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liemo To:r D. V. Terrell
Director of Hesearch

Attnched is our first report of progress on 2n extensive
survey of acid waters snd drainage installations throughout the
state, o project which has been under way during the past vear.
Actually, the work was initisted in Septernber, 1949, but it was
first considered by the Research Committee at its meeting on
Docember 20, last yenr. Since that meeting much time and effort
have been spent by Messrs. Havens, Young, and Field in an attempt
to pbiain as much factuznl informetion as possible and report it
at the earliest opportunity. Ead there Deen much less rainfall
during the past summer it is probable that the entire giate would
have been covered and a complete report could have been mede at
this time. As it st-nds, even with more than 13,000 drainage
installations inspected rnd approxim:tely 2100 miles of road
included in the condition survey, this report of progress rep-
resenbs only about half the stete, and possibly two-thirds the
vork thet was contemplated,

Despite these limitations on the data, 2 substantial
portion of those things of primary interest have been covered.
Tt hae been shown that the acid potential in both the eastern
and western coal fields is high; that it is probably higher in
the West then in the Jasty that even with this high potentirl
most of the surface water flowing in either of the coal fields
is non-acid or mildly acld at nost; end that probably the waters
containing acids or othe corrosive materlals are extremely rare
in all parts of the state outside the coal fields.

There are many other significant things contained in
the resulis snd in the thirteen conclusions drawn from them.
Undoubtedly the most gratifying is the fact that exclusive of
silting - which is a seriocus problem thot does not receive
enough attention — about $8 per cent of the cross drains and
slmost 90 per cent of the entrance pipe in the arcas surveyed
are free from any noticenble feilures, Considoring the dates
of construction for seme of these roads, the variety of service
conditions and the relrtively limited attention which can be
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given drainage conduits cfter they are installed, this is a romark-
sble record. Probably there is no other feature of the highvay
system on which the Deprriment has been so successful in goining
permanence (and perhaps ade@lacy) through its designs.

Mith regerd to the couwntics that were sebt apart in our
memorandum report of April 26, as arcas in vhich caution should
be used for design against potential ecidity, there is no indi-
cation in the present report that the selection was not a gocd
one. Acid waters have heen located in most of the 19 countles
designated as seriously acld before, Put some of these need much
more oxtonsive sampling., Thus far, there are fow cgBes where
ncidity has been found in counties other than those on the ligt
made uwp in April. In view of those circumstances there is no
bagis for the present, =t least, on which a change could be
recommended.

Uliimately the Division of Design may want to give some
consideration to acidity surveys for cach individual location as
pro jects come up, since non-zcid vaters predominate even -in the
conl reglonsg and the Influence of the acid is usually limited to
o ghort distence from the plece at which i originates. If this
were done, however, it would not tske into account the effeets of
mince that would be opencd up after the road was in use.

After this report is considered by the Research Com-
mittee and comments or suggestions are recelved, we will make
rovisions in the procedures of surveying before the work is ex-
tended. IFf there arc no suggestlons, it will orobably be exten-
ded during the coming year to about twice tho cxtent of its

w
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vresent scope and made representetive of the entire state.

Respeetfully submitted

XE P
L.E.Gggg ?AY/

iasietant Director of Research

Copice to:
hesenrch Committec Mombors
Hack Galbreath (3)
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INTRODUCTION

Every creek gulley and draw interrupted by roadway fills and embank-
ments must be provided with an adequate drainace conduit under the pave-
mente If the natural drainage is impeded or the conduit is not function~
ing properly, impounded water over-runs the pavement, seeps through the
£i11, and eventually disintesrates the section or reduces its stability.
The topography in Kentucky, though varied sectlonally, requires on the
average, one cross-drain for every thousand feel of roadway. Obviously,
these drainage structures are of considerable economic importance in the
highway program, not only from the standpoint of initial construction costs,
but alse from consideration of the service-efficiency or the permanence of
the installation itself, Of these two factors, service-efficiency is un-
doubtedly the more important factor in determining an intégrated service
economy, Since permanence of a culvert or cross-drain depends largely on
the specific properties of the material with which it is made, considerable
advantage may be derived by selecting material for use in areas where their
properties are compatible with the conditions of service, and excluding
them where conditions are known to be unfavorable,

In September of 1949, the Division of Design expressed concern at the
premature disintegration of a series of Ji0~inch corrugated metal pipe in-
stallations under entrances alongside US 60 just south of Ashland. The
Research Laboratory, at the suggastioﬁ of the Division of Design, made an
impromptu investigetion (1) and was able to attribute the failure to acidity
from mine-water drainage. This was & totally unpredicted instance of in-
compatibility - not unpredicted with respect to the corrosive action of
acid on metal but in the associstion of acidity with mine-drainage water

in the localitys
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Even though for years it nad teen common knowledge that the potential
for acid in drainage waters was high throughout the coal-mining regions of
the state, the areal distributicn of existing, apandoned, and possible mine
sites had never been correlated with highway drainage requirementse Alsoy,
the need or lack of need for design against acid attack in areas outeide
the mining regions had never been determined by comprehensive investigations
As a precautionary measure, it had been é policy for many years OL all
Federal Ahide Projects to exclude uncozted metal pips as cross—drainsg re-
gardless of the location. Hence, there were reasons to believe that many
cases of incompatibility could exist in the highway syétem and their ex~
istence gO unrecognizéd in current design practicese

As a result of these doubtful circumstences, the Rasearch Laboratory
was requested to undertake a very comprehensive project on drainagee
Primarily, the study was to develop factual data on the distribution of
ncid waters within the state; beyond that, the objectives were to deter=
mine the effects of different acid concentraticns on all types of drainage
structures, provide information on the means available for desiwning against
rapid deterioration under acid exposure, and in general evaluate the per-
formance of existing drains in the light of thelr age and service conditions.

From the very sarliest inception of the study attention was directed
to the cosl-producing reglons of the state. It was assumed in the begin-
ning that corrosion (due to acid end saline waters) and, to a lessar degree,
abrasion were the only two factors (other than structural weakness) that
cause rapid failurc. Furthermore, #ll evidence supported an agsumption
that mine-water dralnage was the predeminant source of water acidity in
this statee This was unavoidably a preconccived conclusion and it is not

at 211 original in this investigatione
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Since early in the 1930's the problem of stream pocllution from sewage,
industrial wastes, and mine-drainage waters has grown steadily in impor-
tance as a debatable and controversial issue. During the W.P.A. sra c
program of air-sealing abandoned mines as a corrective action ageinst pollu-
tion from that source was sponscred by the US Public Jealth Service. DMNore
'recontly, ~ccording to Kenneth S, Watson, Assistent Director, Ohio River
Senitation Commission (2)% & U.S.P.H.S. survey estimated thet the equiva-
lent of 2,500,000 tons of sulfuric acid originating in underground mines
is discharged every year into the Ohio River Besine Stresm pollution is
regarded by many as one of the necessary evils of industrialization; thore
are also those of the opinion that pollution impescs an intolerable con~
dition on one of the country!s more desirable resources. No industry,
large or small, derives anv satisfaction from polluiing the streams. Numerous
arguments, pro and con,m&y be charged to the problem, but despite them all,
one fact remains unaltered: the cost of eliminating pollution will not be
borne by the indusiry alone but will be pro-rated in the cost of the com—
modity. The intent behind these comments is not to condemn the mining
industry but to emphasize the fact that pollution is a public responsibility
and ﬁhat demoge to highwéy drainage—structures resulting therefrom is of
rather minor consequence in comparison with the pollution protlem in general.

At one time or another, practically cvery state in which coal is a
major resource has found it necessary to investigate ecidity in relation
to highway drzoinape. During the laté 20ts and carly 30ts several states
conducted culvert surveys, some of them cooperatively. Some of the result-
ing information was integrated intc a report made by Roy W. Crum (3) which

was published in the 1932 Proceedin-s of the Highway Ressarch Boerd. Of

» Numbers in parcnthases refer to the 1list of References ot the end of this
report. ' ‘?*?
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the original reports, many of them were never published axd copies of the
manuscripts are either no longer available or are yet held confidentially
by the states. After almost a decade of fruitful research interest in the
problem apparently subsidedes It had not yet been determined whether the
problems were sclved to the satisfaction of all concerned or whether the
several states just decided to Nsweat-out! their own individual problemse

In 1934, the State Road Commission of West Virginia, in cooperation
with the University of West Virginia published a report (L) of a culvert
survey in that state which is by far the most comprehensive treatise yet
reviewade The author, W. S. Downs, described their situation as follows:

"4 major portion of the state!s area contains valuable coal

deposits consisting of numerous seams which differ somewhat

in the mineral content. Many such coal deposits are being

operated or have been operateds In elther event the oxidiging

effect of the air in contact with ths workings causes the

drainage water from the mines to be highly impregnated with

mineral saltse Most of them show an acid reaction due to the

sulfur and iron (free sulfur and sulfur in combination with

iron, never iron alone) in the coal so that the effect upon

metal or even upon concrete can not be ignored., Under such

conditions, it is necessary to exercise discretion in the

selection of the cuivert type. In certain localities it may

be advisable to reject the use of a culvert iype which under

different conditions has proven highly economicale®

Probebly the most significant feature of the Down's report was his
sbatistical evaluation of the expected service life of various types of
culverts, Ifor the purposes of his survey, it was necessary for him to
assume that the annual rate of deterioration remained constant throughout
the life of the culvert, From observations on a culvert he estimated a
percentage material disentegraticn and simply divided that percentage by

the age of the installation which gave him the annual rate and ultimate

life-expectancy. His assumption of a constant rate of deterioration was
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o rccognized expediency cven though Crum had found thrt the rate of de-
yarioration dees actuclly increase with age. The age of culverts rated
in the Downls survey ranged from 3 to 12 years and since culverts aged
only three yeers rerely showed perceptible gefects, he made & general
sssumption and charged ten points of deprcciation to apparently perfect
culverts. - The statistical results By nowns are shown (in part) in the

tabuletion belows

Noa. Of Culverts  Avge Expucted

Culvert Type Obgerved Serviece Life
Cast Iron Pipe 130 105 Years
Corr. Metal, General . 1277 : 27 "
Corr. Mctal, Plain 832 22
Corr. Motal, Paved Invert L5 ho
Rein. Conc, Pipe, Gencral 1758 5o M
R.C.P. Gast 1185 L7 "
R+CsPe Machine Made L30 59 "
Rein. Conc, Box 303 b3 "
Stons Box LS 108 "
Vite. Clay Pipe 168 oo

These rosults should not be taken without qualificetien since Downs
himself acknowledged thet in the cases of cost iron pipe and the stone box,
poth were located in areas unusually favorable to culvert longevity. -In
the case of vetrified clay pipe, structural failures were not UNCOmMMOIle

With regard to the eifcoct of acid water on culvert longevity, Downs
found thet in water having a pH less than 3, concrete shows an average
rate of detcrioration four times as grent as when the pH is around 7e
Quoting again from his reports

Mene It 15 conclusively shown thrt mine drainsgce which possesses

a low pH value (highly acid) will rapidly disintegrate the invert

of any cxposed motal pipcCe. .soAs a zencral rule, however, this

survey shows valucs ranging from 6 to as low as 247.. The survey

further shows thot pipe detcrioration {concrete and metal) in-
crenses ns the pH value of The woater docreasese™.

7
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Amost contemporary with Crum's report or possibly & little later the
Pennsylvenia Department of Highways conducted a cuivert survey (5)s Their
survey covered approximetely 15,000 installeticns of which ovcr 2,000 were
discarded in the data due to extroneous -influences such as mine-waters
tannery discharge and chemical poliution, On this basis, approximately
the same method s used by West Virginia was used to cstimate probably
1ife-expectencics and, of course, the results were subject to many of the
seme assumptions. The conclusions from Ponnsyivania in regirrd to life-

expcctancy are tabulated belowe

Type of Pipe Condition of Flow Life Expected
Cast Iron Intcrmittent 50 plus years
cast Iron Consteant L0 years
Concrete Intormittent 0 years
Concrete Constant 32-36 years
gcorrugated Metal Intermitient 29 years
Corrugated Metal Constent 16-20 years

The Colifornia Division of Highways has recently made a final (20

year) report (6) on corrugated metal culvert field tests which werc sterted
in the 1929-1%30 eras. In 1928, & report which precesded the long-time

study conteined the following conclusion:

"The sversge indicated life of corrugated metal culverts in
California, in fresh water and with intermittent flow, baged
on observations of 2500 such structurcs, is abeout- eighty years.

Mpeteriorstion in corrusated motel culverts is due slmost oX-
clusively to corrosion, 1s preventable. in mAny OASCS, and may
be greatly reduced in otherss

ngpelter slone docs not provide sufiicicnt protection against
corrosion, exccpt under most favorable conditions of exposure,
and bituminous and other protective coatings are usually de-
sirsble even where speltor is used.®

&0
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According to correspondence with the California Division of Highweys,
the 1628 report failed to furnish conclusive deta as to the relotive cor-
rosion rzsistance of different hase metals end that portion of the report
was held confidential, but the conclusion of the 20-ycar porformence iesﬁ
was to the effect that there was no outstending resistance of any one metal
over ‘the othor; uwsed in the projects Six metals were used including five
which conformed to A.A.S.H.O, Specificetion M-36, plus the sixth which wes
wrought iron. In this regard too, the State of west Virginia in 1928 and
1929 obtained similar rcsults using highly acid mine water as the condition
for exposure. Though this reoport too has boon h-1d in confidence pending
more substontiating rosults 1t is belicved to be o creditable and reliable
confirmation of a somewhat clementary fact that rcid mine-wator and bare
metal are extremely incompatible. Under the conditions of the test, bare
metal in contact with the highly acid mine-water lasted only 86 days, and
there was little if any difference observed in the life of the hase metals
useds

A study of the relative corrosivity of L#se melals in varicus soils
and cindsrs was made in 1937 by the National Burcau of Standards (7), which
may be interpreted as & further confirmation of the california conclusioie
In this experiment pieces of the metals were buried in corresive soils of
various severity ratings and the samples were periodicaliy evaluated, The
cinders corroded the metals almos? twice as fast as the severest soile From
this study too, it was soncluded that the addition of small amounts of
chromium, copper, nickel, and some other elements 1o iron and steel appears
to have no marked asffect on the resistance of the alloys to soil corrosions

There is evidence too that acidity nes a somewhat similar but less

spectacular effect on conecrete drainage structures. As already mentioned,
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Downs, in his survey, found some rather serious damege of this nature in
Yest Virginia and was able to correlate pH Wiﬁh the annual rate of deteric-
ration. Aside from that, it appears that very little effort has been de-
voted to this phase of the problem, particularily by the various Highway
Denartments, About the most outstanding published information-came during
the same fruitful era of the early 30's when Dailey Tremperi in the State
of Washingion made a rather exhaustive study (8) of the effect of mildly
acid waters (pH 6 to pH 7) on concrete, He found the rate of attack to
vary inversely as the pH, and that above pll 7 {nmeutrality), the rate of
attack is too mild 1o bé of practical consequence. Exposures to a naturally
acid ereek cave results comparable to artificially acidified water in the
laborztory. None of a series of Portland Cements used was found to be dis-
tinctly superior in resistance. A11 the specimens expcsed to acld water
were severely attacked tc a depth of 1/32 to 1/16 inch. The rate of attack
was very fast at first and diminished to practicelly nil in a short time.

/s the result of numerous tesis, Tremper discovered that strength at
any length of exposure could be related to the original water-cement ratio
and the loss of lime (Cad) from the cement. There seems te be a uniform
migration of the lime from the interior as well as the surface of the
mass leaving a skeleton structure of the remaining calcium silicate cements,
silica gel, and aggregate. Although the surface damage is the only apparent
affect, & loss of as much as 50% of the original lime results in 2 total
loss in strength of the structures Uniformity in loss of lime was found
to a depth of about 15 inchese |

With regard to surface coatings he found that they afford protection
for about two years and thereafter depends on the frequency of renewal.

Unfortunately for this study he did not find in the State of ashington
acid concentrations comparable with those that prevail in Kentucky, If his

# Engineer of Tests, State of.ﬂashigg%gn, Department of Highways.



tests had covered the full pH range, from 2.5 to 7, it would surely have
provided a broader application and significance for his findings.

The same type of surface corrosion observed by Tremper was observed
in 1927 at the Gouvld Street Power Pl;nt in Baltimore, Maryland, (9) where
coal had been stock-piled and rain-washings had acidified the soil to a
considerable depthe Holes were sunk into the seoil which filled with water,
and concrete specimens were submerged in the water. The highest mineral
acidity recorded for the water was 6,32% by weight expressed as sulfuric
acid. Although this was a static-immersion type test, surface corrosion
progressad rapidly at first to a depth of 1/8 inch but after 291 davs, .
corrosion practically ceased. In this series of tests no thought was given
te the possible less of lime from the interior of the concrete or 1o the
‘strength-loss sustained. A protective gelatinous film was observed on the
surface which, of course, must have been composed largely of silica and
ferric hydorxide gel. Efforts were made to "sweeten" the wéter by thé addi-
tion of limestone; this too produced a ragid reaction at first, buit the iron
oxide gel coated the limestone particles and complete neutralization of the
acid was never achieved. In the presence of iron it was concluded to be
impractical .

Compared with the rather extensive studies of acid resistance that
_havé been made with concrete and with metal pipe, practically nothing has
been done in this respect with vitrified-clay pipe. From this particular
standpoint, and quite eside from any other characteristics, it is obvious
that such investigations have been considered superfluous in view of the
inherent properties of vitrified claye While tle use of this material in

drainage installations has generally declined over the vears, it still

# For a more detailed treatment of corrosion theories and their physical

and chemical aspects, see sectiongogéTheories of Corrosion, Appendix {(A).
i‘*‘{.
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occupies a relatively prominent place in older roads; It is interesﬁiﬁg
to note, tooy that Pennsylvania reports smong other things the current use
of "...qoncrete pipe with terra-cotta lining" in mining gettions where
drainage structurss are subject to acid mine waters.

Upon the completion of this survey throughout the entire state next
year, and after the test-pipe installation wanich is a part of this project
has been in place several months, the compativility features of drainage
waters and drainage=-installation materials should be well established in
Kentucky. In the meantime, a large part of the intended work in the mining
ssctions has been completed, and information from this should be of immediate
benefit in making design for thoss regions. On the other hend, this re-
port furnishes only a slight amount of data applicable to the non-mining
sections, and therefore, it should not be applied indiscriminatly to those

sgetionse
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ACIDITY DETZRNINATIONS

geveral factors of rather peneral knowledge were the foundation for
planning and carrying out the acidity determinations. The foremost ob=-
jective was to determine the locations of corrosive drainage waters in the
state and to develop data, by survey, sufficient to describe the boundries
of aritically corrosive areas. The very nature of ‘the geologic areas of
the state suggests a means of differentiation, Geologically the eastern
and western coal fields are similar, BEoth areas_have sandstone—derived
top-soils and substrata of sandstones, shales, end coalss In contrast, the
remainder of the state, with the exception of the Purchase area, is domi-
nated by limestones and clay-shales with the drainage conditions largely
reflecting the character of thease materials. Finally, the Purchase area,
which consists almost entirely of uncensolidated deposits within depths
that influence drainsge, is free from either of these two influences,

Coals are known to contain appreciable quantities of imﬁurities in
the form of free sulfur, iron sulfides, and numerous other minerals, The
diggolution of sulfur by water and the subsequent exposure tc oxygen and
lipght produces a sulfurous or snlfuric acid; end in the same process, sul-
fides may be converted to sulfates. This is the reascon why drainage waters
become conbaminated with corrosive agents = both aclds and saltse

As a furiher consideration, surface run-off following a rain is usually
of comparatively short duration; it washes over and through surface ma-
terials which have been repeatedly washed by previous rains, As a consg-~
quence, surface run-off has no oppotrtunity te infiltrate down through the
substrata to take mineral salts into solution, Water that does infiltrate not
only comes inte contact with these subsurface deposits but it mey eventually

arrive at en impervious strata and seek an outlset laterally. In coal regilons

55
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aubsurface draina-e often finds an outlet in mine tunnels; cuts, springs

or other discontinuities of the strata. Even shaft-mines have to be pumped
daily, Subsurface drainzse ls usually continuous and not readily affected
by rains. The infiitration is slow and the rate of discharge fairly con-
stent. It is not unusuel to find flowers of sulfur and iron deposited on
the face of cuts by the evaporation of water seeping Irom exposed coal and
highly bituminous shale seams.,

kany cross-drains are influenced only by surfoce run-off, Between
rains they.may dry up entirely. Ordinarily these were not of any perticu~
ler concern in this phase of the survey; on the contrary, all locations
where flow was continuous were of interest, but obviously only a few could
be sampled. At the beginning of the work, continuous flow and proximity
to highweay cross-drains or culverts were about the only factors considered
in selecting sample locations, and from the standpoint of correlating acidity
with Factors in the condition survey, this was satisfactory, Hovwever, the
project had not been carried very far until it became apparent thet other
things must be considered if the results were to show the potential acidity
for use in future designs as well as existing acidity end its effect in
present performance.

Acid concentration, of course, is greatest neer the source of contami-
nation, and it is progressively reduced es the water becomes farther and
farther removed from the source and receives surface and subsurface run-off
enroute, Thus, tc evaluate the potential in most areas it became necessary
to resort to selsctive sampling. Some sources of contamination were sought
and measurements wers somnctimes made deliberately at points rather for re-

movad from an existing highwey or drainage installation.

foiss
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Finally from ths standpoin% of either objective, weabther was an im~
portant consideraticn. Irequently it was necessary to wait from two to
five days after a raln to assure normaley bsfore work could continue,

The heavy and frequent reians during 1950 curtsiled operations in the field
for leng periods of time. Oceasionally when railn interrupted work in one
area of the sitote, another area could be fourd where the rain had not
cccurreds. This was particularily so in ihe eastern part of the state where
localized showers are frequent. Unfortunately, these circumstances pre-
vented completiDn of the survey in one year as was planneds

With this dnformation, the course of sampling was ocutlined in & generesl
way; but the appraisal of local conditions was cbviously dependent upon the
judgement of the cbserver on the spot, County maps and the general knowledge
of the coal fields were helpful in determining areas of concentrated mining
and for recording sample locations. Had asrial photograpns been more readily
available, ths sampling program might have been conducted more effebtively
and methodically, Fortunately the observers were familiar with most of the
areas of the state and no groat waste in effort resulted,

From the stonduoint of planning, it seemed adviseble to observe and
and test conditions of extremity as early as possible in the survey in
order to become familiar with the various degrees of acidity that might be
encountered, iarly experience showed that by observing certain tell-tale
foatures of the stresms and culverts, aéidity could be rucognized with a
fair degrege of accuracys Ninnows and tadpoles cen not live in highly acid
and sullurous water and tlieir presence is an indication of an acid-free
Jocations, The presence of vegetrticon in the bad of an intemmittent or
braided stream is also en indication of an acid-free watsr, OF course, bhe
presence of a corroded culvert is positive evidence that the drainage weter

waa acid alt one time or anothere
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Field trips were selected in such a way as to provide o maxinum of
areal coveraze and were usually confiﬁed to the numbered state routes,
Ordinarily the acidity measurements and the condition survey could be
carried elong together; but in some instences, such os periods following

ains and while run-off wes exceptlonal, condition surveys could be made
but acidity determinations were stopped. Likewise, some trips were made
for the scle purpose of investigeting extreme acidity; and in those in-

stances, culvert condition obscrvations ond ratings were held to a minimm

or left off entirely.
Bquipment and Procedures

Electrical conductivity was used as the method for festing the water
despite the isct that the most used and best known method for testis of this
sort is the pH determination. Proference for conductivity was based entirels
on preliminery judcement ond not on cxperience. The reason for this choice
may be justified by explaining the sionificant difference between the two
valuese pH is defined as log (1/H+ concentration); aq such & pE 7 would
indicate = Ht(hydrogen ion) concantrntion of 1 x 1077 cquivalent Hiper liter
of solutlon. 4 pH 1 would reprosont a concentration of 1 x 107% op Ol
equivalent HT per liter. Thus = pE 1 is 10,000,000 times more acid than
pPH 73 likewise, a pH 6 is ten +times more acid thoa pH 7 Bub pH serves
only to define the acid concentration which is, of course, the severest
corrosive agent encountered in drainage viaterse. It does not indicate the
presence of corrosive selts which are usua ly associated with the acids.

On the other hand, oluctricel conductance does not dificrentinte between
acids and srlts, but rother inteyrates all ions in terms of the current-

carrving capacity of the solutione
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The ease with which the current msy flow depends upon the mwmber of
carreni-carrying lons present and their mobilities, Hydrogen ions, being
very mobile, have three or four times as much effect upon conductivity as
do iomg of caleium and iron. Therefore, a conductivity measurement is a
summa tion of all ionized solutes. BSince soluble and ionlzed salts may,
even in the ahsence of acld, cause severe corrosioni and since conductance
tokes these into account while pH does not, it was concluded that the more
accurate measure of the corrosive potential in the water could be obtained
by conductance measurements whether the readings were ever translsied into
sbsolute terms of concentrations ¢f the various lons or not.*

For this purpose a Conductivity Bridge, Model RC-16, manufsctured by

Industrial Instruments, Inc., was employed in conjunction with a platinized

electrode assembly shown in Fig. 1.
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Fig. 1. Water Testing Eguipment: Conductivity
Bridge, cell, burette, and qualitative
reagents,

¥ TFor a more thorough theoretical and mathematical treatment of the appli-

cation of electrical conductivity to agueous solubtions gee Arpendix B
Tk } Ay L
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With this and accessory equipment, a mobile laboratory was improvised in
a 1/2-ton pick-up truck shown at an actual acid locstion in Fig. 2. By
this means it was possible to perform on~the-gpot tests in fifteen to twenty

nmimates,

Fig. 2. Mobile Laboratory equipped for on-the-spot
anzlyses, shown at a typical location of
high acidity. Abandened minees such as this
cne are prevalent zlong roads in many parts
of esstern Kentucky.

Since the conductivity instrument was designed to operate on a 110

volt, 60 ecycle, A.C. power supply, a 50-wati Cornell-Dubilier Vibrator
converter, Model €R 5, was used to convert the truck's battery source in
order %o supply power to the instrument.

The entire apparatus was secured

on a work-tzble in the resr of the truck.

For the conductivity measurement, only about a 60 c.c, sample of the

water was required. It was dipped up or taken in a gyringe, poured into
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a clear plastic test tube (to prevent broeking the glass housing of the
glectrodes), and the temperature was adjusted by warming the tube with the
hands or cooling it with ice as required. The dip=cell was then inserted
into the test tube and a reading taken. Velucs read from the dial werc iﬁ
ohms, and these dIn turn were converted to conductivity,

A rather elementary set of qualitative reagents and a spot=-plete wers
provided end a cursory qualitative chemicel analysis performed on samples
showing extreme pollution in the conductivity test, It was possible with
the aid of the burcette shown in Figes 1 te titrate the extent of acidity
against & previously standardized alkali. This test toc was performod only
on the very acid weters. In particulerly interesting cases, o quart sompie
of the watcr was brousht to the laboratory Ffor furthor analysiss For the
titrations, alcholic phenolphthalein indicator was used to determine the
total mineral zcidity. In soms cascs the free mineral acidity was deter-
mined using methyl orange as the indicator as r.commended by Sn2ll and Biffer
(10) .

In the later stages of the survey, some pH valucs were token using
indicating poper and color chortsed This method was found to be relisble
in most cases, but there were some waters which tended to bleaeh the in-
dicator, meaking it impossible to rosd a satisfactory value, Usually, how-
every a good correlation was found between pH velues celculeted from the
titrations and those measured by this mcthod, althouph the values by the
two methods wore never identicale

Thesc supplementary tosts scomed adviseble in view of the limitations
inherent in the conductivity m@asﬁraments. It was alsoc of interest to com-
pare valucs such as pH end titrable acidity with conductivitics end to iden-

tify the contaminating clementse

* pHydrion paper, manufactured byg%%fro Essenticl Laboratory, Brooklyn, N.¥.
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Results

Fige 3 is & map of the state ghowing the results obtained thus far in
the acldity doterminetions, snd elso, the oxtent of the condition SUrvays
It shows the approximate lecation of the samples and the frequoncy with
which they frll into arbitrarily choscn ranges of acid and sali concentra-
tions as deterained by conductivity., The roads shown by solid lincs arc
those coverad in connzetion with the culvert condition phasc of the survay
2g well as in the acid watcr phase,

The map, by itsclf, is a limited presentation of the data; for among
other things, it doce not difforentiate sources of samplcs, Most of the
acid end intermcdiately zcid samples reprosent mine and coal-seam drainage
while those classed os non-acid were generally smpled at random from streams
and side~ditches, ond represent surface and near-surface drainage. Test
date for each sample are listed in Appendix D, The data there are cntaloged
by districts, counties, ond roads, fxact locations of sample sites are
given by reference points,

In the eastern ccal field an effort was made to sample and test every
location encountered that might be affected by mine proximity. This does
not imply thot every mine wos tested. Marny mines do not dreain water, many
others wore ifar removed from the rosd op drained cwey from it. Usually only
cne culvert is affected by ény one mine or spring, If the water travels
far encugh before reaching the road, drainage from hills and fields mey
dilute the water beyond the abbritrary limit of acid snd salt contamination,

In the western coal field, the tendency is for some stresms to be con-
tinuously acid. The gradients of the strercms are generally sliszht end great
reservoirs of mine drainage may collect in the chennelse As o result of

this sluggishness, o given stream may be sampled 2t several locaticns along

e P2
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a perticular road snd yield the same degree of acidity. Surface run-off
in this territory is rarely sufiicient to flush the streams, ond as a re-
sult ﬁhe waber usually looks red or yellow,

Both the tabulations of data and tﬁe areal distribution of semples
shown on the map fall to toke such metters into consideration. It is
evident that highly ccid waters are spread throughout the two coal fields,
and yet within these regions there is a predominsnce of non=-azcid waterss
The ratio of the two,; for rny number of samples taken, weould depend upon
the selectivity of sampling. This is especially true in the esastern coal
field, but hardly less true in the western. Actually the acid and non-
acid waters may exist very close to each othar.

A common situation is illustrated by Fise L, which shows a drift mine
from which hishly acid water flows and, althﬁugh this usnally amounts to
seepnge, it is fairly regular, YWater from this mine flowed along the side~
ditch, merged with a larger non~acid stream, and then procesded through a
cross—-draine From the point of merger the concentration became progressively
lower, #nd the nearest culvert received only mildly =cid watere No other
culvert in fhe vieinity wrs affectede Where a cross-drein is immediotely
adjacent to the source, the -effect is, of course, quite diffecrent, Mines
of this type are numeroues in the eastern field, snd the associated drainage
is always acide In the western iield, drift mining is relatively un-impor-
tente

In contrast to the primitive mine shown in Fige 4, the very elaborate
mining operation pictured in Fige 5 produces large quentities of coalse In
this case the coal is washed free of mine dust, mmd by means of the seittling

basing in the foreground a feeble attempt is mede to rocover dusts and solids

94
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Drif{ mine opening in the face of a cut, located on Ky. 180 between
Cannonsburg and the Junction with US 23, Boyd County, water sample
no, 3%, Specific resistance - 36 ohms et 259C., measured pH -3,

titreble acidity - 0,026 eq./ liter, positive qualitative tests
for - Ca™, 80,=, Fe*t,
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5

Tipple and settling basins, Inland Sveel kine, at Wheerwright on
Bye aces 1his 1s cne of vhe pacgest coal processing prants in
the State., The stream at the right 1s the Left fork of Deaver
Creck which receives the over-flow from the settling basins in
the foreground,

A simiiar though more recent development is now in progress in
-
L

Breathitt County at Evanston (Pond Cre ek, Poca;antd ) wihich: pro- i
]'l'llmeo Lo bhe evt';"i ENOTIL Above, Both s u—'“.l.:;z :
ong oridt mining rass liare,

Industries are demanding more and meie that cozl be washad free
of mine dust and dirt and at the present time a good percentage
of the dust eventually cnters the nearest sircanm.

There sre sevoral of tho ppies Located at the very hsadws
of the state's major snream&; the GHMbULlaﬂd in Harlan County,
the Kentucky in Letcher County, and the ﬂaﬂaﬂVinPMm County.
Although eritically acid al the souvrce, su eﬂueut dijution by
down-stream tributaries reduces the concentratlon far below the
point of critical acidityv.

i
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before the weter is emptied into the streams. Despite this, streams may

be discolored as far as twenty-five miles down-stream. Solubles, acids,
and selts are discherged into the streams without furthsr recourse, The
concentration of the acids in water dischrrged from these sleborate opera-
tions may not be as great as that coming from the smcller mines, but its
influence is carried over a mich groster distonce due to the greater volume
of water discharged.

These particular cases serve to demonstrate the great number of scom-~
ingly intengible variables that ousht to be congldered in amy attempt to
integrate the data in Appendix D either arcally or locally. Taken at face-
value, the tabulated results and the map show that ecidity can ocour in-
descriminately throughout the coal region ond that, depending on the local
conditions, it either may or may not exert a direcet influence on a highway
dreainage siructures

Tt is of interest to this phase of the survey to be able to predict
the acid producing potential of an area within the coal fields which may
as vet be undeveloped. In this regerd, there appears in Appendix € an
attempted correlation of the areal distribution and sulfur content of coal
depositse In the absence of actual ncidity meassurcments thot would estab-
1ish the extent of influence, the information is an indefinite yet valuable
indicetor of the acid-potential of the ared.

During the course of this survey, several photographs were taken
illustrating represcntative features enGOuntefed. Unfortunstely, it was
not possible to demonstrate with black and white pictures such significant
feeturcs as yellow and red streams,rust, and other colorful featurcs of
corrosione Thercfore, in addition to the illustrations included herein,
several color-transparencies were prepared as pert of the permanent records

of this report end may be seen upon requasts

2 Jrg




:E"

- 2h

6.

An etched concrete cross-drain with sandetone masonry headwalls
located on Ky. 74 in Bell County, 7 miles from Middleshoro. The
sourse of water here was an abandoned mine and slack~pile., 'The
water was continuous flow as evidenced by the corroded channel.
It was not possible to determine how long the acldity had existed
or what variations have occurred in the degree of acldity., The
pipe, according to records available, has been in service since
1927,




i

vorrugated metal cross drain on US 60 at Bluestone, This culvert,
for which the records indicate service~life of twenty-nine years,
was replaced in the proecess of reconstructing the road shortly
after this photograph was taken in June, 1950, The invert has
been eaten away and water is standing in the channel. This static
water (sample No, 16) showsd a specific resizbance of 930 ohms
and positive qualitative tests for sulfates, chlorides, and
calcimm, It is not known definitely what the source of cone
tamination has been or how long the corrosive agents have been
active, There is a building-stone guarry above the road which
has been operated intermittently over the past several years,
Also, the location is on the very edge of the eastern coal field,
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Etched wing=wall on US 60 in Union County, 14.8 miles from
Crittenden County line., At the time of sampling only residual
water was found, Water sample No., CY=13 gave & specific re=
sistance of 357 ohms. Positive qualitative tests were obtained
for chlorides only, There are several producing oil wells in
this area and, although the source of contemination can not be
attributed directly to them, the presence of chlorides and the
absence of iron snd sulfates seems to indicate that the cone
tanirating source is something other than coal mines, It is
not wrusual in the drilling of o0il wells to pump highly con=-
centrated salt water from the wells.
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CONDITICN SURVEY

Tnasmuch as it was necessary to examine numerous culverts in the
search for acid waters, a record of the gemeral culvert conditions observed
was considered to be of supplementary interest in conjunction with the-acid
water data. It was necessary, however, to limit this phase in favor of the
acid water study., Based on a rather conservatlve esbimate of 25,000 alverts
to be examined and allowing five minutcs for each one, & total of 261 work-
ing days would be involved cxclusive of the time spent enroutn batween
culverts. Consequently, at best, the examinations were considerably

ebhbreviated,
Procedures

The roads covered in the condition survey were lergely selected for
convenience in a travel itinerary, which in burn was dependent on areas
of interest from the standpoint of the acidity determinations. Almost
invariably when a road was included in the condition survey, all culverts
or cross—drrins that could be located throughout-the entire length of the
road were inspected, The same was aot true for entrance pipe, because it
wos seldom possible to determine whether replacements had been made after
the road was first placed in service, and rrezat discrepancies in data
pertaining to entrance pipe could easily develops

Age of an installation was a {actor of primery importance, end 1in
the beginning it was inﬁended that this information be developed in the
field at the time inspections were mades This did not work out, and re-
course to records in the Central Office became necessory. Rven then, on
very old roads it was difficult to determine whether culverts placed in

the original congtruction hed or had not been replaced since thei time.
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These details in the data have not been sufficiently exploited for the
culverts inspected thus far. Age as a factor in the resulits, has been
practically isnored in this report with the intention of giving it full
consideration ir the final report next year. Likewise, the diffcrences
in areas witinin tae stote have been relegated to the final report, since
only a limited emount of data have been obtained outside the coal regions,
The examination of a culvert was usually:made by inspecting from both
the entrance and the exit -~ hardly ever the exit alone, The culvert was
identified as to type, and assizned te one of the five condition categories
as follows:
Excellent - The culvert showed no deterioration, cracking or
structural defects; no stoppage of any sort, and
seemed to be functioning properly.
Silting =~ Structurally sound, but the passage of water im-~
peded by residual deposits of silt, sand, gravel,

rocks or organic matter,

Caving In - Any portion of the culvert broken or bent to the-
extent that the filow of water was impeded.

Undermined - Water flowing other than through the culvert due
to faulted sections or seepage channels,

Miscellaneous = Etching, or corrosion, and abrasion,

Certain features of the culvert such ss the presence or absence of head=
wells, exposure due to removal of cover material (particularly for en-
trence pipe), end other factors of inflﬁence were npted on the inspection
record form. Notes were also taken as to the road-type and condition of

the surroundings.
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Results

To date, the condition survey has coversd 52 counties, only L5 of
which are considered complete. A total of 2,376,2 miles of road are re=
presented and 13,149 culverts and entrance pipe are listed, The location
of the roads are shown on the map in Fige 3 (following page 18), and 21l
data taken in this phase of the project are cataloged by counties, roads,
and reference points in Appendix E. Table I is a limited statlstical sum~
mary of these survey results, pres.nted without regard for different areas
of the state, the size or age of culverts, or the age of the roads. The
significance of the results in each category, if such cen be drawn within
these limitations, can be best juwdged when the performance groups are con-
gidered individuslly.

Excellent. On the average, 82.3 percent of the culverts and 58.8 per-

cent of the entrance pipe surveyed to date are showing excellent performances
Insofar as the culveris are concerned, of the principal types that are com-
monly used in present day construction, only the concrete box was above the
average in excellence, This was largely due to silting which, es subseguent
discussion will show,. is the mamner in which the greatest number of drainage
installations fail to function properly, The concrete box is particularly
free from this, and, of course, the sizes and locations peculiar to these
structures set them apart irom the general run of cross-drains.

Limitations in the number of samples representing some types of enm=
trance pipes make oan analysis hardly valid. Here agein silting, as an
adverse feature among those pipes inspected was so predominant that not
more than 80 percent within any group that is used on construction today

could be classed as excellent,
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Table 1 Summary of Results From Thé Condition Survey
Condition Rating
Installstion Tvpe 'SuriZ;ed EXcellent silting Caved In Undermined §{ Miscellaneous
Wo. Pet. THGO. Pcte. No. Pct, Ne, | Pcth. Noe Fcta
Cross Concrete Pipe 6,203 )i, 676 75.k | 1,506 2h3 8 | 0.13 1 | 0.02 1z 020
Drain . :
| Concrete Box 3,782 3,60 96,2 127 | 3.4 - - 11 0.3 h 0.1
Concrete Sleb 120 116 96,7. L 343 - - - - - | -
Stone Slab. 108 95 88,0 13 12,0 -1 - - - - -
Corrugated Metal 296 183 61,8 L5 15.2 8 2.7 - - 60 | 20,3
Vitrifiied Clay 1?123 858 764l 256 | 22,8 9 048 - - - -
Wood & Cast Iron 6 6 1100.0 - - - - - - -
Total 11,638 9,574 82.3 1,951 16,8 25 Go2 12 ol 76 G565
Entrance Concrete Pipe 5zh 366 69,6 131 25,0 + 1L 2.7 1 0,2 12 2.3
Pipe :
Concrete Rox 20 16 80,0 L 20,0 - - - - - -
Concrete Slab 1 1 4100 - - - - - - -
Stone Sisab N 2 50,0 P S0,0 - - - - - -
Corrugated hetal 859 439 51.1 262 32,8 (123 {1h.3 - - 15 | 1.8
Vitrified Clay 106 68 6l.2 33 1 33,1 5 1 L.7 - - - ~
Wood & Cast Iron 9_ Iy - 3 2 - - - - -
Total 1,523 896 | 58.0 455 1 29.9 jibh 1 9.5 1 - 27 1 1,8

F-Thl W )
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Siltinge, Not only wos siliting the major source of failure among the

cross—draing, bub al1 types of installations of any consequence weres
affected. At face value, the date showed thabt on the average 16.8 percent
of the cross-drains were silted. The rate of silting in the entraﬁce

pipe was 29;9 percent. Actually, the figures themselves must be tempered
some in judging the severity of this type of failure, for it will be notled
that the definiticn set fourth on pape 28 merely indicated that flow was
impeded = not necessarily blocked, Actually, the silting ranged from
moderate impediment to complete obstructione A good illustrastion of the
latter condition is shown in Fig¢“9,

To attribute conditions of silting to any particulesr factor would be
impossibles About the best correlation should come tirough consideration
of geologic and soil areas, éonstruction features, snd mailntenance practicess
Cleaning a siited drain involves relatively simple measures in comparison
with the correction of other failures. Cleaning alone, however, does noi
eliminate or promise permaneqat elimination of silting. This is particularly
true when erosion control along = good portion of the rights-of-way in the
state is not feasible, and still more true when it is shown thal erosion
from adjacent fields into side ditches is widespread wiere the rights=ofe
way are narrows

Caved‘In. The figures show that structural failures resulting in
collapse or caving-in of cross—drains are negligible, For entrance pipe
this factor is much more Important, but there the reasons are obvious,
Almost invariably, the ends of & pipe have not been protected by a head-
wall or the width is so restricted that vehicles have crushed the ends,
or else the cover material has been removed and direct application of

loads from tractors or trucks conio the pipe has ceaused breakage.
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Entrance to a cross drain complevely obstiuvcoed by siiving. This
location on Ey. L7hL weiween laeisonviite and Wepnsiver County Line,
accentuates wie duporbtance seedlng and mulching for erosicn contbrol
as soon after construction ag possible.

A large number of the silbted cross drains observed Lo date were

on newly constructed highways, wet these represented only a small
portion of the total. CGrading a project one year and surfacing

it the next inbtroduces an erosion and culvert-siliing situation
which ig difficult to overcome, partlcularly when quantities for
shouldering are omitied from the originel grading contract.
Effective cleaning of all cross drains and enlrance pipe carried
out along with the erosion control measures should be satisfactory,
provided erosion control is part of the contract.

OB
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In many cases the head-room may be insufficient from the beginningg
from & practicel standpoint, it seems definite that structural failure
of cross-drains is of no concern whatsoever in present day constructicn
practices, and that some measures that would prevent a high rate of damage
to entrance pipe are morec expensive then the costs of replacing those that
faile Although the resulis from this survey show only about 10 percent
failure of entrence pipe from cavewin, it is known that the figure is
actually much greater when replacements that are not represented in the
survey are taken into accounts

Undermined, The designation Mundermined" is & misnomer so far as the

causes are concerneds The condition may often be no fault of the drain
itselfe Spreading of fills as they settle may pull the pipe apart or cause
faulting at the jointse Then, too, a very pervious rock fill is conducive
to the action; particularly when the water enters the drain_satisfactorily,
finds scme outlet within the drein, and flows through the pervious material
beneath the pipe tc the downstream side of the fili. Actually, in mony
instances the drainage may be effective none-the-less, and as long as the
structure is not actually undermined to the point of serioué'settleﬁent and
collapse there is no real failures A situation such as this is shown in
Fige 10, the stone headwalls there being misleading so far as the composi-
tion of the fill ditself is concernede

Undermining is even less prevalent than caving-in of cross-drains and
certainly can not be considered of any consequence abt oll in the performance
of the existing structures surveyede.

Miscellaneous, The category "miscellaneocus" is made up almost entirely
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Figs 10@

Undermined culvert on Ky. 15 in Perry County, where water sample
No. 1 was taken., The pipe has been pulled apart at joints near
the upstream side of the fill, and waber passes beneath the pipe
to the dovmstresm side during period of flow.




of deterioration under the attack of acids, although corrosion by other
means and abrasion caused by coarse, irregular‘material carried by flowing
water are included also, For all culverts or crosg-drains taken collectively,
the damage to those surveyed did not exceed 1 percent. In view of the fact
that the bulk of data in this progress report applies to the mining regions
where acids are widespread, it appears certaln that the performance finally
recorded when the entire state is surveyed will show that acid damage is
extremely limited for the state as a wholes

The damage to corrugatéd metal crogs drains surveyed thus far was high=-
about 20 percent being affccted. The degree of failure vearied from severe
etching to complete corrosion of the lnvert. Tt is impossible to estimate
the results that would have been obtained had the use of metal pipe for
eross-drains been more widespread, or if the metal had been coated at the
relatively few installations considered to dates Yot a single coated or
paved pipe was encountered.

Figures in the miscellanecus category applied to entrance pipe are not
good indicators of the conditions pertaining to acids, for the great ma=
jority of the recorded entrance pipe were in areas outside the mining
regions where ocids seem te be of 1little consequences The foct that in
the mining areas,(particularly in the eastern part of the state) populas-
tion and industry becomes concentrated immediately adjacent to the roads
and entrance piperhave been added from time to time without any record of
dates, makes cny evaluation uncertaine This,of course, is the same situa-
tion that must be considered everywhere so far as replacement of pipe is
concerned, end it makes evaluetion of entrance-pipe conditions a rather

indefinite thinge
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Some concrete pipe 2nd box culverts were ceverely abtncked by acids,
although only 0.2 per cent of the 6,200 pipe and 0.1 per cent of the 3,800
boxes were thus affected. In some cases, coi course, the etching was light
ond in no case was there evidence of complete disintegration to the point
where the concrete had been completely carried awaye This does not
necessarily mean that damage has not carried through the entire thickness
of the pipe where the acid abtack has been severe, Further investigation

would be necessary to determine the depth of influences
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CULVERT TEST INSTALLATION

Certain fallacies exist in the evaluation of cvlwert life—expectancies
on the basis of field survey data, since mery of the relevant facltors such
as age of the installation and the duration of the corrcsive c&niiti@ns
are often indeterminate or vague. This is particularly true on old roads,
and even nore so wibth regard to enirance pipe where dabtes of insﬁaﬁilation
rarely conform to the dates of the original grade-and-drain contracts.

In order to establish more tangible evidence of the rélative compati-
bilities of culvert maberiais under so-called adverse conditions of acidity,
a series of test installghbiong have been proposed adjacent to U. S. 41 st
the geuth city limits of Hortons Gap in Hopkins Coumty. The site selected
is at the north end of the L. & N. overpass and on the west side of the
pavenment, The ditch in which the pipes are to be placed cubs through slack
and mine refuse and is fed by seepage from springs or abandoned mine tumnels

on the hillside overlooking the site. The basis for selecting this wabter

i
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for testing culvert pipe was its ease of accessibility, continuous flow
of very consistently acid water, and minimum excavation required for in-
stalling the pipe-sections. The conductivity tests made early during the

last summer gave the following resultse

Specific Resistence = = = = = = = ~ 179 ohms

Poss qual, tests for= -~ - = = = = = Iron, calcium, Magnesium,
and sulfates.
Titratable acidity- = = = = - = ~ - 0,0127 equivalents per liter.

The water was tested arasin approximately one month later and no ap-
preciable change was observed in the concentrations. Only one sample of
water analyzed thus far exceeded this sample in acid concentration - as
determined by the tests mentioned above.

Since part of the instzllation may extend outslde the present right
of way held by the Department, an easement on the adjoining property has
been secursd from the Western Kentucky Coal Company, and the pipe sections
to be tested are on hand. Unfortunately, freezing weather and snow has,
up to the time of this report, prevented their actual installation,

In lieu of actual photographs, a plot plan, plan‘viéw and pfofile dia~-
gram of the proposed installation are shown by Fig. 11, The following
pipes will be tested:

1, Reinforced Concrete Pipes

2. Reinforeed Concrete Pipe — Bituminous Coated#

3. Corrugated Metal - Plein Gelvanized =~ Asbestos Ronded-Coated &Paved

ke Corrugsted Metal - Plain Galvanized ~ Paved and Coated.

5. Corrugated Metal - Plain Galvanized - Half Coated & Paveds

4, Corrugated Metal - Plain Galvanized - Full Double Coated

7. Corrugated Metal - Plain Galvanized

8. Vitrified Clay Pipe - Double Strength

A11 pipe are 2 inches in diameter and two sections of each type have been

procureds

% A licht coating of asphalt cement will be applied by brush or spray rrior
to installation. This is not a standard product of the concrete pipe indust-
ry, but the coating - applied by Department perscnnel - is of interest since
some concrete structures have bee%_%qggoded by aclids.
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In order to eliminate possibilities oi any end effects; such as
neutralization of the acid by upstream pipes, two series ol the pipe
will be installed, The series of the downstresm set will be in reverse
order to the upsitream set. Thus, comparable rates of corrcsion in both
series for any type of pipe will be an assurance thet no such extrensous
influences occcurred,

There‘are some uncertainities in this project since there is no
assurance that the flow of water will be continuous through the next several
vears, or that the acid and salt concentrations will remcin constent. During
rains, the pipe will have to accommodate surface run~off as doss any other
pipe, but this will be of minor importance -as far as corrosion is concerned
since rainfall and comsequent dilution of the acid water will cccur a re-
lotively small portion of the time. A& periodic check will be made on the
condition of the water to meke certain that any changes that do occur will
be considered in the final evaluation.

In view of the apparent severity of the corrosive agents present in
this W%ter, the test will be rigorous; yet it may take from éix months to
a vear to realize any results from the test = that is failure of a pipe
that would be entirely unsatisfactory under corrosive conditions. O course,

the more resistent pipes may never show any appreciable damagoe
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CONCLUSICNS

To the extent that this survey may represent the stabe as a whole
or the areas within the staté that were surveyed, the following conclusions
are drawng

l. Coal and other sulfur-bearing natural deposits are the foremost
and probably the only widespread sources of severely corrosive dreinage
waters in the state. However, corrosive agents other than acids are pro-
duced and are important though their effects are localized

2e Although the acid concentrations in waters throughout the two coal
fields may be very high, the vast majority of the water carried in ditches
and through drainage structures in the highway system is non-acid or miidiy
acid at the most,

3« The acid potential is generally greater in the Western Coazl Field
than in the Eastern Coal Fields The three principal reasons for this ares
the higher average sulfur content of the coal, the type of mining operations
which expose more of the sulfur-bearing materials ic surface water, and the
topographic features which limit the gradients of drainage ways and permit
the accumulation of acids under virtual conditions of ponding,

e Viewed from the standpoint of distribution by counties, waters -in
Hopkins and Muhlenberg counties are the most sericusly acid of all in the
states

5. Within the region of high acid potential, corrosion at a highway
drainage installation depends upon the location of the drain with respect
to the source of the acid, The concenbration of acid is greatest at fhe
source, but the acid usually bescomes diluted by tributrary water and the
concentration is rapidly reduced. Drainage structures which receive water

only & short distance from the source of acidity are always damaged unless
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they are of acid resistant materialse
e ALL TyPes of culverts of modern deslign, gxceph yitrified clay pipe€s
wWere damaged to vapious degrees vy acid waters. 1he nighest percentai® of
damage 10 cross-dralns wasg qusbained DY uncoabed corrugatedAmetal, There
was 1o possibility for evaluating tne effect of acids on bitmminous—coated
or paved nebal plpe gince none has as yet been encountered in the surveye

Te gilting Was by far the mos?v extensive Wpe of failure ip ¢ross—
grains and entrance pipss Undoubltedly this varies greatly with the aress
of the state, but the data thus faxr ave not sufficient to differentiate
them on that basise

g, oilting 1g a result of arosion of exposed soil and debris in bhe
dreinage area and Within the drainage-way contribubing 1o a culverte Some
of this 18 outside the hirhway righta—ofaway, but 2 substantial amount of
the Meilth originates within the 1land thet igs a porbion of the roadwaye

9, Some of %he most severe 5ilbing occurs on projects constructed‘widm
in the past few vears, whers effective grosion control measurés wounld re-
1ieve Many drainage struchures of siltinge wowever, ULhe greatest amount of
gilting occuls along old proads with limited righ%s~ofwway and steep pack-
slopes Where ercsion control may not be feasiblee

10, Cleaning cvoss=dralng and entreance pipe provides Lenporary relief
from siluing, but cleanlng along does not correct the couse of the failures

11, Structoral railures of eross—drains are so limited in the higlways
gurveyed thus fap that this type of failure may o8 regarded a5 ipsignificant
in the performance of cross-drainse An appreciable percentage of the en-
fyance pipe nave been caved ins wut deslgn oF construction features that
provide 1imited head-Toom or expose bhe ends of the pipe to damage account
for most of this. Alsos removal of material from apove the drain permitting
the application of heavy loads directly on the pive is ipdicated in many

casese
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12, Throughout the areas amnd roads surveyed 1o date, the cross-drains,
on the average, are functioning properly in better than 80 per cent of the .
cases; but for the entrance pipe (where figures sre less reilable) less
than 60 per cent of the installations are in excellent condltion. Exclusive
of silting, approximately 98 per cent of the cross-drains and almosi 90 per
cent of the entrance pipe show no deficienciezs in performance,

13 Final judgement of the condition of drainage installations throngl
out the state should take into account, not only the data covering eddition
al roads vhich will be surveyed next year, bul alsc, topbgrﬁphic features,
soil areas, age of installation, and the prevailing conditions of the

drainage waters in the areas of the state not yelt covered,
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Appendix A
THECRY OF CORROSION

Corrcsion is defined as the disintegration of metallic and other solid
surfaces by chemical action.

Every year inestimable damage is caused by this gnawing action on con~
struction materials and industrial equipment. There is no single explana-
tion for why corrosicn cccurs nor is there a definite scale of relative
corredibility of materials, Most instances of resulting damage can be ex-
plained by careful study of existing conditions. Often, a knowledge of
chemistry, careful plamning, and protective measures commensurate with the
cost of an installation will prevent or avert damage., Such matters are very
important to manufacturers and design engineers who bear the responsibilﬁﬁeé
of qualifying a material to perform satisfactorily under severe exposure
conditicns. It is understandable that industry would devoie a great &eal
of time and energy to research and study of the causes and prevention of
corrosion, This briel digest on causes and prevention is offered as a
record of research preliminary to development of equipment and procedures
for the survey in Kentucky.

All acids contain hydrozen, Metals reacting with an acid liberate
hydrogen in the form of a gas. If the acid is gufficiently strong the re-
action may progress viclently. Those metals which are the most active in
liberating hydrogen are also the most active in combining with oxygen to
form oxides (rust), On this basis an activity series has been suggested,
sometimes called the electro-chemical series, which is listed below in order

of decreasing activitys.

1, Potassium 6. Zinc 11. Copper
2. Sodium 7« Iron 12, Mercury
3. Calecium B¢ Tin 13, Silver
e Magnesium ¢ Lead 1L, Gold

5. Aluminum 10. Hydrogduf ()
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The metals at the top of the series react violently with water and
often explosively. Magnesium will react noticeably with hot water but only
slightly with cold water. The other metals react progressively less spec-
tacularly and finally gold, silver and the more noble metals do not liberate
hydrogen at all. However, super—héated steam passed over red-hot iron will
liberate hydrogen and results in the formation of Iron Oxide rust. These
are the fundamental reactions in the corrosion of metals. Usually in the
case of metals used as structural members and given protective coatings, the
progress is too slow to be observed aﬁd may continue for years before the
tell-tale evidences are discovered.

The ancients evidently understood corrosion and developed methods for
protection against it. Bronze statuettes pecovered from excavations at the
pyramides still have coatings of bituminous material, The same technique,
being well known, is used extensively in these modern times, with the object
being to inhibit deterioration of metallic surfaces under attack by the
elements, Other protective coatings, such as paints, lacquers, or plating
of more noble metals sre used where circumstances warrant them. From a
scientific standpoint, each metal, as well as each alloy, presents its own
individual problems.

Air and w:;er'are vy far the most important natural carriers of cor-
rosive agents., Iron will not rust in dry air, neither'will it rust in pure
water; but either aerated water or moist air will causé ite. Consider rain
water as it falls through the air. When it reaches the ground, it is very
nearly saturated with both oxy-en and carbon dioxide., In some industrial
areas it may contain some 503 (sulfur trioxide), but for the present conside
only water containing dissolved oxygen and carbon dicxide. For any concen-
tration of carbon dioxide in water, there is in equilibrium with it a definite
though very small concentration of carbonic acide. The presence of the hydro-

gen ion accelerates the solution of iron. When two ions of HY
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discharge and are liberated, one ion of Fett goes into solution, Under
mild conditions the liberated hydrogen gas may be reabsorbed on the sur-
face and form an electro-postive film and repel the driving force of other

hydrozen ions, thus stopping the corrosion, According to MceKay and Worth-

ington (12), if oxygen is present it will oxidize the hydrogen, depeolarize
the metal surface and ﬁermit corrosion to proceed, Between pH 6 and pH 9,
the rate of corrosion is practically determined by the oxygen concentrationa
If the water is more acid than pH 5, corrosion will proceed whether oxygen
is present or not. Above pH 12 there will not be enough hydrogen ions

present to cause measursble corrosion whether oxygen is present or not.

These facts are prescnted graphically below.
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wWater that is running and cascading would be expected to be more cor-
rosive because of aderation and the replenishing oxygen concentration. Most

of the corrosion that is of industrial importance takes place in mildly

acid solutions where oxyazen 18 a coopersting agent.
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Some metal oxides form protective coatinss, but iron rust is not one
of them. Metals such 25 chromium and to a lesser extent sluminum and
magnesium do form protective oxide films. The merit of such films has
been'explained by their virtual thinness which prevents the occurrence of
concentration cells, a type of corrosion tc be explained in a later para-
graph, Some types of heat treatment can be used to prepars such films on
steel. Controlled hesting in the presence of steam leaves a blue oxide
film which is quite resistant. So; the activity series mentioned =t the
beginning of this discussion fails to take into account the differences
in protection aiforded by the presence of these oxide films, The presence
of a non-resistant oxide rust on iron and steel actually tends to increase
t@e rate of corrosion by entrapping air and moisture under the scale, That
is why it is cssential that bridges be carefully cleesned with sand-blest
vefore re-painting. Otherwise the rusting will continue under the paint
filme

Two general circumstances #re. conducive to corrosion: the formation
of concentration cslls and galvanic cells, A metal in contact with a solu-
tion of its ions exerts a solution pressure which tends to force its ions
into the solution. In doing so they leave eloctrons behind which charge
the metal negatively and the solutdon positively. A double clectric layer
is set up c¢reating a potential diffcrence between the metal and the solution.
In an isclated systeﬁ the dissolution rate is immediately equilibrated with
a process in the opposite dirvcction and the metal suffers no further loss
of weight. If, however, the system is short circuited with & reversible
electrode, the rate of dissolution will be greatly increased. If a metal
of greater nobility is immersed in the solution and the two are comnected,

dissolution of the cne will e hastened,
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With an increase in the hydrogen lon concentration, the potenital for gas
gvolution is mrde less nugative and so the tendaney for the metal to dis-
solve is further increcasode. This condition is not unlike the reactions

in 2 short-circuited storage battery - but this typz of correosion in nature
results from contact botween two dissimiler motals exposed to electrolytic
solutions,

The concentration cell type of corrosion may be oxplained by imagining
an iron rod with onc ond immerscd in a scluticn of salt or ecid of high
concentration nnd the other in a low concontrotion solubion. An electric
potential exists betwesn the two ends of the rod and the cnd at the lower
concentration will dissclve,

Localizations of meisture and oxygen in cracks, pits and under scale
or even under a damp cloth where differcntial drying con take plece, auto-
matically set up oxygen and selt type concentration cells ~nd corrosion
resultse In such arcas whore oxyesen conceontrations are high.,dopolerization
of hydrogen will ocour readily and loeslized decomposition will result.

There is no herd and fest rule of corrosion to follow and exceptions
are more numerous than the generalitics already drawn, It is important,
hbﬁever, to associate some of these principles with metal drainage pipe
in scrvice conditions, Consider a corrugated metal pipe after a rains
residual water in the corrugstions of the invert cvaporates more readily
at the ends. Those are in essence concontration-cells, As cvaporation
continuos any mineral ancids prosent bocome more and more concentrated,
oxygen 1s readily svailoble to depolarize the metal surface, and decomposi-
tion of the metal rosults, After the zine coating 1s zone, the formation

of rust sczle on the steal further accclerates the corrosion,
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Fig, 13.

Plain corrugated metal cross~drain located on Ky. 36 in Bath
County. According to the best records available the date of
installation was 1926, It is located in a limestorne region and
apparently accomodates only surface run-off, 4 sample ol resi-
dual water teken below the exit showed a specific resistance of
1880 ohms at 25 degrees Centigrade, Although this is a compara=-
tively low value, it cammot be attributed to acidity or the
severely corrogive salts.

The water filling the corrugations demonstrates the oxygen and
concentrationecell corrcsion, Obviously, there has never been
appreciable concentration of acid here. The type of rusting or
corrosion shown here is very slow in comparison with severely
acid exposure,




It mey be further interest to note thet the formation of rust scale
cccurs in the presence of cven feebly acid or neutral solutions; but when
critically acid solutions ere prescnt, corrosion con be casily detected by
the utter absence of scale and the presence of a clean cut channel through
the invert.

The corrosion of concrcte has not been so thoroughly cxplained; but
by thc same previous snalogics, the cement or mortor of concrote mzy be
considered a caleium salt of silicic =cid. The attack by acid causcs the
rcplacement of the calcium with hydrogen leaving gelatinous silicic acid
where there was once strong calcium siliceate coments.

The formntion of the gel under static immersion may act as an repcellent
parrier ond slow the progress of further corrosion. In turbulcnt immersion,
however, the gcl would be continously washed rway from the surface as it
formed, snd in effect, & fresh surface would be kept in contact with the
corrosive acid., Frec lime (hydrated Ca0), a’product of cement hydration,
would be expected to react very readily with the ecids. This dissolution
of the lime would leave a "honoycombed® structure permitting the infilra-
tion of the acid through the msss to attack the calcium silicate cementsa
By the loss of cementing metorisls, the concrete suffers a corresponding
loss in strongbhe It has been found thot a densc concretc, preparcd with
a minimum of mixing water, is morc rosistent than ctherwise porous concretcs
Mrssivencss of concrote structure so cxposud 1s olweys an advantesc. The
deterioration is slow and cven a shell of previously affceted concrote tonds
to insulste the interior of the mass from corrosion.

In the proscnee of mine water containlng appreclable samounts of lron
sulfates and sulfuric acid, the naturally alkaline condition of the concrete

tonds to neutrolize the acid at the surface of contact ~nd as a result the
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iren may be precipitated from the solution in the form of a very red ferric
hydroxide gel, This pzel too tends to insulate the concrete aszainst rapid
corresion, This condition has been observed on mumerous wing-walls in the
Western Coal Field. This was the condition observed by Wolf (9) in the
abtempted sweetening of cocal-stockplle washings with limestone. The
alkalinity of the limestone causes the precipitation of ferric hydroxide
gel on the surface of the limestone particles sealing them from the acld,

In the absence of gel~forming slements such as iren and alumimm, the
iimestone could very effectively neutralize the acid, But then, the absence
ef iren from mine water would cerbtainly be a rare occoulrrence,

Tremper {8) plotted the log of the percentage of the original lime lost
against the log of the time of exposure in days and found a straight line
relationshipy By writing the ecuation for the line, he was able to predict

life expectanciese His eguation is shown belowe

Log L = K log T
here L % percent of original lime lost
K = slope of the line
T = time of exposure in days

He found that corrections for the intercept were small and that it
was not necessary te include themas The constant, K, undoubiedly depends
a great deal upon the pH of the water; and, of course, such values for the
full pH range have not been verified, = Assuming the relationship to be
valid it would be a rather difficult ftask just tc analyze an ancient cone
crete structure for lime content, In addition, the original content would
always be doubtful,

Some awgregates, such as limestone, once exposed to turbulent or ab—_

rasive acid water conditions may be expected to corrode away very rapidly,
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Quartzites, granites, and river gravels low in carbonates or ény of the
silicate minerals would be more resistant to acid attack., Numerous etched
culverts were observed in this survey in which the cement had deteriorated
from arcound gravel particles which had suffered no apparent danage,

As in the case of metal surfaces, concrete too can be treated with
seal-type coatings which greatly extend its life expectancy under corrosive
conditions,.

Sandstones used as masonery head-walls are usually very acid-resistant,
This is understandable since sandstones were formed under slightly acid
conditionse A slight acidity was necessary for the precipitation of the
silica. High silica glass and quartz conduits are used in many chemical
processes where exbtremely concentrated acids are conveyed. Vitreous enamels
and porcelain ware are highly acid resistant, For the same reason, vitri-
fied clay pipe is found to be a desireable drainage structure in even the

severest acid conditions,
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Appeondix B
THEORY OF CONDUCTIVITIES

The measurcment of electrical rosistance in any coﬁductor is beosed
on Ohm's Lew,I = E/R. Rosistance is determinced by applying 2 small voltage
across a conductor of known dimensions cnd measuring the voltage-drop, E,
and the currcent, I. Resistance, R, can then be caloulated from thoe equatiqn.
Resistonce in any conductor varics directly ss the length of the conductor,
£, and inv;rsely.as the cross-suctional arce, Ae Resistance for a conductor

is rclated to its dimensions bys

Rz ‘% s

Where S = the speeific rosistence of the
conducting materinl,

0f coursc, w en,f and A are roduced to unit dimensions, R is equal to the
specific resistance. The counter part of resistance is conductance and
is dofined simply as 1/R which moy olsc be reduced to specific conductoncc.
Rosistance in a conducter may be roegerded as a measure of the rcluctance
opposing the flow of current, and conductance as a moasuro of the case with
which the current may flow,

When these principles ave epplicd to liquids and solutions, spocific
clectrical rusistence is visunlizod as the rosistence in Ohms between
opposing frces of a cubc 1 cme on an edges If twoe non-polarizing elcctrodos
were constructed to cmbrace oxectly a 1 cme cube of an aqueous solution;
thet is, ceach electrode 1 cm, square, and fixed exactly 1 cm. apart, then
specific resistonces could be measurcd directlye. In practice; however,

these refinements arc too expensive and not really neccssery. Gonerally
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cells of this type are constructud to the approximate dimension and cali-
brated against a standardizcd solution of knovm spcecific resistance, usually
KCl. This introduccs & cell calibration facteor which rclatoes the actual
dimensions of the clectrodes as a proptortional part of the idcalizcd dimen-
sions, Actual values of R are then caleculatcd from the mcasured R by simply
multiplying by the cell factor,

Figure 1), shows & schematic disgram of a Wheatstone Bridge circuit
adapted to messure the clectrical resistivity of agueous sclutionse. This
type instrument 1s uscd cxtensively in industry to contrel contaminations
in waste-water, and for clectro-plating solutions, concentration baths,
ionizod impurities, and similar fesatures. Committee D19 on Industrial
Water of the fuscrican Society for Tosting Maberials has rcecently proposed
& tontative methed of tost for the electrical conductivity of industrial
watcr which is very similar to the procedure usced in this study.

| Tho oventuél objective in conductivity measurcments is to relate
measured values to concentratlions of the solute. Water which is ultra-purc
ig in fact an idealized condition, but watcrs which cxhiblt resistances as
high as 20 million ohms per cubic céntimcter have becn preparced by repeatoed
distillations. Ordinary distilled wator shows aboutIBOO,OOO‘ohms. The
flow of clectricity through water is possible only when it contains some
ionized impuritics, Such dmpuritics which ronder water conducting are
appropriately termed "electrolytes". Chemically eleetrelytos arc salts
or aclids which ionige or dissociate into individual ions in sclution, In

chemical nomenclature this may be illustrated by:
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Solution

Nagl Nat and Cle-
goTution

HCl . gt and €1~ and
Solution '

KOH - k¥r and OH-

These individusl ions are the currcat-carricrs and ectuslly trans-
port cloctrons across the gap scparatiny the clectrodes. It would be
expected that conductance would imercasce in gir.ct propeortion to the numbor
of thosc lons, but.in ruality therc is some deviation from a direct pro-
portionzlity. 4is the iong buceme more concentratod, their mean-fres-peaths
become slightly more roustricted bocausc they arc more frequently diveried
from thoir coursc by frequent collisions with other ions.

Organic salts ond ecids arc class.d under a separate categery since
they ionize only slightly in golution., Hore the proportionality is further
complicated by the dogroe of dissociation which is a function of concan-
tration. These are appropristcly termed Mweak electrolytes.”

Using the symbol L to designate conductance, thesc principlcs may be

cxprossed by the gencral cguations
L (icﬁs) £ L (solution)~ L Cwatcr);

Since L = 1/R, a 300,000 ohm corrcction for the water itsclf is of
little conscguence whcn L {ions) is in the range of 1/2,000,

Specific resistance is roloted to concentrations in a manner des-
cribed by typicel curves as shown in Figurcl5 for scveral strong clocte
rolytes. These rclations do not in themsclves indicatc the numbcr of ions
introduccd por unit weight of the solutas bocausc concentrations arc ex=
pressed in grams of salt por 1000 groms of solution. The curves reproescnt

cxtromely high concontrations - meary timcs higher then could cver be ex=
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perienced in natural drainage water, I% will be noted, however, that as
the concentraticn appreoaches zerc, specific resistances approach infinity.
It is these lower ranges with which this study is concerned.

Theoreticélly it would be possible te extend these curves and use
them to quantitatively relate concentreation to specific resistsnce, but
a2 more simple and yei a more fundamental mathematical relation has been
derived by expressing concentrations in gram-equivalent weights ol the
solute per liter, According to.the law of mass action, equivalent numbers
of molecules take part in any chemlcal reaction involving only two atoms
or ions such. as Na4 and Cl-. One gram-molecular Weiqht of sodium weighs
23 grams, the same number of iecns of chlerine, 6.02 x 1023, waighs 35.5
pramse They react to form one gram-molscular weight of sodjium chloride
weighing 23 + 35.5 grams. Any quantity of a reactant méy e expressed
as a fraction of a gram-molecular weight and equivalent fractions then
desivnate équal rumbers of ions, The full significance of these facts
are realized in the derivations which follow,

When specific resistances are measured in ohms per centimeter cubsd
and concentrations in gram-equivalent weights per liter, specific resistance
x 1000 gives the resistance of a liter of that soiution, IFf this value
ig divided by the concentration, the resulbting value is the resistance
of an imaginary volume of the solution reguired to contain 1 gram equivalent
welight of the solutes

Finally by expressing resistance in terms of conduclance, 1/R; these

relations may be integrated intc a single equationt

A = 1000 x 1/R x K
Y
Where 4 = equivalent conductance
R = specilfic resistance
¢ = concentration in gms. €Qe #te/liter
K % ¢pdyl calibration factor (peculiar to each cell)
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Characteristic curves illustrating equivalent conductance values
for several salts and acids are shown in Fizure 16 , These curves as noted,
are bhased on data publisﬁed in the Handbook of Chemistry and Physics;.similar
and more extensive data expressed in a slightly different way are listed in
Table 2

Interpretation of measured resistances is made very simple by the
formula for equivalent conductance when only one salt or acid is known to
be in the sclution tested. By taking an anticipated value from the appro-
priate curve in Figure 16, forA, an approximate value of C can be calou-~
lated for the measured R, Using the more exact value of {, further reference
to the curve will vield a more exact value of 4. Re-calculations by this
procedure diminish the errors until a high degree of accuracy is attainable,

This system breaks down, of course, when several salts and acids are
dissolved in the water., When mixtures of soclutes are measured the resistance
obtained represents an integrated or summation value for all the elect-
rolytes present, and values for A are indeterminate, At first glance, this
statement seems to leave the eéntire method without merit in-so-far as mea-
suring the concentrations of corrosive salis and acids in natural drainage
water are concerned; but then inspection of the curves in Figure 16 show
that averare values of A are about 100 for nsutral salts, Strong acids -
being more hirhly conducting - range from 3 to L times hi-her in equivalent
conductance. These acids are also much more corrosive than the neutral
saltss

PE measurements can be used to define concentration of the acid-
equivalent only, but they do not take into consideration the presence of
the corrosive salts. 1t was this one factor which favored the selection

of conductivity methods over pH methods, The eventual conclusion in the
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matter was that conductivity, whether actually translated into terms of
concentrations or not, would better describe the corrosivity of natural
drainage water than any method of tesit short of a complete chemical analysis.
These are recognized limitations, and for that reason conductivity tests
have beon supplemented by qualitative chemical tests in instances of high
concentration to demonstrate thet elements such as iron, aluminum, calcium,
magnesium, sulfates, clhlorides, etc. do exist in the water in addition to
what ever acids may be present. In instances of extreme contamination,
total acidity and mineral acidity were titrated against standard alkalil
solutionse |

There are many so-called water-hardness meiters now available which
are calibrated in terms of parts per million of a salt like sodium or
calcium chlorides. These instrumentslare usually conductivity bridge cir-
cuits which are designed on the assumption of a value for 2% representing
that particular reference salt, and therefore the extent of contamination
is reported as being equivalent to so many parts per million of sodium or
calcium chloride, Such values as these are often misleading and the
method was rejected in this study in favor of reporting conductance as a
measure of contamination with supplementary tests for acidity and general

character of the dissolved minerals.



Table 2 - Lguivalent Conductances of Electrolytiec Solutes
(fbstracted From Intcrnational {ritical Tables)

ix

Equivalent Conductance ot 18° ¢

Willi Pormula Wt

Solute

O¢l | 042 | 045 | 1,0 ! 2,0 | 5.0 {10.0 | 20.0 | 50,0 1100.0
F Mg SOL 1096 |107.8 |104.2 | 99,9 | 9k.21}) 8k.31 | 76.07| 67.56] 56,73 L9.57
¥ ca 50) 11545 1140 1109.25 N03.94 | 97.16] 86.L2| 77,h2] 66.30 - -
¥ Nap S0, | 109.7 |108.8 {107.3 [1C5.8 [10L.1 [100,2 | 96.1 [ 91.0 | 83,68 77.6
3 Ko S0y, 130,5:112%.8 [128,3 -[126,7 12&.& 120,1 115;6 110.1 1101.8L 9L.&2
%(NHh)gsou 130, 128, 127, 12&.5 122,0 [117.9 113,5. 107.L | 98,91 92.0
32 80, | 109.6}107.6 |103.L | 98,5 | 92,1 £1.8 728 | €3.8 | 52.8 | LS.k
$ CaCl, 115,01} 114.39/113,181111,80/109,92/106.55103.23| 99,2L| 93.16l 88,07
Nacl 107,88 107,601 106,951106,27[105,31|103,54 [{101.72) 99,40| 95,51] 91.82
KCl 128,81 128,48 127,86127,07{126,05}124,15]122,18)119,72|315.51] 113,7
NH),C1 129,3 [ 126,9 1128,2 |127,5 |12642 {12L,3 {122.3 [118.2 }115,3 {110.8
HCL - - ~ 1377, |375.5 |372.L 1369.3 |36L.9 {357.6 | 350.1
2HpS0), - 37k 3703 | - |353.L ) - [308.6) - ]253.1 | 232.9
H3 POL ~ 330 - | - |282.8 |273.0 |202.7 |166.7 |122.5 | 96.1;
HNO4 - | 330.41373.3 1372,6 | 370,6 | 366.8 [36L.0 | 360.L [353.0 | 345.7

_ Equivalcnt Conductance at 259 ¢

HOL. 2k 6 b2l 2l) h23.ol) h21.38 129,37 118,11 131,08 106.07|397.80] 389.8
|5H250), - | 417,94 413.3 13995 39043 | 36L.9 | 336,k | 308,0 |272,6 | 250.8
fH3 PO), - | 366.8 - - 3115 - [223.7]180.3 [132.) ] 103.9
{03 - ~ | 16,2 | h1L.6f 412,91 109.0 | L05,2 | Lo0.§ [392,5 | 38L,2
%_Ca(HCO3)2 109,5] 106,0] 102.0] 99.3| 96.6{ 91.7] 87.0] 80.9] - -
WAHCO3 - | = | ohdi| 93.5) 92.5) 90.3| 88.1] 85.5| 80,6 76.1
SN2H S0j, - - - 262.8 wg;}.s 236,8] 218.5] 197.39 168,64 1L8,.27
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Appendix C

AREAL DISTRIBUTION AND SULFUR CONTENT OF COAIL DEPOSITS

The coal-producing areas of Kentucky comprise one-third of the state,
Within these sections are fortywsix counties listed as producing coal by
‘the Kentucky Department of lMines and Minerals in its 1948 Anmual Report.

The two general fields are designated as "Eastern Coal Fisldm (32 counties)
and "Vestern Coal Field" (14 counties),

The Fastern Coal Field constitutes a part of the vast Appelachian Coal
Field of the Bastern United States which is noted for its high quelity ccal,
The coals produced there are high in heating value and generally low in sul-
fur and ashe. They are used extensively for by-product "coke! which is a
mark of quality.

The Western Coal Field has on the average a much lower quality coal
with a high sulfur and ash content, Becazuse of these properties the use
of this coal is more restricted so far as a variety of applications is
cencerned, The Western Field developed nrior to the Bastern Field because
of accessibility and better waterways in the western part of the state.
Until 1911 it led the Eastern Field in production, but the higher guality
of coal in the East‘gave impetus to eastern development,

Coal development and production during the past few years has taken
a tremendous leap; but despite this estimated reserves are tremendous,
According to one estimate (13), as of 1939, Kentucky had exhausted 1 percent
of her reserves, Later estimates are not available, but it seems certain
that coal mining will be a major industry in Kentucky for some time to come g
Accordingly, plans should be made to accommodate this industry from the

standpoint of permainent cross drainage.

138



ii

Modern mining methods include washing and screening coal before dige-
tributions This operaticn concentrates sulfur and free ash in the wash
water, which of céurse increases the acidity of the closest stream., Con-
servation Officers are requiring damming and pooling of streams to alleviate
acidity, but this helps highway drainage installations very little,

Sulfur content of coals gives some approximation of the acidity which
night be produced in water when the water comes into contact with the coal..
Similar deductions can be made for highly bituminous shales, It is desirable
to be able to predict what drainage problems would develep by obening up
new mining property or continued operation of an old mine., The Annual
Report of the Kentucky Depariment of Mines and Minerals lists most of the_
known mines and their production, but does not give any chemical analysis,
Mines of any' consequence are requested to furnish an analysis, Hany seams
which are small and only mined by truck-mines do not have any analysis, A4
sufficient number of these have been reported to be of help in checking
sulfur contents. ‘

These figufes for percentage sulfur recorded and tested in this Ap-
pendix, then are at best rough indicaﬁors of the conditicns that might be
found reflected in water acidity. They do, however, form a valuable basis
for estimates of acid potential, and in lieu of actual acidity measurements
in a locality of interest they are highly valuable for reconnaissance,

An attempt is made here to integrate these data by counting every coal
seam that was mined in each county and the mmber of mines working each seam.
The percent sulfur was multiplied by the number of mines for every seam and
an average was taken for all seams mined. On a2 plolt of average psrcent sul-
fur versus annual production, the various counties tend to group into three
categories is shown in Fige. 17. From this analogy, thres categories seem to
describe a natural basis for classification. By further projection the

classification may be defined in more definite terms, as follows:
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Category Noe 1 = By virture of production alone and also pro-
duction - sulfur content, it seems advigeble to class all
counties in this position as - potentially scrious from the
standpoint of aciditye The countiecs are Floyd, Perry, Letchex
Harlan, Pike, Wvuhlenberg and Hopkins. A1l of them produce six
million or more tons of coal annually. The abundance of pro-
duction is spread throughout a large number of mines. The very
nature of these countics is for coal to be encountered every-—
where so that practically all water has access to coel at one
time or another. Pun-off veries, and local situations caunsing
‘pooling of water vary., Condition of waters under this situation
can be scid or non-acid, but it is highly probable that all
water will at some time during the vear be acid. Muhlenberg

and Hopkins counties, in addition to high productlon have average
sulfur contents excecding 2.5 per cent. The combination of these
two foctors make these counties extremely prominent as acid water
producers .

Category No, 2 = This is assigned to countics where there is a

high sulfur content but low productlcn. IMine drainege should be
1l

acid in evory case. Countics in this group are; Union, Mclean,
Henderson, “ebster, Deviess and Ohioe ALl countles have average
sulfur contents in excess of 2.5 por cent but production is lower
then 3 million tons annually. Practicnlly every minc drains acid
water the vear round so thet drainage structures close to the mines
in these counties should be liable to severe attack. Some out-
standing exemples of etching of concrete and metel cross drains ore
present in this arca.

Cotegory No, 3 - This is assigned to low sulfur content - loéw pro-
duction countics where waters may or may not be acid. Bell, Boyd,
Breathitt, Dutler, Carter, Christian, Clay, Clinton, Crittenden,
Edmonson, Bllictt, Graysom, Greenup, Hancock, Jackson, Johnsen,
Knott, Laurel, Lawrcnce, Lee, Leslie, Magoffin, Martin, MeCreary,
Menifees, Morgan, Owsley, Pulaski, Rockcastle, Wayne, Whitley, and
Wolfe counties are in this groupe All are low in average percent
sulfure. Situations wesulting in acid action on cross drains are

not apt te be predictsble. Depending upon the scan mined, its
sulfur content, amount of drainege water, pooling effect, length

of time in contact with coal and some fow other factors, drainage water
that. may be acid in varying degrees; they may be acid during
certain scasons. It is entlrely possible of course to find drainage
water coming from 2 mine or even pooled with coal residue that is
non-zcid in these countics,.

Table 3 ,_inclﬁded herein, shqws snnual coal production by counties for
19&8; The tablc also coﬁﬁéins data pertinent to the type of mines, the
major seams mined, and average sulfur contents for each county. Tablel
shows the averace sulfur content for the most Importent scamse 411 these
data were condonsed from informetion obtained from the Kentucky Dep crtment

of Mines and Mincrals, 141



Special significance is attachud to strip mining as opposed to othor
metnods of rccovering coal, The usual effvet is a pooling of water, allow-
ing more complete solution of iron, sulfur, and other constituents, This
increascd concentration of salts mekes water extremely acid; so muci: SO0,
that waber is unable to carry all the salts in solution, so they are deposit-
ed on the stream bottom.only to be taken up again later by additional flow-
ing watere Effects of this are far reaching end as evidence of this, the
fish population in the major streams (as Kentucky River) is destroyed by
small tributaries emptying intc them,

Railroad mines are big producers, as much as one hundred times larger
than the average truck mine, ¥With their gize, special production methods
of handling coal cause more =acld conditions. Machinery spills much coal,
and washing-screening operations tend to concentrate sulfur and ash in the
drainage water. A railroad mine then is to be considered as potentially
more ccid-producing than a'truck minee

Slope mines or mines working Jown 2 sloping seam heve better internal
drainage than horizcntal seams mined by drifting methods. Thus, mines with
sloping ssams tend to avold concentration of acid-water,

Another aﬁid producing feature of coal mines, of course, is the slack
pile which also embraces coal spilled around the yard. Roads built up with
coal end slack are so acid that thers can be no vegetation within a con-

siderable distance around the arefs
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Table 3 ~ Tonnage, Indicated Sulfur Contentis, and General
Featurss of Hines in Kentucky.

1948 WEIGHTED
PROTUCTICN AVG. PCT,
COUNTY (TONS)  SULFUR NUMBER, TYPE, AND SEAMS

Bell 3,089,224 1.03 Drift and slope mining, 23 railroad
mines, 101 truck mines. Seams mined
are: Hason¥, St. Creecks, Stray, Rimd,
Jellico, Popular Lick, Lower Dean,
Dean, Apex, Splint, Barner, Blue Jim,
Jack Rock, Turkey Pen, Lower Hignite, -
Dixie Gem, Sterling, Hignite, Ducksye,
Mugym, Red Bird, Red Springs, Harlan,
Crockett, Turner, Creech and Collier.

Boyd 531,225 o 76 Strip and drift mining, 2 railroad
mines, 21 truck mines. Seames mined
are: Noe. 6 and No. T¥%e

Breathitt 173,768 .76 Drift end slope mining, 2 railroad
mines, 63 truck mines. Seams mined
are: Haszard No. L, No. b Rider,
Elkhorn, Elkhorn Ho. 3%, No. L and
No, 7.0 ’ .

Butler 126,076  1.25 Strip, drift, and slope mining, 12
' truck mines. OScem mined is No, 6%,

Carter 502,395 81 Drift and slope mining, 15 truck mines,
' Seams mined arc: No, 7% and Millers
Creek.
Christian 11,h30  1.25 nrift and slope mining, 3 truck mines.
‘ Seams mined are: No. 6 and No. 6 Stray#

Clay 576,670 .78 Strip, drift end slope mining, 32
: ' truck minss. Seams mined are: Horse
Creek#, Wo, L, Hazard No. L and "B"e

Clinton 81,0L0 - Drift and slove mining, 5 truck mines.
Seams minsd are: Stearns No. 3 and
Stearns No. 1%,

Crittenden 3,973 o Strip Mine, 1 truck mine. Seam mined:
Bell.
Daviess 6li7,398  3.457 Strip and &rift mining, 2 rsilroad

mincs, 31 truck mines., Scoms mined:
Noe 9% ond Wo, 6 Stray.

% Main Producing Seams 443



COUNTY

Edmonson

Eliiott

Floyd

Greenup

Grayson

Hdancock

Harlan

Henderson

Hopkins

Jaclkson

Johnson

Knott

1948 WRIGHTED
PRODUGTION AVG. PCTe
(TONS) ~ SULFUR
11,120 —
60,219 <907
6,734,525 B17
oly,052 o 76
9,211  1.25
229,85 1,25
11,387,265 « 50
204,296  3.L
12,943,515 2,94
129,962 .01
828,742 1,12
1,086,789 W81

3 Main Producing Seams
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vii
o B

NUMBER , TYPE, AND SHAMS

Drift and slope mining, L truck mines,
Seam mined: Strayte

Drift and slope minins, 13 truck mines.

‘Seam mineds Splint and No. T#,

Drift and slope mining, 31 railroad
mines, 579 Truck mines, 3Seams mined:
No. 2 Elkhorni#, No, 3 Elkhornit, Ho. 1
Elkhorn¥*, No. li, Zlkhorn, No. 3, White-
sburgy Wo. 1%, No, 2, No, 4 Elkhorn,
Millers Creek, No. L Whitesburg.

Drift and slope mining, 20 truck mines.
Seams mined: Clod#, No. 7, Noo G

Strip mining, 2 truck mines. Seams
mined: No. 6, No. 6 Stray.

Strip and drift mining, 1 railroed
mine, 6 truck mines, Seams mined:
No. 6 Strayse

nrift, slope, and strip mining, 5k
railroad mines, 60 truck mines. Seams
mined: Harlan¥, Dean, Low Splint, High
Splint, No. 5, Kellioka, Imperial,
Traby#*, High Cliff, Wallins, Darby

No. 5, Harlan Fo. 5, Creech No. O,

B & C%, No. 10, Ta~wgart, Mason¥, Mason
Nos. 2, A, Blue Gem, Bulldoge

Drift and shaft mining, 15 truck mines.
Seams mined: HNo. 9%, Noy Ll

Drift and strip mining, L5 rallroad
mines, 58 truck mines. Seams mined:
No. 11, Moo 9%, Nos 6, No. 1L, No. 12.

Drift and strip mining, 21 truck mines.
Seams mined: Cannel, Bond¥, Micdle,
Horse (reek, Jackson, Beattyville,

Triit and slope mining, 3 railrcad
mines. Seams mined: Millers Creeks,
No. 1, Willerite, Nos 3.

Drift, silope and strip mining, 6 rail-
road mines, 1Ll truck mines. Seams .
mined: o, U, No. 9, Mo. 1 Elkhorn,
No. li, Hazard Yo, L, Wo. 3 Elkhorni,
Wihitesburg No. L, Whitesburg No. 3,



COUNTY

Knox

Laurel

Lawrence

Lee

TLeslie

Letcher

Magoffin

Martin

Menifee

WMcCreary

McLean

1918 WEIGHTED
PRODUCTION AVG. PCT.
(TONS) SULFUR
608,680 W76
253,903 .81
117,623 o 77
96,777 01
928,795 o 77

10,839,921 +75
171,068 05
132,190 1,00
36,283 -
816,703 293
12L,807 3.l

# Main Producing Seams
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viil

NUMBTE., TYPE, AND SEslic

Drift ani strip mining, 5 railroad
mines, 123 Truck mines, Seans mined:
Jellico%, Dean, Straight Creek, Blue
Jim#*, Stray, Fishers

Drift and strip mining, 2 railroad
mines, 30 truck mines, Seans mined:
niver, Lily, Stearns No, 2, Horse
Creek No. 1, Chainy Ridge¥, Stearns,
No. 3, Pittsburg#.

Drift and strip mining, 19 truck mines.
Sesms mined:s No. 7, No, L Hezard,
McHendrich, Blackburn.

Drift mining, 7 truck mines. Seams
mined: DBeattyvilled. :

Drift and slope mining, 47 truck mines.
Seams mined:s Hamard No.ls#, Hazard
Noe 2, Hou L, ’

Drift, slope and strip mining, 1l
raiiroad mines, 801 truck mines. Seams
mined: High Splint, Hazard No. L,
flkhorn No. 3, &lichorn No. i, &clhorn#
Whibesburgs, Anburgey, No. L end No w L3t
tio, 3, Fire Clay, No. 5 Whitesburg,
Darby-B, C, Sheloy Gap.

prift and Strip kining, 1 raillroad
mine, 66 yruck mines, Seams mined:
Hindman, killers Creeks, Hazard No. L
#ikchorn No, 3%, No, 3, Cannel, No. 7,
Elkhorn Nos i

Drift mining, 2 railroad mines, 19
truck mines. Seams mined: Warlields,
Coalburg Winforda

Drift mining, b truck mines. Seams
wined: Cannelst.

rift and strip mining, b railroad

mine, 1h truc% mines. %eams mined:
Stearns No. 15%, No. 1E, No. 2,
River Jim, Noe 3.

Drift and strip mining, 13 truck
minese Scams mineds No. 11, Ho. e



COUNTY

Morgan

Muhlenburg

Ohio

Owsley

Perry

Pike

Pulaski

Rockeastle

Union

Wayne

Webster

19,8 WIICHTED
PRODUCTION AV, PCT.
(TUNS) SUVLTUR,
394,619 .76
5,599,966  3.L5
1,938,442 3,20
3,500 .81
6,205,410 .75
12,169,708 .02
72,450 1,66
70,85 .78
618,390  2.556
611 5 780 -
596,687 3.0k
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NULBER, TYPE, AND SEAMS

Drift and slope mining, 59 truck mines.
Sgams mined*® Cannely, Elkhoran Hoe 3.

Strip, shaft and drift mining, 24 rail-
road mines, Ll truck mines. Seams
mined: MNo., 11%, No, 9%, No. 12, No. O.

Strip and drift miniffg, 15 railroad
mines, 27 truck mines, Seams mined:
No, 9%, No. 6, No. 1k, Stray.
Drift mining, 5 truck mines, Seams
mined: No. 3, Beattyville.

Drift and slope mininz, 28 railroad
mines, 140 truck mines, Seams mined:
Hazard No, U, Hazard No. 6, No. L,
No., 7, No. 6, lLeatherwood, Hazard Wo.
7, No. 9, 5A Hagard, No. 9 Hazard.

Drift, slope and strip mining, L3 rail-
road mines, 918 truck mines. Seams
mined: Alma, Pond Cresks#, Thacker,
Clintwocd, Hlswick, Elkhorn No, 23,
Elkhorn No, 3%, Winifrede, Alma No. 12,
Cadar Crove, frecburn, Upper Feds Creek
Lower Elkhorn, Lower Gem, Warfield,
Upper Elkhorn, ®lkhorn No, 1%, “llthorn
No. 5, Elichorn, Ne. 2, Splash Dam,
Millers Crzsk, Shelby Gap, Blkhorn No.
i, Wo, 3, No. L, #Whitesburg, No. 1,
Matwood.,

Drift and slope mining, 24 truck mines.
Seam mined: No. 3.

Strip and slope mininsz, 18 truck mines,
Seams mineds Deen¥, Mayilower, Sand
Springsk¥, Horse Creek No., 1, Horse

Creek.

Slope mining, 1 railroad mine, L truck
mines, Seams mined: HNo. 9%, No. O,
Mo« 11,

Slope mining, 13 truck mines. Seams
minsd: No., 3 Stearnss, Stearns.

Strip, shaft and slope mining, 5 rail-
road mines, 15 truck mines. Scams
mined: No. 9%, No. 8, No, 11, No, 6,



1948 WEIGHTED
PROTUCTION AVG, PCT.
COUNTY (TONS) SULFUR
Whitlsy 259,031 «Th
Tlolf 16,001 .76

NUMBER, TYPE, AND SEAM

Drift and strip. mining, L railroad
mines, h3 truck mines. Seams mined:
River Gem, River, Jellico#, Horth
Jellico, Blue Jim#, Dean, No. 15
Vanderpool, Blue Heron.

Drift Mining, truck mines. Seams
mined: No. L%, Hagard No. L.



Pable L
» Analysis of Coal
(Average Figures of Fach Seam of Coal)

West Kentucky District

Sean Sulphur Feam Suliphur

# 6 1.25 # 12 5.76

# 9 3.45 Green River 1,90

# 11 3.43

Big Sandy = Tug River District

Sean Sulphur Seam Sulphur

Alma .69 Millers Creek 1,12
Cedar Grove 062 Pond Creek 057
Elkhorn W67 Thacker 1.39
Elkhorn # 1 +76 Upper Feds Creek .75
Elkhorn # 2 «90 Harfield 1,18
Flkhorn # 3 eTT Winifrede <Ol
Freeburn 059

Kentucky River District
Seam Sulphur Seam Sulphur
48 .63 " Hagard # 6 W70
49 1,07 Hazard # 7 « 78
Flkhorn # 1 7 Leatherwood W76
Hazard # L .76
cumberland River District

Seam Sulphur Seam Sulphur
41 2,25 Hignite 60
# 1% .7l Jellico N
# 2 2.25 ## 3 Kellioka~Keokee-Elkhorn 1.66
40 1,20 ~ Low Splint 5009
# 5 «57 Marker 65
#9 1,91 Red Springs 58
Collier 3,63 Sterling 93
Creech-Mason-Mingo 1.1 Straight Creek "Blue Jim® '
parby # 5 L0 or "Blue Cem" 072
Dean-Polar Lick-7ailin +78 Taggart o59
Harlan .79 Turner R
High Splint o 06 WJallin-Dean o 7L
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APPENDIX D. Tater Survey Data  (Highway District I)

Road znd
Semplo
Location

Boample
Ho.

MHensured
Rogistance
in Ohms

TaEp.,.
o¢.

Qualitative

Tasts

Cc1

sol

Ca

g

Fe

Titrated Calculated Megsured

Acidity

Ph

Romarks

Bnllard Co.

U.8. 60, Helracken-Co.

L.-¥ickliffe, agri-
cultural land rum—off

cY-1

16550

20

h

Calloway Co.

Y. 95, 5.8 i, S. of

liarshall Co. Linc,
woodland ond springs

cY-7

1610

21.3

Corlisle Co.

T.S5. 62, 21 Mi. ¥W. of

Paducah, farmland
surfacec drainagoe

CY-3

6250

26

Crittonden

Co.

U.8. 60, 15 i, from

Livingston

Co. Line.

frrmland ond woods

£Y-11

5720

26

surface drainage

Fulton Co.

Ey. 9k, 12.5 from Jct.
wvith U.5. 51, woodland

run—off

cY-b

1880

2k

Graves Co.
U.5. 45-E,
of Hickman
gravel pit

3.8 Hi. E.
Co. Iiine
run—-off

CY-5

14680

22
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APPENDIX D,

“ater Survey Data

(Fighvay District I)

Hoad and Measured
Sample Bample Resistance
Location ‘ No. in Olms

Temp.
oc.

Qualitative Tests

Cc1l

Sols Ca

kg

Fe

Titrated Calculated

Acidity

pH

Measurcd
pH

Romarks

. Livingston Co.

U.5. 60, 1.1 i, 8. of cYy-10 6220
Selem, farmland drain-
age

U.8. 62, at Tuka, CY-9 2280
woodland draincge

23.5

2L

liarhshall Co.

Xy. 58, &5 ii. from CY-6 14500
Graves Co. Tine, wood

farmland drainage

22.75

MeCracken Co.

U.S. 62-%W, 4,1 ki, W. cY-2 IO
of Paducah, farm-

land drainage

30.5

Trigg Co.

U.5. 68, 10.6 Hi. cY-8 2685
from Marshall Co.

Line, farm and

Pasture drainagce

21.8




ATFENDIX D

» TPtor Sample Dota

LR}

(Fighwa

€

v District

Hoad and
Sample
Location

S?E}plg

it
0.

licasurcd
Hesistrnes -
in Ohms

wualitative Tests

S0k

Ca

Fao

Titrated
j“-Cidit:\Jr

Hessurad
i

Bemarks

Devicss Co.
T.5. 60
Ovonsboro-Rood
7.5 Mi, =, of
Owcasboro

Zy. 75, Utica
to HeLean Go.
Linc, 3 Wi. W.
of Co. Linc

KET‘ ?59 Ola_rgns__ -

bOI‘O - I"i'OilSQy...
ville, 1 Ki. .
of Pettit

Ky. 54, Philpot
to Okio Co.Line
1/2 1ii. $.2. of
Ehilpgt

<y. 5k, Fhilpot
fo Ohio Co.Line
1/2 Hi, W.¥. of
Ohio GO.“ Lino

9

18

19

20

21

855

2850

.7830

5250

25

25

25

Pos,

1.2x1073

3.8x10"%

5-5

4.5

5.0

4.5

ECndOrson CO.
Ky“ 51’['3 Zion—
Fcbbardsvillc
Honderson Min-
ing Co., Prop.

550

ros.

Fos.

“FPos,



T

_@E‘L":.::nDI.X o,

Tateor Samplc Data

{Fighwny District 1I)

Hoad =nd

licasurcd

Cmalitative Tesis

Semple Semple Reslstance Homn. Titrated Calculeted Vopsurcd Iemarks
Location No. in Ohms og. ¢ SO0k Ca g  Fe Acidity A pHE
Honderson Co. gv-1kh 1250 20 - - ~ - - - - -
U.S. 60
Henderson—Union
Co. Ling
Xy sl
3/L ui. H.¥. of 7 75l 25 Pos. ~ - - - 3.8x10-2 1,42 5.5
Fobbardsville

, I
4.6, 60, Hondor— 9 530 25 - Tos. Pos. - -~ 9.x07 3.06 h.5
son to Reed, 10
wi. E. of Zondor-
son
Fopkins Co. Cy-20 L1020 25 - - = - - - - -
T.o. 1-8, 7.5
ki, from ¥chsior
Co. Lineo
y. 70-v, b2 T-21 2L6 26 - Tos. Pos. PFPos. - - - -
id. ¥W. of MHad=
isonvillc
U.8, b1s, Mad- 0v-22 179 35 - Pos, Pos. Pos. Pos - - ~
igsonvillc—
Christian Co.l.
6.7 Hi. 8. of
Lindisonville
U.5. 62, 0.4 ¢v-23 12900 3k - - - - - - - -

i, from kuh-
lenberg Co.L



AS

AFPENDIR D

Watsr Samplc Data

{Eighwa

y District ITI)

Hoad ond

Samplc Sample

Lioertion o,

Measurcd
Rogisgstance
in Ohms

Temp.
°c.

Jualitative Tests

Ci

SOl

Ca g

b
(]

Titratcd Caleulated

_Acidity

"
pE

Hoasurcd
gol=)

Reome rhs

Hopking Co.

U.5. 62, 12 ii.

from Muhlonborg CY-24
County Lino

U.S. b1, 2.1 Mi. 2

West of Hebo

Ey. 85, ladison— by
ville~Sacramento

3.3 Mi. . of Jct.
G5-254 (Xy.)

7.5, 62, 3/@ Mi. 10
3. of Nortonvillic

U.8, &2, 2 Hi. 11

5.%, of luhlcnberg
County Linc

Xy. 70, 1hb i, 15
from first R.R.
Iatcrsee. 9.9,
¥uhlenborg Co.l.

298

3510

2220

L5

8210

78

25

25

25

Pos.

Pos.

Pos. -

Pos. -

Fos. —

Yos.

Pos.

9.1:{10"LL

1921070

3.6x107>

2.1

2.3

h.s

3.0

3.0

L.5

3.0

rcLoan Co. 5
Ewv. 85, Calhoun-
Semiwey 11 ki,

3.%. of Calhoun

Ky. 56, Beech— 5
grove—~Calhoun,

¢ Mi, W.U.

of Calhoun

3730

2930

25

25

4.5

5.5



AFPERDIE D, "mtor Semplc Data  (Eghvey District 11)

Roed and . heesured Gunlitative Tosbe - 1
Samplo demple  Hosisten onp, = Titretcd Colcuirted Mossurcd Remn e s
Locrtion Ho. in dth °c. o1 8oLk Ca Mg o Leidity oH pE

MelLoan Co,

Ey. 75, Livormore— 17 10800 25 - - - - - - — L.g
kahloenberg Co. L.

1/ 1. 8. of

Ialnand

siuhlenberg Co. 2 200 31 -  Pos. - Pos. Pos. 1.7%1072 1.8 -

Ky. 70-75 ‘ -

Ky, 70-75 3 219 R = - .

U.5. 62, 1 Li. I 12 531 25  Pos, - - -~ Pos. 5.hx1070 2.3 3.0

of Co. Linc

= ‘

1Zy. 176, Groenville— 13 2620 25 , - - - - - Loz 04 3.3 3.0
Drekeshore, 5 ki, E.
of Greonville

Ey. 70, Serles- 14 592 25 - Pos. - - Fos. 2'5X10-3 2.6 3.5
Centrsl City, & Hi. ‘
W. of Ecfitpal Dity

. 75, Livcmmorc— 16 6300 25 - - = - = - B k.5
5. Carrollton, 1 iii.
Y. of lLoorman

Chio County
U.B. 62 L 224 25 - - C— - - - - -

Yy. 69, Hartfora- 22 9880 2¢ - - _ - B _ B .5
Fordsville, 3 ii.

Ty. 89, Eartford- 23 5170 25 - - - - - - - -
ot Jingo, Zy.



Fa] {'\'*’i:
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APPOMDIEL D, Ystcr Somplc Dats

(Tighvay District II)

Rord gnd Measured Quaiitative

Tosts

Sammlc Geoegistance
Tocetion Ho. in Ohms

Tolpa

°g, 1 sol Ca

Titretod

Hg Fg Acidl by

Caiculatcd

pE

Mopgurcd

»E

RAcmaTks

Chia Co. .
¥y. 71, Hartford-
Bpsinc, 2 Hi. .

Int. with U.S. 62

of 2k 14bs 25 - - -

3.hx107%

3.1

3.0

oS

Union Co.
U.8. 60, 1 Hi. S.
of Sturgis

gi-12 501 20 Pos. Fos. -

T.5. 60, 14.8 1.
from Union—
Crittendon Co. L.

CY¥-13 20 Fos. - -

358

Ky. 85 ¥., 1.9 Mi. CY-16 ho2

H. of Sturgis
Ky. 56, 10.3 Hi. C¥-17
from Shrwnociown

Ferry

3350

Pos. -

1.8x10~%

5.0x10"u

Tos. 1.b4x10-2

3‘?

Tohster Co.
Yy, 132, b.9 Hi.
7, of Dizmon

0T-19a 380 Fos.

23 -

Ky. 85, 2.4 Hi.
Y. of Jet.
Ly. 132

CY-182 268 25 - Pgs.

Ky. 132, 4.9 Mi,
of City Linm.
Dixon

CY-19b 515

Pos. -

Fos. - -

20 - - ~

Tos. 2.9x%10

3.0x1072

1.7

1.5

5.0



(Eighvay District II)

Road sznd lergurad . [

- j uslitetive Tosts . , .

Sampleo Sample it - Y . Pitrated Calculsted licasurcd Doneariis
Locetion No. in Ohms - %¢,  Ci L Ca Hg TFe Aeidity DR pH

Yicheter Co.

Yy, 149, Scbroe~ 1 Lebo 25 - - ~ - - - - - -
Fopking Co. Linc '
Jeer Jet. Ky. 147
Ey. 56, Tilden- 25 - - - = - - - 5.25
Union Co. Linc

™
=
@

V)
o




APSTHDIX D. Voter Suzvey Date  (Highuey District VI)

Road and Kossurod malitative Tests )

L 3 : = N - ma ~S On T WA ] - e
Sampl.o Sample Resistance Tomp. - Ditrnted Calendated Heasured Acmed:s s
Location ¥o,  in Ohms On.  C1 808 Ca lg Fe  Aciditp pE nE
Clark Co.

Hourel Hoad, surface 1 2320 25
drainagc
Rursl EBomd, side dreains 2 2630 25

and pond overflow

2urrl Road, farm land 3 1743 25.8
surface drainage _ R

- Rural Ronpd, surfacc
run—off b 2190 2L,7

Rursl Road, pasture land 5 2770 19
surfsco dreinsgo

Rurnl Road, prsturc S 2590 25
surface drainage

U.5. 60 in 2 3490 25
Clarkk County

Tstill Co. )

Ky. 89, Irvine-inchester 7 b16o 25.5
pasture’ suyface drainage

byl

Xy. 89, Irvinc-Winchester 8 2910 25
gurface drainage

Ky. 89, Irvinc-Vinchostor 9 5000 25.9
surface drminage



L

P

ATFZEDIX D.

*otor Survey fata (Fig

ey District Vi)

Rozd and

Jicrgured

fualitative Tosts

Samplo Sample Resistance Temp. . Titmsted Calculeted lespsured Remarks
Location No. in Ohms og. ©1 sob Ca lg TFo Acidity pH DH
.Astlll Co.
iy. 89, I rvine-inchester 10 b390 25 B
surface drainage
Payette Co.
U.3. 60, posturc 1 2820 25
surface run-off
Lec Co. .
Ey. 52, Boattyvilles 1 2770 8
chsle sceps and spring
| t .
¥y. 52, Beattyville to 11 850 25 Pos. Pos. . Spflng
Tstill Co. L. seepage undcr road.
52, Beattyville to 12 590 25 Pos. Pos. 2.2x1073 2.7
LStlll Co. DIine, nine
scepage
%y. 52, Beabtyville to 13 2140 25
Tetill Co. Line,
surface drsinnsge
ladison Co. ~
U.5. 25, Richmoand-Ierea 1 2070 26.1
surface drainage from
pasture
7.S. 25, Ri 231 chmond~3Berea 2 3320 26.1

cornfisld surfaco
dralnage




APPIEDIE D, Tetor Survey Date (E

Fopd ond FHesesursd Cunlitative Test
Samplec Sample Resistanece Tomp, Titrated Colculated Hessurcd  Homaste
Location Ho. in Chms °c. CL S0k Cn Mg TFe Acidity pH pH
indison Co.

=y. 21, Berca—3ighill, 3 3490 26.1

pesture surface drainsge

Ky. 21, Bereca—2ighill,

pasture surface drainsge L 6430 26,1

Ky, 21, Peorca-Sighill,

posture surface drainsge 5 10950 26.1

Ey. 21, Zcrea-3ighill,

woodland surface drainage 6 7090 25,1

Zy. 21, Berea-3ighill,

pasturc surface drainsge 7 6350 26.1

Scott Co.

Ironworks Fike, pasture 1 Lo7o 16

and spring drainzge

Ironworks Pikc, pesture 2 3760 21.2

surfgece drainage

Poaridge, nasture and 3 3130 18

spring drainesgze

Pecaridge, spriag and L 3330 22.2

Pasture drazinagce

U.5. 25, Foayottc Co. L.- 1 10100 20

Grant Co. L.-pasture
run—-off



087

AP

TOHDIX D. Vetor Survey Deto

(Eighway Districiyi)

foad and Hoasurcd fualitebive Tests
Sample Semnlc Resistance Tomp, Titrated Czlculated ieasurcd Temorks
Location ¥o.  in Qhms 61 gob Cn  Hg Fo  Acidiyy g e
Scott Ce.

U.3. 25, pasturc 2 L2330 18.5

surface drainggo :

U.S. 25, 3 no measnrement

pasturc and woodlands

U.S. 23, L 1eoD 18

pasturs run-oif

U.3. 25, 5 7380 19

pasture run—cff _

U.S. €2, masturc & 5450 1L,8

surfaice dralnage

Toodford Co.

Ey. 33, Versailles to 1 2870 19.3

Jessanine Co. Line

pasturc run—off

¥y. 33, Versaflles to

dessamine Co. ILidnc P ng meaAsure

pasbure run—off

¥y. 33, Vorsallles to 3 no measure

Jessamine Co. Line

pasture run-off

Zy. 33, Versailloes to L 2560 17.7

Jessanine Co. L. woodland
and pssturc surface drain.



Yater Survey Data {Fighwmy Diggrict Vi) -

e —— T T

Boad =ud Measured Cuslit sive Toshs
Sanplc Srmple Rosisbtance Tomk pan Lt LA LT - TestS  Tigrated Caloulatcd loasurcd Reme TKS
Locriion ¥o. in Oims, 'OG. c1 SOk Ca  lig Fe  Lcldlly o _DE I

Uood;ord Go.

L;, 33, fersallles to

5 no measure
JﬁSSqmlnﬁ Co. Linc,
woodland and pasture
gurfacc dralnagc

Zy. 33, Tersailles %o

Jossamine Co. Linc, 6 no MOASUre
woodland and pasturc

surface drainng

'iw. 33, Yorsallles %0

Jessamlne Co. Line 7 3400 17.8

F> pasture run—-off

Fk Ky. 33 Vorsailles-%o .
Jessamine Co. Linc, 8 3040 15,8
swomp snd gurfacc
drainagl

Ey. 33, Vorenilles bo
Jessamine Co. Linc, 9 ne mO~8sUrc
pesture rUN- -0

.5, 62, Jet. U.B. 50-
Hidway 10 no measure
u.s. 62, Jes. U.3. 50- 11 5340 19

Midway, pasture run—-off

1.8, 62, Jev. Tebe 50~ 12 3110 18.8
i dwey, pasturc surface
drainage



APTENDIX D. Wator Burvey Data (Fighvay Disirict VI)

Eoad and Messured Gualitative Tests )
Sample Samplc Resistance . Tomp. Bitrated Oslculstcd iicnsurod
Location ¥o. in Oh ms °c, 01 S04 Ca #g Fo Acidity pE DI

Voodford Co.

U.5. 62, Jet. H.5. 50~ 13 no rosults

I3 dway, pasture surfacc

drainage

U.S8. 62, Jet. U.S. 50— 14 L0 8.4

lidvay, pasturc and
woodlands drainege

Ky. 50, Midway-Franklin 15 L7y 18.2
Go. Dine, pasture
surfacec drainage

k5. 60, Franklin Co. 16 2260 18.3
gﬁLinc~Versaillcs, vooded
“*surface draingge

U.5. 60, Franklin Co. 17 2370 18.0
Line~Versailles
secpagc from pond

¥.5. 60, Froakliin Co. 19 - no valucs
Line-Verssilles

U.3. 60, Franklin Co. 19 3660 21.2
Linc—Vérgaillcs '

surface run-off




HSFPENDIX D.

Water Sample Data

(Fighvey District VII)

Hoad and
Szmule
Location

Sumple

Ho,

Logsured
Eesistance
in Ohms

Tenp,
o¢.

Cuelitetive Toste

501

Ca,

g

Yo

Titrated
Acidity

Caloule ted
pH

Heasured
pE

@]

X

Tlx

3

Floyd Co.
Zy. 306 at
Whee Lwright,
from mine

Ey. 122 from
Beaver Creek
below Inland
Stecl Tipple

Xy. 122
 Mine at
3MGDOW€11

DU.S. 23~-L60
Allen—~
Prestonsburg
Eillside
Secpago

T.8. 23-460
E. City Lim.
Frestonsburg
2bandoned
mine.

Ky. 80 at
Bueysvillc,
line and
surfaco
drainage

10

1z

13

b3

1070

1770

2760

2510

310

2630

25

25

25

25

25

25

Neg.

Fos.

Pos.

9.8x10™5

1.2x1072

7321070

2,2x10"2

3.9x10

bk

h.i

1.7

3.4

55

5.0

5.0

5.0

3.5

5e5




APP=NDIX D,

Wnter Sample Data

(Highvay District VII)

Road znd
Sample
Location

Sample
Ho.

Lgasured
Besiatance

: %n Ohms

Temp.
o¢.

cunlitative Tests

C1

504

Ca

lig

e

Titrated
Acidity

pE

Gridulated |

Measured
nH

- Bbmarks

Ployd Co.
C&0 HR Kile Post
No. 7L, Scepage
from cut

&0 ER ot
Prestonsburg
Secpage from cub

C&0 BR
Mile Post 7L+.25
Secpage from cut
fe
g3 €20 BR
W Mile Post 74+.3
Scepage from cut

Big Sandy River
at Freostonsburg

. 254

322

Lz00

25

»
25
25

25

Neg.

Tog.

o

08,

Pos.

Fos.

Heg.

Pos.

Neg.

Neg.

¥eg.

Pos.

Neg.

Heg.

Posg.

Pos.

Pos.

3.2x107%

2.,09x10™%2

1.5

1.7

Johnson Co.
U.5. 23-L60
Hager Hill
Mine Drainage

Ky. 40
Meally
¥Mine Droinage

4

15

10800

1715

25

25

Heg.

Teg.

Heg.

Neg.

3.8:;10“1P

3.4

4.0

5.0

Diluted by

Surface
Wator




APPEADIX D,  Vater Sample Deta  (Bighvey District VII)

Road and heoasured vusrlitative Tests B
Sample Sgrple  Resistance Temp. 2ot Titrated Colculrted HMeasured
TLocation o, in Ohms °C, . Cl S0l Ca Mg Fe . Aecidity. pE pE

. TRS

+
o
Ly

Knott Co, Ll 890 25 -  Fos. - —-
Ky. E0 '
Lockey-liousic,

0ld sbandoned

mine

I

L. 3x10~% 3.4 5.5

Ky. 80, 3.8 Hi. Ly . oo 25 - - - - - - - -
W. of Findman

Hindman—-Dwarf

Truck minc

drainsge

. Letcher Co. 3 625 22 - - - - - - - -
?K}j. 15

%Cody—ﬁhitesburg
Hinc draiasge

U.s. 119 5 1700 22 - - -~ -~ - - - -
¥N. of Jenkins

from Elkhoran

Creek

U.S. 119 ' Ea 2260 25 - - - - - - -~ - fgjiz ﬁgif"l‘.

%f of‘Je?klns, 204, Wational

Minc drainage Ch~mpion Coal
Co,

U.S. 119 6 795 25 - - - - - - - - °

Y. City Limits

Jonkins, head

of Zikhorn

Crock, Mine

drainage




APPENDIX D. Vater Sample Date  (Fighway District VII)

Hoad and Meagsured a3 . T ek

Sample Semple Rrsistence Temp. Wualitative Zosts Titrated Calculmted Heasured Rome vks
Location ¥o. in Olms °c. C1 80k e lig Te Acidity pE oH

Hartin Co. 16 18000 25 - - - - - - - 5.0

Ky. L0

N.W. of

Tomahawk from
red stream,

Ey. 3, Inez- 17 . 6600 25 - - - - - - - L5
Fort Gay

from Diamond

Tino

1 Perry Co. 1 . 2680 25 - - - - - - - -
(Ky. 15

f e Tazard-Lotheir
!Secpage from

Qﬁhill

Xy. 15 2 1160 25 - Pos. " Fos. - - -
Lothair-Knobt .

Co. Linc

Surfacc

drainage -

Ky. I3 3 780 25 - Fos. — - Pos. - ‘ - -
Hazard-Knott

Co. Line

Secpage and

run—off

Ky. 15 b 1600 25 - - - - - - - -
Hazard-EKnott

Co. Line-slack

pile drainzge



AFFEINDIT D,

Yater Sample Deta  (Highwey District VII)

2ozd and
Sample Semnle
Location Ho,

crgured

Resistance

in Ohms

Yemyp.

Qualitstive Tosls

sch Ca lig Fe

Titrated Calculated Hessurcd
Acidity pHE pE

Tome rite

Porry Co. 5
Ky. 15

Eazardé—Knott

fo. Line hill-

side drainage

Ky. 7, Hazard- 6
Letcher Co.

Line, shale cut

Xy. 7, Hazard- 7

.Lictcher Co.

Linc, surface
drainage

EKy. 7, Hazard- 8
Letecher Co.

Line, surface
drainage

Ky. 7, Eazarda- 9

"Letcher Co.

Line, shale
cut

Xy. 7, Eazard- 10

Leteher Co.

Linc, surface

drainage

7600

1200

U506

12300

250

3500

25 . -

25 -

25 -

25 -



332

APPEEDIY D.

Yator Sample Data

(Highwey Districh ¥I1)

Measurad
Resistance
in QOms

Toad And
Sample Sample
Toczticn Yo,

Fempa
og,

cl

Qualitative Tests

S0k Ca iig

Forry Uo.

¥v. 15, Jfrom .1 16
Jot. ¥y. 7-15

to Vieco

Surfzece dreinagc

2560

Ey. 15, from 15
Jet. Ky. 7-15 to
Yiceo, sleack

pile drainage

3880

.Kr. 15, from 1k
Jet. Ky. 7-15 to
Vicce, surisce
drzin by coal
mine

6250

Ky. 80 13
Eazard—Loslic
Co. Line

9150

- Surface drainagc

Zy. 80 12
Haozard—-Leskic

Ca. Linc

Strcam

11500

¥y, 80 11 885
HEazard-Loslie

Co. Line

Wooded hillside

~nd spring

25

25

25

25

25

25

e Acidity pHE

i trated Galculated Koasurcd
pH

Reome rks

.Fos. - -



‘ APTZHDIX D Vator Sample Data (Highway District VII)

foad ~nd Heosured )
Samnlc Srmolc  Resistance  Temp, Titrated Calculsatod leasured
Locrtion Ho. in Oims °g. o1 S0k Ca Hg Fo Aclidity H pH Rere ks

Gualitative Togtg

Porry Co, 17 14300 25 - - - - - - - -
Ly. 15 ’

Enzard-

Hillside

scipogn

Fike Co. 6 - 2730 25 - - - - - - - -
U.os. 23-119

Jenking-

Shelbiana

Minc and sur-

frco drninage

Ky. 80 1 10600 25 - - -~ - - - - L.g
Karrovbonc—

Zlknorn City

Mine and sur-

face drainage

Ky. 80 2 3400 25 - - - - - - - 5,0
Earrowbone~

Eikhorn City

3 ei, dowmn-—

stream from

Republic Mine

Ey. 80, City 3 3750 25 ~ - = - - - - b5
Lim. Zlkhorn

City Russcll

Fork of

Beaver Creok



APPENDIX D,

1

Tateor Sempl

s

¢ Data {Highway District VII)

Hond and easured N . R
U = (Syat o To . . .
Ssmple Szmple Resistaunde Tomp. welitative Tosts Titrsted Cpleulated lMensurcd Eemarles
Location Yo, in ohme oq. L S0k Ca g TFe Leidity pE pE B
Pike Co. L 12100 25 - - - - - - - 4.5
Ry. 197 ot
Sycamore,
stream
Ky. 99 11 22680 25 - -~ = - 12073 2.9 5.0
at lcVey
at mine
Ky. 122 7 172 25 =  Pos. Pos. Pos. FPos. 3.8x107% 1.4 3.0
Virgiec-kelvin

j=:abandoned nine

=~} drainago




ATPZHDIX D, Uator durvey Drta (Highway District ¥IZI))

Road and Measured Guzlitative Tosts . . . i
Sample Somplé Resistonce Tomp. “lirated Cslculatcd Heasurcd  Remarks
Locstion Mo, _ in Ohms °C, C1 SOk Ca iz To  Acidity pE DE

Eath Co., U.5. 60 ‘
b ¥i. E. of Owingsville 1 1840 z25
pasturce land drainsge

U.5. 60, 4.25 1if, 5. of 2 1500 25
Cwingsvillc, sCCpagoe

from cut

U.8. 60, 5 Mi. 3. of 3 1520 25

Owingsville, pasture
land drainage

U5, 60, 6.4 Hi, Z, of b, 2680 25
~j0vingsville, surf. drain.
beids .
V.5, 60, 6.4 11, Z. of by 8200 25
Owingsville, surf. drain.

U.5. €0, 1/2 M. =, of 5 2950 25
Follzsville, scepage from '
rcd shale

£y. 211, 3 Hi. 8. of Salt 6 8150 25 ¥
Iick, pasturc land
dreinago

Ky. 211, 3-1/2 1i. 5. of 7 6350 25
Salt TLick, surf. drain.

Ky. 36, at Olympia 8 4050 25
Springs, pasture Land
drainage



APRTIIN D,

" Vator Survey Data (I

T2

ighny District VIIT)

Hoad and
Sample
Tocation

Semplo
Hoe

lieaguroed
Registancee
in Qlms

Tomp.
°c.

Gualitetive Tosts

Titrated

€1 Sobh Cs kg Fe  Acidity

Caledlated
pE

HMeasured
jai=l

Romarks

Crkat b

Zoth Co., Zy. 36, 1.3 Hi.
H. of Olympia Springs,
pasturs land droinge

v. 36, 1 Hi, H. of T: 010

Owingsville, pasturc
land drainsgo

9

10

3800

1880

25

25

Breathitt Go,, v, 52—
¥y. 30, 3fB M. S, of °
Zlkstawva, slrck pile
drainsnge

Ly, 15, 2 Mi. Y. of
Perry. Co. Line,
residual diteh wetor

Ey. 15, 5 Mi. ¥. of
Guicksand, hillside
scopage

Xy. 15, 2 ki, V. of
Tilhurst, sccoopage
from cub

L6

b

2370

9600

7500

12750

25

25

25

25

5.0

1&.5

Boyd Co., U.S5. 23, 3 Mi.
S. of Jet. Ky. 180
Tfrom 3 érift mincs

Ky. 80, Cannonshurg2
Jet, U.S. 23, from
drift mine in cut

20

I

3600

344

25

25

3.8x10

Fos. Pos. Pos. Heg. Pos. 2,6x10

-l

~2

s

1.6

3.0



APPEHDIX D. Yater Survey Deta (Highway Distriet VIII)

"Foad and Mengured Qualitative Tosts
.Eample Samplc Resistance Tomm. Titrated Calculated Messurcd  Romnrks
Location No. in Ohnms og, 0r sob Ca Hg Fo Acidity PE pE
Boyd Co.
U.8. 60, 8. of Princoss, 33 8Lo 25 Pos. 2. 1xi0™3 3.7 3.5
strip minc dralinsgc
Cartor Co., U.S. 60, , A% 6lobe,
5Wi. 9. of Olive Fiil, 2L L3220 25 5.0 ¥entucky .
vasture land drainsge
U.S5. 60, 5 ¥i, Z. of 32 3340 25 5.0
Grayson, slide secopage
FI-13(3), hillside end 1 10500 25
. pasture land drainsge
= Semplecd
§£F1~13(3), scopngc Trom 23 937 25 at 2 Aif-
g*shalc in cut 7 ferent
pleeces in
cut 2a-b

FI-13(3), semc locstion 2b 2500 25 Pos. Pos. Pos. ..
n—~off from cut.

Ey. 182, at Cartor Cave 23 4850 25 5.0
State Park, Tyzarts Creck

Ky. 7, 2 Mi. N. of Grayson 22 2L00 25  Neg. Wog. Nog. Feg. Nog.  9.8x1077 k.o L.5
roesidual ditch water

t11iott Co.

Ky. 32, 1 Ni. W. of How- -

foundland, rosidual 26 8850 25 5.0
ditch water

Ey. 32, Isonvillc, 27 528 25 Pos, Pos. &'VKlqu 2.3 3.0
nine dreinago



APPERDIX D.

Yator Survey Data

(Hghvay District VIII)

g

villc, abandoned mine

Road and liensured Gnslitntive Tosts
Sempleo Semple  Resistence Tomp. - —8 Titrated Csleulsted Hcasurcd Beomarks
Tocation Ho. in Ohms C. €1 S0k Ca Mg 7Fe Acidify pE oE
Elliott Co.
Ey. 7, 2 Hi. 5. of
Carter Co. Linc, 35 12300 25 5.0
scopage from » slide ' :
Fleming Co., Ey. 158,
Hilda-Hillsboro 3 3660 25.8
Greenup Co., Zy. 1, 33
Mi. S. of Argiliite, 21 8320 25 L, s
pipe linoe execavation

_ Hondside
Lavrence Co., Ly. 3. spring,
Incz—Fort Gay, along 18 5460 25 5,0 iron
rivor bluff staincd.
Ty. 32, Liouisa—Blaing, 28 10180 25 L,o Ho resson
branch water for ~cidity
U.5. 23, above Falls— 19 5540 25 5.0 Residual
burg, ditch water ditch water
Ey. 1, Fallsburg-Yeobb- 29 4830 25 5.0 No reason
ville, branch vater for acidity
Ky. 1, 5 lii. 3. of Webb- 30 635 25 6.0x1072 2.2 1.5 Strip mine,
ville, ¥Webbvillc lining : abandoned
Co. 5 years
¥y. 1, 3 Li. ¥. of Wobbe 31 955 25 Pos. 140073 2,5 3.5 Cont. flow




Y. Yrber Sample Dete (Highway Districs: TIT)

Bozd «nd Heasured Qualitative Posts
Sample Semplo Resistonece Temp, Titrated OCalewlntod Messurcd
Locrtion Ho. in Omme °c, i sob So Mg Fe Acidity pH pE Remnrks
Roven Co.,U.S. Surfrce rum-—off,
60, Esth~Cartor 11 Ll 25 discolored.
Co. Linec ‘ ' _
U 12 A5G 25 Beg. Pos, Pss, =  Pos. 2.2x1073 2.7 Scoprgo from shale
cut.
w 13 8480 25.5 Surfree run—off ang
scepage.
f 14 930 25.4 Tos. " "
n 15 9800 25 YWooded hill run-—off,
n 16 230 25 Secpage, Gisinto-
[ grated culvert.
«j " 17 4790 25  Pos. Pos. Pos. Ncg. Pos. Yooded hill run-off,
G '
" 18 14520 25 Scoprgl and surface
run-off,
" 19 8glo 25 Surface run~-off,
Ky. 32, liorchead— 1 2230 25 Surface run-off.
Fleming Co, ILinc
Ey. 32, b i, oo 25 8540 z5 5.0 Diluted by rain,
of Morchead, muddy.
quarry drainagc
Yolfe Co.» Xy. 203
E. of Hazelgrcen 53 21300 25 L5 FPazturcland
at cross—drain.
Ey. 191, 1 i, off
Ky. 15 at cross- b9 20000 25 4oy Yooded aros

_€Grain




gﬂ‘iri:

APPINDIS D, Yeter Survey Deta (FEighwey District YITI)

Aond and Measurcd Qualitative Tests )
Semrlc Semple Resistanco Toempe = Pitrated Calculsted Mcasured Romr rics
Locetion Wo. in Qhms o¢, ¢1 Sob Ca Hg Je Acidiby pE DE
Hongtomery Co., U.5- &0 A
Clark—=ath Co..ldnc, 1 3110 25
creock water
Ky. 11, kt. Sterling-
Frenchburg, cresk water 2 2230 25
Ty. 11, Mt. Sterling-
Freonchburg, crock vater 3 3280 25 .
torgan Co., U.D. Lso, b, g Mincs in
1/2 1i. 3. of Indox, 52 89L0 25 arca, this
branch water dreins pas-
turclond.
Zy. 191, downstroam from. 51 6880 25 .5 Hume Tous
Canncl City, creck wateT mincs
ups tream.
U.5. b8D, 3 Hi. 3. of Y. 37 10700 25 3.5 Hosidual,
Liberty, surfacc runoff. surfsce
) runoff.
Ky. 7, 5. of ¥Wrigloey, 36 8920 25 5.0 Raining.

surface runoff




LPPEIDIE D, Yhtor Semple Data  (Higlioy District VILIT)

Road nnd Heasurcd Yualitetive Teosts

Sample Semplc Resistance Tomp, ' Titrnted Calculntcd lMemsurcd Jemrris
Locrtion . Ho. in Ohms ¢, €1 S04 Co ig TFe Acidity pH pH

Yoifce Co.

Ey. 191, beotween

Ey. 205 and Adcle, 50 594 25 Fos. Pos. 5.4x10 3 2.3 3.0

ming drainage

Ey. 15, 1/2 Hi. &, \

of Campton, side 5l 17200 25 5.0 Regidurl ditch

of road . water,

Ky, 15, 2 Mi. ¥,
of Pinc Ridge 55 26000 25 L5
ditch wnter

LT



841

ATPEHDIE D, Tabor Supvey Data  (Flghvay District IX)

Roed snd liensured Cuslivative Teets i v s I

Sample Semple 3csistance TOmp mitretod Celeulated lionsurct  Remarks
Locetion Wg,  in Obms og, OL solb  Ca Hg Fe Loidity pE pHE

Bell Co. Fun—~off and
V.5, 25-E, Hiddles— 1 . 14300 25 - - - - - - - - SCUWRES »
boro, 1l.Wii. from

Va. Line at Cumbor—

land Gap

Ky, 74 2 12500 25 - - - - - - - - Wooded
liddlesboro-Toni.

Border, run—ofif

Yy. 7h, lidleshoTo~ 3 1340 23 - - - - - - - - Cozl slaex
Penn. Sorder, 7 kil pile.

from Hiddleshoro

Ty, 7k, Hiddlesboro- oy 393 25 Yegz. FPos. Fros. Fos. Pos. - - - 1940 con-
Penn. Border, 11.6 struction,
1i1. from Liddles-— damsged by
boro coal mine

drrinagC.

Ko, 7y }iiddlosboro—. 5 175 23.5 - - - - - - - - Dirty watber
Tonn. Sorder run—off

conl ming watcr

U.5. 25-8, Hidales— é 1270 25 - - - - - - - - Tigh rcsis—
Soro—~Pineville, tance for
Strosm, woodland stroam.
vn-off
7.8, 25-3, Middiles- 7 2510 25 - - - - - - ~ -

boro—-Fingville
Stroem, woodland
rua—~off



ATEINDIZ D. “ator Survoy Data  (Highray District IX)

nd Lessured

020 & . - . tvalitative Tests . . L
Semple Sammle Resistanee Tcemp,. Titrated OCalculatcd Honsurcd Roma rks
Locetion Ho. in Ohms o¢. CL sob Cs lig Fe  Acidity p= pa

Bcll County

U.5. 25-8, Va. Linc 8 3850 33 - - - - - - - ~
to Middlcsboro rosd-
side ruwm—off & scops
U.S. 119, Pinoville- 9 17500 30 - - - - - - - -

Horlan Co. Lingc,
woodland rumn—off

6L T

Clay Co.

Zv. 80, Laurcl Co. 1 8L00 25 - - - - - - - -
Line-ianchester -

sccpage from cut

Ly, 80, Laurct Co. 2 10620 25 - - - - - - - -

Linc-¥eanchester '

gcopage

Xr. 80, Laurel Co. 3 2550 25 - - - - - - - - Also dreins
Lincg-Manchestor SOWasC .

Surface drainage
and seops

11600 25 - - - -~ - - - -

Ev, 80, Leurel Co. L

Linc-lianchostor

Surface drainnge

Zy. 21, Mnnchostor— 5 5810 25 - - - - - - - -

Jdackson Co. Line
surface Drainage



SPPINDIEZ DL Weoter Survey Data  (Highiey District ITE)

Road and Heam
Ssmple Sample Resista Titrated Calculated Hessurcd Hemarks
Location ¥o. in Oims °c. 01 50k 0a g Fe jpcigity pH pE

ed Qualitetive Tosts

Clay Co. ‘

Ky. 21, H-nchester- 6 3130 25 - - - - - - - -
Jackson Co. Line

Spring

Yy. 21, Manchestor— 7 2060 25 - - - - - —- - -
Jreckson Co., Linc
Surface & coal mines

Ey. 21, Hanchester 8 12600 25 - - - - -~ - - -
dnekesn Co, Line
farm drainage

Uk L

Earlan Co.

Ky. 160, wvig. Lynch L 1340 19 - - - - - - - -
run—off =2nd coal

ninos

Ey. 219, VWallins- 10 1788 25 - - - - - - - -
Crecech run~off
and secps

Ey. 219, Wallins- 11 19680 25 - - - - - - - - Has beon acid
Crcech run—off at one time,
rad sCcops

Ly. 219, ¥ellins— 12 2680 25 - - - - - - . -~ -~ Rain dilutcd
Crcech, stream on this, another
coal minc proporty measure.

Xy. 421 & 68, Bar- 13 2950 25 - - - - - -~ - - Signs of acidity
Ian™ 4o Turtle Crock at culvert.
@Qﬁl"loaﬂingTZono




LPPIHDIX D, Tator Survey Date (Zighvey Dietrict 1%)

CagUrch

Road and Lea G Gualitstive Tosls

Sample Semple Resistanco Tomp. citrated Caleule atod Honsurod Romarks
Locztion Hdo. in Onms og. c1 aoly  Ca iig el Acididy DE oy

Jackson Co.

v 30, Tosnnor to 9 3220C 25 - - - - - - - -

Owsley Co. Line

»urfﬂce run—-of3,
spring

Teurcl Co.

T.5. 25

Rockeastle Co. Line
Liondon, pas ture sur-—

frco drainegC ' ' - - - - -

\h

5280 25 - - N - - -

U.3. 25

%h~ocxcastlu o . Linc~—

Crondon, forest sur- 6 200 25 - - - - - - - ~
face drain~ge

U.5. 25

Rockeastle Co. Lino- 7 17900 25 - - - - -
T,ondon, scepngo and

surfacc drain~ge

Ty. 80, Tondon~-Clay 8 805 25 Weg. Pos. Tog. Neg. Fos. - - -
Co. Linc, scopPege
and surfaco drainage

w2

3

T

£
s

43

fy. 80, Londoa-Cley 15 25.5 teg. Fos. Ueg. Mg Fose 7 B - e e

Co. Linc, minc slack _ ' ing SOHC
algac.

Ey. 80, London—0Clay 10 7210 25 - - - - - - - -

Co . Line, sccpege

from hill

e ———



Ol b

AFFIZIDIX Do Tater Survey Data

(Eighvey Distri

Road snd Moasured Cualitative Tosts

Resigtanco

Somplo Snmrle c
in Ohms °¢c. ©C1

Location To.

o]

] % -
504 Ca Y-

Caleulste

P

Owsley Co.
30, Jackson Co. 190
Line—Boonevillc,
forest surface
drainage

23300

Pulaski Co. :
Ey. B0, Rockeastlic Co. 11
Line-Somerset, surfacce
soonage

L2100 25 - - .- - -

¥y, BO, Somcrset to

Leurcl Co. ILine, coal 17 £000

strip
mining
ares,

property run-—-off

Rocker~stle Co.
U,8. 25, kt.Vornon~ 1l
Loaurel Go. Idnc,
surfacc drrinsge -~nd
oups

4200 25 - - - - ~

T.5. 25, lit. 13060 25 - — - - -
Laurel Co, Linc,

Pile and seocps ~

Vernon- 2
slack

U.S8. 25, Ht. Vornon—- 3a
Lavrel Co, L., scopage
and surfrce run~off

2100

Sla

,f\J

ck Pile 3

25, Hi,.Vornon- ) no

.. recorded
grcl Co.L. slrek

'_htb:" C:




LT &

APEEEDIN D, Weter Burvey Date  (Higlwey District I3

5 D

Road and licgsured Ounli . Tost
Sample Sample Rosistance Tomp. Walitative Tests Titrated Calculated Measurcd Hemerks
Location No. in Clms °c. Ci S04k Ca lig o Acidity DI pE '
Vhitley Co.
U.5, 25-¥W, Willisms— 14 1115 21 - - - - - - - -
burg-JTellire. -
slack pile drainasge
Ky. 92, Willigms—
burg-Holly Eill, i5 1510 25 - - - - - - - -

wooded arca with
coal property

Ky. 92, Williame-

burg-Eolly Hill, 16 515 29 Neg. Pos. XYeg. Neg. Neg. - -
coal mine and

slack pile




(0

LPrimpIl o, Culvert Survey Data (Fighray District 1)
County
Route Ho. Concrete Goncrate Concrete Gorrugatod Titrified Remnrks
& Location Pipe Sox S8lab HMetal Glay
Balilard Cc.  Z20-ex. 36-ex. 1-ex. Lb-ex,. entr. 2—growa entr, Gently rolling river terrnces,

TU.5. 60 9—gTowh OVET 3-grovi OVET g-silted entr. internal drainage, principally
licCrackesn Co. l-silting l—cave entr, agricultuml , no evidence of
Line to 1-ex. entr. 2-growvn entr. acidity.

wickliffe

U.5. 5162 2-silted 1-eX. 1-ex. entr. Toad is all fill-sectlion,
Tickliffe %o 1-silted culverts listed os silting
Carlisle Co. are filling vith sand.

Line

Osldwell Co.  H0-ex. 28-ex. 15~CX. Princeton to Lyon Co. Line all
U.5. 62 18-silted 1~silted 5-eX. entT. Corr., Heial~io Headwalls,
Fopkins Co. 3-ex. entr. 7-silted entr, agriculiural area, no acidity
Line to 6~silted entr. 3-caved entr. observed.

Lyons Co.

Line

Yy. 91 15~ex. 22-8%. . 2-ex. entr. Timestone—-shale area, lot of
Christisn Co. 9--silted Z—-silted entr. silting, mo indicetion of

Line to 1-ex. entr. ascidity.

Princeton 2-gilted entr.

Ky. 91 2—exX. 33-eX. 1h-ex. Limestone—shale srea, agricul-
Princeton to  2—ex. entr. L—gilted 13~-silted fursl, lot of silting, no
Grittenden 2-gilted entr. 2—-silted entr. indication of acidity.

fo. Line J—crved entr.

Ly. 293. 1h—ex. l2-ex. 1-ex. entr. Agricultural region, cul verts
Trinceton to  13—silted 1-silted entr. silted and overgrown.

Jct. Ky. 70



a8t

-ppINDIX S, Culvert Survey Data (Fighwey Districh 1) (Con't.)

County
Route No. Concreie Concrete Concrete Corrugeted Vitrified Reunarks
& Location Tine Rox S1ab letpl Clay
Caldwell Co. '
Xy. 128 3-eX. 15-ex. 1-ex. entr. lheex, fgod internnrl drrinnge,
Princeton to fe-gilted l-ex. entr. 3—-silted entr. 2-sil ted sink holes, limestone area.
Trigg Co. 3-gilted entr. ' 1—silted entr. No headwells on vitrified
Line 2_caved entr. clay pipe.
Calloway Co. o ch 2h—ex. 7-ex., entr. Mo indication of acidity,
Yy. ob 8~ex. entr. 3~-silted 3~-silted entr. farm lsnd.
Graves Co. Line 1-eilted s~caved entr.
to llurray 2-silted entr.
Ky. 95 32—eX. 28-ex. 8-ex. entr, Tyt coversge veIy good
Hurray to ~ex. entr. 1—-gilted entr. except for cuts through
Harshall Co. 11-silting gravel banks.
Line ‘
¥y. 121 S-ex. 16—ex. b—ex, entr. Few culverts required.
Groves Co. Line B8-ex. entr. 1—~gilted 10-silted sutr. o indication of acldity.
to Murray Legilted l1-caved entr.

Lb-gilted entr. -
Ky. 121 8-ox. 37-eX. 1-ex. entr. 1i-ex. catr. Gravel banks and clay
Murray to L-sx, entr. deposits.
Tenn. Line S-gilted

l-gilted entr.
Ey. 95 b-cx. 15~6X. 3-ex. entr. Agricultural srea, 0o
Term. Line 5-gilted 2-silted 2-silted entr, indication of acidity.

o Murray

Ey. 95
Furray to
Harshall Co.
Line

J-ox. entr.
2—gilted entr.

Li’—GX.
8~silted
2=ex, entiry,

1-undermined

36-0x.

1—caved entr.

(Same as rbove)




g&T

CPPENDIX B.  Culvert Survey Data {#ighway District 1) (Gon't.}
County
Route Ho. Concrete Concrete Goncrete  Corrugated vitrified
& Tocation ripe . Fox Slab eta Clay TemaTks
Crrlisle Co. lecxz. 8-ex. 2--cx. entT. ilostly fill-section,
U.S. 51 2—cx. entr. : Hon—acld area.
Ballard Go., Iine 2-silteod
to Bardwell
U.S. 51-62 15~exX. 20-ex. Wo waiter avail-ble for
Berdwell to G-silted 2—Undernined sampling, rapid run-off,

Hickman Co.

Lwgx., entr.

non—cld arca.

Line

U.5. 62 23-cX. 29-eX.. Leex. entr. Towland, poer drsinage,.

Bardwell east 15-silted stagnant water — Yo

to Ballard 2 ¢x. entr. ovidence of =cidity.

Co. Line

Christian Co. 12-ex. 30-ex. 7-cx. entr. 1-ex, entr. Timcstonc snd sty le arca,

Ky, 9L, Jct. 63 17-silted 1-silted 5-silted entr, no indication of acidlty.

ta Caldwell 3-ex. eniT. ' 1-coved entr.

Co, Ling l-coved

U.5. 68 g—2x, 10-ex. 30—cx. Silting results from

Trige Co. ILine 2—-silted C~gilted adjacent ploved ficlds,

to Hopkinsville lL-ex. eabr. concrete pavement, good
turf on ghoulders and
slopes.

U.S. Wl Alt., 1i-cx. J-cx. cnbr. Region similsr to Sluc-

Hopkineville J-gilted 3-giltcd entr. grass in appoer Tance, Con-

to Tenn., Line 6-cxz. cntr. 1l-crved entbr. crete pyvt., fow culverts,

U.5. 41, i7-ex. 1l~cx. 1-cx. entr. Fow culverts required,

Hopkinsville to
Todd Co. Iine

S-cx. entr,
1-silted cntr,

(soc above).



CHT

AFFTFDIR I, Culvert Survey Data (Highvey District 1) (Con't.)
County , 4 ST
Route No. Congrete Concrate Concrotoe Corrugatcd Vitrificd j
& Locetion Zipe ZJox Slab Hetal Clay Remarks
Christian Co. 2i-cx, 16-ex, - 2-ex, cntr. l—-cx, entr. Ditches, grovm over provents
C.8. &8 12-silted l-ceved eontr, gilting, no indicetion of
Todd Co. Linec 2—cx, ontr; acidity
to Hookinsville
Ey. 107 17—cx. 1i-gz. 3-cx, cnbr. Fov culverts regquired,
Hopkinsville to  13-silting 1-gilt=d ontr. 5~5ilted ontr. several arc net functional,
LeFayotte 2-cx, entr. F~caved ontr, no indication of aeidity.
Xy. 107 10-ex, 20~0x. I-cx., entr. l—cz. engr. Agricultursl Rogion, gontly
Hopkinsvills i5-silted l-cx. entr, l~eeved entr. rolling, ne indicrtion of
Horth to Tedd 1-siit~d ontr. acidity.
Co. Linc
U8, 4 Zﬂ—éx., 30-cx. Z—ex. entr. 1-ex. ontr. Forth end of road onters
Fopkingville to b-gilted Z-silting 1-silt~d entr. 1-siltcd entr. co2l region, some corl
Hovkins Co.Line 2-ox. cantr. 2—cavcd entr, cxposcd in cuts, potontially

acid.

Criticnden Co. BO~cx. 7-Ccx. cnkr. 22—~CX. Vitrificd clay to HMarion,
U.5. 60 S-silted 5-milted ontr. 13-silted {(uncomentcd S8 headwalls )
Livingston Co. 8-cx. onir. Ph-nox, L—caved ontr. . l-caved Agricultur-1 Aroca, no indi-
Linc to Union 2-siltod zntr. l-siliced l-ocx. cnir, cation of neidity.
Co. ILing
;y.'Ql 27~0X, JPme0X . Limcstonc arca spproaching
¥arion-North 5-silted rivor, no indicetion of
to Ohio Rivor scidity.
Ky. 91 2—9%. 18-cx. 6-0x. Hild rusting notcd on corr.
Mari on~South to l-silted 1-silted 3-silted metal pipe but no indiea-

Caldwell Co.Line

l-caved cntr.
f6~cx. entr.

1l-undermined

6~0x, ontr. .
3—511t0d ontr,
~caved entr.

tion of acidity.




e ¥

County

Roubs #Ho. Concrotl

g Location Pipo
Graves Co. 12—-CX.

U.5, b5 B-giltod
McCrekcen Co. G—rw. ontT.
Ling to Bﬂsiltcd cnir.
Mayficld

U.S. b5 28-cX.
Eickman Go. - 20—-siltcd
Linc to gecx. "NET.
Hayficld B-gilicd ontTr.
Ty. 98 Gcx.
Meyficld %o 17-gilted
Cariisle Co. li-ailtod cnbr.
Linc

Ky, 98 cx. cniT.
layficld to 2-gilted
#Marshell Go.

Lino

Ky. 97 berx.

fcx. onir.
1-giltcd ontr.

Hayficld to
Tonn., Line

e

Hickman Co. 6—C¥e
U.S. b5 7-siltcd
Fulton Co.ling 2_nx, onbr.

1o Graves Ooe
Ling

APTIEDIR G.

Culvert Survey Data (Eighvay District I) (Con't.)

Vitrificd
Clay

Corrugatod
Fotal

Concrote

Gonoerate ¢
Slab

RoX

I0-0%- 2.nx. cubr.

26-0%. -0x. cnbT. 1-cx. onbr.

1-0%. ontr. I-giltcd entbr.

i-silted

260X,

2~silict

o.undormined

20—0cx. 2.-nx, ontr. 1.0-42Z%.

1-siltod 1-silted ontr. 25~silted
1-caved ontr. 1-0x, ontTe.

52-0X. 2=-CX. 1—0Xe 2-cx. T,

17-silted 13—0%e -ntr.

3ﬂundermincd 3Fsi1tcd.cntr.

becuved cniT.

antr.

00X

1-gilted

Rome TES

Flat torracts, agricultural,
ne ovidcnee of smcidity. In-
yornal drainagc, 1O vatcT
availabl~ foT somplc.

Grading opor~tlons OB shoul—
dors coverod LI some culverbs
gravol doposife ~rode casily
~nd fiil crlvort s.

o0ft~n culverts gubmergrd,
water standing 3n ditchos—
pnocd maintonancs.

Mostly agricultural, no
ovidcnce of acidity

Tlat terrain:s alluvinl soll
po indice tion of acidity.



Eytd L

APPIIDIZ Z, Culvert Survey Data

(Highway District I)

(Con't.)

County

Routc o, Concr-to Concrnto Concroto Corrugatzd Vitrifizd

& Tocation Pipo Boxz . Slab Mrtal Clay Bome rks

Hickman Co. 28-0x, 5-0x, l-silted ontr, Flzt torrein, elluviel soil,
U.5, 51 G--siltod - 3—cavod cnbr. no evidence of acidity.
Clinten to l-cx. cnir,

Tulton Co.Linec

Zy. 58 37—cX. 90X 2-cx. cntr. Lgricul tural sr-e, somn
Clinton to lh—silitzd l-cx. ontr. 1Z-2ilted ontr. internel dreinege. Yo

Graves Co.Linc

l-cx. ontr.
3-silted entr.

2—cavod ontr.

indicetion of acidity.

U.5. 51 16~cx. 8-ox, l-0x. mir, Intcrnal drainagn arca, ne

Carlisl- Co. 7—silicd 2-silt~d 2-5il%cd ontr, cvidener of acidity, »lluvial

Lino to i~giltod ontr. s0il rogion.

Glinton l-caved

Livingston Co. 12-cx:. - b3-oxz. 1l-cx. Agricultural arca, no indica—

U.5. 62 Lesilted 3-giltnd 2-siltod tion of acidity. 2-corrodod

Lyon Co. Linn 2-ox, entr, 2—-cavecd mist Do dur to natursl rust-

to Smithland l-silted ontr. 2-2x. ~ntr. ing. So02 mildly .eid sample
2-corredcd in adjoining CGallowny Co.

U.ﬁ. f0-52, 2hrny, 2o, Agricultural srca, intcrnal

Smithlend %o h-silt~d drainag~, no indcrtion of

telCrackon Co. 2—~0x. ~nir, acidity.

Lin~z

U.5. 60 L8--x, 35-2x. 3-ox. enfr. Principally agricultural,

Smithland to 6~silt-d l-cavnd ontr, No indicstion of scidity

Critt-ndon Co. b0z, contr.

Ling

1-giltcd ontr.




061V

County
zouts No.
& Location

Lyon Co.
U.5, 62
Tivingston Go.
Linr~ to Gald—
woll Co. Lino

Ly. 93
Tddyvilles te
Trigeg Co.Linc

Ky. 93
Euttawa to
¢z1dwnll Co.
Lino

APETIDIX B.

ConcTratn
Fion

28-0%.
12-gilted
1—cx. onkT.
1-giltnd onbr.

1h—nZ.
3-silted

250X,
6-giltnd
1-ox. nbr.

Ll’—"-‘:'};u

Gogcrotc
Box

— e
F3-siltod
ntr.

PR-NE.

b,

Marshall Co.
Ey. 98

Grav~s Ce.linc
to Jct. Us—-68
Surora

U.5. 68
Aurora to
Benton

U.5. 68
Brnton to
MeCrack n Go.
Lin~

11—rx.
11l-eilind
o_ex. mir.
1-silteod onkr.

18—z.
7—Siltfd
11-~x. cntr.
G-siltnd rntr.

0—-oX.
B.silbcd
2—cavsd

B—TH. ontr
?-gilicd rntr.

hg—rx.

Lg—ozx.
3-siltod

36—-0%K.
Sﬂsiltﬁd
5 yndorain~d

gulvirt Sarvty Data

Concro o

{stons

(Eighvey

Coxrugat~d
Hg%gl

1-0x. entr.
1-8iltod cntr.

‘ 2.0%, oniT.
S1ob) 1—silbod onbr.
1-gilt~d

~nkT.

5_.~x, "nir.
2-giltnd ontr.

8ng, nbr.
hegiltrd ondT.
1-cav~d ~ntT.

J-C XK. ~ntr.
3asiltﬂd ~ntr.
i—cav-8 contr.

Digtrich 1)

Tiyrificd
Clay

(Cbn‘t.)

RrmaTES

1-cX.

mbtr.
1~-siltcd gntr.

Tlat torrain, no indicrtion

of =cidity.

Draineg” parall ls highvay.,

fou curverts pogquirsd. =0
indicetion of soidliby.

flat

Culverts oV rErovD:,
farm Land,

non—scid.

Agricultural, slluviel , no
indication of acidity, fov
culverts, long £311 soction.

¥o indicatlon of =cidity.

wid-ning was 1in TTOET S8, ontbro
pipe bring r~ploced, DO indica .
tion of acidity. ;
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SPYIDIT E. culv-rt Survey Deta (Eighvey District 1} (Con't.)

County
Route No. Soncrote Concrote Soncratc Corrugated Titrificd Roma ks
¢ Liocetion Pino Box Slab liotal Clay
Harshall Co. 7~CXa 21-cx. 1l-rx. cntr. Ditches wors being cleaned at
¥Zy. 95 F-siltod hegiltcd 2~-giltod cnir. time obsarved, no indication
Calloway Co. B-cx. cntre l-caved =ntr. of acidity.
Linc to 1-silted ontr.
Bonton
Melracken Co. 5—CX. 17-~0X. 2—-ex, ontr. l-cx, ontr. Flat, elluvial, rcsidential
U.5. 68 16~cx. ontr. 1-giltod ecntr. and agricultursl, no indication
karshall Co. of acidity.
Line %o
Feduecah
U.5. bs T=0X. 22-CX. i-ox. 2-cx.
Paducan %o B-siltcd 1-silted 2—nX. oniT. F-ox. ontr. (8am~ as abovc)
Graves Co. H—px. ontr. l-wndormincd 2.giltod entr. 2-silted ontr.
Linc 2-siltod ontr. l-cavod ontr.
U.5. 62 1l—ox, 4l ~ox. _l-oxz. J-cx. cabr. 1-o0x. ontr. (Samc as above)
Ballard Co. O-silted L-gilted 1—-silted ontr.
Linz %o l-cavcd l-cavcd ~untr.
Paducah 2—cx. ontr.

1-silted cntr.
U.S. 60 1é~cx. I9-ox. 2—-cx. cntr. 1-0%. rabr. (Ssmn as above)
Feducah o 2-gilted 1-silted 1-silt~d cntr.

Rallard Co.
Linc

heox. ontr.
3-silted cntr.
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AFTATIN B, Culvert Survey Data (Fighay District 1) (Con't.)
County
foute Ho. Conerato Concrote Concroto Corrugatod Vigrificd
& Locetion Tipo Box Slab lirtal Clay Aomerite
Trigeg To. 20-cx. Qmri. Lonz. ontr. igricultural arca, non-acid.
. 139 1li-giltcd
Cadlz to 1-cx. cnbr.
Jet. Ky. 164
Ky. I7% . 1l-e=. 12-0x. l1—-cx. cuntr. {Samz as ahove)
Cadiz to Cald— 3-siltcd
woll Go. Linc 2-nx. ontr.
U.8. 68 2l-ox. 7oz, Pp—0x. cntr. 1-ox, ontr, (Semc as above)
liarshall Co. 2-ailtecd 2-nz. tntr,
Line %o 7—-cx. ontr.
Cadiz
U.S. 68 9—cx. 13-ox%. 1-gilt~d entr. 2-"%, cnbtr. (Samo as sbove)
Cadiz %o 1—-cx. tnir. 2—-s1l1t2d cntr.
Christian Co.
Linc
Abbroviations: ~x, = cxenllont condition
ontr. = cntranec DIDC
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APPIDIZ 3, Culvert survey Date (Eighway Distriet IT) (Con't.}
County
Rout~ Fo. Concrote Copcrote Concrete Corrugmted Vigritied Teme rles
& Loertion . FPipso Hox Slab Lintal Clay
Dzvicss Co. L—rxz. 1oz, Vory fow culvorts roquired,
Xy. 54 indications of ascidity.
Hondrrmon Co,
Line %o
Jet., Ky, 81
Xy. 81, Ject. 10-rx, i7—~ox. 1-caved ontr, Reemmt construction, flst
Fy. 54 to terrain, fow drainpge units
¥cLoan Co.Linn reguired.
Iy. 75, Jet. 13-0x. Terx, 1-nx. onkr. Flat, some internsl drainag:o.
Xy. 140 %0 1-silted
Owonsboro 1-gilitod entr.
Ky. 71 hg-nx, Loz, 5-0x. ~ntr. Recont construction, 1 mino
Owonsbors to 18-giltcd l-gilt-d neer Hartford., Indications of
Hartford {in ‘ acidity
Ohio Co.)
ic%aofgon Co.  22-cx. 35-ox. E-cx. onbr. 8%, Shaft min~ 7 mi. from E-nderson,
5““:_0 R Z2-gilted l-corroicd I-cx. mtr. flat, no drainage water avaii-
I-ﬁv:uss 0. ~t%. cntr, able for sample.
Line to l-corr. ontr.
Ecnderson
U.3. 60 19~0x%, 30-nx. Difforontial sottling at box
Honderson to f-siltcd culverts, various soil typos,

Union Co.Lin~

som~ intornal drainoge.
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ATETYDIL T.  Culvert Survoy Deta {Fighvsy District 1I} (Con's.)

County
Houte Ho. Concrntn Concrnto Concroto Corrugat-d Vitrificd 5
& Locsilion Fipo Zox Sisb Li~tal  Clay Hemsrks
Hendorson Co. 2l~ox. 18-cx. 1-cx. l-ex. ontr. Wo indication of scidity,
U.S. 41, Jet. 2—-gilti-d l-cavrd ~ntr, torrain flat, intcrmal
V.o, 60 (285) to 1-rx. onir. drainag-.
~hater Co. Lino
Ey. 416, Jct. I K. 6-o%. 2-"X. 30X, lictal pipc has no hradwells,
U.5. 41 to 1-siltod  l-cevod ~ntr. apprar vory old.
Jet. Ey. 283 S—rugtcd
¥y. 283, Jct.
Yy, L16 o B-ox. Grav~l road, spongy
Jet. Zy. 136
Ky. 149, Jet. 13-cx. 10-2x%. F-rx. ontr, Rre~nt gradr and drein, Looss
Ky. 283 to Lb-gilted 1-siltod cntr. slopos nroding.
Jet. Xy, 136 1-2x., onir.
Ky. 5% 28-nx. 21-cx. 1~~x%. ~ntr. Minrs 8 mi., 10 mi. and 12 mi.
E-ndecrson to 14—giltnd from E-nd-rson, ont v°Try acid.
DJavirss Co. bz, cnbr. :
Linc 2—-gilt~d ~ntr.

l-corrodcd
Horkinsg -Co. B—ox. ontr. 35—z, 1-x, ~nbr. Soil: Lo-ss, crus~8 silting,
U.5. 41 the-silicd 7-siltcd ~ntr. some intnrasl drninage.
Wrhst-r Co.Lin
to Mndisonvill~
Ky. &5 9~ X. 10~—cx. Leox. ~ntr. 1-0%x. entr. Romarkably f:w culverts, no
Modisonvililes to 7-giltcd 1-silted 2—-g8iltcd ~uatr. indicetion of acidiity,

Liclinan Co. Lin-

1-rx. -antr.
l—eiltzd ontr.

L grved rnbr.
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APFZNDIX Z.

Culvert Surv-y Data

. s
{(Fighwey

Distriect IT)

(Con¥t.)

County
Houtn Yo. Councreote Concrotn Concrnt~  Corrugated Titrifi~d
- . B ) Hatal Clias Remarks
& Location: Pipr BGx ey
Fopkins Co. 2erx, 19-0x. 6—rx. rntr. Sandsfonn ar-a, s - photos
Yy. 17 3-gilt-a shoving -~xztr-m- silting, no
Madisonvills to indication of rcidity.
Vrpstar Counins
Ey. 70 17—-rx. f~~z. rntr, 1-cz. Txtomsive strip mining, soveoral
Madigonvilla b-silt-d 2~siltcd -ntr. silt-d culverts, ~xtr-mrly scld
to Z-ulzh B—rx. ntr, 2-cav~d ~nir, strrams have wood bridgrs,
3-gilt~d -ntr.
1-caved ~nir.
U.8. 41 2—"X. 18-nx. 1-cx. ontr. Zxtonsive sirip mining, grasr—
Mzdisonviils to 18-siltrd 2-gilted mntr. ally scid conditions. Doubtful
Christisn Co. l-rx. "ntr. culvert inspoctions dus to
Linz Logiit-d -ntz. ov-rgrowth.
U.8. &2 30-rz. 3i~nx., 1-rx, 2-cx. ontr, Aeid conditions obscrved,
Muhi-nbrrg Co. 27-siltnd Iwgiltnd 1-silt~d ~ntr. 3-siltiicnty.. fow culverts.
Lin~ to Czld- Lrz, ~ntr, 2—~~x, ~ntr. i-cavod -ntr.
woll Co. Linn 1-831t~d -ntr. '
l—-cavod ~nir.
Eogan Co. 19-ox. i2—-nx, sgricultural, ne indicrtion of
g.S: 79 . 1—siltcd acidity, sin¥holcs, similsr to
Todd Co. Lin~z Blu: Grass Arcsz in sppoarancc.
to Russcllvillc
Ey. 75 22~CX.. 6~cx. l-cx, cntr. 2—-cx. cnir. ¥on—-ncid arce, fow culverts.
Russcllville to  3-siltod

Tem, Liine
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Culvert Survey Date (Highay District II)

(Con't.)

36T

Contral City
* to Ohio Co.
Lingo

County
Route Ho. Concrote Concreote Concroto Corrugatod Vitrified Romarl
2 Tocstion Fine Box S1lrb F-gol Frtal HOHADLE
Logrn Go. 37-0X. 1h—cx, 3-rx. cntr, Flat $crrain, fov7 culveris,
¥y. 75 2—siltcd l1-silted cntres nen-acid.
Ruegscllville to 3~caved ontr.
Muhlenbors Co.
Ling
LicLoan Co. 15—, 21-ox, Acidity obsorved, 1 minc,
Ky. 75 1-gilted orincipally agricul tural.
Iathicnborg Co.
Linc to Davices
Co. Linc
Iy. 136 33-CX. 1ll-ex. Concrete cross—drains,
Ohieo Co. Linc 1-silted - no hcedwalis,
to Celheoun l-caved onir.
Kv. 136 bi—cx. 25-0%,
Calhoun to Le-gilted '
Bcech Grove 2-ox. ontr. Very flat terrain.
Ly. 81 26-cx. Snx
Gglhoun Co.Line S5-silting e Lowland £i11, fow structurce-
to Muhlenberg no indications of acidity.
Co. Linc
liohklonbosrg Co 21l~ox 1l-ox 1-si
-a o . CX. CXe —silted entr, Indicetions of scidit;
(.5, 62-3 1-silted | Fera i

corl outcroping nrer
Chio Co. Linc



LPPENDIE E.

Culverd

Survey Dota

(Sighvay District 11) (Con't.)

2GT

County

Bout: Ho. Concrote Concroio Conerrte Corrugated Vitrificd .

& Locetion Tipe Box Slab iotal Pipe Remorizs
Muhlenherg Co. _

¥y. 75 W, Fl—ox, £l-cx, Egiltod omtr. 1-ox. ontr. Indicotions of cecidity,
Central City Loz, ontr. l—cpvad cntr. I—-siltcd mtr., mosily agricultural.

to kicLman Co. h-gilted :

Ky, 70-Kr. 75 23~cx. 15-rz, Very acid comditions, yollow
Cenbtral City 1-cz. cnbr. stroams, strip mining,

to Drakcsboro

Ky. 75 23-rx, bhgx, l-0x. ~ntr, Vory rcid conditieons o1l
Drakosboro o 2—-:x. ontr, l-silted ontr. plong road, s vorpl smell
Togan Co. 16~gilting l-cavrd cntr. conl mints it slack
Linc 1-giltcd tuntr. accnss roads.

Kvr, 176 13-cx. 15-0x. l~cx, ontr. 2-cx, ontr, Aeid vaior found hero,
Trakrsbhore to 3—~cx. cntr. savorel min-s, dreinege
Groenville Lesiltcd from rofussz.

U.3. 62 2h—rx, ez, l-cx, ontr. Vory acid condition,
Greonvills to 5-silted axtonsiv- strip mining,
Hopking Co. '

Line

Ky. 189 pREENS o 13-0x, 1-siltzd ontr. Lots ef stripping and
Jet. U.5. &2 l1-2x. catr. l-cnved -ntr. acid conditions.

to Christian 12-giltcd

Co. Linc

Ky. 181 30-rx. 12-ox, —~nx. ~ntr. ¥o indic-tions of =cidity,
Groonville to ll-silted necar cdge of coal ficLd.

Tedd Co. Dinc

3-rusting



Gown by

Route Wo.

& Tocabion
iunhlonborg Go.
¥y. 81, kclian
Co. Linr to Ject,
with Ey. 75

Ohio County
U.5. 62-=
Acavoer Dam to
Grayson go.linc

U5, £2-5
{2 livhlcnberg Co.
0 Linz to

Bravor Dam

Ly, 69
Hartford to
Fordsvillc

Ky, 5L|-
Fordsville to
Dwonsboro

Iy, 136

Jot. Zy. 71 %o
FcLoen Co.
Line

Cylvort Survay Dsta

{Eighvry District 17) (Con't.)

Concrobe Concrctc Goncroke Corrugatod Titrifi-d

Fipe Box §lab Motel ... tda¥ Romaris

I2—-0X. 10-~x%. 1—cx, ontr. Honc.

2—silted

- Fs 28—~"%. 1—ox. cntr. “xesilont pav-men -t strip

1-cx. cnir. - min-~s draining r~cTosSS ro=d-—

9-giltnd strong acid sction ~vidrnt.

R7—"F 21l-cx. 1-cz. Onbr. Conl mining octlivity, watcr
giain~d, 1O evidoner of
dctorioration.

32—~ K. 30—-Cx. 1-caved cntr. 73 tuminous surincs practi-

25~silted 1-siltcd cally son7, mining activity,

1-cavod cntr. acld wator.

Bl x. 20-0X. Situminous pavom b, dreins

13-silbcd 3-gilind ovrrgrowm and silting.

37—CXe 21-"%. lcx. cnir. l-caved matr. o indication of acildlty.

Lecxz, ~ntr. 1-siltod

g-giltod '

Jcaved ontr.

-




LPPENDIX 3.  Culvert Supv-y Deta (HFlghrmy District IT) (Con't.)

- e ——

Countty
Routs Ho. Joncroto Concrnito Concrote Corragatcd Vitrified
& Location Pipe 30% Sico Hrtal Tipo Remarls
Todd County 27— K. 15-"%. Outside coal ficld.
Y. 181 2—~%x, entr.
twhlroberg Co. 2—-gilting
Tinc to Zliton 2_giltod ~ntT.
1-cov-d mtr.
EKy. 181 Y 11-"x. T X e 5—"X. Wo hradwalls oi corrugatnd
Elkxton to pipo and no sndicption of
Guthric ccldity-
e, 79, Jcot. 11-7X. 11~0%., 2~rz. Wo indicebion of acidity-
s, b1 to '
szan Co. Lins
Union County B2ty L8—nx. 10-rx, ~ntr. BT, Asgricultuml rogion -
U.5. 60 P—rx, onbr, 1-gilynd cntr. &% cnbr. gpottod arta, rcidity.
+1%t-nden Co. to  S—siiting 1-cav~d ~ntT. 1-silting
T~nasrson Co.
. 85, Sturgls 25-0X. PB-CEe 1-0x. OnLT. 3~cx. onbtr. On vory odgo of conl rogion.
to Jct. Ky. 56 1-ox. ~nir. g-silting. 2-.gilt~d ~ntr.
16~-silting
Lgiltcd ~ntr.
Ey. 56 23~0x. 28-%s : ,
Shawnoctown Forry 9-silbed Agricul tvral rogion.
to Horganficld 1-siltod onbr.
. 5—cX.
Yy. 56 O—-2x. LB-~x. L-ox. ontr. Agricultural rogiob.
I»'iorganficld. %0 1—-cx. cntr. 1—~silbod 1-silied

3-giltod 1-silted rmtr.
1-silied entr.

yod entr

Jct. U-S. "-;’l

-




Culvert Survey Date (Fighvay District I1)

(Coun't.)

County

Boutn Ho. Conecreto Concrote Conercte Corruga ted Vitrifiad Remarks

& Location Pipc Box o Motal Fipg T

ebster Co. box, 18-cx. 1-cx. cntr, Internal drainage, but slow

V.S, 41-8 3-cx. cntr, 2-silted ontr, run—off yiclding silicd con—

Henderson Co., 10-giltcd dtions, agriculturnl arca.

to Dixon l-silted cntr,

1Ky. 132 1Z2—-cx. 32-cx, l-cx,. ontr, 3~cx. ontr, Strip mining rogion ond

Ly, B85 Z2—~ox. ontr, l-undcoramined acidity orcscnt.

Jet. US-41-8 6-s8iltcd

to Union Ca. 1-siltecd cntr.

Ly, 132 . 31l-cx. 12—ocx. 5—~0x. I~siltcd ontr. Agricultural and woodland
doand Ky, 56 2-ox,. entr. i—cx. catr. recgion, masonry headiells,
wDizon to l-silted l-caved ontr, somc occasional celd water,
licLean Go., 2-cavcd

U.5. 41 7-cx. - 11l-cx. i-cx. cntr, l-cx. ontr. Silting bad,

Dixon to 2—cx. ontr, h-silted cntr. l-silted ontr.  agriculturnl region,

Hopkins Co.Linc 17-siltecd

l-siltcd ontr.,




lHontgemnry Zo.

Linc

APELHDIX =, Culvert Survey Data (Fighway District 1) {Gon‘t.)
County
Boute Mo. Concrete tpacrete Concreie Stonc Corrugated Tifrifisd
& Location F1pe 202 5lab Slab detel Clay Bore 79
Sourton o, . 2—0X. l-cx. f—~cx. 16~cx. l-cx. Blug grass arca, non—-ncid.
T.5. 27 fox, ontr.
Harrison Co. '
Line to Paris
U.5., 68 ox, 2-cx. 19—ex. L—GX. 10X Same A abova.
Daris to Hich- l-silted 5-cx. ontr. 1-gilted
oles Co. Line
U.5, 27 & 68 3 ex. 5~CX. 3—0X. l—-caved Semo as above.
Tayetic Co. G-ox. entT. 3-ox. entr.
Tdne l-caved
%ﬂ
{wi,5. M60 & 60 1-ox. 28X 3-eX. 13~ex. 15-cx. 8-cx. Spme as ~bove.
g;Paris to Horth g-gx. cobr.
liiddletovn 3-gilted
l~caved cntr.
1-yrustcd
0lerk Co. 25-0%, 20X, f—-ex. entr. Tast cdge of BElucgrass arce,
Ty. 89" f-cz. cntr. h-gilted 1-silted entr. non-ncid.
winchoster to 7—silted
Zstill Co.hinc
U.5. 227 1-cx. ontr. L—cx. 2-ex. 7-CX. 2-ox, 3-oX. S5rme a8 ~bOTC
Hnchester to 1-gilted cnir. 1-px. entr.
Prnris
U.S5. 60 S-cx. 19~ex. -ox. entr. Seme as AbOVE
Winchoster to i-silted 2-cilted




~APPTNDIX E. Culvert Survey Data (Sighway District 71) (Conlt.)
County \ ] :
Routc Ho. Concrete Soncrate Concrotey Stoac Corrugrtod vitrified - ;
™4 - iy 4 - ~ ftai i)
& Location S1Te 30% Slab Siab Lietal . Slay cmATAS
~ Franklin Co. 1l-cx. 20-0%. Lecz, ontr. §2~0X, ~e 28 FDOVEa
STy, 421 ! 1-silted 1-ox. ontr.
Henry Co. Line i-giltcd entr. 1i-silted \
to Franifort !
Tossamine Co. 2-cx, CNLT. 8-cx. box.| 1-cx. 20~cix. Centre 1l Elucgrass,
Icone %o b7 -CZK. non-acid,
Hicholagville i 2-siltcd 1. ex. ontr.
U.8. 27 i-cx.
. Gamp ilelson to 1-silted contr.|l l-ei. 10-gx. ! 1-0X. 1-cx. Samo as above
£7icholasville p-px. ontT.
o 1-giltod entr.
fo— _
Hedison Co. 9-ex., 8-ox. l-cx. Tdgc of Blmegrass, black
Ly. 169 i-ex. cnbtr. chals out—-croppings,
Rig ¥ill to J-giltcd cntr. ovidcnece of mild acidity.
Speedwoll
fy. 21 1-0x. Lecxz, h—ex. 5—0X. Serc 88 oDOVE
Bercea to i-silted 1-underaincd 2-giltcd
3ig Eill
7.5, 25 l-ez. 35—-eX. +Legx, 12—-ex. Lo—cH. Blucgrass, non—acid.
Ky. River 3-silted 3-oz. CniT. begilted
to Berea 2-s1lted
entr. i
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(Fighay District

APETWDIE 2, Culvert Survey Date
County . .
Houtc o, Conecrete Concrete | Concrote Stons Corrugated Titrificd Roms s
& Location . Tino Sox 5lab 31=0 Hietal Clay
Fayette Co. 1é-cx. E~cx. 18-cx. entr., Soentrrl fluc grass,
U.8, 80 6~ex. entr, 12~siltcd ontr. non-seid,
Lexington %o 3~siltod
Hicholasvilie
T.3. 60 11l-cx. 19-cx, 30z, 6—~cx, cntr. 17-5x. Seisc a8 sbove, very old,
Lexington to 6-cx. enir. ' l-cx, entr, about 1920 construction.
inchester l-silted 2-siltod
U.B. 27 & 68 S—0x, l-cx. l-cz, 3~ez. enir, Contral Blucgrass,
Lexington S-ez. ontr, l-caved entr, nen~acid.
tc Farisg z—-gilted entr,
Ty, 50 Logs, 7-0X. l-ex. ontr. Ccntrel Zlucgrass,
Lezington to Z2-cxz. entr. non-~cid,
Scott Co.ling 1-silted
T.3. 25 l-ex, i-cx. 2-ex. l-ox. Same as ahove,
Ironworks Piko
to Lczington
Franklin Co. 18—cx=, - 20-ex, 9-cx. cntr. Centr=1 Bluegrass,
U.5. €0 17-ex. entz. non-scid.
sholby Co. Line | 1-gilted
to Frankfort
T.S8. W&o 7-ex. 2-3x, feex, 5-cxz., entr, Senc as abovoe.
Scott Co. Line l-ex. entr.

to Frankfort




AFPIWDIZ E,  Culvert Survey Data  (Fighway District VII) {(Con't.)

County ‘

Houto ﬂ?. Gcn?reto CoEcrete Concrete Stone COfTugatad Titrificd Rema rics

& Loecation Tipe Zox Slab Slab Hotal Clay

Floyvd Co. A5-0xK. 19—ex. 1-cx. Soversl smell mines near

Ky. 114 21l-silted l-ox,. cntr. 2~0x. cutr, Prostounsburg.

Magoffin Co.line l-silted l-siltcd catr.

to FProstonsburg l-silted cntre

7.5, 23-460 7h—cx. 20—ex, 2-0X, cntr. Rosd ruas along bluff of Big

Progtonshurg 20-gilted 2-siltecd 3—gilted entr., Sandy, extrenc ecidity at

to Pikeville l-caved entr. Prestonsburg city limits,
several abandoned mines,

T.5. 23 37-0x. 18-ex. Mines at Van Lear.

Prestongburg 19~giltod

to Faintsville l~caved

[

{Irhnson Co. 30-ex., 10—~cx. 1—-ax, i-cx. entr. Scattored mincs, nono of

B3 5. 23-H 9-giltod 2-silted ontr. 3-giltod entr. importanco, highly developed

Jei. U.S.L60- 1l-caved entr. agriecnlturally, somc coal

23 to Lawrence cxposcd in cuts,

Co. Line

¥nott Co. BEf—cx. 25-cX.

Zy. 80 12—-gilted Kild gcidity evident.

Ferry Co.Linc

to Hindman

Ky. 160 58—cx, 1h—ox, 1-cx. 3-0x. Cosl mining activity.

Hindman 2—-silted -

to Cody

Letcher Co, 68-cx. 3~ex. 3~cX. 2wcx. cntr. Kines in vieinity,

J.58. 119 11l-siltecd acidity prevalcent.

Whitesburg

to Jenking



Houbo NWo.

L 3I01E Be Galvert Survey Data (Ei

o

Jway District Vil)

(Goa‘t.)

Concrobe Concreie ‘Goncrete stone  Corrugatced Vigrificd Reomatks
& Locetlon Bipc Box 51zb S1ab Hetol
Letehor Co. 36-0x. 20-0x. 9~0%. Seme coal mining,
U.5. 119 25—~gilted 2~5x%. cntle mostly woodlonds.
Jet. Zy. 15 ' 3-siltcd
tp Harien Co. 1~ailtcd entr.
Tine
Koo LU 58-GX, 12-cx. 12-cx. 2-cx. 2l-rusted Very acid scopege from
Gody 1n 11l-silted cogl scams.
Vhitoeebais
Mogoffin Co. 36--6x. 22-CX. 1-CXa None
U.s. b67 go-zili
Johnson Go.Linc
tBuSalyersville
(o
w1 30
@xiyersville to Ll~ox. 270X, 3-ex, onbr, Throo or four active truck
3reathitt Co. 18~silted 1-silted l-eiltcd entr. mines.
Tine 2-giltcd ontr. 1-cavcd cnir.
Ty. 114 16-ex. 25—GH. J-gx. cntT.
Saryersville 5-giltcd 1-silted 2—gilted entr. 2-silted Hone
+5 Tioyd Co. 1-caved enir.
Line
Martin Co. 1b-gx. 2gilted enbrs Soveral coal mines,
Ky. Lo 13-eiliod vitrified clay cross—drains.
W,Va. Line
to Inez
Ky. 40 48—z, 18~cx. Tow mincs, mostly agri—
Incz to 7—silted cul turel.
Johnson Go. i-caved




Floyd Co.
Line to Jct,
U.5. 23-440

APPTNDLE 3, Culvert Survey Date (Fighrway Districs VII) (Con'h.)
Cemaly T

Houte We, Concrete Concrecte Sstone  Corrugated Vitrified e

& Lecntion Box .Slgb Sl Ketal Clay O T8

Perey Co. -

Peiry Co. Hoad— 1 .sixced 1-giltecd 2Z-cz, lesilted Leatherweod Creek’ show-

Jes. Ey. 7 1~brskon b-gilted 1l-caved entr, ing large amount of coal

to Dalsy l-caved residae,

G 220X, i—-cx. 3—-ex. 1=~gx, 2-ox. ontr. G-ex, Several railrosd mincs
2-ex., entr, l1-siltcd 1l-silted 2-~silted I-silted ontr. 2—~sgilied off thc highvay, road
8--silted ‘ ‘ - lerusted entr. 2-silted entr. parsllels Eentucky Biver

Jet., Ey. 7

BEy. ¥ 7—ex, 30-ex. 30-ex, entr. 23~ex. enir, Hoad perallels Ky. River,

Jeff ic 5-silted 7—silted 22~-silted cntr., 20-silted extensive mining,

Blackcy

2

Xy, if 102 ez, 1ll-cx, 5—cx, b~cx. entr, I-cx. Kostly truck mines,

éﬁ@forz to 15-silted 5-silted 2-silted 2-silted entr, l-siltecd few railroad mines.

Bresthitt Co. l—caved cntr,

Iine

Co. Hoad 13—-ex. Z—ex, Feex, l-ex. entr. 3~-ex, First Croek hesvily

ret. Ky. 80— l-silted 3-rusted cutr, 1-gilted polluicd with cosl dusi

=8 tc Blue l—-caved from BElue Diamond MHine,

Lizrond Mine

Ey. S0 2—-ex, cntra, 1oz, 3~ex. entr, hoex, Active mines, scattered,

Hazard to l-gilted besilted 12-silted entr. 33-silted several acid springs.

Leslie Co. Z2-siltod entr. : l-silted entr,

' b-caving
Pike Co, 7lh—ex, 28—ox. l-gx. entr. Gencrel mining area,
Ky, 122 20-silted l-silted 3-silted entr,



APEINDIX T. Culvert Survey Dats {Highwey District v11) (Con't.)
T
Fovde Nua Concreke Goncrete Copcrcte  Blone Corrugated Vigrificd
& Yoo hion Pipe Box 51ab S1lsb Hotal Clay Remarks
Tike Co. 8-ox. OmgXae 1-eX. 1~-oX. Siides stopping some
Ey. 122-W 3-silted 1-ex., nir. culverts, Very 1arge
From Jct. 1-caved entr. pines operatcd by Inland
s 23-119 Stecl ab Wheclwright.
to Floyd Co.
U.8. k60 80~ex. 21-CX. j-gilt H-ox. entr. 1-cx. entr. Numerous slides stopping
From Job. KY. 2~ox, enir. 1-silted entr. 3-silted cnbr. 2-gilted entr, SOWC culverts, side rozds
19l US-LEC 12—-silted to minese.
t%éfikeville 3-silted entT.
&
Ky 194 .
7rom Phelps %o 50~EX. 15-EX. g-siltcd entr. Mining district around
Job. Ky. 194 32—-silted 1-cx. Phelps (mining town)
U5 1-1'60 ent:r.‘.
U.s8. 119 20-6%. J1l-ex. 2-silted entr. L-ex. Seversl coal mining tovms
Pikeville 85-gilted 1-gilted 11-silted off U.S. 119, one mine on
to Canada 1~caved entr. ' road ncar Pikeville.
U.5. 23 & 119 120-ex. 206X, b-cx. Sholby Creck black with
Jenkins to 12-gilted cosl dust, seversl coal

Shelbiana

mines .




APFINDIX &, Culvert Survey Dota (

Elghvay District VIIT)

(Con't.)

County

Houte No, Concrete Concrete Concrete Stone Corrugsted Vitrified Remarks

& Location Pipe Sox Slab Slab lietal Clay

Boyd Co.Line l-ex. 25-ex, 1-ez, 55-ex. Both clay ang conl mining in
U.3. 60 l-ez, entr. 2l=gilted vicinity of Princessg,
Gannonsburg “Temilted

to Grayson 1-silted entr,

U.5. 23-x§ 3-ex. entyr, 16~ex. 2-silted cntr, bl-ex, Coal butcroppings in cuts,
Lavrence o, l-silted A7-8ilteq

Line to

Cannonsburg

Breathitt Co, 9l—gx, Leeex. 5-ex, entr. Road follows GQuisksand Creelk
Ky.130 3—~ex. entr. l-silteq 2-ex. entr, which drains Pong Creele
Mméhifin Co. 2W-gilteq 2-caved entr, Pocahontas Mines at Zvanston,
Liger 49 l-gilted entr, 2~5ilted entr,

Jeti Ky, 15

Ky. 15 72~-ezx. 30~ex, Scattered mining, evidence of
Jackson 4o 13-silted mild acid water aetion,

Perry Co.

Line

Ky, 52 _ H0—~ex, b6-ox. 3&65- entr, Coal mining region, culverts
Beattyville 2-ex. entr. l1-silted entr, generally not directly affected.
to Jackson 55-silted

Carter Co. 1—@3. cntr, 28-ex, 35-exz, Rosd rung along Little Sandy
Ky. 7 1-silteq entr, l-ex. entr, - River, Scattered cosl nining,
Grayson to 16~silted

I11liets Co.
Line

l-siYteqd ent r,




Con't.)

| APPENDIX 3. Culvert Survey Data (Eighwey District VIII)

County

Route Ko. Concrete Concrete Joncrete Stone Corrugated Fitrified

& Locenvion Pipe Bex . 8lab Slab Hotal Clay Remarks

Z1liott Co. 87—ex. 60-ex. 2m0Ka . 10-ex. entr. Li—ex. entr. Scattered coal

iy. 7 F-ex. entr. b-gilted s-gilted entr, 1-silted entr. mining, ~gricultu-

Carter Co.Line 9-silted 1-silted cntr. ral ~nd forcst

to Morgan Co. areas.

Line

Lawrence Co. HO-cx. 9-cx. 1-cx. ontT. Road follows bluff

Ey. 3 5—px. entr. 3-silted entr. of Tugz Fork, ncld

Louisa to 1b—gilted springs, fow mines.

Mirrtin Co.Line 2-silted entr.

\ , .

U.%% 23-N L5-ex. 12-ex. 2-gx. entr. Piled stonc head-

Joffison Co. 13-silted 2-gilted 1-gilted entr. wallg, scattered

Line teo 2-ailted catr. mining.

Louisa

U.5. 23~ Jmox. GRET. Lo—-cx. 108-ex. Ho minos in

Louisa to l-5iltcd entr. 36~-silted vicinity.

Boyd Co. Line 2-gilted cntr. sgricultural.

lontgomery Co. 20-ex. 15-ex. 2-eX. bcx. cntr. 15-eX. West end in Blue-

Yy. 11-U.S.460 O-cox. cabr. o silted entr, 2—6X. onir. grass, transconds

Both CGo. Line 1-silted Black Shele tovery

to Frenchburg ' edge of coal region
at Frenchburg.

U.5. 60 . Lg—cx. 12~cX. 3~cX. 1-ex. entr. 2-ex. entr. Section undergoing

Ciark Co.Line l—e?. e%tr; l—-umnder-= 1—-silted entry. widening, =1l

to Beth Co. l-silted mincd drainage brought

Tine

up to Siendard.
Timestone Arean.




SPPTUDIT S.  Culvert Survey Data  (Highvay District VIII)  {Con't.)

County

Route Ho. Concrete Concrete Concrete Stone Corrugated Titrified Reme ks

o Locztion Pipe Box Sisb 5lab Hotsl lay :

Forgan Ta. 30~ex. 2heex, ‘ Coal region, mostly agricultural,
U.5. L460-E 10-silted : soveral cuts exposc shale and

. Liberty coal,

to Megoffin ’

Co. Line

Ky. 7 l-ex, L0-ex, 1~0x. 2-gilted entr. 739-ex. lostly pgricultural.

Fllictt Co. 2-e%. ontr. '

to West

Liberty

Roééb Co. l-silted I-ox. Trangcends boundry betweon Elue-
Ly bi32 _ grass and coal region.

lHorgnead to
Flemingsburg




APFENDIX E,

Culvert Survey Dpta (Highvey District IX) (Con't.)
County
Houte ¥Fo. Concrete Concrete Concrete Stone  Corrugated Titrified Remarks
& Location Pipe . Box Slab Slab Metal Clay
Bell Co. 2h—px, 18-ex. 2-ex., 2-silted 2-gx, 411 metal wipes hove
U.53. 119 1-cx. entr. 2l-rusted rusted through in lower
Pinoville to 10-silt%ed 2-tusted entr. arch. Yo mine drainage
Harlen Co.Line observed.
U.S. 25-= 20-ex. B~ex. Lb-eox, cntr. Ho minc drainpge,
Pincville to 7=-silted scepage producing mild
Enoz Co.Line acidity.
U.8. 25-F 58-cx. 19-ex. 1-cx. 8—ex. cntr, ¥o headwalls in part,
liiddlesboro 15-silted 3-silted entr. acid action expeciod.
tgpZineville Strcams polluted with
b coal dust.
pesh .
U.S. 25-5 9~ex, Leox, 3~cx. entr. 2-8ilted entr. No mincs along road.
Virginia ILine l-ex. antr. 2-silted cntr.
to Middles— 3~silted l-caved entr,
boro
Ky. 74 38~ex, 2~0X. ll-ex. 2-ex. entr. PGx., Acidity in several lo-
Middlesboro 2-e¢x. entr, l-cx.endr. 2-silted entr. 3-cx. entr. cations, soft sandstonc,
to Tennessee 26-silted causing silting and
Line 3-silted entr. abrasion of pipes, %wo
l~caved entr, large mince on this road.
Harlan Co. Z2l-ex. 1l—cx Some coal mining.
U.5. 119 5~silted

Lotcher Co,L.
to Cumberliand

l~siltcd enfr.



| APSTEDIE &, Culvert Survey Data (Fighway District I%) (Con't.)

Gounty
foute Ho. Concrete Concrete Conerctc  Stone Corrugated Vitrified ‘ .
& Locetion Fipe Hox Slab S31ab Metal Clay fomaris
Yzrlan Co. 60—ex. 3-ex. Strip andé drift mining.
Ky. 160 2-cx. entre. polluted stroams.
Cumbcriand to 3~-silticd
Virginia
Strtc Linc
Zy. 119 26~cx. SeeX, 17-cx. 2-¢x. entr. "hleex, Sandstone hoadwalls,
Zarlan %o J-cx. entr. l-silted entr., 2-cx. entr. abraded pipe, mild
Ecll Co. 2~gilted 3~caved entr. 7=siltod acidity expected.
Line ) .
Ey. 219 1-ex, 1—silted ¥ild acidiiy.
¥allins to l—silted 2~cgvcd
Crﬁﬁch ferusted

&
0 S l-cx., entr. . 10-2z. 2h—ox.
Ly. 56 5-silted Coal mining town.
Errlan to
Turtle Oreek
Ky. 38 é~ex. Legx, 10-ex.  1l-ex. cntr, I-eX. Coal dust washings
Harlan to l—-cx. cntr. 2-caved 3-silted 1-ox., a@m¥tr. empty into creck.
Zvarts }7-silted l-caved 3-silted
Ky. 72 b—ex. 1h-ex, 1-ox. 1-silted 19-ex. Cosl washings in crock,
Jet. Eye. 2=ex. . entr. 2—-gilted entr. 2Z-siltod road stops at mine,
119 l-silted 1-rusted 2-silted entr. settling basins at
to Alva l1-rusted entr. head of creck.




' AFFIIDIX Z. Culvert Survey Data (Highvey District IX) (Con't.)

U-caved entr.

County
Route No, Conzrete Concrcte “Conicrete Corrugated Vitrified Homs rika
& Locetion Pipe . Dox Sldé_ Hctal lay
keCreary Co, AE7—cx. Q—ex. 2-silted entr. Sandstone area, road
S U8, 29 2—-ex. ontr, 3~caved entr. follows ridge.
Jeb. Ky 92t begilted
Tulsski Co.Line 2-giltcd ent r,
Ex. 90 3o—ex, b-ex. 3-ex. entr, Forest ares, no acidity,
Parkers Lake to 1l-silted 2~caved entr. sandstone prodominansly,
Cumberlend Falls '
Pulaski Go. 66-ex, 35-ex,. 6~ex. entr, Few coel mines, ncid con-
Ky-}§O—W 2~ex. entr, l-ex, entr. 2-silted entr, ditions loeslized nosr
Somp¥set to 10-silted 6-caved entr. Laurel Co. Line
Laqggl Co.Line
U.5, 27 2l-ex, lb-ex. l-ex, 6~ex. entr, Lgwex, Some cosl mincs off
Parkers Lake l—-ex, entr, b-silted entr. 1l-silted road, -
to Somersct 5-silted becaved entr. -
1-silted entr.
Whitley Co, 88-cx, 27~cx, 8-ex. entr, l-ex. cntr. Seversl cuts cxpose
TU.5. 25-W 5-ex. entr. 9-silted entr., 2-silied entr. coal anl shales,
Corbin to 3-silted 10~caved entr.
Williamsburg 3-silted entr.
U:S..25«W 27-cx. 21-ax. 2-ex, 5-ex. entr, 2-ex, entr, Blaclkk shales producing
Wllllameurg S-cx. ongr, 2-silted entr. acidity were observed.
to Jezllico 6-siltecd 2-rusting



APPIHEDIX I, Culvert Survey Dats (Fghvay District Ix

(Con’t.)

il

County :
Houte ¥o, Conerete Concrete Concrete  Stone Corrugated Vitrifica Roms ris
& Location Fine Box Slab s1.% Metal Cla . R
q____“_____ﬁ__il_“_h_h__m_q___q__—m_ﬂ_-gm_ﬂ_a_m_ﬁ_
Yhitley Co, 88-cx. 2l~cx, 7-cx, 18~ex, cnty, b0-cx, Coal mincs on mountsin
Ly, 92-w 2~-s1lted I-silted 1-silted 3-silteq mIT.  lwez, enty, pollute stresmg ip valloy,
Villismsburg 13-caved entr, 3-silted
to Pine Knot S-rusted
' J-rusted entr,
Leslic Co. 156 ez, 33-ex, 20-¢x, Sand stone Rasonry and cone—
Ky. 80 U2~silteq 1-silteqd creto headwalls, several
Manchester begiltes entr, large iruck mines,
to Eyden J~caving
l-caved entr,
N 1~underminei
Ky.E§5? 1ho-ex, 1-silted entr, Foy mines, mild acidity,
U.S. b2y 70-silted mostly logeing operstions,
Eyden to
Herlan Co.Line
Ey. 80 37—-ex. 6-cx. l-ox, . l~caved entr, 18-ex, Some coanl mining..
Hyden to 7-silted

Perry Co.Line

—

3~silted



