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PREFAC E 

Thi.s consti.tutes the fi.nal report of the research 

demonstrati.on project 76-05-1 "The Impact of Hi.ghway Constructi.on 

on a Fresh Water Stream". 

Included i.n thi.s report i.s a li.sti.ng of the materi.als and 

methods requi.red to perform the necess ary tests whi.ch can 

estimate the effects of contami.nati.ng chemi.cals or sediments on 

the aquati.c life of a clear perennial stream. 

This publi.cati.on represents an approach that may be used on 

other highway constructi.on projects to estimate the possi.ble 

impact of hi.ghway constructi.on on small streams. 
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EXECUTIVE SUMJ:vf.ARY 

There is a continuous interaction between the highway 
environment and natural water resources. Each stage of the 
highway process namely; planning, location, right of way, design, 
construction, operation and maintenance has a potential effect on 

natural water resources. 

Modern highway construction methods can cause large areas of 

cut and embankment soils to be exposed to erosion. Timely 
treatments of such exposed areas are necessary to reduce or 

eliminate the erosion-sedimentation process. Protection of 

stream water quality along highway construction sites constitutes 

an important aspect of improving total aesthetic environment. 

The amount of soil necessary to cause adverse effects on 

aquatic life in Oklahoma streams is largely unknown. 

Oklahoma Department of Transportation (ODOT) 
conducted a demonstration study of the impact 

personnel 

of highway 

construction on a fresh water stream, at Limestone Gap, in Atoka 

County, Oklahoma, from 1976 to 1987. 

Chemical, physical and biological parameters were determined 

in order to test and observe the water quality of three testing 

sites along Limestone and Noname Creeks, above and below the 

construction zone at Limestone Gap. 
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It was determined from the analysts of chemical and physical 

test data obtained from the testing sites, that there was no 

evidence of pollution or ex c essive concentrations of heavy 

metals in the s t ream . No significant sedimentation was found 

upstream or downstream from the construction zone. 

In terms of costs, it was estimated that an average 

monitoring cost per test site, per year ts approximately $16,000. 
This of course, depends on the type of tests required, wages and 

salaries of personnel, type of equipment, and materials needed to 

conduct the tests. 

It was recommended that highway construction contractors 

follow some guidelines to minimize erosion from construction 

sites. It was also recommended that similar studies be conducted 

in areas where there ts a potential for construction activities 

to impact on stream water quality. 

Portable field kits and on - s i t e procedures are available that 

can give good indications of the magnitude of turbidity, 

sedimentation and chemical content. 

This study indicates the degree of proficiency required of 

ODOT personnel to conduct n ecessary tests needed to determine 

stream water quality. 
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INTRODUCTION 

The modern transportation engineer ha s become increasingly 
concerned not only with safety and traffic, but wtth aesthetics 
enhancement and environmental protection. 

This study is directed at one aspect of environmental 
protection which is the effect of construction practices on 

stream water quality. It involves a demonstration effort by the 
Research Division of the Oklahoma Department of Transportation 
(ODOT). It shows ODOT's ability to monitor, record and identify 
the impact that various highway cons truction activities have on a 
fresh water stream. 

The construction of a highway tends to generate public 
concern as a possible cause of stream pollution. Such pollution 

could result in the following: fouled drinking water, stream 

turbidity, clogged navigation channels, spoiled fishing grounds, 

clouded reservoirs, plugged culverts and sedimentation 

(siltation).1 This concern emerges because there is a continuous 

interaction between highway systems and the numerous water 

resources of an area. 
There are three kinds of stream water pollution that are of 

immediate concern to highway engineers. These are physical, 

chemical and biological. One or a combination of these can occur 

in a particular area. 

Physical pollution can occur in the form of sediment 

introduced by slope and runoff erosion from highway construction 
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sites after rain storms . This affects stream water greatly by 
reducing light transmission in the water thereby affecting fish 
food sources. Highways under construction have been found to 
yie ld between 250 and 730 metric tons o f sediment per hectare.2 

Construction activities like clearing, grading, blasting, 

excavating and pond draining may be the source of sediments. 

Such sediment is pi.eked up by surface runoff and carried into the 

streams as silty or clayey suspended solids. Clay particles 

produce turbidity which could pose serious threats to aquatic 
life below construction s ites. A stream filled with sediment may 

cause flooding, bank erosion, clogging of channels, silt coating 

of gills in young fish, burying of fish eggs, destruction of 

mi..croi.. nvertebrate habitat, damage to other elements of the 

aquatic ecosystem or general loss of aesthetic appeal.3 

Chemical pollution in the form of dissolved minerals and 

heavy metals may have toxic effects on aquatic organisms within a 

stream environment. If the stream water contains large amounts 

of heavy metals such as lead, the effect can be devastating. 

Dissolved minerals and heavy metals can be introduced into 

streams through application of herbicides and fertilizers from a 

farm area. It also could be introduced naturally from dissolved 

rock minerals. These minerals and heavy metals upon entry into 

the stream react with and deplete dissolved oxygen in water 

thereby, caus ing death of fish and other aquatic life. 

Biological or bacteriological pollution of a stream can occur 

due to contamtnatton from the use of herbicides and fertilizers, 

? 



but this form of contamination is very rare in occurrence.4 

Since highway construction is increasingly being held responsible 

for the contamination of rivers, streams, lakes and pond s ,  it 

becomes necessary to determine the degree of impact of highway 

construction activities on a fresh water st�eam. The variables 

which influence o r  cause fresh water stream contamination must be 

recognized in order to develop mitigating measures. 

3 



OBJECTIVE 

The objective of this study is to demonstrate ODOT's ability 
to determine the impact of highway construction activities on a 

fre sh water stream. To accomplish this objective, procedures for 
testing and predicting the impact of highway construction were 

established by undertaking the following tasks: 

1. Monitor water quality parameters at specific sites along 

the selected stream. 

2. Determine the constituents contained in watershed runoff 
entering the streams prior to construction. 

3. Identify significant pollutants , if any are observed. 

4. Identify and document the presence of common 

microinvertebrates. 

5. All data collected were to be classified, analyzed and 

the findings reported. 

6. Determine the critical phases involved in the highway 

construction process that may have an impact on the 

quality of the stream water. 

7. Establish an appropriate monitoring schedule. 

8. Develop a procedure that ODOT can use to evaluate and 

select areas needing investigative effort, as it re l ates 

to highway construction practices. 

9. Recommend the bes t management practices and operational 

guidelines for control and abatement of highway 

construction impact on a fresh water stream in Oklahoma . 
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The goal of this demonstration study is to incorporate useful 

water quality guidelines, findings or recommendations into the 

planning, de sign, construction and maintenance of highways. 
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SCOPE 

This demonstration s tudy involved testing and monitoring of 

two streams at Limestone Gap (Limestone and Noname Creeks) 

before, during and after highway constructton. 

A project manager and two technicians conduc ted the testing 

and monitoring activities. 

Three sites were selected. Two sites were upstream and one 

was downstream from the construction zone. The two sites 
upstream were designated site 1 and s ite 2 respectively. Site 2 

is closer to the construction. Site 3 is located downstream 

below the construction zone. Monitoring a cti v it ies and testing 

focused on chemical, physical and biological parameters of the 

water. The demonstration study started at Limestone Gap in 1976 
and ended in 1987 with 11 years of baseline data collected, 

interpreted and stored in a central computer data bank at ODOT. 

Recommendations ar e based on the results obtained from collected 

data. 



DESCRIPTION AND LOCATION OF THE SITE 

The area sel ected for the demonstration study was chosen 

because of the clarity of the stream water and the magnitude of 
the proposed highway construction work, which involved extensive 

clearing, blasting and a high embankment in the immediate 

vicinity of the stream. Other considerations such as 

accessibility to sampling sites, contributed to the final 

selection of the site. The place chosen for the demonstration is 

located approximately two miles north of Chockie, eight miles 

south of Kiowa along US highway 69 at a place called Limestone 

Gap in northern Atoka County, Oklahoma. Figure 1 shows the 

location of the demonstration site. 

The construction project (MAF 249(43)) involves approximately 

eight miles of clearing, blasting, grading, drainage and 

surfacing work, beginning at Chockie and extending north to the 

Atoka-Pittsburg County line. At Limestone Gap, two major creeks 

met to form a confluence and cut into the 140 ft high limestone 

ridge to form a water gap. The two streams are Limestone Creek 

and Noname Creek on which testing sites 1 and 2 were located 

respectively. The population of Limestone Gap is essentially 0 

in 1988, and the immediate area consists of rolling wooded 

lowlands surrounding the long sinuously winding limestone ridge. 
Most of the watershed is steeply rolling to mountainous with many 

areas consisting of up to 25 percent slopes. 
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GEOLOGY 

Limestone ri.dge i.s a "hogback". It i.s geologi.cally dated to 
be about 270 mi.lli.on y ears old. The ri.dge i.s composed of the 

Atoka and Wapanucka formations. The W8panucka formati.on i.s 

exposed at Li.mestone Gap wi.th i.ts layers stri.ki.ng N54°E and 

di.ppi.ng from 35° to 45° i.n a southeasterly direction. It's 

located i.n the Sl/2 of NEl/4 of section 31, Township 2, North 

Range 13, Eas t i.n Atoka County. Both the Mi.ssouri.-Kansas-Texas 

railroad and US 69 traverse the area i.n a north-south di.recti.on. 

Three di.sti.nct geological members formed the Wapanucka 

formation at Limestone Gap and they are: Chi.ckachoc Chert, lower 

limestone and the middle shale members. 6 

Limestone ridge i.s significant geologically, because i.t 

represents the beginning of the frontal belt of the Ouachita 

Mountains. It is bounded on the west by the Choctaw fault and on 

the east by the Ti-Valley fault.7 Figure 2 shows the regional 

geological setting of Limestone Gap in respect to the two major 
faults of the Ouachita frontal belt. 
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SOILS 

The soils in the area may be divided into two categories. 

They are, the upland soils within the watershed and the alluvial 

soils along the streams. 

The soil series in the area includes the Eram, Parsons, Rexor 

and Endsaw-Hector series. Approximately 127,000 yd3 of these 

local clayey soils will be used as borrow for the fills. 

Eram soils are associated with gentle slopes, and have a dark 
grayish brown clay loam surf ace about 10 in thick. They are 

found usually under tall native grasses mostly in weathered 

shale. 

Parsons silt loam is associated with nearly level uplands. 

It has a very dark grayish brown silt loam surface layer about 

seven inches thick. It is mottled to a depth of about 25 in. 

Erosion hazard is severe where cultivated crops are grown, and 

the soil has medium potential for tame pasture and high potential 

for natural grass. 

Rexor loam is associated with flood plains, with a 

characteristic brown lo am surface layer about 10 in thick. The 

erosion hazard is slight and the soil has high potential for 

woodland, with flooding as the only hazard. 

Endsaw-Hector soils are fine sandy loam soils that exhibit 

different properties. Endsaw's surface layer is dark grayish 

brown in color, with a thickness of four inches of fine sandy 

loam. Hector soils a re brown with a three inch thick fine sandy 

11 



loam s ur f a c e  l a ye r . The er o s ion ha z a r d  r a t in g f o r  End s aw - H e c t o r  

s o i l s  is very s ev e r e  wher e s ur f a c e  c over i s  r emove d ,  and t h e  

s o i l s  are o n  s t eep , 8 t o  3 0  p e r c en t s l op e s . Out c r op s  o f  s t one , 

s t e e p  s l o p e s a n d  s h a l low d e p t h  t o  r o c k  a r e  f a rming l im i t a t i on s . 7  

F igur e 3 s h ows the s o i l  map of t h e  a r e a . 
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Figure 3 .  Soil Map of Limes tone Gap 
Source : Soil Survey of Atoka County , Oklahoma US Department of Agriculture , Soil Conservation Service 
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CL IMATE 

L ime s t on e  G a p  exp er i en c e s  a n e a r l y  un i f o rm d i s t r ibu t i on o f  
r a in f a l l  thr oughou t t h e  year . The a r e a  ha s mo s t  o f  t h e  r a in f a l l  

dur ing t h e  p e r i o d  o f  Ap r i l  through S ep t emb e r  wh en a t  l e a s t  6 1  

p e r c en t  o r  2 5  in o f  the t o t a l  annu a l p r e c ip i t a t ion o c c ur s . Th i s  

p e r i o d  i s  a l s o  th e g r owing s e a s on f o r  mo s t  c r op s in A t o k a  C oun ty . 

Ave r a g e  t emp e r a tur e in win t e r  i s  4 3  ° F , a n d  the aver a ge d a i l y  

min imum i s  3 1 � . Th e l owe s t t empera ture ev e r  r e c o r d e d  wa s 2 ° F . 

Ave r a g e  s nowf a l l  is 3 in . The aver a g e  summe r t emp e r a tur e i s  

· 8 0 ° w i t h  ave r a g e  da i l y max imum o f  9 2 ° . The h i gh e s t t emp e r a tu r e  

r e c o r d e d  wa s 1 1 0 ° F . 

At oka C oun t y  in genera l exp er i en c e s  some s evere thund e r s t o rms 

· and t o rn a d o e s , bu t the s t o rms a r e  l o ca l and o f  s ho r t  dura t i on . 

The d ir e c t i on o f  p r eva i l ing wind i s  f r om the S outh , a n d  the 

aver a g e  w in d s p ee d  is 13 mi l e s  per h our . 7  
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MATER IAL S AND METHODS 

Ma t e r i a l s  u s e d  in conduc t ing the demon s t r a t ion a t  L im e s t one 
G ap i n c lude d t he f o l l owi.ng . 

A .  Chemi.ca l Fi.eld Tes t -kit , mo de l DR1 8,3 6 9B , manufa c tur e d  b y  
Ha ch Chemi. c a l Corpor a t i.on . I t  wa s u s e d  to t e s t  the 
chem i c a l p r o p e r t i e s  o f  d i s s o lve d miner a l s  and h e avy 

me t a l s  in wa t e r  s amp l e s . I t  inc lude s ne c e s s a ry 

g l a s swa r e , app a r a tus and r e a g en t s needed t o  p er f o rm a l l  

ind i c a t e d  t e s t s  s h own in Ta b l e  1 .  F i gur e 4 s h ow s  t he 

chemi c a l  f i e l d  t e s t -ki t . 
B .  Turb idi.me t er , mo de l 2 1 0 0A manuf a c tur e d  b y  HACH Chemi c a l 

C o rp o r a t i on . It wa s u s e d  to make d i r e c t me a s ur emen t s  o f  

s u s pende d p a r t i c l e s  in a l i qu i d  us ing the Neph l ome t r i c  

Turb i d i t y  Un i t  p r in c ip le . F i gur e 5 s h ows the Ha ch 

turb i di.me ter . 
C .  Wa ter Samp ler , mo de l USDH 4 8 - 2 1 4 2 , i. t  wa s u s e d t o  ob t a in 

wa t er s amp l e s  from the s tr e am . F i gure 6 s hows the wa t e r  

s amp l er and b o t t le s . 

D .  Hydro lab "digital" , mo de l 4 0 0 0  manuf a c tur ed by Hy dro l a b  

Corpo r a t ion . I t  wa s u s e d  t o  t e s t  wa t er t emp e r a ture , p H  

a lka l i.n i ty , spe c i f i c  c on du c t an c e  d i s s o lved o xy g en and 

d i s s o lve d solids. F i gur e 7 s hows the Hydro lab and a p a i. r 

o f  re quir e d  wa ding b o o t s . 

1 5  



Figure 4 .  Hach Chemical Tes t ing Kit 

Figure 5 .  Turbidim.eter 
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Figure 6 .  Water Sampler and Bottle s  

Figure 7 .  Hydrolab and Wading Boots 
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E. Sedi.ment Col lec tor P la te , wa s ma de b y ODOT wi t h  a # 1 0 
s c r e en p l a c e d  a c r o s s  t h e  t o p . I t  wa s u s e d  t o  c o l l e c t 
s e t t l ing s t r e am s e d imen t c a r r i e d  a l ong the s t r e a m  b o t t om .  

F i gu r e  8 s hows the s e d imen t c o l l e c t o r  p l a t e . 

F .  Ra ln Gauge , mo de l 5 - 7 8 0 , manu f a c tur e d  b y  Un iver s a l  

Ra ing a uge . I t  r e g i s t e r s  t h e  amount o f  r a in f a l l  o n  a 

c l o c k  dr iven cha r t . F i gu r e  9 shows p a r t  o f  the r a in 

gauge . 

G .  Ins e c t  Trapp ing Ne t , u s e d  t o  c o l l e c t  mi c r o - inver t a b r a e  

fr om the s t r e am . F igur e 1 0  s hows the t r a p p ing net a 

b ru s h  a n d  s ome p l a s t i c b o t t l e s  us e d  in p r e s erving 

c o l l e c t e d  in s e c t  s amp l e s . 

H .  pH Meter , mo de l S R- 3 0 5 8 , ma nufa c tur e d  b y  Chem t r ix TU - 4 0 . 

I t  wa s us e d  t o  d i r e c t l y me a s ur e the p H  

( a c i d i ty / a lka l in i t y ) o f  the wa ter s amp l e . F igur e 1 0  

s h ows the p H  me t e r . 

I .  Mob ile- lab , i t ' s  an RV c onver t e d  int o a mob i l e - l a b . I t ' s 

u s e d  t o  t r a n s p o r t  equipmen t and p er s onne l t o  r emo t e  
t e s t ing s i t e s . Al l chemi c a l t e s t s  a r e  c on duc t e d  ins i d e  
the mob i l e - lab a t  the s i t e . F igure 1 2  shows the RV 

c onve r t e d  mob i l e - lab . 

J .  B ino cular Micro s c ope , I t  wa s u s e d  t o  i dent i fy the a qua t i c  

i n s e c t s c o l l e c t e d a t  the s i t e s . F i gur e 1 3  shows the 

m i c r o s c op e  and a s s oc ia t e d t o o l s . 
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Figure 8 .  Sediment Collector Plate 

Figure 9 .  Rain Gauge 
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10 . Aquat ic Insect Trapping Net 

F�gure 1 1 . pH Meter 
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Figure 1 2 . ODOT RV Mobile-lab 

Figure 1 3 . Binocular Microscope and Accessories 
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RE S EARCH APPROACH 

The mon i t o r in g  a c t iv i t i e s a t  L ime s t one Gap we r e  d iv i d e d  in t o  

t hr e e  p er i o d s . The s e  invo lve d p r e - c o n s t ru c t i on , c on s t ruc t i on and 
p o s t - c on s t ru c t i o n  a c t iv i t i e s . Mon i t or in g  s t a t i on s  wer e 

e s t a b l is h e d  a l ong the s t r e am channe l s  s o  tha t c omp a r a t ive 

p e r i o d i c  s amp l ing and t e s t ing c ou l d  b e  p erformed . Two s i t e s  

a p p r o x ima t e l y 5 0  f t  a p a r t  wer e e s t a b l i shed up s t r e am from the 

c on s t ruc t i on z one . One s i t e  wa s l o c a t e d  on Noname Creek and t h e  

o th e r  on L ime s tone C r e e k  d i r e c t l y under the C ount y  b r i dge . The s e  

s i t e s  were s e l e c t e d  i n  order t o  s amp l e  the s t r eam qua l i ty b e f o r e  

i t  p a s s e d  thr ough the c on s t ru c t ion z on e . 

A s i t e  a p p r o x ima t e l y 2 5 0  y d  down s t r eam fr om the b oun d a r y  o f  

t h e  c on s t ruc t ion a r e a , un d e r  t he US 6 9  b r i dg e , wa s s e l e c t e d  a s  a 

t h i r d  mon i t o r ing s i t e . Th i s  l o c a t i on wa s s e l e c t e d  in o r d e r  t o  

o b s e rve t h e  e f f e c t s  o f  the cons truc t ion a c t ivi t i e s  o n  the s t r e am .  

F igur e 1 4  s hows the l o c a t ions  o f  the wa t er qua l i t y  mon i t o r ing 

s i t e s . 

A s u p p o r t  a c t iv i t y  invo lved mon i t o r ing the amount o f  r a in fa l l  

a t  t h e  s i t e  u s ing an o ffic ia l r e c ording r a ingaug e . S t r eam 

mon i t o r ing a c t ivi t i e s  b e g a n  in 1 9 7 6  but c on s truc t ion work d i d  no t 

s t a r t  un t i l  1 9 8 4 . Norma l ly one y e a r  o f  wa t e r  qua l i t y  mon i t or ing 

is n e e d e d  p r io r  to c ons t ru c t ion work , but due t o  the p o s t p on emen t 

o f  the c on s t ruc t i on wo rk , s ever a l  yea r s  o f  da t a  were c o l l e c t ed . 
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Figure 14 . Water Quality Monitoring S ites 1 ,  2 and 3 
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Co n s t ru c t i o n  Ac t ivi t i e s  

C o n s t ru c t i o n  a c t ivi t i e s  in c lude d c l e a r ing , grub b ing , gra d ing , 
r o c k  c ru s h ing , b r i dg e  a n d  r o a dwa y c on s truc t ion . E a ch o f  the s e  
a c t iv i t i e s  we r e  c a r e ful ly mon i t o r e d  an d pho t o g r a phs we r e  t a ken . 

The s e  a c t ivi t i e s  we r e  c a r e fu l l y mon i t o r e d  wi thou t impo s in g  o r  

s ugg e s t ing any t yp e o f  e r o s ion mi t ig a t ing i d e a s t ha t  m igh t 

inf luen c e  the norma l p r a c t i c e s  o f  the c ontr a c tor a t  the j ob s i t e . 

Chemi c a l S amp l ing 

Wa t e r  samp l e s  we r e  c o l l e c t e d  and t e s t e d  at e a c h  of the 

s amp l ing s i t e s  o n c e every month . 
Chem i c a l t e s t s  were per forme d in 

i n s t ruc t i on s i n  t h e  Ha c h  Ma nua l ,  1 1 th 

d i f f e r en t  chemi c a l p a r ame t er s  we r e  an a lyz e d  

dur ing a n d  a fter  c on s t ruc t ion . Al l the 

p er forme d in the f i e l d , a t  the s i t e , 

a c c ordan c e  t o  t h e  

E d i t i o n . N in e t e e n  

a n d  t e s t e d  b e fo r e , 

chemi c a l t e s t s  were 

in s i de the mob i l e  

l ab o r a t ory , excep t when t h e  p o r t ab l e  Hydro - La b  i s  us e d . The 

Hydro - l a b  has t o  b e  immer s e d  in 1 2  in o r  mor e  o f  wa t er . T a b l e  1 

s hows the wa t er qua l ity chemi c a l p a r ame t er s  te s t e d  a t  L ime s t one 

G ap . 
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TABLE 1 

WATER QUAL ITY CHEMI CAL PAR.Af'IETERS 

TE STED AT L IME STONE GAP 

pH 

C a l c ium ( C a + 2 ) 
Ch l o r i. d e  ( C l - ) 
C h l or i.ne ( C l 2 ) 

+ C opp er ( Cu ) 
D i s s o lv e d  Oxy g en 

Di s s o lv e d  S o l i.d s 
Har dn e s s 

I r on ( F e + ) 

Ma gne s ium ( Mg+ ) 
N i. t r a t e  ( NH4 ) 
N i. t r a t e  ( N0 3 - ) 
N i. t r i. t e  ( N0 2 - ) 
Pho s pha t e  ( P0 4 ) 
S i. 1 1. c a  ( S -t. 0 2 )  
S p e c i f i. c  C onduc t an c e  

Su l f a t e  ( S 0 4  ) 
Temp e r a tur e 

Turb i d i. t y  
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Bi o l o g i c a l S amp l i..ng 
F i. s h : S p e c i.. e s  c omp o s i.. t i.. on o f  t h e  f i.. s h  i.. n the a r e a  we r e  

i.. d en t i. f i.. e d  b y  t h e  Ok l ahoma F i. s h an d W i.. l d l i. f e  B i.. o l o g i.. c a l  

L a b o r a t o ry , i.. n N o rma n OK . I t  wa s d e t e rm in e d t h a t n o  en d a n g e r e d  

o r  t h r e a t e n e d  s p e c i e s  w e r e  p r e s e n t  i.. n th e c r e ek . 8  V i s u a l 

o b s e rva t i o n s  o f  sma l l  s p e c ies a n d  j uven i l e  s p e c imen were e x am i n e d  

b y  o b t a in ing a n d  r e l e a s in g  s ome o f  t h e  f i s h  u s i n g sma l l  n e t s . 

The f o l l owing s p e c i e s  wer e d e t e rmin e d  t o  b e  p r e s en t  i.n L ime s t o n e  

C r e ek b a s e d  on i.. n f o rma t i. o n  f rom the Ok l a homa F i. s h  a n d  Wi l d l i f e  

B i.. o l o g i. c a l L a b o r a t o r y  r e c o r d s , and c on f irme d b y  v i sua l 

examina t i on o f  s amp l e s  ob t a ine d  by ODOT p er s onne l . 

The f i s h  f oun d in L ime s t one C r e ek in c lude d t h e  fo l l owing s p e c i e s : 

La r g emout h  B a s s  

Sunf i s h  

B lue g i l l  Sunf i s h  
Gr e en Sun f i s h  

C a t f i s h  

Chann e l C a t f i s h  

B lue C a t f  i.. s h  

F l a the a d  Ca t f i s h  
B l ack bu l l  h e a d 

F i gure 1 5  s hows the mo s t  common f i.. sh s p e c i e s  i.n L ime s tone C r e ek . 
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Common Fish Species in Limestone Creek 
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Micro i nv e r t e b r a t e s : S amp l e s  o f  m i c r o inver t eb r a t e s w e r e  

ob t a ined f r om e a ch mon i t or ing s t a t i on b y  u s ing ins e c t  t r a p  n e t s . 

The s amp l e s  a r e  pr e s erve d f o r  l a b o r a t o ry i den t i f i c a t i o n  in 

i s o p r o p a no l . W i t h  the a i d  o f a b in o cu l a r  mi c r o s c op e , t h e s e  

s amp l e s  a r e  i den t i f i e d , s o r t e d  and c a t a l o gue d . The informa t i on 

wa s s tore d  in the c ompu t e r  t o  f a c i l i t a t e fur ther ana ly s i s . T a b l e  

2 s hows the l i s t  o f  the mo s t  c ommon micro tnver t eb r a t e s foun d a t  

L ime s t one G a p . 
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TABLE 2 

COMMON MICRO I NVERTEBRATE S 

FOUND AT 

L IME S TONE GAP 

P l e cop t e r a  

T r i. chop t e r a  

Epheme r o p t er a  

C o l e op t e r a  

Neur o p t e r a  

Odona t a  

Hemi.p t e ra 

Crus t a c e a  
Mo l lu s c a  

Anne l i da 

D i.p t e r a  

No t e : The n ame s ab ove a r e  phy l o gene t i c a n d  c on s i s t  o f  

b o th or der s and p hy l a . 
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Ver t e b r a t e s :  V a r i o u s  t yp i c a l  s p e c i e s o f  b i r d s , s na ke s , 
f r o g s , tur t l e s  l i z a r d s , a l o ng wi th b e av e r s  a n d  r a c c o on s we r e  

f oun d t o  b e  abun d a n t  a t  L ime s t one Gap . No a t temp t  wa s ma d e  t o  

c a t a l o gue t he s e g r oups . F i gur e 1 6  i s  a s ke t ch o f  t he g en e r a l 

e c o l o g i c a l  ha b i t a t . 
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Figure 1 6 . Aquat i c  and Ecolog ical Hab i t a t  at Lime s t one Gap 



Pl a nt s : A s urvey o f  the a r e a  p r i o r  t o  c on s t ru c t ion ind i c a t e d  
tha t 7 5  p e r c en t  o f  the a r e a  i s  c ov er e d  by woo d l and . Th e  c ommon 
t r e e s  and s hrub s in the a r e a  a r e : 

Oaks 
Wi l l ow 
P e c an 
P in e  

C e d a r  

C o t t onwood 
Ha ckb erry 

B o i s  d ' a r c  

I n  t h e  imme d i a t e  a r e a  o f  the c on s truc t i on z one , the a r e a  wa s 

c ov e r e d  mo s t ly b y  ta l l  g r a s s sp e c i e s ; e . g . , B ig B lu e s t em ,  L i t t l e  
B lue s tem , Swi t ch G r a s s  and Ind i a n  Gra s s . 

Phy s i c a l de s cr ip t ions o f  t h e  g ener a l a r e a  wer e made  a n d  

pho t o graph i c  r e c or d s  o f  t h e  c on d i t ion o f  the 

s u r r o un d ing env i ronmen t w e r e  ma de b e for e , dur ing 

c on s t ruc t ion a c t ivi t i e s . 

3 2  
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STREAM CHARACTERI S T I C S  

L ime s t on e C r e ek 

This c r e ek i s a p e r enn i a l  s t r e am w i th an aver a g e  s t r e am b e d  

e l eva t i on o f  approxima t e l y  6 4 0  ft . The channe l wi dth i s  a b o u t  3 0  

t o  5 5  f t  w i t h  an a pp r ox ima t e  l ength of 4 . 2  mt . F igure 1 7 , 1 8  and 

1 9  s h ows t h e  cr o s s s e c t ion and the channe l width f o r  t e s t in g  

s i t e s  1 , 2  and 3 r e s p e c t ive ly . The L ime s t one C r e ek chann e l  b o t t om 

i s  r o cky a n d  grave l l y  wi th p o o l s  a n d  r i f f les . I t s  b anks a r e  

un s t a b l e , ma de up o f  f a ir ly l oo s e  s o i l , sha le an d g r a ve l . The 

s t r e am i s  int e rm i t t ent ly c logge d a t  various p o in t s  in the chann e l  

b y  na tur a l  deb r i s  s u ch a s  r o ck , grave l and broken b ranche s and 

f a l l en t r e e s . 

The gra d i en t  o f  L ime s t one Creek above the c on s t ru c t ion s i t e  

i s  approxima t e ly 4 0  f t  p er mi and 1 5  f t  p er ml b e l ow the s i te . 

The dr a in a g e  a r e a  i s  app r o x ima t e ly 9 sq mi . The highe s t  wa t e r  

l eve l ever r e c o r de d wa s a t  a n e l eva t i on o f  6 5 0  f t  o r ab out 5 t o  

1 5  f t  ab ove the s tr e am b e d  und e r  the o l d  U S  6 9  b r i dge ( s i t e  3 ) . 

When in f lood , L ime s t one Creek c a n  r i s e  approxima t e ly 1 5  ft . 

F igur e  2 0  shows a typ ic a l  flood condit ion on L ime s t one Creek . 

Here , the wa ter leve l i s  app roxima t e ly 5 f t  from the channe l 

b o t t om under the o l d  US 6 9  b r i dg e . 

A Q5 0 o f  approxima te ly 7 3 5 0  c f s  and a Q1 0 0  o f  8 6 5 0  c f s  wi th a 

v 5 0 o f  8 . 9 fp s wer e  ca l culated for L ime s t one Cr eek a t  s i te 3 .  
At the c on s truc t ion s ite , Lime s t one Cr eek wa s damme d by the 

c on t r a c to r . Two 4 8  in c o r ruga t e d  cu lver t s  wer e  p l a c e d  p a ra l l e l  

3 3  
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Figure 20 . Low Flood Condition o f  Limestone Creek at Site 3 
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to the s tr e am channe l wh i l e a f i l l  dyke wa s bu i l t  o v e r  t hem t o  
c o nv e y h e avy t rucks  and e q u i pmen t t o and from the c on s t ruc t i on 

s i t e . Th i s  ins t a l l a t i on c r e a t e d  a wa t e r  s t o r a g e  p ond for t h e  

c o n s t ru c t i on wo rk a t  L ime s t on e  G a p . F igur e s  2 1  and 2 2  s how t h e  

t emp o r ary dyke a c r o s s  L ime s t on e  C r e e k  an� t h e  pump u s ed t o  pump 

wa t er from the p ond . 

Noname C reek 

Thi s  c r e ek i s  chara c ter i z e d  by a l ow in t e rm i t t ent f l ow wi th a 

ve ry s ha l l ow b o t t om channe l with an a pproxima te  l ength o f  

3 1 / 2 mi . I t  ha s an aver a g e  channe l width o f  approxima t e l y 2 5  f t  

o r  l e s s . The b ank s a r e  very s t a b l e  with pre s ence o f  t r e e s , 

s hrub s and gra s s  inc luding p r o trud ing rock forma t ions tha t 

p rovi d e  s t ab i l i t y  a l ong the ch anne l .  The g r a d i en t  i s  

a p p r o x ima t e ly 2 5  f t  p er mi . 
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A View 
Eas t  

Limes tone Creek and the Temporary Dyke 
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Figure Limes tone Creek Retention Pond With Water Pump 
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PRE - CON S TRUCT ION 

Mon t h l y  t e s t ing o f  the wa t e r qua l i t y and o th e r  mon i t o r ing 

a c t iv i t i e s o f  the va r i o u s  p a r ame t e r s  b egan in t he f a l l  o f  1 9 7 6 . 

Wa t e r  s amp l e s  wer e  o b t a in e d  a n d  t e s t e d , a q�a t i c in s e c t s  an d o ther 

m i c r o inv e r t eb r a t e s  w e r e c o l l e c t e d  a n d  i den t i f i e d . A l s o , the f i s h  

s p e c i e s  c omp o s i t i on o f  the s t r e am wa s d e t e rmine d and pho t og r a p h s  

a l s o  wer e  t a ken o f  the g ene r a l c on d i t i on o f  the L ime s t on e  G a p  

a r e a . 

The p r e - c on s t ruc t i on pha s e  o f  r e s e a r ch mon i t o r ing and t e s t ing 

a c t iv i t i e s  end e d  in O c tober of 1 9 8 4 , p r o v i ding eight y ea r s  o f  

b a s e l ine da t a . Norma l ly a yea r o r  two o f  b a s e l ine da t a  wou l d  b e  

a dequa t e . F i gur e 2 3  s hows the p r e - c on s t ruc t ion c on d i t ion a l ong 

L ime s tone C r e e k . 
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Pre - cons truct ion Condition of Limes tone Creek 
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CONSTRUCT I O N  

Th e c o n s truc t i on p e r i o d  r ep r e sen t e d  the mo s t  c r i t i c a l p er i o d  
dur ing wh i ch h i ghwa y c on s t ru c t i o n a c t iv i t i e s  might inf luenc e the 

wa t e r  qua l i t y  of the s t r e am .  

C o n s tru c t ion work on U S  6 9  invo lved approx i.ma t e l y  e ig h t  mi l e s  

o f  c l ear i.ng gra d i.n g  and dra ina ge . The c o n t r a c t o r  r e s p on s ib l e f o r  

r o adway c o n s tru c t i.on wa s N i n e t e en th S e e d and R . R .  Tway ( a  j o in t  
ventur e ) .  The br i dg e  ove r  L ime s t one C r eek wa s bui. l t  by Da ry l 

B on d  C o n s truc t i on C omp any from Yukon . C on s truc t i on s t a r t e d  in 

the f a l l  o f  1 9 8 4 , and end e d  in the fa l l  o f  1 9 8 6 . 

The fo l l owing w e r e  t he thr ee pha s e s  o f  c on s t ru c t i.o n  

a c t iv i t i e s  at L ime s t o n e  Gap : 

1 .  C l e a r ing , Grubb ing , Gra d i.ng : In Novemb e r  o f  1 9 8 4 , c l e a r i.ng 

a l ong the r ight - o f - way s t a r t e d . I t  i.nvo lve d , u s i.ng a 

bul l do z er t o  c le a r  the r igh t - o f -wa y , burn ing bru s h  p i l e s , 

r emov i.ng s tumps , dr a i.n i.ng p on d s  and other r e l a t e d  

a c t iv i t i e s . 

The c l e a r ing grubb ing and g r a d ing o p er a t i on s t a r t e d  a t  

the s ame t i.me i n  a l l  a r e a s s ur roundi.ng L i.me s t one C r e e k . 

s ed i.men t  c o l l e c t o r  p l a t e s  wer e  p l a c e d  d ir e c t l y a dj a cent t o  

d i. s turb e d  a r e a s  whe r e  runo ff e n t e r e d  the s t r e ams . An a r e a  

a p p r o x ima t e l y 1 8 0 0  f t  l ong by 4 0 0  f t  wide wa s c le a r e d  a l ong 

Lime s t o n e  C r eek a l one . 

a l o n g  L ime s t one Cr eek . 
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F i. gure 2 4 s hows the c l e a r e d  a r e a  



Figure 24 . Cleared Area Along Limestone Creek 
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2. B l a s t ing a n d  Ro ck C ru sh ing : B l a s t ing a c t iv i t i e s  s t a r t e d  o n  

Ap r i l  1 0 , 1 9 8 5 . The c o n tr a c t o r  u s e d  the b l a s t ing te chn i que 
o f  ang l e  p r e - s p l i t t ing to produ c e  a 1 / 2 : 1  s l o p e  in the a r e a  

o f  the Ga p whe r e  a new a l ignment wa s r e qu i r e d .  

Th i s  b l a s t ing t e chnique o f  p r e - s p,l i t t ing i s  s ign i f i cant 

b e c au s e  it  r e duc e s  overb r e ak a ge , c ru s hing and r a d i a l 

c r a cking o f  r o c k  a r oun d  the b o r e  ho l e s . I t  a l s o  p r even t s 

exc e s s ive f ly ing deb r i s . Th i s  r e duc e d  the amount o f  

s e d imen t s  tha t w e r e  in t r o du c e d  in to the ne a rb y  s t r e a m . 

B l a s t ing was c omp l e t e d  in Ap r i l  o f  1 9 8 6 . 
b l a s t ing a t  L ime s t on e  Gap . 

A cru s her p l ant wa s s e t  up n e a rby . 

F i gure 2 5  s how s 

The dynami t e d  

l ime s t one ma t e r i a l was r emove d and cru s h e d  to s p e c i f i e d  s i z e s  

vary ing b e tween 1 / 2  t o  3 / 4  in . Th i s  c ru s hed r o ck ma t e r i a l 

wa s l a t e r  us e d  a s  aggr e g a t e  b a s e  and f i l l  ma t er ia l .  I t  wa s 

e s t ima t e d  tha t  a p p r oxima t e ly 1 6 0 , 0 0 0  y d 3  o f  c ru s he d  ma t e r i a l  

wa s u s e d  whi l e , 2 1 5 , 9 2 0  ton s  we r e  r e c o r d e d  t o  have p a s s e d 

ov e r  the crusher s c a l e s . F igur e 2 6  shows the c ru s h e r  p l an t . 
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3. B r i dg e  and Ro a dwa y : B r idge work over L ime s t on e  C r e e k  
b e g a n  o n  Ap r i l  1 4 , 1 9 8 6  a n d  end e d  on c emb e r  1 7 , 1 9 8 6 . 
I t  invo lved c on s t ruc t i on o f  0 . 0 5 1  m l  twin b r i dg e s on 

dr i l l e d  s ha f t  p i l e s . 

r o a dwa y s ur f a c ing . 

I t  wa s done s imu l t a n e ou s l y  w i th 

Runo ff from f i l l  ma t e r i a l s  u s e d  for the c on s t ru c t ion 

at the b r i dg e  a pp r o a che s wa s mon i t o r e d  by p l a c ing s ev e r a l 

s e d imen t c o l l e c t o r  p l a t e s  a l ong the s tr e am and d ir e c t l y 

a c r o s s  f r om the b r i dg e  c on s t ruc t ion s i t e . F i gure 2 7  s how s 

a n  ODOT r e s e a r ch e r  p l a c ing one o f  t h e  s e d imen t  p la t e s  in 

t h e  c r e ek . 

To prevent e r o s i on , the b r idge abutmen t s  wer e p r o t e c t e d 

wi th rip - r ap . Th e  l i t e r a ture rev i ewe d ind i c a t e d  tha t t h e  

imp a c t  o f  b r idge c on s t ruc t ion on a qua t i c c ommun i t i e s  i s  
min ima l , bu t r e s e a r c h e r s a t  ODOT mon i t o r e d  thi s a c t iv i t y  
t o  s e e i f  there wou l d  b e  any imp a c t  a t  L ime s t on e  G a p . 9  

F igure 2 8  shows r o a dway s ur f  a c ing wh i l e  F igur e 2 9  a n d  3 0  

s h ow the c omp l e t e d  n ew twin br idge s a cro s s  L ime s t o n e  

Cre ek . 
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Figu.re 28 . Roadway Cons truc t ion at Limes tone Gap 
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Figure 29 . Comp leted New Twin Bridge s at Limes tone Gap 
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Figure 30 . Limes tone Creek and US 69 Looking South , 1988 
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4. P o s t  Con s truc t ion : Mon i t or ing o f  wa t e r  qua l i ty c on t inued 
for a ye a r  a f t er c on s t ruc t i on wa s c omp l e t ed . 

Cont inua l wa ter qua l i ty an d b io lo g i c a l s amp l ing wa s 

done s in c e  the t ime o f  in i t i a t i on o f  the demon s t r a t i on 

proj ect . I t  con t inued through the con s t ruc t ion perio d a n d  a 

ye a r  a f t e r  a l l  c ons t ruc t i on work was c omp l e te d . 

The mon itor ing a c t ivi t ie s  ended in D e c emb e r  of  1 9 8 7 , 

a y e a r  a f t e r  cons t ruc t ion work wa s finished . In t o t a l , 

a p p roxima t e ly 1 1  yea r s  o f  b a s e  da t a  wa s c o l l e c t e d  f o r  

eva lua t ion . 
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PROBLEMS 

L ime s t one Creek i s  e s s en t i a l l y a p e renn i a l s t r e am tha t u s ua l l y  

f l ows ex c e p t in the dr i e s t p a r t  o f  Ju ly and Augu s t .  The f ir s t  
p r o b l em enc oun t ere d a t  the l o c a t i on , i s  the s e a s ona l low f low o f  

L ime s t one a n d  Noname C r e e k s . When the wa t e r l eve l i s  l ow ,  i t  i s  

imp o s s ib le t o  u s e  the hydr o - lab t o  t e s t  the wa t er . In the 

hot te s t  p a r t  of the s umme r , the creeks  c on t a in i s o l a t e d  poo l s  o f  

wa t er . S ome sma l l  f i s h  ( Sunfi s h , B lue G i l l s , e t c . ) a r e  

o c c a s iona l l y t r a p p e d  in the s e  i s o l a t e d  p o o l s  unt i l  the cree ks a r e  

r e j uvena t e d  by fa l l  r a in s . 

During the r a iny s e a s on ,  e sp e c i a l l y  when t he r e  i s a r a i n s t o rm  

the c r e ek s  a r e  f l o o de d . Thi s  make s i t  impo s s ib l e  t o ob t a in wat e r  

s amp l e s . S in c e  p r o p e r  wa t e r  s amp l e s  c an on ly b e  o b t a i n e d  b y  

wa d ing a c ro s s t h e  s tr e am , s ome monthly in t e rva l s  went b y  wi thou t 

t e s t ing . Al s o , the u s e  o f  the hydr o - l a b  wa s p r e c lude d b e c a us e o f  

f l o o d ing . 
F ina l ly , re s e ar cher s a t  ODOT en t e r t a ined s ome re s erva t i ons 

about the po t en t ia l imp a c t  o f  the c on t r a c t o r  pra c t i c e  o f  damming 

the s tr e am t o  c r e a t e  a r e t en t i on s to r a ge p ond s o  tha t i t  c oul d b e  

us e d  for c on s truc t ion purpo s e s . However , the r e  wa s no evi d en c e  

t o  show tha t the impoundment a dver s e l y a f f e c t e d the qua l i ty o f  
the s t r e ams o r  a s s o c i a t e d  a qua t ic l i f e . 
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DATA ANALYS I S  

D a t a  s t o r a g e  a n d  ana ly s i s  wa s  · f a c i l i t a t e d  by us ing a 

pre -wr i t t en SAS c omputer p r ogr am t ha t ena b le d  inve s t ig a t o r s  t o  

l i s t , c omp a r e  an d ana lyz e  da t a  from ea ch t e s t s i t e . 

Thr e e  a r e a s were empha s i z e d in ana lyz ing the imp ac t  o f  

highwa y c o n s t ruc t ion on L ime s t on e Creek . They wer e  turb i d i t y  

l eve l , p re s en c e  o f  a qua t i c  in s ec t s  and chemi c a l  c on c en t r a t ions . 

Turb i d i ty me a s u r emen t s  we r e  ana lyz ed  for p er i o d s  b e f o r e  

dur ing a n d  a f ter  c on s t ru c t i on t o  d e t ermine any change s .  

The Turb i d i ty p l o t s  o f  va r i a t ion p e r  y e a r  from 1 9 7 6  thr ough 

1 9 8 7 a r e  shown in the graph in F i gur e s 3 1 , 3 2  and 3 3  for s it e s  l ,  

2 and 3 .  They show no d e t e c t ab l e  p a t t ern o f  chang e o f  any 

s ign i f i c an c e . 

The a qua t i c  in s e c t s  p r e s en t  w e r e  ana lyzed . An a l y s i s  o f  t he 

comp o s i t ion and popul a t i on o f  a qua t i c  in s e c t s  f ound in d i c a t e d  a 

va r i e ty o f  s p e c ie s in d i f f eren t  p r op o r t ion s . The s e  s p e c i e s  

va r i e d  in propor t i on dep end ing on , the in d iv i dua l c o l l e c t in g  the 

s amp l e s , the c ondit ion o f  the s t r e am , and the s ea s on and number 
of s amp l e s  c o l l e c t ed . 

The nymph and l a rva e forms o f  the order s ; P lecop t er a , 
Ephemo r o p t er a , Tr ichop t er a , an d D ip te r a  a r e  the c onmi.on f i sh f o o d . 

O ther typ e s  o f  f i sh food inc lude the S t on e f l i e s , May f l i e s , 

C a dd i s f l i e s , f l i e s , gna t s , mi dg e s , and mo s quito e s  s e en ne a r  the 

s tr e ams . U s ing er , s a y s  tha t in s t r e ams , S t on e  F ly nymp h s , Ma y f l y  

nymph s , a n d  C a ddisf ly l a rvae , a s  we l l  as midge l a rv a e  s erve a s  

t h e  s t a p l e  d i e t  o f  mo s t  f i shes . 1 0 
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Tab l e s  3 and 4 show the d i s t r ibut ion o f  a qua t i c  i n s e c t s  f oun d 
a t  L ime s t one Creek . The y  s how a n  in c r e a s e  in conc entr a t ion o f  
s ome a qua t i c in s ec t s  for s it e  1 be twe en the year s 1 9 8 0  and 1 9 8 7 , 
S imi l a r  r e s u l t s  wer e  found for s i t e  2 and 3 .  

S t and a r d s  f or the a l l owa b l e  l imi t s  o f  d i s s o lved chemi c a l  
c o n s t i tuen t s we r e  der ive d from the U . S .  Geo l o g i c a l Survey Wa t e r  
D a t a  for Ok l ahoma and da t a  from Ok l a homa Wa t er Re s our c e s  B o a r d  

( Wa ter Qua l i ty S t andards  1 9 8 5 ) . 1 1 Ba s e d  on the s e  s ta n d a rd s , 
the r e  wa s no evi den c e  o f  p o l lut ion o r  ex c e s s ive c o n c en t r a t ion s  o f  
heavy me t a l s . Tab l e  5 s how s an overa l l  avera g e  o f  wa t e r  qua l i ty 
p a rame t e r va lue s for r a in f a l l , ne a r b y  c r e ek s ; e . g . , Mu ddy B o g gy 
Cre ek , and the thr e e  s tr e am s i t e s  a t  Lime s t one Gap . I t  wa s 

ev i d en t  fr om the da t a  in T a b l e 5 tha t s i t e  2 shows a mo der a t e  

in c r e a s e  in me t a l s  l ike C a l c ium , Ma gne s ium ,  e t c , c omp a r e d  t o  

s i t e  1 and s i te 3 .  Th i s  i s  exp e c t e d  s in c e  s i t e  2 i s  c l o s e r  t o  

t h e  b l a s t ing and c on s t ruc t i on s it e . Mor e  d i s s o lve d minera l s  from 
l ime s t one are con t a ined in s i t e  2 than any o ther s i t e s . A 

P e ar s on c o rr e l a t i on c o e f f i c i e n t  ana lys i s  wa s p er f orme d on the 

variab le s c omp r i s ing the b a s e  da ta . The r e l a t ionship tha t 

exi s t e d  betwe en each var i ab l e  i s  shown in App endix T a b l e s  A - 1 

thr ough A- 6 .  
A s urvey o f  the s tr eam b e d  indi c a t e d  tha t no s i gni f i c ant 

s e d imen t a t i on ha d o c curred up s tr e am o r  down s t ream fr om the 

cons truc t ion z one . Pr e s en t ly , there are s ome rock debri s  vary ing 

in s i z e s  from 2 to  1 2  in in Noname Creek due to b l a s t ing wh i l e  

few s c a t t e r e d  r o ck f r a gment s c a n  b e  found in L ime s t on e  C r eek , 
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TABLE 5 .  
THE AVERAGE OF WATE R  QUAL I TY PARAMETERS 

OF L IME S TONE CREEK AND O THER LO CAL 
WATE R  BOD I E S  

WATER B O D I E S  

L I ME S TONE 
MUDDY 
BOGGY ' S i.  t e  1 S i.. t e  2 

PARAMETERS RA I NWATE R  RIVER L S  C r e e k  Noname 

pH * 7 . 3  7 .  4 7 . 5  

C a  l e i.urn ( Ca + 2 ) 1 0 . 0  3 0 . 0  6 9 . 9  1 5 1. 5 
Ch l o r i.. de ( C l - ) 5 .  0 1 5 . 0 2 6 . 4  2 2 . 3  

Ch l o r i..n e  ( C l 2 ) 0 . 0 1 0 . 1 0 .  1 0 . 1 

C o p p e r  ( Cu+ ) 0 . 3  0 . 0 1 0 . 1 0 . 3  

D i.. s s o lve d Oxy g e n  * 1 6 . 2  9 . 4  9 .  7 

D i. s s o lv e d  S o l i. d s  * * 1 8 2 . 2  3 3 1.  3 

F i. l t e r a b l e  O r t h o p o s 0 . 0 3 0 . 0 3 * * 

H a r dn e s s  2 0 . 0  5 0 . 0  9 7 .  6 1 8 4 . 2  

I r on ( Fe + )  0 .  1 0 . 8  0 . 1 0 . 2 

Ma gn e s  i..um ( Mg + )  1 0 . 0  2 0 . 0  2 7 . 6  3 7 .  2 
-N i. t r a t e  ( NH 4  ) 0 .  7 2 . 8  0 . 9  1. 4 

N i. t r a t e  ( N0 3  - ) 3 .  1 1 2 . 3  4 .  1 6 . 0  

N i t r i t e  ( N02  - ) 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 1 

Pho s pha t e  ( P 0 4 ) * 0 . 0 3 0 . 0 1 0 . 1  

S i. l i.. c a  ( S i.O z )  1. 0 4 . 0  7 . 1  6 . 4  

S p e c i. f i. c  Condu c t an c e  * 5 9 . 0  2 0 6 . 3  3 7 1.  5 
Su l f a t e  ( 8 0 4 - ) 1. 0 1 4 . 0 0 3 3 . 4  7 8 . 0 3 

Temp e r a t u r e  o c  * 2 9 . 8  1 7 .  1 1 6 , 9  

Turb i.. d i.. ty 1. 5 4 7 . 0 0 5 . 3  9 . 1 
i 

CREEK 

S i. t e 3 
L S  C r e e k  

7 . 4  

9 9 . 3  

2 6 . 4  

0 . 0 4 

0 . 2  

9 . 5  

2 4 1. 8 
* 

1 2 5 . 5  

0 . 1  

2 6 . 7  

1. 0 

4 . 5 

0 . 0 1 

0 . 1  

6 . 8  
2 8 3 . 6  

4 8 . 5  

1 8 . 3  
9 . 5  

A l l  c on c en t r a t i on s  a r e  exp r e s s e d  i.n m i.. l l i.grams p er l i. t e r e x c e p t 
s p e c i. f i.. c c on duc t a n c e  ( Umho s / crn )  a n d  turb i.. d i.. t y  ( N ep h l ome t r i.. c un i. t ) . 

* P a r a me t e r s  n o t t e s t e d . 6 2  

I 



a l ong w i th a s l ight s c our ing o f  s tr e am b e d  ma t er i a l s  m i dw a y  
down s t re am from the c on s truc t i on s i t e . None o f  the s e  c r e a t e  any 
ob s t a c l e s  to the norma l s t r e am channe l f l ow or the a qua t i c  l i fe . 

The aver a g e  p a r t i c l e  s iz e  d i s t r ibut ion o f  s e dimen t s in the 

s amp l e s  ob t a ine d from Non ame and L ime s tone C r e ek b e d  up s t r e am 

from the c on s t ruc t ion s i t e  wa s 2 0  p e r c en t  s and , 3 0  p er c en t  s i l t  

and 5 0  p er c en t  c l ay , whe r e a s t he s e d imen t  a t  the c on s truc t i on 

zone c on t a ined approxima t e ly 4 0  p er c en t  s and , 2 0  p er c en t  s i l t  a n d  

4 0  p e r c en t  c l a y .  

Mon i t o r e d  s e d imen t c o l l e c t ion devi c e s  ind i c a t e d  no drama t ic 
change s in th e amoun t o f  s e d iment from s i t e  1 and s i t e  3 ,  but 

s i t e  2 ha s a s l ight incr e a s e  in the amount o f  s ed iment . 

Runo f f  from f i l l s  a t  the s i t e  o f  br idg e c ons t ruc t ion d i d  n o t 

p r o du c e  any m o r e  s e dimen t than tha t f ound in s i t e  2 .  The amount 

o f  s ed imen t  c o l l e c t e d  in the p l a t e a t  the b r i dg e  c ons truc t ion 
s i t e  is very min ima l and l ower than tha t f ound in s it e  3 .  
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COST 

O n an avera g e  i t  wi l l  c o s t a pp r ox ima t e ly $ 1 6 , 0 0 0  p e r  s i t e , 
p er y e a r  to c on duc t a s tudy o f  thi s na ture . The c o s t for a s tudy 

wi l l  vary dep ending on the fo l l owing fa c t o r s : 

1 ) Numb e r  o f  mon i tor ing s i t e s  

2 )  Numb e r  o f  t ime s the t e s t s  wi l l  b e  c ondu c t e d  

3 )  L o c a t ion o f  the s i t e  
4 )  Wag e s  a n d  s a l a r i e s  o f  p e r s onne l 

5 )  Typ e o f  e qu ipmen t and ma t e r i a l s  needed t o  c ondu c t  the 

t e s t s . 
Tab l e  6 shows  a s ch e du l e  o f  the a s s o c ia t ed c o s t s  for a typ i c a l  

t e s t ing s i t e  invo lving a on c e  a mon t h  t e s t in g  s ch e du l e  f o r  o n e  

y e a r . 
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Tab l e  6 

P er s onne l 

Trave l 

Equi.pment 

Ma t e r i. a l s  

ESTIMATED ANNUAL C O S T  

FOR 

CONDUCTING WATER QUALITY TE S T S * 

T o t a l  

$ 8 , 4 0 0 . 0 0 

$ 2 , 0 0 0 . 0 0 

$ 3 , 5 0 0 . 0 0 

$ 1 , 5 0 0 . 0 0 

$ 1 5 , 4 0 0 . 0 0 

* Tes t s  t o  b e  p erforme d monthly a t  one s i. t e  for one y e a r . 
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CONCLUS ION 

At the end of thi. s s tudy the fo l l ow ing c o n l u s i. o n s  w e r e 

r e a c h e d : 

1 .  The r e  wa s no phys i c a l ,  chemi c a l  o r  b i o l o g i c a l evi dence t o  

in d i c a t e  tha t highwa y c on s t ruc t i on a c t iv i t ie s  a dv e r s e l y  
a ff e c t e d  t h e  qua l i ty o f  the s t r e ams a t  L ime s t one G a p . 
( L ime s tone and Noname C r e e k s ) 

2 .  H i gh e r  c on c en t r a t ion s  o f  h e a vy m e ta l s  and d i s s o lv e d  

s o l i d s  wer e  f o un d  a t  s it e  2 " Noname Creek " , wh i. ch i. s  

n e a r  t o  t h e  c o n s t ru c t ion c omp a r e d  t o  s i t e s 1 and 3 .  The 

amoun t wa s t o o  i.ns i. gn i. f i. cant t o  c a u s e any dama ge  t o  

a quat i c  l i. fe o r  s t r e am wa t e r  qua l i ty . 

3 .  Re t en t ion s t o r a g e c r e a t e d  dur i.ng c on s truc t i on b y  b u i. l d i.n r,  

a t emp o r a ry dyke a c r o s s the s t r e am ha d no n o t i c e a b l e  

a dver s e  imp a c t  on the s tream . In s t e a d , i. t  wa s p r ob a b l y  

e f f e c t ive i. n  r emova l o f  s ome h e a vy me t a l c omp oun d s  tha t 

we r e  a l l owe d t o  s e t t le . 
4 .  Ex i. s t i.ng h i.ghwa y p r a c t i c e s  and s t anda r ds a r e  a de qua t e  but 

pr e c aut i. onary mea s ur e s  s t i. 1 1  need t o  b e  t aken . For 
in s t a n c e , s i. l t  fences  c o u l d  b e  ins t a l l e d . 

Three imp or t ant goa l s  we r e  a c c omp l i. shed with the c omp l e t i o n  

o f  t h e  L ime s t on e  Gap demon s t r a t i on p r o j e c t . They a r e  a s  fo l lows : 
1 .  A r a t iona l me tho d o f  a s s e s s ing the imp a c t  o f  hi ghwa y 

c on s tru c t ion on wa t e r  qua l i t y  wa s e s t a b l i s he d . 
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2. I t  wa s s hown t h a t  t e chn i.. c i.. an t r a i..n i..ng , t o  l e a rn s p e c i.. f i.. c 
te s t  p ro c e dur e s  and deve l o p  s amp l ing s chedule s t o  mon i.. t o r  
t h e  i..mp a c t  o f  va r i ou s s t a g e s o f  c o n s truc t i on on fr e sh 
s tr e am wa t e r , i.. s f e a s ib l e . 

3 .  I t  wa s no t di.. fficul�  for t e chn i c i a n s  to r e gu l a r l y  t e s t  

the r e qu i r e d  p hy s i.. ca l ,  chemi.. c a l and b i.. o l o g i.. c a l  p a r ame t er s  
on a p e r i o d i c  b a s i.. s ,  de s p ite prob l ems from we a th e r a n d  

c on s truc t i.. on a c t ivi t i e s . 

Thi.. s demon s t r a t i.. on s e rv e s a s ano ther s t ep t owa r d s  b e t t e r  

under s t a nd ing o f  man ' s invo lvement w i.. th the env i r onmen t . I t  i.. s 
a n  a t t emp t on the p ar t  o f  ODOT , t o  show the ma intenan c e  o f  a n  

e c o l og i c a l env i.. r onment unb lemi she d by " progr e s s " . 

The r e s u l t s  s h owed tha t a s tr e am w i.. th the ch a r a c te r i s t i.. c s  o f  

L ime s t one C r e e k  i.. s no t e a s i.. l y  d i.. s turb e rl  b y  an ep i s o d e  o f  no rma l 

h i ghwa y c on s truc t i on a c t i..v i.. ty . 

The r o cky , grave l g round c over o f  mo st o f  the s l o p e s  i..n the 

cons t ruc t i on a r e a  h e l p e d  t o  r e duc e ero s i on . The har d r o ck s t r eam 

chann e l  a l s o  h e l p e d  i..n th i.. s a re a  a s  the a e s thet i c s  o f  t h i.. s t yp e  

o f  s t ream ch anne l a r e  more d i.. f f i.. cu l t  t o  d i.. s turb . 
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RE C OMMENDAT I ONS 

Usua l ly e r o s i on c on t r o l l ing me a sure s a r e u s e fu l  o r  r e q u i r e d  

in a r e a s o f  h ighway cons t ruc t i on whe r e  the r e  i s  p o t en t i a l  for 
sur f a c e  run o f f  in t o  n e a r b y  s t r e ams . 

I t  i s  r e c omme d e d  tha t ODOT provide h ighway c on s truc t i o n  

cont r a c t o r s  w i t h  s ome gu ide l ine s t o  minim i z e  e r o s ion fr om 
c on s t ru c t ion s i t e s . The f o l l owing i t ems a r e  sugge s t e d .  
1 .  Ar e a s s u s c ep t i b l e  t o  e r o s ion s hou l d  b e  i d ent i f i e d s o  tha t 

p l a n s  c an b e  ma d e  a s  t o  the typ e , s iz e  and l o c a t ion o f  t h e  
e r o s ion c on t r o l me a sur e s . 

2 .  Temp o r a r y  o r  p ermanen t d ivers ion dra ina g e  d i t che s c an be 

deve l op e d  to h a nd l e  runo f f . 

3 .  S e d iment l a den runo f f  c an b e  c o l l e c t e d  by u s ing s i l t  fenc e s , 
b ru s h  b a rr i er s  o r  s e d imen t b a s ins . 

4 .  Na tura l runo f f  on s l o p e s  ab ove c ons t ruc t ion s i t e s  s h ou l d  b e  

dive r t e d  s uch tha t i t  wi l l  n o t  f low over the c o n s t ruc t io n  

s i t e . 

5 .  The l eng th of t ime any given area o f  c on s t ru c t ion work such 

a s  c l e a r ing , i s  la i d  b a r e  t o  the e l emen t s  should b e  

min imi z e d . E a s i ly er oded s o i l s  should b e  pro t e c t e d  from ra in 
with exc e l s ior  ma t s  or the ir equiva lents . 
Cons idera t i on for a l l the recommended e r o s ion c on t r o l 

me a sure s  a r e  t o  b e  

c on s t ru c t i on a c t iv i t y  

the d r a inage d i t che s , 

ma de p r ior t o  c l earing or any o ther 

s o  tha t na tur a l runo f f  c a n  b e  d i r e c t e d  t o  

s i l t  fenc e s , s e diment b a s in s  o r  other 

e r o s i on c ont ro l s t ru c ture s . 
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Fin a l ly , i t  i s  r e c ommen d e d  tha t s imi l a r  s tu d i e s  b e  c on du c t e d  

in a r e a s whe r e  the r e  i s  a p o t ent i a l  for  c ons truct ion a c t iv i t i e s  

t o  imp a c t  o n  s tr e am wa t er qua l ity o r  o ther e c o l o g i c a l 

environment s . 
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STAT I S T I CAL CORRELAT IONS OF CHEMI CAL CON S T I TUENT S 

Th e c a l cu l a t e d  me a n s  va lue s for the chemi c a l  cons t i tuen t s a t  

L ime s t on e  G a p  va r i e d  from s i t e  t o  s i t e  and from one p a r ame ter  t o  
the next . S ome o f  the va r i a t i on could b e  exp l a ined by t h e  f a c t  

tha t the t o t a l numb er o f  ob s erva t ions for e a ch p a r ame t e r  v a r i e d  

from one s i t e  t o  the next . App en d ix A- 3 and A- 4 s h ow s t a t i s t i c a l  

summa r i e s  o f  the me an s f o r  s i t e  l ,  2 and 3 .  
The c o r r e l a t ion s on t h e  chemi c a l p a r am e t e r s  t e s t e d  indi c a t e d  

a p o s i t ive r e l a t i onship b e tween d i s s o lved s o l i d s  and the 

fo l l owing : c onduc t iv i t y , har dne s s , c a l c ium and ma gne s ium . 

Turb i d i t y  a l s o  ha s a p o s i t ive c orre l a t ion wi. th di s s o lved 

oxy g en , t emp er a tur e , and n i t r a t e s . 

He avy me t a l s  l ike copp er , c a l c ium , ma gn e s ium a n d  n i t r a t e s  

a l s o  have p o s i. t i.ve c orre l a t ion s  f o r  d i s s o lve d s o l i d s , 

c on duc t iv i t y , turb i di t y , chl o r ine and a lka l in ity . F i gu r e  A- 1 

s hows a p l o t  o f  the hardn e s s  a g a in s t ca l c ium f o r  s i t e  2 .  Th i s  

f igur e ind i c a t e s tha t mo s t  o f  the ha r dn e s s  i s  due t o  the p r e s en c e  

o f  d i s s o lv e d  l imes t one ( CaC03 ) . 

A- 1 



KE Y 

PARA.�TER UN I T  O F  
AB B REV IAT I O N  PARAMETE R S  MEASUREMENT 

ALKA = p H  -

TEMP = Temp e r a tur e ( T )  o c  

CL 2 = Ch l o r ine mg / L  
I RON = I r on ( F e + )  mg / L  
C LR I DE = Ch l o r i d e ( CL )  mg / L  
C O ND = S p e c i f i c  Conduc t an c e  UMHOS / cm 
S I L I  = S i l i c a  ( S i O z ) mg / L  
N R IT N i t r i t e ' N O -

) mg / L  = 
2 I NP..A.T = N i t r a t e  ( NH 4 ) mg / L  

N 0 3 N i t r a t e  ( N 0 3  - ) mg / L  = 

D S O L  = D i s s o lve d  S o l i d s mg / L  
P HO S  = Pho s p ha t e  ( P0 4 ) mg / L  
DOXY = D i s s o l ve d Oxygen mg / L  
TURB = Turb i d i t y  ( Turb ) NTU 

C O P P  = C o p p e r  ( CU+ ) mg / L  
CALC = C a  .1. C  l.Um 

• 2  l Ca J mg ; L 

HARD = To t a l  Hardne s s  ( TH )  mg / L  
MAGN = Magne s ium ( Mg + )  mg / L  
SULF = Su l f a t e  ( 504 - ) mg / L  

A - 2  



L I MESTONE GAP CRE E K S  
CHEMI C A L  CONS T I TUENTS ME ANS VALUE S IN HG/l E XC E P T  11 

V A R !A S L E  N HE AN STANDARD HI NIMUH HAXIMUH STD E RROR SUM VARIANCE c . v .  D f V IATION VALUE VALUE OF HE AN 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - S I T E � l  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A l K A  * n 7 . 44 1. 0 5  4 . 50 9 .  20 0 .  l Z  54 3 . 0 5  1. 1 1  1 4  . 1 6 
CAlC 86 6 9 .  94 4 8 . 4 5 1 0 . 00 2 1 0 . 00 5 . 2 2 6 0 1 5 . 00 2 34 7 . 3 5 6 9 .  27 
CONO * 6 7  2 0 6 . 3 0 1 1 8 .  78 2 5 . 00 6 7 9 . 0 0  14 . 5 1 13822 . 00 1 4 1 0 7 . 6 7 5 7 . 5 7  OOXY 64 9 . 38 3 . 6 1 0 . 1 0 2 1 . 0 0  0 . 45 600 . 30 n . 0 2 38 . 4 7  
OSOL 6 3  182 . 16 95 . 0 2 4 0 . 00 460 . 00 1 1 .  9 7 114 7 6 . 00 9028 . 75 5 2 . 1 6  
HARO 86 9 7 . 56 6 1.  2 1  3 0 . 00 2 50 . 00 6 . 60 8 3 9 0 . 00 3 74 6 . 3 2 6 2 . 74 HAGN 86 Z 7 . 56 1 7 . 8 3 0 . 0 5 80 . 00 1 . 92 2 3 70 . 0 5 3 1 8 . 0 5 64 . 7 1  N03 84 4 . 05 3 . 0 2 0 . 88 1 1 . 40 0 .  3 3  340 . 1 9 9 . 1 1  74 . 54 NRAT 84 0 . 9 2 o .  7 0  0 . 0 3 Z . 60 0 . 08 7 7  . 1 7 0 . 4 9 76 . 5 1 
NRIT 8 2  0 . 01 0 . 0 1 0 . 0 0 0 . 0 3 0 . 00 0 . 6 7  0 . 00 6 8 . %  
TEMP * 73  1 7 . 0 7  6 .  7 7  3 . 50 2 9 .  20 0 . 7 9 1 246 . 2 0  4 5 . 7 9 3 9 . 64 
TURB * 88 5 . 2 7 6 . 6 1 0 . 0 1 4 1 . 00 0 .  7 0  4 64 . 1 5 4 3 . 73 1 25 . 3 8 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - SI TE = 2  - - - - - - -

A lKA * 70 7 . 5 1 1 . 0 0 5 . 70 10 . 50 O .  l l  5 2 5 . 95 0 . 9 9 H . 25 
C ALC 8 1  1 5 1 . 48 80 . 6 1 40 . ;)0 360 . 0 0 8 . % 1 2 2 70 . 00 6 4 9 7 . 78 53 . 2 1 COND * 6 2  37 1. 52 155 . 87 1 05 . 00 740 . 00 1 9 . 80 B034 . 00 24296 . 1 2 4 1 . %  OOXY 58 9 . 74 2 . 4 7  4 . 90 1 5 . 1 0 0 . 32 565 . 10 6 . 11  2 5 . 3 8  

:i:- OSOL 58 33 1.  28 1 3 7 . 4 3 85 . 00 6 2 0 . 00 1 8 . 05 1 9 2 14 . 00 1888 7 . 92 4 1 . 4 9  I HARO 8 1  1 84 . 20 8 1 . 0 1  50 . 00 4 1 0 . 00 9 . 0 0  14920 . 00 6 56 2 . 1 6 4 3 . 98 
w HAGN 78 37 . 1 7 2 1.  7 6  1 0 . 0 0 110 . 00 2 . 46 2899 . 00 4 73 . 44 58 . 54 

N03 80 5 . 99 6 . 0 3  0 . 0 9 44 . 00 0 . 6 7 4 78 . 8 1  3 6 . 3 5 1 0 0 . 74 
NRAT 80 l . 35 1 . 4 7  0 . 0 2 1 1 . 00 0 . 16 1 0 7 . 77 2 . 1 5 1 0 8 . 9 2 
NRIT 77 0 . 0 1 0 . 0 2 o . oo o . n  0 . 00 0 . 94 0 . 00 1 65 . 4 7  
TEHP * 64 1 6 . 91 7 . 57 3 . 00 n . oo 0 . 95 1082 . 30 5 7 . 37 44 . 79 
TURB* 8 2 <J . 1 2 Z8 . 4 7  0 . 12  2 5 1 . 0 0  3 . 14 748 . 1 5 810 . 40 3 1 2 . 0 1  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - SI TE =3  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - - - - - - - - - - - -

AlKA * 97 7 . 36 1. 1 7 o . oo 'J . 60 0 . 1 2 714 . 10 l. 3 7 15 . 93 
CAlC 1 14 99 . 26 6 7 .  22  0 . 20 260 . 00 6 . 3 0 1 1 3 1 5 . 2 0  4 5 1 8 . 78 6 7 .  73 
COHO * 8 7  283 . 62 1 4 (, . 40 25 . 00 76 3 . 00 1 5 .  7 0  246 75 . 00 2 14 3 1. 56 5 1 . 6 2 
OOXY 8 3  9 . 50 3 . 8 7 0 . 00 18 . 00 0 . 4 2 788 . 32 14 . 96  4 0 . 73 
OSOl 84 2 4 1 .  76 1 0 9 . 8 1 38 . 00 560 . 00 1 1 .  98 20308 . 00 1 Z 0 58 . 7l 45 . 42 
HARO 1 14 125 . 4 7  74 . 1 1 0 . 10 2 90 . 00 6 . 94 14303 . 10  54 92 . 12  5 9 . 0 7  
HAGN ll Z  2 6 . 68 H . 13  0 . 1 0 6 0 . 00 1. 24 2 988 . 10 1 72 . 28 4 9 .  2 0  
N03 11 2  4 . 4 7  3 . 1 5 0 . 13  1 2 . 3 0 0 . 30 500 . 26 9 . 90 70 . 4 5 
NRAT 1 1 2  0 . 98 0 .  73 0 . 0 2 2 . 80 0 . 0 7  1 0 9 . 6 1  0 . 53 74 . 1 1 
NRIT 110 0 . 0 1 0 . 0 2 0 . 0 0 0 . 1 0 0 . 0 0 1 . 54 0 . 00 1 4 2 . 24 
TEHP * '12 18 . 26 7 . 06 3 . 60 3 3 . � o  0 .  74 1 680 . 1 0 4 9 . 88 38 . 6 7 
TURB* 1 1 7  9 . 4 5 22 .  71 0 .  70 1 90 . 00 2 . 1 0 1 10 5 . 64 5 1 5 . 8 7  2 4 0 . 3 5 



� 
I 

""" 

VARIABLE 
AU<.A * 
CALC 
CONO * 
ooxv 
OSOL 
HARD 
HAGN 
N03 

HRAT 
HRH 
TEHP* 
TURB* 

N 
7 3  
8 6  

6 7  

6 4  

o 3  

86 
86 
84 

84 
82 
73 

88 

L H1ESlONE GAP C REEKS 

CHEMICAL CONS T I TUENTS CORREL A T ION VALUES IN HG/L EXC E P T  * 

SITE = l  
HE AN STO DEV SUH HINH1Utl 11AXIl1Utl 

7 . 4 3 904 1 10 l . 053 70 5 3 2  543 . 05000000 4 . 50000000 9 . 20000000 
6 9 .  94 18604 7 48 . 44945326 t.0 1 5 . 00000000 1 0 . 00000000 2 10 . 00000000 

2 0 6 . 2 9850 746 1 18 .  77570088 1 38 2 2 . 00000000 2 5 . 00000000 6 7 9 . 0 0 0 0 0 0 0 0  
9 . 3 7 968750 3 . 6 0850 757 6 0 0 . 3 0 0 00000 0 . 100000 0 0  2 1 . 00000000 

1 8 2 . 1 58 73 0 1 6  95 . 0 1 9 7 2 738 1 1 4 76 . 00000000 40 . 00000000 460 . 00000000 
9 7 . 55813953 6 1 . 20 7 1 9001 85 90 . 00000000 30 . 00000000 250 . 00000000 
Z1 . 55872093 1 7 . 83402431 2 3 70 . 05000000 0 . 0 500000 0  80 . 00000000 

4 . 04 9880 95 3 . 0 18 72809 340 . l 9000000 0 . 66000000 1 1 . 40000000 

0 . 9181.90<.8 0 .  70290581 77 . 1 7000000 0 . 0 3000000 2 . 60000000 
0 . 008 1 95 1 2  0 . 0056512& O . i. 7200000 0 . 00 100000 0 . 0 3 0 0 0 0 0 0  

1 7  . 0 7123288 6 . 766881 76 1 24 0 . 20000000 3 . 50000000 2 9 . 20000000 

5 . 2 744090 9  6 . 6 1 2 9 1 1 99 464 . 14800000 0 . 00800000 4 1 . 00000000 



UMESTONE GAP CREEKS 
CHEMICAL C ONSTI TUENTS CORRE LAT ION VALUE S  I N  HG/L E XC E P T  * 

SI TE " l 

PE ARSON CORRE LATION COE f f IC I E NTS / PROO > I R I  UNDER HO : RHO"O / NUl18E R Of OBSE RVATI ONS 

ALKA CALC CONO OOXY OSOL llARO HAGN NCH NRAT NRI T  TEHP TURB 

ALKA * 1 . 00000 O . Ob 792 - 0 . 1 2406 -0 . 05514 - 0 . 1 2 3 2 1  0 . 0904 7 O . l 344b - 0 . 4 0 245 - 0 . 40 2 26 - 0 . 2 5 7 9 1  - 0 . 0 7855 - 0 . 0 0 78 7  
0 . 0000 0 . 5B6 0 . 3209 0 . 6 6 78 0 . 34 0 1  0 . 45 3 1  0 . 26 36 0 . 0006 0 . 0006 0 . 0 2 9 9  0 . 5 2 4 3  0 .  948 1 

73 7 l  6 6  6 3  6 2  7 l  7 l  7 0  7 0  7l b8 71 
CALC 0 . Ot. 792 l . 0 0 0 00 0 . 86 70 9  - 0 . 1 18 2 9  0 . 8940 7 o .  9 74 3 1 0 . 6 2 954 - 0 . 1 6508 - 0 . 1 6 9 2 1 - 0 . 0858 7 0 . 1 1 2 3 3  -0 . 3 9000 

0 . 5 736 0 . 0000 0 . 00 0 1  0 . 3599 0 . 0001 0 . 0001 0 . 000 1 O . l H5 0 . 1 2 3 9  0 . 4430 0 . 3 5 1 0  0 . 00 0 2  

71  86 65 6 Z  6 Z 8b 86 84 84 82 7 1  6b 
COND * -0 . 12408 0 . 86 70 9 l . 00000 - 0 . 28074 0 . 9 3 74 7  0 . 84866 0 . 60 945 0 . 0 2b50 0 . 0 1 780 - 0 . 1 8894 0 . 2 b 7 1 7  - 0 . 2885 3 

0 . 3 20 9 0 . 000 1 0 . 0000 0 . 0246 0 . 000 1 0 . 00 0 1  0 . 000 1 0 . 83 5 3  0 . 8889 0 . 13 1 7 0 . 0 288 0 . 0 1 98 

66 65 6 7  6't 63 6 5  6 5  64 64 65 6 7  65 

OOXY - 0 . 05514 -0 . 1 182 9 - 0 . 280 7't 1 . 00000 -0 . 14787 -0 . 1 4 9 1 8  - 0 . 20 1 1 7  0 . 04328 0 . 045 1 3  0 . 1 3 786 - 0 . 5 10 1 3  0 . 13 5 7 1  

0 . 6 6 78 0 . 3599 0 . 0246 0 . 0000 0 . 2595 o . .  2472 0 . 1 16 9  0 . 7405 0 . 7298 0 . 285 3 0 . 000 1 0 . 2 9 2 9  

6 3  6 2 64 64 60 62 6 2  bl 6 1  6 2  64 6 2  

OSOL -0 . 1 2 3 2 1  0 . 89407 0 . 93 74 7  - 0 . 1 4 7 8 7  l . 00000 0 . 87460 0 . 6 2848 - 0 . 02 2 1 7  - 0 . 0 2 9 0 3  -0 . 15328 0 . 0 7 0 6 1  - 0 . 2 9568 

:i:- 0 . 340 1 0 . 0001 0 . 000 1 0 . 2595 0 . 0000 0 . 0001 0 . 0001 0 . 86 54 0 . 824 2 0 . 2 343 0 . 5824 0 . 0 1 %  t 6 2  6 2  6 3  60 6 3  62 62 61 61 6 2  6 3  62  
U1 

HARO 0 . 0 904 7 0 .  9743 1 0 . 8486 6 -0 . 14918 0 . 8 7460 1 . 0 0000 0 . 78823 - 0 . 14 961 -0 . 14 988 -0 . 062 96 0 . 0 86 9 1  - 0 . 3 7028 
0 . 45 3 1  0 . 000 1 0 . 000 1 0 . 2412 0 . 00 0 1  0 . 0000 0 . 00 0 1  0 . 1 744 0 . 1 7 3 6  0 . 5 74 1  0 . 4 7 1 1  0 . 0004 

7l 86 65 62 6 2  86 86 84 84 82 7 1  8b 

HAGN 0 . 1 344 6 0 . 6 2 954 0 . 60 94 5  - 0 . 2 0 1 1 7  0 . 62848 0 . 78823 1 . 00000 - 0 . 0 6 1 2 5  - 0 . 05 104 0 . 0 158 1 - 0 . 0 1 3 4 7  - 0 . 2 1 1 08 

0 . 2636 0 . 000 1 0 . 0001 0 . 1169 0 . 000 1 0 . 00 0 1  0 . 0000 0 . 5 7 9 9  0 . 644 7 0 . 887 9  0 .  9 1 1 2 0 . 05 1 1  
7 1  8 6  6 5  62 62 86 86 84 84 82 71 86 

N03 - 0 . 40245 - 0 . 1 6 50 8  0 . 02650 0 . 043 28 - 0 . 02 2 1 7  - 0 . 1496 1 - 0 . 06 1 2 5  1 . 00000 0 . 99390 0 . 40929 - 0 . 15087 0 . 1 4 2 7 7  

0 . 0006 0 . 1 335 0 . 8353 0 . 7405 0 . 8654 0 . 1 744 0 . 5799 0 . 0000 0 . 00 0 1  0 . 1)0 0 2  0 . 2 1 2 5  0 . 1 95 1 

70 84 t.4 61 6 1  84 84 84 84 80 70 84 

NRAT - 0 . 40 2 26 - 0 . 1 6 9 2 1  0 . 0 1 780 0 . 04 5 1 3  -0 . 02903 - 0 . 14 988 - 0 . 05 1 04 0 . 99390 1 . 00000 0 . 38 11 9  -0 . 1494 7  0 . 1 6 0 3 2  

0 . 0001> 0 . 1 2 3 9  0 . 8889 0 . 7298 0 . 8242 0 . 1 73 6  0 . 644 7 0 . 000 1 0 . 0000 0 . 0005 0 . 2 1 68 0 . 1452 

70 84 64 61 61 84 84 84 84 80 7 0  84 

NRI T  -0 . 25 791 - 0 . 0858 7 -0 . 18894 0 . 1 3 786 -0 . 15328 -0 . 0 6 2 96 0 . 0 1 58 1 0 . 4092 9 o .  381 1 9 l . 00000 - 0 . 1 146 7 - 0 . 0 0 9 3 9 

0 . 0299 0 . 44 3 0  0 . 13 1 7  0 . 2853 0 . 2343 0 . 5 74 1  0 . 88 7 9  0 . 0002 0 . 00 0 5  0 . 0000 0 . 3 5 1 8  0 . 93 3 3  

7 1  82 65 6 2  6 2 82 82 80 80 82 68 82 

TEHP* - 0 . 0 7855 0 . 11 23 3  0 . 26 7 1 7  - 0 . 5 1 0 1 3  0 . 0 706 1 0 . 08 6 9 1  - 0 . 0 1 34 7  - 0 . 1 508 7  - 0 . 1 4 94 7  - 0 . l l4 b 7  1 . 00000 - 0 . 0 1 6 6 6  

0 . 5 243 0 . 3!il 0 0 . 0 288 0 . 0 0 0 1  0 . 58 24 0 . 4 7 11 0 . 91 1 2  0 . 2 1 2 5 0 . 2 1 68 0 . 3518 0 . 0 0 0 0  0 . 8904 
68 71 6 7  64 6 3  7 1  7 1  70 70 68 73 71  

TUR6* - 0 . 0 0 7 8 7  - 0 . 3 9000 -0 . 28853 0 . 1 3 5 7 1 - 0 . 2 9568 - 0 . 3 70 2 8  - 0 . 2 1 108 0 .  142 7 7 0 . 1 60 3 2  -0 . 00 9 3 9  -O . O l 66b l . 00000 

0 .  94 8 1  0 . 0002 0 . 0 1 98 0 . 2 92 9  0 . 01 96 0 . 0004 0 . 05 1 1  0 . 1 95 1  0 . 1452 0 . 93 3 3  0 . 8'104 0 . 00 0 0  

7 1  86 65 62  62  86  86  84 84 82 7 1  88 



!P' I 
0\ 

VARIABLE 

ALKA * 

C Al C  

COHO * 
ooxv 
OSOL 
HARD 

HAGN 
N03 

NRAT 
NRIT 
TEHP * 

TURB* 

N 
70 

8 1  
62 
58 
58 
81 

78 
80 

80 

71 
64 
6 2  

lIHESTONE GAP CREEKS 
CHEMICAL CONSTITUENTS CORRELATION VALUES IN HG/l E XCEPT * 

SITE = 2  
HE AN STD DEV SUH HINIHUH HAX I l1UH  

7 . 5B57143 0 . 9 95 7 1 Z b 0  525 . 95000000 5 . 70000000 10 . 50000000 
1 5 1 . 46148146 60 . 608 7 94 6  7 1 U 70 . 00000000 4 0 . 00000000 360 . 000 0 0 0 0 0  

371 .  51612903 155 . 87213570 23034 . 00000000 1 0 5 . 00000000 740 . 00000000 

9 . 743 10 345 2 . 4 7 2 3 8 1 6 3  51.5 . 10000000 4 . 90000000 1 5 . 100 0 0 0 0 0  

:B l . 2 7586 2 0 7  B 7 .  433 3381> 2 1 9214 . 00000000 85 . 00000000 1> 2 0 . 00000000 

184 . 1 9753081. 8 1 . 00716323 14 9 2 0 . 00000000 50 . 00000000 4 1 0 . 00000000 

37 . lt.666 6 " 7  2 1.  75866250 2899 . 00000000 1 0 . 00000000 11 0 . 00000000 

5 . 985 1 0000 6 .  0 2 9 2 1 5 7 7  4 78 . 80800000 0 . 08800000 44 . 00000000 

l . 34 71 2500 1 . 46 730546 1 0 7 . 7 7000000 0 . 0 2000000 1 1 . 00000000 

0 . 01 2 24675 0 . 02026480 0 . 94300000 0 . 0 0 1 0 00 0 0  0 . 1 3 000000 

u • .  91093 750 7 . 57462592 1 062 . 30000000 3 . 00000000 3 3 . 00000000 

9 . 12376049 26 . 46744136 748 . 1 50000 0 0  0 . 1 2000000 251 . 00000000 



L I ME STONE GAP C REEKS 
C H E M I C A L  CONSTI TUENTS CORRELATI ON VALUES IN 11G/L EXCEPT * 

SITE = 2  

PEARSON CORRE LATION COE F F I C I E NTS / PROB > I R I  UNDER HO : RHO=O / NUHSER Of OBSERVAT IONS 
ALKA CALC COHO ooxv OSOL HARO MAGN N03 NRAT NR IT T E MP TURS 

ALKA * 1 . 00000 0 . 18340 - 0 . 0 l4t.3 O . l06t.7 -0 . 14t.4 7 0 . 265 1 6 0 . 3 0 72 3  - 0 . 2 5 3 3 8  - 0 . 2 3 1 1 5  - 0 . 14208 0 . 0 1 944 - 0 . 3 2 6 0 7  
0 . 0000 O . B 74 0 . 9109 0 . 42 9 7  0 . 2. 76 9 0 . 0 3 0 1  0 . 0 1 2. l  0 . 0 386 0 . 0598 0 . 26 28 0 . 8 7 98 0 . 00 75 

70 1>7 bl  5 7  5 7  67 "'"' t.7 6 7  6.4 t.3 t. 6  
CALC 0 . 18 340 l . 00000 0 . 74005 - 0 . 4 3 0 7 7  0 . 6 70 95 0 . 942.01 0 . 1 24 6 3  - 0 . 0 99 9 1  -0 . 1 0 1 7 7  0 . 0 938 9 0 . 2 4 9 2 5  - 0 . 2 6 60 6 

O . B 74 0 . 0000 0 . 0001 0 . 0010 0 . 0001 0 . 00 0 1  0 . 2. 76 9 0 . 3810 0 . 3 7 2 1  0 . 4 1 98 0 . 0 5 2 7  0 . 0 1 78 
6 7  8 1  5 9  55 56 8 1  78 7 9  7 9  lb 6 1  7 9  

COND *  - 0 . 0 14 6 3  0 . 74005 1 . 00000 - 0 . 3 734 9 0 . 63 2. 66 0 . 69364 0 . 25873 - 0 . 1 8853 - 0 . 2. 1 0 9 1  -0 . 09668 0 . 4 74 70 - 0 . 392 7 3  

0 . 9109 0 . 0001 0 . 0000 0 . 0039 0 . 0001 0 . 000 1 0 . 0499 0 . 1527 0 . 1 088 0 . 4 784 0 . 000 1 0 . 00 23 
bl 59 62. 58 58 59, 58 5 9  59 56 62.  56 

DOXV 0 . 1 0 6 t. 7  - 0 . 4 3 0 7 7  - 0 . 3 7349 1 . 00000 -0 . 32. 185 -0 . 3 7524 0 . 14906 0 .  24t. l l  0 . 232.t.3 - 0 . 05595 - 0 . 4 9 1 70 0 . 06 0 70 

0 . 42.97 0 . 00 1 0  0 . 00 3 9  0 . 0000 0 . 0 176 0 . 0048 0 . 2.820 0 . 0 70 1  0 . 0874 O . t.936 0 . 000 1 0 . 06 2 8  

57 55 58 58 54 55 54 55 55 52. 56 54 

OSOL - 0 . 1404 7 0 . 6 70 95 0 . 6 3 2 66 - 0 . 3 2 185 1 . 00000 0 . 65115 0 . 2.0650 -0 . 096 2. l  -0 . 125 1 3  - 0 . 062.lO 0 . 1 2. 94 5 - 0 . 35259 

� 0 . 2 71> 9  0 . 000 1 0 . 0001 0 .  0 176 0 . 0000 0 . 0001 0 . 1304 0 . 4806 0 . 3582. 0 . 5565 0 . 3 3 2 6  0 . 0083 

I 5 7  51> 58 54 58 56 55 56 5o 53 58 55 

--...J 
HARD 0 . 2. C. 5 1 6  0 . 94201 O . t. 9364 -0 . 3752.4 0 . 65115 l . 00000 0 . 33 144 - 0 . 14 7 1 5  -0 . 14249 0 . 06354 0 . 206 3 2  - 0 . 2 8 7 9 3  

0 . 0301 0 . 000 1 0 . 000 1 0 . 0044 0 . 0001 0 . 0000 0 . 0030 0 . 1 956 0 . 2.103 o . 5855 0 . 1 10 6  0 . 0 1 0 1  

1> 7  8 1  59 55 56 81 78 79 79 7 6  61 7 9  

HAGN 0 . 3072.3 0 . 1 2463 0 . 25673 0 . 14906 0 . 20650 0 . 3 3 144 1 . 00000 -0 . 2 344 1 -0 . 2 1 744 -0 . 14054 0 . 00548 - 0 . 1 38 3 7 
0 . 0 1 2.l  0 . 2. 76 9  0 . 0499 o . 2a20 0 . 1304 0 . 0030 0 . 0000 0 . 04 1 5  0 . 0592 0 . 2 3 24 0 . 9666 0 . 23H 

t.6 76 56 54 55 76 78 74 76 74 60 76 

N03 - 0 . 2.5338 -0 . 09991 -0 . 16853 0 . 244 1 1  - 0 . 0 96 2. l  -0 . 14 7 1 5  - 0 . 2. 3441 1 . 00000 0 . 99370 0 . 03 72.6 - 0 . 1 04 5 7  0 . 26b 4 l  

0 . 0366 0 . 3810 0 . 1 5 2 7  0 . 0 7 0 1  0 . 4806 0 . 1 956 0 . 0415 0 . 0000 0 . 0001 0 . 750 9  0 . 4225 0 . 0 1 1 0  
6 7  7 9  5 9  55 56 79 76 60 80 75 6 1  76 

NRAT - 0 . 2 3 1 1 5  - 0 . 101 7 7 - 0 . 2 1 0 9 1  0 . 2.3243 - 0 . 1 25 1 3  - 0 . 1 4 24 9  - 0 . 2 1 744 0 . 9 9 3 70 1 . 00000 0 . 0 3 945 -0 . 0830 5 0 . 284 15 
0 . 0596 0 . 3 72 1  0 . 1088 0 . 0874 0 . 3562 0 . 2. 10 3  0 . 0592 0 . 0001 0 . 0000 0 . 7355 0 . 52 4 6  0 . 0 1 1 7 

6 7  7 9  5 9  55 56 79 7 4  80 60 75 bl 16 

NRI T  -0 . 14206 0 . 0 9389 - 0 . 09to68 - 0 . 05595 - 0 . 06 2. 2. 0  0 . 04354 - 0 . 14054 0 . 03 72 6  0 . 0 3 965 1 . 00000 0 . 1 00 1 9  - 0 . 0 2 2 84 

0 . 2 6 28 0 . 4 1 96 0 . 4 784 0 . 6 936 0 . 5565 0 . 5655 0 . 2 3 24 0 . 7509 0 .  7355 0 . 0000 0 . 4543 0 . 8456 

64 76 56 52 53 76 74 75 75 7 7  58 75 

TEMP * 0 . 0 1 944 0 .  2 4 92 5  0 . 4 74 70 -0 . 4 9 1 70 0 . 1 2 945 0 . 206 32. 0 . 00548 -0 . 10457 -0 . 06305 0 . 100 1 9  1 . 00000 -0 . 1 5568 
0 . 6 796 0 . 0527 0 . 00 0 1  0 . 000 1 O . H28 0 . 1 106 0 . 9668 0 . 4 22 5 0 . 5246 0 . 454 3  0 . 0000 0 .  2 3 4 9  

63 61  t. 2  56 56 6 1  60 b l  o l  58 b4 6 0  

TUR6 * - 0 . 3 2. 4 0 7  -0 . 2b606 - 0 . 3 9 2 7 3  0 . 0 6 0 70 -0 . 35259 - 0 . 28793 - 0 . 1 383 7 0 . 286b l 0 . 284 1 5  -0 . 02 264 - 0 . 15568 l . 00000 

0 . 00 7 5  0 . 0 1 78 0 . 00 2 3  0 . 46 2 8  0 . 0063 0 . 0 1 0 1  0 . 23H 0 . 01 1 0  0 . 0 1 11 0 . 8456 0 .  2 34 9 0 . 0000 
6 6  7 9  56 54 55 7 9  76 76 76 75 6 0  62 



;I;>' I 
00 

VARIABLE 
ALKA * 
CALC 
COHO* 
ooxv 
OSOL 
HARD 
HAGN 
NCH 
NRAT 
NRIT 
TEHP* 
TURB* 

N 
9 7  

1 14 
8 7  
83 
84 

1 1 4  
11 2  
1 1 2  
1 1 2  

HO 
92 

11 7  

L IHESTONE GAP CREEKS 
CHEHICAL CONSTI TUENTS CORRELATION VALUES IN HG/L E XCEPT * 

SI TE =3 
HE AN STD DEV SUH H INIKJH HAXIHUH 

7 . 36 18556 7 l .  1 72 5544 9 714 . 1 0000000 0 . 00000000 9 . 6 0000000 
99 . 256 14035 6 7 .  2 2 1 859t.4 1 1 5 1 5 . lOOOOOOO 0 . 20000000 260 . 00000000 

283 . 62068966 146 . 3 95 23 1 3 2  246 75 . 00000000 25 . 00000000 763 . 00000000 
9 . 4 9783131 3 . 86844t.48 788 . 32000000 0 . 00000000 18 . 00000000 

241 . 76 1 90476 1 0 9 . 814! 1 74 70 20308 . 0 0000000 38 . 00000000 560 . 00000000 
1 25 . 4657894 7 74 . 10882 196 14303 . 1 0000000 0 . 10000000 2 90 . 00000000 

2 6 . 6 79464 2  9 1 3 . 1 2555542 2 988 . 10000000 0 . 10000000 6 0 . 00000000 
4 . 46664266 3 . 14662862 500 . 2 t.40oooo 0 . 1 3 200000 1 2 . 30000000 
0 . 978660 71 0 . 7Z5252 98 1 0 9 . 6 1000000 0 . 02000000 2 . 80000000 
0 . 0 13 99091 (). Ol  990044 1. 5 3900000 0 . 00100000 0 . 1 0000000 

18 . 26 1 95652 7 . 06240382 1 68 0 . 1 0000000 3 . 60000000 33 . 30000000 
9 . 44991453 22. 71278523 1 105 . 64000000 0 . 71>000000 1 90 . 00000000 



LIMESTONE GAP CRE EKS 

CHEMI C AL CONSTITUENTS CORRE LATION VALUES IN HG/L E XCEPT • 

SI TE = 3  

PE ARSON CORRELATION COE F F I C IE NTS I PROB > I R I  UNDE R HO : RHO=O I NUHBER Of OBSE RVATIONS 

ALKA CALC COHO OOXY OSOL HARD HAGN NIH NRAT NRIT TEHP TURB 

ALKA * 1 . 00000 0 . 08055 0 . 0 3464 0 . 1 9334 0 . 03857 0 . 08118 0 . 00542 - 0 . 27265 - 0 . 2 9250 - O . l l5b0 0 . 0895 1 - 0 . 0 7530 
0 . 0000 0 . 4 328 0 . 751 5 0 . 081 8  o. 7 2 9 2  0 . 42 93 0 . 9584 0 . 0072 0 . 0038 0 . 2646 0 . 40 4 2  0 . 46 3 5  

97 97 8 6  82 83 9 7  95 % 96 95 89 9 7  

CALC 0 . 08055 l . 00000 0 . 84973 -0 . 40134 0 . 854 18 0 . 98652 0 . 50 987 0 . 0 0 74 9  0 . 02440 0 . 3 5 7 7 1  0 .  1 8b l 0  -0 . 2039 7 
0 . 4328 0 . 0000 0 . 000 1 0 . 0002 0 . 0001 0 . 00 0 1  0 . 0001 0 . 93 75 0 . 7984 0 . 000 1 0 . 0 75 7  0 . 0 2 95 

97 1 14 87 83 84 1 14 1 1 2  1 1 2  1 1 2  110 92 114 

tOND * 0 . 03464 0 . 84 973 1 . 00000 -0 . 52958 0 . 94847 0 . 84284 0 . 50 3 1 5  -0 . 004 3 9  0 . 02285 0 . 030 1 2  0 .  342 1 8  -0 . 2 2040 
0 . 7515 0 . 0001 0 . 0000 0 . 000 1 0 . 0001 0 . 000 1 0 . 0001 0 . 9680 0 . 8346 0 . 7843 0 . 00 1 2  0 . 0402 

86 87 87 82 84 8 7  85 86 86 85 87 8 7  

ooxv 0 . 1 9 3 34 - 0 . 40 1 34 - 0 . 52958 1 . 00000 -0 . 4291 7 -0 . 38243 -0 . 13033 -0 . 2 2 2 70 -0 . 24585 0 . 1 1531 - 0 . 2 96 0 7 - 0 . 0 2 7 2 0  
0 . 08 18 0 . 0002 0 . 0001 0 . 0000 0 . 000 1  0 . 0004 0 . 2462 0 . 0443 0 . 0260 0 . 3053 0 . 006 9  0 . 80 72 

82 83 82 83 79 83 81 82 82 81 82 83 

OSOL 0 . 03857 0 . 85418 0 . 9484 7  -0 . 4291 7 1 . 00000 0 . 86041 0 . 56532 - 0 . 00240 0 . 0 1 8 2 7  0 . 1402 1 0 . 156 1 6  -0 . 24626 

0 . 1292 0 . 0001 0 . 0001 0 . 0001 0 . 0000 0 . 0001 0 . 0001 0 . 9828 0 . 86 98 0 . 2090 0 . 1 560 0 . 0228 

;I:>' 8 3  84 84 79 84 84 82 83 83 82 84 84 
I HARD 0 . 08118 0 . 98652 0 . 8't284 - 0 . 38243 0 . 86041 l . 00000 0 . 63477 0 . 0 1 5 76 0 . 03400 0 . 35685 0 . 1366 1 -0 . 2 0 3 6 2  \P 0 . 4293 0 . 0001 0 . 0001 0 . 0004 0 . 0001 0 . 0000 0 . 0001 0 . 86 90 0 . 72 1 9 0 . 000 1 0 . 1 94 1  0 . 0 2 98 

97 1 14 87 83 84 1 14 112 112 112 no 9 2  1 14 

HAGN 0 . 00542 0 . 50967 0 .  50315 - 0 . 13033 0 . 56532 0 . 63477 1 . 00000 0 . 06593 0 . 084 1 1  0 . 20 264 -0 . 1 2 74 3  - 0 . 1 1 6 75 

0 . 9584 0 . 000 1 0 . 000 1 0 . 2462 0 . 0001 0 . 000 1  0 . 0000 0 . 4938 0 . 3823 0 . 03 3 7  0 . 2 3 13 0 . 2 Z0 2  
95 1 1 2  85 81 82 HZ 1 1 2  no 110 no 90 1 1 2  

N03 - 0 . 2 7265 0 . 0 0 74 9  -0 . 0043 9 - 0 . 2 2 2 70 -0 . 00240 0 . 0 1576 0 . 06593 1 . 00000 0 . %391 0 . 1 2 753 -0 . 0 2 1 34 O . Ob890 
0 . 0072 0 . 93 75 o .  9680 0 . 0443 0 . 9828 0 . 8690 0 . 4938 0 . 0000 0 . 0001 0 . 1884 0 . 840 9  0 . 4 704 

96 1 12 86 82 83 1 1 2  no 1 1 2  1 12 108 91 1 1 2  

NRAT -0 . 2 9250 0 . 02440 0 . 02285 - 0 . 24585 O . O l8l 7 0 . 0 3400 0 . 084 1 1  0 . % 3 9 1  1 . 00000 0 . 1 3 708 0 . 004 7 9  0 . 09538 
0 . 0038 0 .  7 984  0 . 8346 0 . 0260 0 . 8698 0 . 72 1 9  0 . 3823 0 . 0001 0 . 0000 O .  l57l 0 . 964 1 0 . 31 71 

96 uz 86 82 83 1 1 2 uo 1 1 2  1 1 2  108 9 1  1 1 2  

HRH -0 . 1 1560 0 . 35771 0 . 03 0 1 Z  0 . 1 1531 0 . 140 2 1 0 . 3 5685 0 . 20264 0 . 1 2 753 0 . 1 3 708 l . 00000 - 0 . 2 680 2 - 0 . 0 2 0 3 0  
O . Z 646 0 . 0001 0 .  7843 0 . 3053 0 . 2090 0 . 0001 0 . 03 3 7  0 . 1884 0 . 1572 0 . 0000 O . O l l l  0 . 8 3 3 3  

95 110 85 81 82 110 110 1 08 1 08 no 89 1 10 

TEMP * 0 . 08951 0 . 186 1 0  0 . 34 Z l8 - 0 . 2 9607 0 . 15616 0 . 1 3 6 6 1  -0 . 1 2 743 -0 . 0 Z 1 34 0 . 004 7 9  -0 . Z6602 1 . 00000 0 . 00 1 8 7  

0 . 404 2 0 . 0757 0 . 00 1 2  0 . 0069 0 . 1560 0 . 1 94 1  0 .  2 3 1 3  0 . 8409 0 . 9641 0 . 0 1 1 1  0 . 0000 0 . 9859 
89 92 87 8 2  84 92 'JO 9 1  9 1  8 9  92 9l 

TURB * - 0 . 0 7530 -0 . 2 0 3 9 7  -0 . 22046 - 0 . 02 7l0 -0 . 24826 - 0 . 20362 -0 . 1 1 6 7 5  0 . 06890 0 . 0 9538 -0 . 0 2 0 3 0  0 . 00 1 8 7  1 . 00000 

0 . 4635 0 . 0 2 95 0 . 0402 0 . 80 72 0 . 0 2 28 0 . 0298 0 . 2 2 0 2  0 . 4 704 0 . 3 1 71 0 . 83 3 3  0 . 985 9 0 . 0000 
9 7  l l4 87 8 3  84 ll4 uz 1 1 2  1 1 2  1 10 9 2  11 7  
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