100 m l  ) probably 
1 

r e s u l t s  f rom animal wastes i n  t he  a q u i f e r  recharge area. As discussed 
.- - 

p r ev i ous l y ,  t he  h i gh  meta ls  values o f  Well #3 cou ld  r e s u l t  from const ruc-  

t i o n  m a t e r i a l s  o r  recharge f rom t h e  B i g  C l i f t y  Sandstone stratum. 

We1 1s #I05 and #303 were d r i l l e d  i n  February and January, 1981, r e -  

s p e c t i v e l y ,  as p a r t  o f  t h e  s i t e  i n v e s t i g a t i o n .  Both w e l l s  show h igh  l e v e l s  

o f  suspended so l  i d s  and assoc ia ted h i gh  t u r b i d i t y  and c o l o r  readings. 

C o n s t i t u e n t s  a p p a r e n t l y  i n t r o d u c e d  w i t h  t h e  suspended phase i n c l u d e d  

f 1 uor ide ,  su l  f a te ,  ortho-phosphate, ch l  or ide,  t o t a l  n i t rogen ,  and several  

t r a c e  metals.  

Water from t h e  spr ings  exceeded t h e  d r l n k i n g  water  standards f o r  f eca l  

c o l  i f o r m  and t u r b i d i t y  f o r  a l l  observat ions. As i n  t h e  we l l s ,  i r o n  and 

manganese were o f t e n  i n  non-compliance. Other t r a c e  meta ls  o f t e n  detected 

i n  abso lu te  q u a n t i t i e s  inc luded  a1 uminum, barium, bromine, copper, n i c k e l ,  

and z inc.  A l i p h a t i c  hydrocarbons were much h igher  i n  t h e  w i n t e r  samples 

t han  f o r  o the r  sampl i ng dates. Conversely, i n d i v i d u a l  PAH compounds were 

o n l y  de tec tab le  i n  t h e  s p r i n g  samples. . . . . 

. .. 

A1 though t he  1 i m i  t e d  da ta  base renders comparisons d i f f i c u l t  , the re  . . 

were some apparent d i f f e r e n c e s  between t h e  'spr ings.  For ins tance,  Spr ing 

# 1  con ta ined  t h e  g rea tes t  amounts o f  suspended so l  i ds ,  whi 1  e s u l f a t e s  were 

e l eva ted  a t  Spr ing #3. 



Data from t h e  spr ings  should be t r e a t e d  w i t h  cau t i on  due t o  t h e  d r y  

yea r  and low f lows  which o f t e n  made sampling d i f f i c u l t .  To o b t a i n  s u f f i -  

c i e n t  q u a n t i t i e s  o f  water, samples were sometimes c o l  l e c t e d  i n .  poo ls  j u s t  

below t h e  mouth r a t h e r  than d i r e c t l y  i n  t h e  seepage. Th is  would a l l o w  some 

surface r u n o f f  t o  be included. Th is  cou ld  probably  account f o r  t h e  h i gh  

c o l i f o r m  l e v e l s  a t  Spr ing #3, where t h e  pool  a t  t h e  base o f  t he  s p r i n g  i s  

frequented by w i  l d l  i fe,  especi a1 l y  deer. C a t t l e  i n  t h e  a q u i f e r  recharge 
- - ... . 

area o f  Spr ing  #2  probably  c o n t r i b u t e  t o  t h e  c o l i f o r m  l e v e l s  found there.  




