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COG6 SGUEAKS
DECEMBER 1987

MERRY CHRISTMAS
AND
HAPPY CAVING
IN
1988

Grotto Information

The Central Ohie Grottc seets the second Friday of each month
or the Saturday foullowing the second Friday at 8:00 PH,
Meeting notices are published in the Sgueaks. the Grotto
newsletter. Please call any officer for seeting inforsation
or caving trips.

C06 officers are:

Clovis Dawson Chairman &14-262-2073
Nancy Mahoney Secretary b14-866-6747
Karen Walden Treasurer b14-965-2942

Bill Walden Squeaks Editor 614-965-2942
Paul Unger  Boone Karst 513-839-4258

The official gretto address is:

Central Ohio Grotto
C/0 Bill Walden
1672 South Galena Road
Balena, Ohic 43021
614-955-2942

The official newsletter of the Central Ohio Grotto is the COB
Squeaks. Subscription is $10 per year. The CD6 Squeaks is
published 10 tiees each year. Articles wmay be reprinted by
other NS5 amesber organizations provided that the author ang
C06 Squeaks are given credit. Please contact Bill Walden
regarding the CO6 Squeaks. Articles, poetry, fiction, and
infermation related to cave espleration and study are
welcose,

MEETING NOTICE

Annual Christmas Party
Saturday Decesber 12, 6:00 P
Map on page 4.

Mesbers of cther area grottos are invited to attend.

The annual Christmas party and meeting will be hosted by Bill
and Karen HWalden at their hovae in Galena, Ohic. The party
will begin at 6:00 PM with a social hour. Dinner will be
served at 7:00. Following dinner the COG will have a very
short business eeeting. MWe sust appoint a nominating
coapittee to select a slate of officers for the new year.
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After the meeting we will have the annual gift exchange.

Everyone is encouraged to participate in the gift exchange. The
eaphiasic is on humer, The original object of the gift exchange
was that the receipiant sust use the gift on his or her next
cave trip. The sprit of this has been maintained cover the
years,

It 15 the thought and humer which count. The saterial value of
the gift may be nothing at all. In other words don’t spent a
lot of-soney but use your head!

Examples of past gifts are:

The portable hand hold for the cave climber. -- A 50 pound hunk
of lisestone with a simi-usefull grip.

Expendible cave casera -- & pin hole camera kit consisting of a
shoebox painted black, a pin to punch the hole, aluminua foil,
a tell of 186 fils and, of course, the instructions.

Brass carbide lamp -- heavy brass cast parts. Yes it works but,
vhy that dasn helaut keeps falling over the users face!

High level lead spotting flashlight -- Lucas Flame Thrower lasp
sounted on an ameo case which contains the car battery to power
the light. Really great for spotting those high level leads in
the giant passages such as COBer’s and WVGer’s are acquainted.

Bat cake -- never makes it home from the party though!
Cricket candy -- ditto!

Back up light source -- A panic light, the faster vou sgueeze
on the handle, the sore light it produces.

Ohio Cave light set -- Sisilar to eyeglass frame but with twc
small lights powered by twe AAA batteries, Really great for
those tight buckeye caves,

Should you net feel creative, straight gifts are welcomed.
Please plan to cose and have fun,
The December Squeaks

This wmonth’s Sgueaks is rather special. It contains Jay
Kessel's paper on the work he did in Sloan’s Valley. Jay’s
paper is titled Spelecnenesis, Landfill Managesent, and
Polution of Water in Sloan’s Valley, Kentucky. Also, Wike Bray
submitted a paper on a cave plotting progras for the Hewlett
Packard HP-11C calculator.

Jay’s tables that go with his paper and Mike’s program are
included in the appendix to this issue. The appendix is at the
end on pages I through IV. Jay’'s tables are on pages I and II,
and Mike's prograa is on page’s III and IV,
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The Hewiett Packard HP-11C
Cave Plotting Progras

by Mike 6ray

The Hewlett Packard HP-11C calculator with continuous semery
can be a useful teol in cresting cave maps. This calculator
bas five user programeable keys that canm access up to 203
lines of prograw sesory, a index register and 20 storage
registers. Since 1t a continuous semory 11 cam be turned off
without erasing your progras.

When the CO6 Mapped the sloans valley cave systes a program
written in fortran was used to covert the survey data in to
rectangular coordinates which was then plotted by hand. The
progras also included loop closure error correction.
Unfortunately this program required access {0 a cosputer
center that could run this program. Nowadays the trend is for
the entire sap to be created by the computer which is fine if
you like large cave systess printed on 8 1/2 by i1 paper. The
other problem with plotting by cosputers is that unless you
want to take several thousands of dollars worth of equipment
to wherever you cave you can not get accurate sap within a
few hours after the one exits the cave,

With the wuse an HP-11C and this progras a sap can be drawn
guickly and accurately by the coordinate systes. if graph
paper is used 2 map can be ready for review in an hour or two
and detail filled in while it is fresh in mind.

To progras the HP-11C press (g <P/R> and enter the
program.After entering the progras.press <g» <P/R: again .
Refer to the HP-11C owners wmanual for aore detail about
entering and rumning prograas.

To use this progras check to see if "user” 1s displayed in
the lower left corner of the display. If not press <f» <user’
to enter user mode. This reverses the top first five keys so
that the yellow user A though E keys are a single key stroke
and the white primary key funtions are now shifted funtions.

The user A tough £ keys start the prograss that make up the
HP-11C cave plotting system. Pressing one of them runs the
specified program on the nuabers on the memory stack.
Resesber that if a number is on the display it 15 in the X-
register of the stack.

While a program is running the calculator will flash the word
running on the display. whem a nusber reappears the prograe
has ether finished or 15 at a programmed stop. Pressing the
Run/Stop will restart the program froe the point it was
prograssed to stop or restart the pregraa if it had finished
execution of the progras ’

Before starting to enter the data clear the storge registors
of any old data by presssing <(f> then the <REB> keys. Store
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the startting elevation for the survey into storage registoer 7.
If the starting elevation is not known the calculator will use
0.0 for the starting elevation.

The progras “A" 15 used to change a cumpass bearing by (B0
degrees. this is useful convert the back sight bearing to the
fore needed by prograa "B®. Program A" requires that the
bearing tv be converted be placed in the X-register of the
aencry stack.Since this is equal to the display keying a nuaber
onto the display 1s all that is required. For example if the
bearing tv be converted was 230.5 degrees you would press the
keys <2 (3> <0 {,) <5}, the nusber 230.%5 would the be on the
display. Pressing the *A" key would start the progras. The
display would flash “running” several times then display the
nuaber 30,50 (if sore decimal places are required the display
tan be set to display thea. But reseaber that no matter how
sany places are displayed the calculator always works with a 10
digit nusber raised to a £ digit exponent of 10). This is the
end of the program and pressing the {R/Sy (Run/Step) button
would only restart the program working with the nusber now in
the display (the programs will return with 230.5 for a resulti.

Progras "B" will average two coapass bearings and both display
the results and stere the result in storage register 2. This
prograe needs a valid bearing in the » and the y registers of
the memory stack. This progras needs the front sight to be in
the fors where reading is from the alternate set of nusbers or
the other end of the compass needle then the person taking the
front sight is using(fig.2). If the data taken down during the
survey is not in this fore the bearing can be converted by
prograa "A".

Pressing the <ENTER> key will move a nuaber froa the X-
register and place it in the Y-register. Pressing the "B" key
will start the progras. The nusber in the display when it has
finished running is the averaged bearing (fig.3. Pressing <R/5>
again will restart the progras from the beginning).

This value was also placed in storage register nuaber 2 for use
bv progras "D*. Since prograa “d” reguires the average bearing
to stored ahead of time it is a good habit to use program "B°
even if the bearings are equal. If the two bearing are egual
they can be entered by keying the bearing in then pressing
{ENTER>,

This works because when "ENTER"is pressed the number in the X-
register is copied into the the 7-register buf does not erase
the value 1in the X-register till a nuamber is entered. If a
operation is perforsed instead entering a new number the forser
value of the X-register is used for the operation,

Program "C" 15 wused to average the front and the back
clincmeter readings. as in program be the values aust be
changed for the back sight. If the value for the front sight
was -10.2 degrees then reading on the back sight would be 10.2
(fig.4). The sign of the back sight would have to be changed {o
-10.2 to be in the proper fors for use by the progras "C°.This
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15 done by pressing the <CHS: key.

Note that 1t 1s possible tou have two sights with the sase
sign (before changing the sign) this 1s a valid sight
{f1g.5). That is can happen svsetises on sights very close to
level. Program "C* will still return the proper value.

Program D" processes the remaining values. The average
clinopeter value wmust in  stack semory Y-register. The
seasured distance 15 placed in the f-register. If progras "C"
has just been run and its results are still on the display
then siaply entering the value for the measured distance will
automatically place the clinoseter reading in the Y-register.
If the value on the display is not the proper value 1f can be
placed 1in the VY- register by keying the value in then
pressing the {ENTER> key.

If the average bearing was not stored in storage register 2
it aust be entered before the progras is run. This is dome by
keying in the value of the average bearing to the display
then pressing the (S5T0> then the {2 Keys.

After progras 15 started it will flash “running” on the
display,1t will then stop and display the corrected distance
of the sight across level ground (fig.6). This value was also
stored in storage register 3.

Press the <R/5> key to restart the prograe. When it stops
again it displays the total distance this series of sights.
This value was rveally calculated before the calculator
displayed the previous display. The value had been stered in
storage register & then recalled to the display. Look at
fig,7 to see which values are stored and where by the
ralculator.

After pressing <R/S> again the calculator will display the
elevation change of the sight. Press <R/S> and the calculatoer
will display the elevation deference of the current location
and the start of the survey (this value will be the elevation
above sea Jevel if before processing the survey data the
starting elevaticn is stored in storage register 7).

After the <R/S> button is pressed again the distance North or
South from the previous station will be displayed. A negative
nuaber aeans the the distance is the distance south of the
previous station. A positive nusber weuld be the distance
North of the previous station.(fig.B)

Press <R/S> again to get the distance East or West from the
starting station. A negative nusber will be the West of the
starting station.

After {R/S: ic pressed again the next displayed value is the
total distance North or South froe the starting station.
After that Press <R/S: and get the total distance distance
East or Wesi, (fig.9) The value positive or negative indicate
the directien are earlier.
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After these distancec are given in rectangular coordinate form
the program then converts the location into polar notation and
displays the bearino fros the starting station to the current
station when (R/5> 15 press again.

Push <R/S: and the next and final display for the progras is
the straight line distance froua the starting station to the
current station.

Pressing <R/5> again will result in restarting the progras froa
the beginning. Unless proper values for starting the “D"
progras have been entered in to the and the Y registers invalid
answers will result. If an other sight is to be entered restart
the procedure by using the "A", "B and °C* to load the proper
values then press “D° again.

If an error is sade when entering the data of a sight the
prograe can be restarted after entering the values of the last
correct sight data inte storage registers 1,5,7 and 9.(see
fig.7.) Then re-enter and run the survey data for the next
sight. For example if the data for the sight fors station 23 to
24 was garbaged enter the data from the sight from station 22
to 23 then re-enter the sight from 23tc 24 will correct any
errors and give the proper results.

Progras is on pages III and IV of the appendix.
Christmas Meeting Site

Bill and Karen Walden
1672 South Balena Road
Balena, Dhic 43021
Phone: &14-963-2942
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Speleogenesis, Landfill Management,
and Pollution of Water in Sloan’s Valley,

Kentucky
by Jay Kescel

Abstract

Water samples were taken at the Dixie Bend Sanitary Landfill.
the Middie and the U.S5. Hiohway 27 sediment ponds to the west
of the landfill, and within the northern and southern
Railroad Tunnel Passages that enter into the Sloan’s Valley
Cave  Svstem of Pulaski County, Kentuckv. GSasplec were
analyzed fur levels of pH, specafic conductivity, total Fe,
Mnt2, Creb, and ND3-. Water throughout the study area was
found tov range from sederately acidic to slightly basic due
to spelecgenetic and surface solutional activities within the
limestone terrain. High ievels of specafic conductivity,
total Fe, HMntZ, and Cr+b in Slean’s Valley water were the
result of accelerated soil erosion. Apparently, these heavy
petals precipitated out of solution and/er adserbed onte
sediments as water froe the top of the landfill flowed down
gradient into the two adjacent sediment ponds, Statistical
analysis shows that specific conductivity, total Fe, Mnt2,
and Cr+b levels increased significantly, when water from the
U.5. Highway 27 Pond entered the southern Railrocad Tumnel
passage of the cave. Nitrate levels were anomalously high,
probably  attributed  to interference  froum  elevated
concentrations of copper and mclybdenus.

Introduction

Because water is a universal solvent, 1t may contain any
water soluble material. Increasing cencentrations of material
in a voluse of water are a function of chemical solubility,
accusulating residence times and/or movesent through a sediue
within the global hydrological cvcles (Sweeting, 1973}, The
type of solute present in a water 15 alsv dependent upon its
spurce {Langauir, 1971, guoted in Back and Freeze. 1983).
Water qguality 1s determined by the concentrations of
dissoived or suspended materials. Concentrations of certain
organics and inorganics beyond standards set by  the
Environmental  Pretection  Agency (EPA)  could  indicate
pollution.

Water quality is affected by the interactions between
environaental (biophysical, geographical, and meteorological)
and cultural (husan) factors. For instance, water guality in
a rural, intensively farsed environment may have high
concentrations of ions associated with fertilizers {(e.g.,
nitrates, NO3-, orthophosphate, PO4-, and potassium, K+,
Biological wastez f{e.g., untreated sewage) could result in a
water having a high concentration of asmonium ions, NH4+, or
salts such as potassium nitrate, KNO3 (Wetzel, 1970). The EPA
{1973) has limited NO3- levels to 45 amg/] because.higher
levels may cause infant methoglobineaia {Hach Cheaical Corp.,
1978). Langauir  {1971) similarly noted that polluted
groundwater had ND3- toncentrations »55.0 sg/l.
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Other spurces of sciuble salts (e.g.. sodium chleride, Nalii
are highways. Salts applied on 1cy roads may result in higher
sodius or chloride ievels in a water (Werner, 1983, quoted in
Dougherty. 1983).

Arcther potential source of water pollution 1s a2 samitary
iandfill. A landf1ll may typically harbour waters or produce
leachate containing high levels of copper, iremy  zinc,
manganeses cobalt. chrosiuvm, lead, calcium, and magnesiue 1in
excess of EPA.(1973) standards {Murray et. al,, 198! and Freeze
and Cherry, 1979, quoted in Ferry, {9841,

fron 15 a major comstituent of many types of minerals found in
limestone based scils and bedrock. Its solubility in water is
very low} however in carbonate waters, it is readily oxidized
to fore the mineral limonite {(Fe(DW)3). The concentration of
soluble iron in this water ic dependent upon the agueous
solution’s pH and the amount of bicarbonate present (Hea, 19673
guoted in Back and Freeze, 1983). Hem's study of Ilaboratory
contrelled samples show  increasing ferrous  iron  (Fetd)
concentrations <0.5 mg/1 in waters either acidic (pH <5.35) or
basic (pH 7B.0).Bicarbonate levels were 6.0 ag/l. His data alsc
showed that Fet+3 solubility decreased ten-fold to <0.03 sofl as
bicarbonate alkalinity was increased to 61.0 ag CaC03/! and the
water’s pH approached neutrality (7.0). At this pH, siderite
{FeC03) was wmore likely to fore in minute concentraticns. EPA

_secondary water quality standards restrict total iron (Fe)

concentrations to 0.3 ag/l due to staining and encrustation
effects caused by the low solubility of this metal (EPA, 1973).

Hanganese and its pxides are associated with the erosion of
limestone based soils and bedrock as describe above (Becht and
Belzungy 1975). Its water sclubility is very low (Hach Chemical
Corp.y 1978). Due to its staining characteristics and its
effects upon 2 water’s taste, the EPA (1973) has limited
sanganese concentratiens to 0,05 mg/l.

Chromium, usually measured in the fore of hexavalent chromiue
{Cr+b)y 15 not normally found in sigmificant amounts in most
soils. This elesent 15 needed in minute guantities in order to
saintain a healthy nutritional balance. However, in
concentrations 0,003 ag/l, chromiua can be carcinogenic (Hach
Cheaical Corp., 1978). For these reasons, the EPA {1973) hac
limited acceptable levels of hexavalent chroaius to 0.003 ag/l.

Berause contaminated waters often have a high concentration of
dissolved 1onic metals and salts, specific conductance is
usually great. Specific conductance of water is & seasure of
water quality that may be particularly reflective of the
content of certain cations such as Cat2, Mg+2, K+, and Nat, as
well as anions, such as HCO3-, CD3-2, S504-2, and Cl-. Other
setals {e.o0., Fe, Mn, Cu, and P) will have minor effects upon a
water’s specific conductivity {Wetzel, 1974). Investigaticns im
carbonate terrains frequently show that polluted groundwaters
have specific cenductances ranging as high as 943 ushes
(Langmuir, 1971), Specific conductante of uncontaminated waters
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in h1s study averaged 173 ushos.

Water pcllution, while easy to  assessy, 1is  frequently
difficult to trace. Whereas surface water and water pollution
can be traced to a source point(s) by following the outlines
of its drainage basin, qroundwater and water pollution can
cose  fros more than cone watershed. Broundwater typically
originates from a sultitude of sources, flowing or seeping
through  vadose soil and bedrock above the water table to a
phreatic aguifer (repesitory of subterranean water) at or
below the water table, Outflow of the aguifer 1is usually
observed at or below the surface of a streas, river, or ocean
basin. Tracing and assessing the sourcels) of groundwater
contasination is further cosplicated by the dilution of
dissolved materials caused by mixing or overflow of waters
following a flood event, by diffusion of water resulting in
lowered saturation levels and the precipitation and/or
agsorption of the sclutes onte sediments, and by the
geochesistry of the aguifer itself. The last factor
complicating water assessment, geccheaistry of the aguifer,
is particularly conspicuous in a karst solutional aguifer.

An aquifer is typically located within a granular bedrock
(e.g., sandstone or limestone). Recharging waters percolate
threugh an  aquifer of this type at a very slow velocity due
to low perseablity, restricted pore space, and cohesion of
the water molecules to spil and bedrock particles (capillary
force) (Dunne and Levpold, 1978). If pore space is small
enough, bacteria and soee toxic and/or hazardous compounds
can be filtered from the water before it enters the phreatic
zone. On the other hand. short residence times in conjunction
with  high permeablity, large pore space, and a high
ionization potential say pereit many wminerals and, if
present, contaminants to enter this water in aqueous
solution. Aquifers of this type are defined as soluticnal
(Jennings, 1972).

A solutional aquifer is frequently associated with a
cavernous system of conduits dissolved between joints of
ligestone (Cal03) or doloeite (MoCO3) ({Thrailkill, 1968,
guoted i1n Back and Freeze, 1983). MWater mcveeent is sostly
restricted to these conduits, at times flowing like a river.
At other tiaec the water seeps through slightly enlarged
joints and bedding planes. Cave water can also be still as in
a lake. Flow velecities are primarily a function of the
passage’s dimensiuns, shape, and gradient.

Quality of a water in a karst drainage basin is the product
of the aguifer’s solutivmal equilibrius, which in turn is a
function of residence time and/or  acvesent through the
largely porous and perseable bedrock. Solutional processes
are best described by Bugli (1960, guoted in Sweeting, 1970).
Haters in this type of aguifer usually contain high levels of
Ca+2 and Mg+2 and are extresely hard#. Concentrations of
these 1ons genmerally rise with increasing depth. Whether
water dissolves or precipitates limectone, dolomite, or any
other sineral associated with the given foreation is
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deterained by the changing saturation pointe of atmospheric and
free dissolved carbon dicxide. Ca+2 and Mg+2,

{ave foreation occurs inacidic icarbenic acid selutiont pH

c c

‘3.5%, meutral (bicarbonate solutient pH 7. 000 of  Basic
conditions (carbonate solutiemi pH 9.0)., Concentratioms of
CatZ and Mo+ andg Ca/Mo hardress  in cave waters rise
correspondingly with increazing pK. Carbonic acid selutien of
CaC03 and MgC03 1= verv efficient (within asinutesi and is
scctly seen :n running waters of the vadose zome where [OZ
uptake is iisited by a short residence and/cr dilutien {Grooms
and Williams, 1963, quoted in Sweeting, 1973). Bicarbonate
solution can be observed in slower aoving of  Seeping waters
throughout such of the aguifer, fros the vadose zone inside the
cave entrance to the phreatic zeme. Solution of bedrock is
less efficient (within hours). Carbonate sclution occurs i
still waters, wusually at or below the water table within the
phreatic zome. Sclution at this pH is very inefficient (dave).
Bedreck solution continues as lomg as the concentraticn of
disselved CO2 in water ic greater than that of the free COZ
{that CO2 in water not consused by carbonate forsaticn) or
until the water becomes saturated with Cat2 and/or Mgt2. At
this point the water dissolves as auch bedrock as it
precipitates. Hardness is typically maxieal at this point in
the  karst groundwater cycle. As the water becoses
supersaturated with these ions, CaC03 and/or MgCD3 is
precipitated.  Calciue or  eagnesiua  ioms amay alse  be
precipitated as & functicn of degassing CO2 from waters as
different waters mix (Runnells, 1949, quoted in Back and
Freeze, 1983).

Cavern forsation within the phreatic zone may be caused by a
collectively changing solutional equilibrium and the effects of
corrasion as differing waters aix, particularly during a
backflow caused by flooding of the aguifer. This process has
been described as "Mischungkorrosion® (Bogliy 1965, guoted in
Sweeting, 1973, Jennings,1972, and Thrailkill, 1948, quoted in
Back and Freeze, 1983).

A karst water increasingly reflects the environsental chesistry
of its surrounding drainage basin as it moves through a series
of conduits. Waters of thic type, because of their solutional
nature, are extremely vulnerable to any source of contamination
{Dougherty, 1983). This finding was borne cut in his study of
the Sinking Valley Cave Svstem of easi-central Kentucky.
Results, derived froe the Thornthwaite-Mather water budoeting
sethod {1948), reveal that husan impact in the form of farsing
ang/or livestock qrazing leads to significantly higher sediment
loads 1n cave waters.

#+ Hardness is defined as the total Cat2 and Mg+Z content in
water expressed as the equivalent level of CaCO3 (Hach Chesical
Corp.. 1978),
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The difficulties of tracang the sourceis) of possible
groundwater contamination in a karst aquifer are illustrated
in the Sloan’s Valley Cave Systes (SVCS). Contamination of
SVES water 15 suspected o criginate from & samitary landfill
and/or possibly  from outhouses directly wverlving parts of
the cave.

The Study Ares

The SVCS 15 located in Pulasky County, in south central
Kentucky (see Figure 1}. The cave lies 1n & karst solutional
drainage basin surrounded by the Daniel Boone National Forest
and includes the Dixie Bend Samitary Landfill and the
agricultural ceemunity of Sloan’s Valley. The Martin’s Creek
drainage basin is located directly east of the Sloan’s Valley
grainage basin.

The cave 15 situated on the western edge of the Cusberiand
Plateau. There are 23 weiles of horizentally joint contrelled
passage foreed 1in upper Mississippian lieestones at the
junction of the 5t. Louis and St. Benevieve members. Passages
fullow the two layers at right angles to their jumction.
Water generally flows from the southwest to the northeast
towards Lake Cumberland, Directly above the caverns are
layers of Pennington shale interbedded with limestone and
sandstone. Abouve this layer is a caprock of Pennsylvanian
clastic sandstone. HManganese rich seils cover this shale
layer (Dougherty, persenal communication, 1981).

Minerzle in these rocks include pyrite (FeS2), limonite
(Fe(OH)3), siderite (FeCO3), and chert. Hagnesium and calciue
sulfates, as well as manganese and iron oxides are alse found
in abundarce due to the weathering of bedrock.

Biota in the cave systes 15 limited. Insects, suth as cave
crickets are comsonly encountered in the cave. The cave alseo
hosts & nueber of rare and endangered species, notably the
white blind cave fish, Typhylicty subterranens, and the
Virginia long-eared bat, a species uncosmen west of the
Appalachians., Bacteria (e.g., fecal coliforms) are also
suspected to live in cave waters due to the use of outhouses
known to overlle cave passages.

Surface waters and sediments from the entire watershed drain
into the SVLS through sixteen entrances. The Post Office,
Hughes, Scowling Tom's, Garbage Pit, two breat Rock Sink, and
the four HMartine Creek entrances receive agricultural and
residential runoff fros the sputhern edges of the drainage
basin. The three Minton Hollow entrances, those to Screaming
Willies and the northern Railroad Tunnel collect water and
sediments from intermittently running streams originating in
the national forest lecated further to the south and west of
the cave. The northern Railroad Tunnel entrance also receives
surface drainage from above its entrance in the form of
dripping water. Runoff from the landfill ismediately toc the
east flows into a continuously flowing stream that sinks into
the southern Railroad Tunnel entrance. Water flows from these
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entrances through vadese passages to phreatic Jevels where thev
"z,

The Dixie Bend Samitary Landfill operates upen the Pepmington
shale layer imeediately to the east of the cave. The landfill
cccupies what was once a coal strip sine. Five sediaent ponds
were built arpund this mine to prevent sulfates and acids from
leaching inte the surrounding vallev (see Fipure 3}, Three are
located 1n the HMartin’s Creek dralnage basin east of the SVES.
One of these three ponds tetains sedisents properiy. One became
incperative when its earthen dam was breeched. Another has &
swaliow hole and drains directly inte the underlying bedrock.

The twe ponds constructed to the west of the landfill are
nearly filled with sedisents. The nerthern pond 1s cluser to
the landfill than the southern pond. Surface water and
sediaents flow from a drainage pipe at the top of the landfill
and into the wnorthern pond (Middle Pend). This pond also
receives runoff from a thin stand of evergreen forest to the
north of the landfill., Soils surrounding the pond’s edge are
generally plant coevered. Foliowing & fleod of the Middle Pond,
water and sediments flow west, down gradient into a depression
adjacent to U.S. Highway 27.

The southern pond (U.5. Highway 27 Pond) is located southeast
from the Middle Pond, directly to the east of the SYCS. Seils
around this reservoir are gemerally bare. The pond receives
leachate from a gently sloping channel criginating froa ancther
pipe located in the uppermost layers of the landfill. Fullowing
heavy precipitation, this sase water and its suspended sediment
load is diverted through a cut in the drainage channel. This
runeff soves down slope through another thin patch of evergreen
forest and eventually drains into the Highway 27 Pond. Drainage
from the pond follows a pipe into the continuously flowing
stream that sinks into the southern Railroad Tunnel entrance
(Dougherty, persenal cossunication, 1981},

Suspicions of water pollution froe the aforementioned sources
have forced sany of the residents to obtain water froum cisterns
or to purchase bottled water. Due to the above rteasoens,
residents want the state to provide a clean source of drinking
water,

Previous atteapts (Ferry, 1984, Dougherty, 1981) to identify
who or what 1is responsible for the suspected poilution of the
SVLS have been haepered by the likeliheod of multiple sources,
both periedic  and continucus. Dougherty’s investigaticn
illustrated the prisary movement of waters throughout the cave
systea. His study focused attention upon the possibility that
the landfill was the primary cause of water pollutien in the
SVES.,

Ferry studied the distribution of alkaline, alkaline earth, and
heavy aetals in surface and ground waters froa the landfill,
the adjacent sediment ponds., and throughout the Slean’s Valley
drainage basin. Sasples were collected seasomally at fifty
stations, Seasenal concentrations of these aetals were not
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significantly different. All ametals concentrations in water
sappled in the landfill, the adjacent sediment ponds. and the
Railroad Tunnel entrances were 1n excess of EPA (1973}
standards. Irom, zinc, and manganese were the only setals
present 1n levels bevond those expected by Murray et. al..
1981 and Freeze and Cherrv {1979} (qucted in Ferry, 1984,
foncentrations of cobalt. leady, calciuw, and eagnesiua, ang
tetal hardness were lesc than expected (Murray et. al..
19817,

Within cave passages, Catd and Mo+t2 levels rose with
increasing depth, particulary in  the deeper phreatic zome.
Cadmiua, copper, 1ron, lead, and zinc concentrations in
excess of EPR (1973) limits were seen in isglated cases
within the cave.

Ferry theorized that a decrease in heavy metal concentrations
inside the entramces was caused by precipitation out of
selution or adsorption onto sediments. His theory was based
on findings that sodium concentrations were relatively
unifors throughout waters of the SVCS (1 = 4.1B mg/1). Scdium
does not react chemically with heavy metal ioms in solution,
He concluded that the landfill was not polluting the aquifer
given its young age (2.5 years) at the tiae of the study.

Current Study

This study is designed to test statistically whether the
Dixie Bend Landfill is or is not polluting waters of the
SVCS. Water in the two Railroad Tunnel passages, the Dixie
Bend Landfill, and the two sedieent ponds adjacent to U.S.
Highway 27 were sampled and analyzed for irom, sanganese,
hexavalent chrosium, pH, and specific conductivity levels,
Nitrate concentratiens were measured in water at the landfill
and the stream inside the southern Railroad Tunnel entrance.

Water in the Dixie Bend Sanitary Landfill was hypothesized to
have concentrations of total Fe, Mn+2, and Cr+é in excess of
EPA (1973) clean water standards due the presence of bare
pyrite and CaCD3 rich soils and the probability that a large
voluse of metallic saterials is buried within the repository.
Levels of hexavalent chromium were also expected to be higher
than that permitted by the EPA (1973). Elevated Cr+b levels
tould be attributed to the burial of setallic cleaning
solutions, Collectively, such conditions should cause water
at the top of the landfill to have high specific conductivity
(>600 ushus). Water of the landfill would also have nitrate
levels exceeding EPA (1973) oguidelines {maxisue allowable
concentration of 45 weg/l) assuaing that refuse such as food,
dead anisals, and/or other organic materizl is being buried
within the landfill.

It was alsc hypothesized that water sampled at this site
would be acidic (pH <7.0). The origin of the water’s acidity
was thought to be the production of sulfuric (H2504) and
nitric acids (HNG3) derived from the erosion of pyrite rich
seil, the decosposition of organic materials, and the
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presence of buried materialc such as batteries.

Water in the U.5. Highway 27 and the Middle Ponds was expected
to contain sigmificantly lower levels of heavy aetals and
specific conductivity than water at the tep of the landfill.
These results would be attributed to longer residence times of
tentic cystems which 1n turn, would cause pH to rise. and the
precipitation out of sclution and/er adserption of heavy setalc
ontt scil and sediments lining the ponds. It was alsc expected
that total Fe and Mnt2 levels :n water caspled at the top of
the 1and¥1ll and the sedisent pomds would be graater than that
obtained by Ferry {1984), because the repository was
approximately five years oid and seils covering the repository
were still bare,

Follution of GSVCS water from landfill leachate would be
indicated by statisticaily uniform levels of total Fe, Mn+2,
and Cr+6 in water saspled at the top of the Dixie Bend Sanitary
Landfill, the U.5. Highway 27 Pond, and the scuthern Railrcad
Tunnel entrance., MWater sampled at the control site, the
nerthern Railroad Tunnel enirance would have significantly
lower levels of heavy setals and specific conductivity than the
southern Railroad Tumnel entrance, assuaing that ametallic
saterials are not buried in covered soils of the drainage basin
recharging the former site.

Organic pellution of SVCS water froe landfill leachate would be
indicated by nitrate levels greater than EPA {1973) clean water
standards {45 mg ND-3/1). Nitrate concentrations at both sitec
would not differ significantly.

However, 1f the Dixie Bend Sanitary Landfill was not pelluting
the 5VCS, sasples would display iren and =anganese
cencentrations nearly identical with those observed in Ferry’s
study in 1984, lonic conmcentrations would not  differ
significantly between the two railroad entrances noted abuve.
Total Fe and Mnt2 levels in water of the GSVCS would be
significantly lewer than that water sampled at the top of the
landf1ll and the sediment ponds. The distribution of Cr+é would
be similar to that of total Fe and Mn+t2 and be within EPA
(1973) limits. Nitrate levels in water at the southern Railroad
Tunnel entrance would be under the limifs established by the
EPR (1973), altheugh contaaination by the overlying cuthouses
in the valley could distort the potential findings.

It was hypothesized that water entering either of the Railropad
Tunriel pascages should becose apre basic and conductive as
heavy metals precipitate out of sclution and/or adserb onto
sedidsents as a function of of increased distance froe the cave
entrances. These results would be attributed to  karst
solutional activity described by Ferry (1984), Sweeting (1973},
Hea {1967}, and Bogli (1963).

Hethods
Surface samples were taken just below a drainage pipe at the

top of the Dixie Bend Sanitary Landfill, the Middle Pund, and

Page g DECEMBER 1987



the U.5. Highway 27 Pond. Water at the tocp of the landfill
was continuously flowing dewn gradient, contained within a
ditch. Water 1n the two ponds was nearly stagnant.

Additienal surface samples were coliected by the two Railroad
Tunnel erntrances adjacent to their respective drip lines
{those points defining the boundary between surface and
subterranean waters). Sasples at the southern entrance were
obtained at the base of a waterfall. Samples at the northern
entrance were collected from dripping water originating
directly overhead.

The remaining samples were taken in the two Railroad Tunnel
passages. Collection of water sasples was limited to
locations 30.5 and 40.6 ft. within the continuously wet
southern Railroad Tunnel due to the presence of a impassible
15 ft. deep waterfall. Sampling of the drier northern
Railroad Tunnel was restricted to puddles located 2132.4 and
330.7 ft. fros the entrance because of the scarcity of
available water.

Levels of pH, specific conductivity, total Fe, Mn+2, and Cr+b
were aseasured three tises apiece at each saspling site.
Nitrate levels were wseasured one time each at the top of the
landfill and 30.5 ft. inside the southern Railrpad Tunnel.

The pH of surface and ground waters was tested at the
sampling sites-.with a portable Cole-Parser “Digi-Sensze’
digital pH seter, aodel #5986 (which was standardized to a
range between 4.0 and 10.0). Specific conductivity was also
analyzed at the sampling sites using a portable Cole-Pareer
digital conductivity meter, wsodel #1481-50. Both ameters were
calibrated for ambient water tesperatures and operated
according to their respective instruction manuals,

Total Fe, HMn42, Cr+é, and ND3- were measured in the
taberatory wusing a Hach Cheeical Corp. DREL/4 portable
spectrophotometer. Detailed standardization and operating
procedures  were followed according to the DREL/4’s
instruction manual.

All samplec obtzined for the deteraination of pH, sperific
conductivity, total Fe, Mnt2, and Cr+é were collected on 3
March 1987. GSamples taken from the cave to the laboratory
were stored in 250 al plastic containers and imsediately
fixed with 5.0 »l of concentrated nitric acid (HND3). The
plastic bottles had been washed previously with a 1:1
solution of HNOJ and rinsed with distilled water.

Water samples for nitrate tests were ohtained and stored in
plastic containers, siamilar to those aentioned abovey on 21
March 1987. These sasple bottles had been washed earlier with
a f:1 solution of hydrochloric acid (HC1) and rinsed with
distilled water. Analysis of the unfixed samples was
perfuraed immediately following collection in the field.

pH, specific conductivity, total Fe. Mn+t2, and Cr+é levels
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were averaged at each saapling site of the two tunnel passages,
the sediment ponds. and the landfill. These wmean values were
analyzed for significant differences as a function of dictance
from the entrances, hydrelegical conditions (wet and dry), and
the interaction of these treatments and levels. The statistical
analysis of these relationships was based on a treataent by
levels design described in Bruning and Kintz (1977). FKean
values of pH specific conductivity, total Fe, Mn+2, and {ree
were alse  analyzed for significant differences between the
landfill, the twc sedisent ponds., and within the southern
Railread Tunnel a= & function of distance from the landfili,
These relationships were analvzed statistically using a wne-way
analysis of variance described by Skillings (1984),

Results

The concentrations of tetal Fe, Mn+2, and Crt6 at each site per
sample are presented in Table 1. (Tables { and 2 are at the end
of this report -- Ed.) Specific conductivity and pH levele are
also given. Mean values and standard deviations of the
previpusly aentioned data may be seen in Table 2.

Average levels of pH, specific conductivity, total Fe,Mntd, and
Cr+b in waters saspled at and below the surface are illustrated
in Figures & - 10 a and b. These sites correspond to thuse seen
in Figures 4 and 5. {Serry Jay did not supply the Figures. --
Ed.)

pH

The pH of all water samples ranges from 4.98 - B.46 with a mean
of 7.62. Acidic water is found only in the samples taken froa
the U.5. Highway 27 Pond, while remaining water samples are
either neutral or slightly basic,

Statistical analysis of samples reveals that pH of waters in
the wet southern Railroad Tunmel (x = 6.22, s.d. = 90.39) are
significantly higher than those found in the dry northern
Railrpad Tumnel (x = B.04, s.d., = 0.309), F = 16.0, p <00,005,
Distance from the cave entrance, alone, has no significant
effect upon the water’s pH. However, the interactien between
increased distance from cave entrances and the differing
hydrological conditions of the sputhern and northern Railroad
passages is also significant, F = 24.097, p <0.001. These
relationships are illustrated by rising pH in the continuously
wet passage of the southern Railroad Tunmel, while the converse
occurs in the dry passage of the northern Railroad Tunnel.

pH appears to significantly vary with increasing distance fros
the top of the landfill, F = 41,09, p <0.001. This relaticnship
is noted by a significantly lower pH in the U.5. Highway 27
Pond, followed by a slowly increasing pH in the scuthern
Railroad Tunnel.

Specific Conductivity

The specific conductivity of all samples ranges from a low of
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147.8 ushos in dripping water at the entrance to the northern
Railroad Tunnel to an anomalous high of 2940 ushos in water
at the top of the landfill. A wide range of saspling
conditions results in a sample mean specific conductivity of
729.98 ushos.

Statisticai analysis of results reveals that sperific
conductivity of waters is significantly higher 1n the wet
southern Railrcad Tumnel (x = 487.33 ushos, s.d. = 2B8.44)
compared to that water inside the dry northern Railrpad
Tunnel (x = 229.6 ushos, s.d. = 7B.21), F = 1190.75, p
{0,001, While distance from the passage entrance does not
affect the specific conductivity, the interaction between
this distance and hydrological conditions does, F = {2.56, p
0.005. This interactive relationship is illustrated by
slightly increasing specific conductance ac  distance
increased fros the dry northern Railroad Tunnel entrance,
while the converse of this relationship cccurred within the
wet southern Railroad Tunnel,

Specific conductivity also appears to vary significantly with
increasing distance from the top of the landfill, F =
2B01.73, p <0.001. This relationship is illustrated by a
quickly decreasing specific conductance in both the sediment
ponds tested (x = 352.0 ushos and x = 567.0 ushos in the
Middle Pond and the U.5. Highway 27 Fond, respectively).
Specific conductivity rises slowly as waters move towards the
sputhern entrance of the Railroad Tunnel, only to rapidly
decrease as the flow proceeds deeper into the aguifer.

Tetal Iron

The concentration of total Fe in all samples ranges from a
low of 0.12 so/] in water at the entrance to the northern
Railroad Tunnel to a high of 21,33 weg/l in water at the top
of the landfill. The mean concentration of total Fe in all
sagpies 1s 2.61 mg/1. These values show that the landfill has
a great iepact on water quality.

Water in the southern Railrvad Tunnel has significantly
higher levels of total Fe (x = 0.49 ag/l, s.d. = 0.21) than
waters found in the northern Railrvad Tunnel (x = 0.34 eg/i,
s.d. = 0.153), F = 32.03, p <0.005. While distance frua the
cave entrance alone did not significantly affect total Fe
levels, the interaction between this distance and
hydrological conditions (wet or dry) does, F = 31.38, p
£0.001.  This relationship is exemplified by rapidly
decreasing total Fe comcentrations in water flowing
downstreaa into the southern Railroad Tunnel, while total Fe
levels increased gradually as water moves further into the
northern Railroad Tunnel.

As with specific conductivity, levels of total Fe are a
function of distance fros the top of the landfill, F =
1827.9, p <0.001. The concentration of total Fe drops
precipitously as water flows into the two sedisent pends.
Total fe levels then rise until the water reaches the

CENTRAL OHIO GROTTO SQUEAKS

entrance to the southern Railroad Tunnel. As water soves deeper
Inte the aguifer, the concentration of total fe decreases.,

Manganese

Concentrations of Mn+2 could not be measured in water at the
top of the landfill becavse of interferences caused by iron
levels 25.0 ag/l, But. a survey of the resaining sites reveals
that Mn+? concentrations very from & low of 0.7 mg/l an water
saspled in the northern Railrcad Tunmel to a high of 5.70 ag/l
1n the seuthern Railrcad Tunnel. The mean concentratisn of Mnid
in all waters tested in the Sloan’s Valley drainage basin i1s

3.42 sg/l.

Statistical analysis reveals that Mn+2 concentrations vary
significantly between the two Railroad Tunnel passages as a
functien of their hydroleoical conditions (wet or dry), F =
879.37, p <0.00f, This is confirsed by the observation that
aean levels of Hntd are significantly higher in waters of the
southern Railroad Tunnel (x = 5.30 ag/l, s.d. = 0.30) than
those found in waters of the northern Railroad Tumnel i(x = 1,25
mg/i, s.d. = 0,39, Neither distance from the passage sntrance
nor the interaction between this distance and hydrological
cenditions  have any  significant  effect upen  Mn+2
concentrations,

However, distance fros the U.5. Highway 27 Pond does affect the
concentration of Hn+2, F = 12.85, p £0.005. This relaticnship
is illustrated by generally increased Mn+2 levels as the
gistance of the sasple site froa the pond increases.

Hexavalent Chromiua

Hexavalent chromium levels range between a low of 0.005 mg/l at
the entrance to the southern Railroad Tumnel to a high of 0.075
s/l at the noerthern Railrcad Tunnel entrance. The aean
concentration of Cr+b in 21l saeples is 0.037 ag/l,

Further  analysis shows that Cr+t6  concentrations  vary
significantly as a function of differing hydrological
conditions, F = 24,22, p <0.003. This chservation is confiraed
by significantly higher mean concentrations of Cr+é in waters
of the dry northern Railroad Tunnel (x = 0.044 mg/l, s.d. =
0.027) coapared to levels found in waters of the wet southern
Railroad Tumnel (x = 0.019 mg/l, s.d. = 0.008). Hezavalent
chromiua levels in groundwaters are also affected significantly
by the sampling site’s distance from the passage entrance, F =
6.11, p €0,025. Mean concentrations of Creé gradually increase
as water of the southern Railroad Tunnel flows deeper inte the
aguifer. However, the interaction between hydreloegical
coenditions and distance from the cave entrance does not affect
significantly the levels of Cr+é.

It appears that Cr+b levels vary significantly as a function of
distance from the top of the landfill, F = 7.23, p 0,003,
This relationship is verified by a significantly decreasing
concentration of Cr+é in water ac it flows down gradient into
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the sediment ponds. Down gradient from the U.S. Highway 27
Pond, concentrations of Cr+b6 gradually increase.

Nitrates

Nitrate analysis, because of presuaed interference by high
levels of copper and sclybdenus, yielded what mioht be an
aromalous reading of 30.S mg/1 in water at the top of the
landfi1ll. Subsequent testing of water 30,5 ft. 1inside the
southern Railroad Tunnel vevealed a nitrate level of 6,30
8g/l.

Summary of Results

Waters tested in the OSlpan’s Valley drainage basin tend fc
have a neutral or slightly basic pH, These waters generally
have high specific conductivity (>600 uahes) and a high
concentration of heavy metals.

Levels of specific conductivity and heavy setals are
generally highest in water szapled near the top of the
landfill. As water moves down gradient, these levels tend to
drop precipitously, only to rise gradually as the water
approaches the southern Railroad Tumnel entrance. Once inside
the wet cave passage, specific conductivity and total fe
levels fall, while pH, Mn+d, and Cr+é levels rise as distance
froe the entrance increases.

Samples tested show that the two Railroad Tunmel passages
have signmificantly different levels of pH, specific
conductivity, ‘total Fe, Hn+2, and Cr+é, generally due to
varied hydrelegical conditions and to a lisited degree,
distance of the saspling site from the cavern entrance. pH,
specific conductivity, total Fe, and #Hn+2 levels are
significantly higher in waters of the wet scuthern Railroad
Tunnel than thoce of the drier northern Railroad Tunmel. The
concentration of Cr+é is higher in the passage of the
northern tunnel ceapared to the southern Railroad Tunnel.

In the dry northern Railroad Tumnel passage, specific
conductivity and total Fe levels rise at the sase tise pH,
Mn+2, and Cr+b readings fall or fluctuate as distance froe
the entrance increases. pH, specific conductivity, total Fe,
Mnt2, and Cr+é are distributed within the wet southern
passage as noted previcusly.

Analysic of Water Quality in Sloan’s Valley Samples

The Dixie Bend Sanitary Landfill

Water at thic site can be considered very polluted. The asean
pH of water sasples taken at this site ic slightly basic (x =
7.58). The zamples display very high specific conductivities
(32000 umhos) that indicate supersaturated concentrations of
Cat2 and Mg+2. High sperific conductivity of landfill waters
may alsg be related to the supersaturated concentrations of
total Fe and Cr+6 {x = 20.13 ag/l and x = 0.055 mg/l,
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respectively) that are far in excess of EPA (1973) standards
(0.3 mg Fe/l and 0.003 mg Cr+b/1). Fellowing this line of
reasoning and the fact that soils covering the landfiil are
bare, 1t may be expected that landfill waters exhibit Hnt2
concentrations in excess of EPA {1973) standards {(0.05 mg/ii.

Tetal 1rom concentrations found previcuslv in other waters are
presented in Table 3. iTable 3 15 at the end of this report. --
Ed.) Results of thiz studv show that total Fe concentrations in
water at the top of the Dixie Bend Samitary Laendfill are
greater than the levels of total Fe in data repuried by Hurray
et. al. (1981) by a facter cof 2.0, but, well within
hypothetical ranges set by Freeze and Cherry (1979). Present
iron levels {x = 20,13 ag/1) in water sampled at this site are
approximately 2.9 times higher than the concentration of total
Fe (6.98 ag/l) obtained by Ferry (1984}, This contrast
indicates further aging of the Dixie Bend Sanitary Landfill.

A high concentration of total Fe in neutral water, such as that
seen in the Dixie Bend Sanitary Landfill, is contrary to
theories postulated by Hem (19677, Hes theorized that neutral
water {pH = 7.0) in conjunction with high bicarborate
alkalinity, could maintain only a saall concentration of Fetd
derived from the dissolution of siderite (FeC03). However. a
high level of Fe+2, say also be the result of the dissolutioen
of large quanfities pyrite (FeS2) associated with past surface
sining of coal deprsits. An additional explamation may be the
pussible relations between the solubilities of CaC03, Fe+Z and
Fe+3, and the hydrographic curve.

Although the NO3- levels appear to be extresely high (30.5
8g/1), this reading could be the result of intensive organic
decomposition within the iandfill. This finding would be 1In
accordance with the hypothesis that a large fractien of trash
in the landfill is organic eatter. Additiomally, Pulaski County
and the surrcunding areas are primarily agricultural in nature.

The Sedisent Pends

U.S. Highway 27 Pond water is ecderately acidic (xpH = 5.02)
and conductive (% = 547 ushos). While total Fe concentrations
(x = 0.253 ag/l) are within clean water standards set by the
EPA (1973) (x = 0.3 ag Fe/l), this water may be considered
polluted with Mn+2 {x = 5.0 ag/l) and Cr+b (0,040 mg/i) levels
beyond limits set by the sase agency (% = 0.03 ag Hn+2/1 and
= (.003 ag Cr+6/1). U.S. Highway 27 Pond water has
significantly lower levels of pH, specific conductivity, and
heavy setals than water sampled at the top of the landfill.
These findings 1ndicate that a significant concentration of
total Fe, Mn+2, and Cr+b are adsorbed onte soils and cediments
and/or precipitated out of scluticn before water flowing down
oradient froe the top cof the landfill reaches the U.5. Highway
27 Pond. However, high levels of specific conductivity and Mn+2
in this water still indicate accelerated erosion of seils and
sedisents covering the sanitary landfill. High concentrations
of #n+2 and Cr+é may alsv be aitributed to the burial of
metallic hpusehold refuse such as old batteries, car parts,
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plumbing fixtures. etc.

The acidity of U.S. Highwav 27 Pond water may be attributed
tv the decomposition of biota within and  without the
reservoir. Decaying plantc and animals would fors high levels
of nitric acid (HNG3). However, it 15 more plausible that
this water’s acidity 1t caused by the erosion of pyrite rich
so1ls and sedieents covering the landfill. Ac water flowing
froe the top of the landfill ervdes this scil, pryrite could
be dissolved inte 1tz 1omic comstituents, Fe+2 ang 25-. The
reaction between the sulfur and the water would result in the
production of sulfuric acid {H2S04). Water recharging ine
U.5. Highway 27 Fond would probably contain @ high
concentration of H2504 and would be acidic. Sigmificantly
decreased concentrations of total Fe in U.S. Highway 27 Pond
water aay be attributed to 3 mean pH 5.0, which should tause
this setal to adsorb onto sediments and/or to precipitate out
of splution. This interpretation would be in accerdance with
theories advanced by Hem (1947).

In terss of total Fe, water sampled in the U.5. Highway 27
Pond {x = 0,233 mg/1) is believed tv be cleaner than that
assessed by Ferry (1983) (x = 2,18 =g/l). Currently, this
same water is more contasinated in terms of Mn#2 (% = 5.0
8g/1) than that amalyzed by Ferry (1983) {x = 2.88 wma/1).
These findings further support the interpretaticn that heavy
setals pollution of the U.S. Highway 27 Pond is due prisarily
to soil erosion, =

Water in the Middle Pond, while nearly neutral (xpH = 7.20)
and acderately conductive {(x = 352 ushos), can be considered
polluted with total Fe {x = 0.47 ag/1), Mnt2 (x = 2.68 apg/l),
and Cr+b (x = 0.05¢ mo/1) in escess of EPA (1973) clean water
standards. Although levels of total Fe and Cr4o are
significantly lower in Middle Pond water than that near the
top of the landfill, a high concentration of Mn+2 indicates
further eresion of surrcunding landfill seils and sedieent.
Total Fe concentrations higher then expected under Hes's
{1967) hypothesic of Fe solubility can be related to high
sedigent lcads, extended residence times, and the dissclutien
of pyrite. Precent levels of total Fe in water at the Middle
Pond (x = 0.47 wg/l)} are significantly lower than that
obtained by Ferry (1983) (x = 11.8 mg/l}. At this time, Mn+d
concentrations in water at this site (x = 2.58 ag/1) have
also declined significantly since Ferry’s (1983) study (x =
12.0¢ wag/1}. Thus, water of the Middle Pond may be considered
such less polluted with total Fe and Mn+2 than it was three
years ago.

In teres of pH, specific conductivity, and Mnt2, water in the
U.5. Highway 27 Pond is more polluted than that tested in the
Middle Pond. This belief is attributed to the greater
potential for erosion of spils, afferded by & longer distance
between the U.5., Highway 27 Pond and the top of the landfill
compared to that distance between the top of the landfill and
the Middle Pond. Intersittent flow to the Middle Pond would
also tend to limit the asount of heavy setals brought by
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eroded soals.
The Railrcad Tunnels

The entrances

Water entering the Scuthern Railroad Tunnel pacsage  i:
aoderatelv basic (xpH = 8.21! and highly conductive (x = 72:.33
ushos?. Water sampled at this location, ac that of the U.5.
Highway 27 Fond. 15 found to be polluted with concentrations ¢

4
tetal Fe (x = 0,717 ag/l), Mn+2 {x = 4.97 aq/1), and Cr+é (x =
0.010 ag/l) im excess of standards set by the EPA {1973} (0.3
#g Fesly 0.05 g Mn+2/1, and 0.003 =g Cr+&/1), Collectively,
these readings indicate that water entering this passage
carries a heavy sediment lvad of scil rich in Ca+2, Mg+2, total
Fe, and Mn+2. Thic cedisent lcad appears to originate primarily
from an area lecated between the U.S. Highway 27 Pond and the
Southern  Railrecad Tunnel entrance as indicated by lower
specific conductivity and tetal Fe levels in water sampled at
the former location,

Nitrate analysis of water sasples taken at the southern
Railroad Tumnel entrance (0.30 ag/1) are within limits set by
the EPA (1973) (45.0 ag/l). This finding suggests that
biological pollution of the southern Railroad Tunnel is ainimal
in terss of decosposition. Nitrate production fros decoapesing
phytoplankton would be limited due to winter dormancy.

Analysic of camples taken vutside the southern Railrevad Tunnel
entrance shows that total Fe (x = 0.717 mg/l) and Mntd (x =
4.97 wg/1) levels have dropped since Ferry’s (1984) resulte (x
= lb.h mg Fe/l and x = 21.02 ag Mnt2/1). These findings
indicate that water entering the Scuthern Railroad Tumnel
entrance 1is less polluted than it was two years previous to
thic study.

fis described earlier, the northern Railroad Tunmel entrance
receives basic water (xpH = 8.43) from an Intermittently
flowing stream originating in the Daniel Boone Natiomal Forest
located to the north. Water sampled at the Northern Railroad
Tunnel entrance say e considered polluted with concentrations
of Hnt2 (x = 1.30 ag/1) and Cr+b (x = 0.06B mg/1), well in
excess of EPA (1973) limits (0.5 »g Mn+2/1 and 0.003 mg
Cr+6/1). Relatively low levels of total Fe (x = 0.147 ®g/1) and
specific conductivity (x = 155.37 uehos) indicate light
sediment loads and limited soil ervsion within this part of the
drainage basinm.

Inside the passages

fis mentioned previcusly, water flowing imside the southern
Railroad Tunnel passage becomes more basic and loses irom and
specific conductivity as a function of increasing distance frem
the cavern entrance, But, thiz scame water gains significant
amsunts of Mn+2 and Cr+6 above EPA (1973) guidelines. The
distributicn of total Fe in the southern Railroad Tunme!l is inm
agreement with the hypothetical patterns postulated by Hea
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{1967 and Bogli (1960), and may be attributed to
spelecgenetic activaty. Increased levels of Mn+2 and Cr+d can
be traced to their presence within the bedreck of the
aguifer. Decreacing specafic conductance may be caused by the
precipitation of C03-2 compounds such as Ca and MgCO3. Based
upon  this data. it 1s concluded that water of the southern
Railrvad Tunnei resa:ns polluted with concentrations of total
Fey. #n+2, and Crt6 1n excess of EPA (19737 clean water
standards,

pH, specific conductivity, total Fe, and Mn42 readings of
water saspled within the northern Railrvad Tunnel passage
tend to decrease sigmificantly to levels within EPA {1973)
clean water standards. Llevels of the above sentioned
variables decrease as a function of increasing distance from
the cavern entrance. Decreasing pH as a function of distance
froa the entrance say be possibly the result of degassing CO2
{Runneils, 19469) and/or a prolonged residence time.

Water saspled in the northern Railroad Tunnel passage shows
signs of fluctuating Cr+b concentrations as a function of
increasing distance fros the passage entrance. These findings
are sost likely atiributed to the presence of plated setallic
items located close tov the sampling sites and extended
residence times within the pooled environeent., Analysis of
the factors sentioned above lead te the conclusion that
Nerthern Railroad Tunnel water is fairly clean.

Conclusions

fn analysis of Sloan’s Valley water samples indicates that
the Dixie Bend Sanitary Landfill is not polluting the SVCS.
Instead, it is believed that contasination of the SVCS water
within the southern Raiiroad Tunnel passage is the product of
eroded iron, sanganese, and hexavalent chrosium (to a lesser
extent) rich soils and sedisents. These soils and sediments
are carried in the continuously flowing streas that
originates at a point just belew the U.S. Highway 27 Pond.

This interpretation is supported by evidence that pH,
specific conductivity, total Fe, Mn+2, and Cr+b levels in
landfill water, drop precipitously as this water flows down
gracient tomwards the two sediment ponds, particularly the
U.5. Highway 27 Pond. Rising coencentrations of total Fe,
Mn+2, and Cr+é do not appear until this same water approaches
the  spouthern Railread Tunmel entrance to  the  SVCS.
Speleogenetic activity of this water say allew pH to rise
slowly as the concentration of total Fe declines quickly with
increasing distance from the entrance. The distribution
pattern of Mnt2 and Cr+t in the southern Railroad Tunnel
passage can possibly be attributed to the composition and the
chemical weathering of the bedrock within the 5VCS.
Decreasing specific conductivity as a function of increasing
distance from the cavern entrance cuggests that solution is
retarded due to dilution from large volumes of continupusly
soving water.

CENTRAL OHIO GROTTO SQUEAKS

Saaple data obtained from this project may, in part, contradict
theories advanced by Hem (1967) and Bogli (1960) 1in that
neutral water at the top of the Dixie Bend Sanitary Landfili
and the southern Railroad Tunmel entrance mav held high
concentrations of heavy metals. These findings may be linked to
a continuous fast flowing supply of water, the erosion of
calciue - magresius rich seilsy and an abundant supply of
decaying plants and animals which ®ay provide a continuous
supply of free C02. Collectively, these factors aay raise
guickly a water’s pH, bicarbonate and carbonate alkalimity, and
Catd  and Mg+2 levels. This interpretation suggests that
spelecgenetic activity is regulated by hydrographic properties
such as residence tise, and the volume and origim of water
recharging the aquifer.

This data suggests that landfill managesent investigate waye to
control sere effectively seil erosion, particularly in areas
lecated down gradient from sediment traps. Possible ways to
control  this eresion would be to terrace the hillsides
surrounding the landfill Daseann  (1980) amd/er to plant
protective deep rooted vegetationi e.g., crown vetch or pine
seedlings (Greene, 1983).

Therefore, 1t is advised that future studies of groundwater and
groundwater pollution explore the concentrations of heavy
setals, pH, and specific conductivity in relation to the
hydrographic curve. It is alsoc recoseended that standard
additions checks be perforsed to assure higher reliability of
test procedures. Higher reliability of results say also be
achieved with the procuresent of additional sasples,
particularly at phreatic levels.

Further analysis of Sloan’s Valley waters should be perforamed
with an atoeic absorption spectroeeter, if possible. Analysis
of saeples with such an imstrument would eliminate wmost
interferences to heavy setals measuresent.

It is suggested that anv future investigation of surface and
groundwater contasination in  the Slean’s Valley drainage bagin
include assesseent of Cat2 and Mg+2 levels. The concentraticns
of Cat2 and Mg+2 would be coepared to those of Fe, Mnt2, and
Cr+& in crder to assess more clearly the proporticnate effects
of the latter three upon & water’s specific cemductivity.
Sulfates and nitrates concentrations in these waters should
also be examined. Such an analysis could be used to detersime
if aciditv of U.S. Highway 27 FPond water is the preduct of
weathered pryrite rich soils and sediments carried from the top
of the landfill or that of decaying biota within and without
the reservoir,

Moreover, results of this study support the viewpoint that scil
and bedrock of the study area seea to have high levels of heavy
setals naturally present., Thus, it 1is suggested that future
studies of Sloan’s Valley water investigate whether non-
naturally occurring organics (e.g., surfactants, industrial and
household solvents, etc.) are present, particulary in water
flowing dewn gradient from the Dixie Bend Sanitary Landfill.
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Such a study would provide a wmore definitive, sore reliable
assesssaent of water quality for the SVCS.
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TABLES

Table 1:
Water sample levels of
pH, specific conductivity, total Fe, Mn+2, and Cr+é6.

Station Sample pH Specific Total Mn+2 - Cr+éb Hydr. Dist.

# # cond. Fe mg/ 1 mg/1 cond. from
umhos mg/1 cave entr.
1 1 7.52 2940 21.33 * 0,055
landfill 2 7.58 2940 19.47 * 0.052 wet *
3 7.65 2820 20.13 * 0.058
2 4 7.25 353 0.44 2.40 0.050
surface Middle S5 7.18 351 0.48 2.75 0.055 wet *
Pond 6 7.17 352 0.40 2.90 0.050
3 7 5.08 566 0.27 5.00 0.035
U.S. Hwy 8 5.00 570 0.25 4.80 0.040 wet *
27 Pond 9 4,98 565 0.24 5.20 0.045
10 10 8.17 738 0.70 4,90 0.005
11 8.23 713 0.69 5.00 0.015 wet 0.0 ft.
12 8.a3 728 0.76 S5.00 0.010
13 13 8.16 671 0.55 5.40 0.018
Southern Railroad 14 8.22 703 0.33 5.70 0.025 wet 30.5 ft.
Tunnel 15 8.22 697 0.45 5.25 0.023
16 8.85 625 0.20 5.70 0.025
17 8.27 670 0.23 5.50 0.022 wet 40.6 ft.
under - 18 8.27 641 0.26 5.30 0.277
ground 20 19 8.45 159.1 0.13 1.60 0.060
20 B8.39 159.2 o0.12 1.20 0.075 dry 2.9 ft.
21 8.46 147.8 0.19 1.10 0.070
90 ee 8.03 242 0.40 0.75 0.012
Northern Railroad 23 7.88 184.3 0.41 0.80 0.008 dry 215.6 ft.
Tunnel 24 7.90 193 0.42 0.95 0.015
130 25 7.76 316 0.41 1.90 0.055
26 7.74 313 0.43 1.60 0.035 dry 330.7 ft.
27 7.75 350 0.51 1.35 0.065

# not applicable
#% unable to assess due to interference by levels of
total Fe >5.0 mg/l
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Table 2:
Sample means and standard deviations of

pH, specific conductivity, total Fe, Mn+2, and Cr+éb.

Station pH
#

X
1. land- 7.58
fill
2. Middle 7.20
Pond
3. U.S.Hwy 5.02
27 Pond
10. s.Rail- B8.21
road Tunnel
entrance
13. 30.5° 8.20
inside
s. tunnel
14. 40.6° 8.26
inside
s. tunnel
20. n.Rail- 8.43
road Tunnel
2.9°inside
entrance
Q0. 215.6° 7.94
inside
n. tunnel
130. 330.77 7.75
inside
n. tunnel
ALL SAMPLES 7.62

Specific Total Mn+2 Cr+6
cond. Fe mg/1 mg/ 1
umhos mg/1

s.d. X s.d. X s.d. X s.d. X s.d.
0.065 2900 69.28 20.31 0.943 * * 0.055 0.003
0.044 352 i.o 0.47 0.026 2.68 0.257 0.052 0.003
0.053 567 2.65 0.253 0.015 S5.00 0.200 0.040 0.005
0.035 726.33 12.58 0.717 0.038 4.97 0.058 0.010 0.005
0.035 690.33 17.01 0.51 0.053 5.45 0.229 0.022 0.004
0.012 645.33 22.81 0.23 0.030 5.50 0.200 0.025 0.003
0.038 155.37 6.55 0.147 0.038 1.30 0.265 0.068 0.008
0.081 207.10 30.69 0.41 0.010 0.83 0.104 0.012 0.004
0.010 326.33 20.55 0.46 0,050 1.62 0.275 0.052 0.015
*% 729.98 *% 2.61 *% 3.42 * % 0.037 0.021

* unable to assess due to interferences by levels of
total Fe >5.0 mg/1
**# not an appropriate use of the standard deviation

Table 3:

Iron concentrations of waters in various landfill sites.

Sloan’s Valley

Landfill
(1987)

Metal x = mg/1
Fe 20.31

Sloan’s Valley Murray et.al. Freeze and Cherry
Landfill sitex site*
Ferry, (1984) (1981) (1979)
x = mg/l mg/1 range - mg/l
8.28 9.0 1 - 1000

* Sanitary landfill
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register

C VUMW W& wn -

n -

( Those
( These

LINE- Display
001-42,21,11

IIAII 3* %%

002- 1
003- 8
004- 0
005~ 30
006~ 43 10
007~ 32 8

008- 43 32
009-42,21,12

010-43, 5, 1
011- 42 20
Ole- 34
013- 44 =
014~ 30
015- 2
016- 10
017- 4
o18- S
019- 42 10
020-43, 4, 1
o21- 43 35
o22- 33
023-43, 6, 1

o24- 32 9
025~ 45 2
026~ 40
027- 43 10
0og8- 32 8
029- 44 2

030- 43 32
031"‘02;21, 9
032- 1
033- 8
034- 0

FIGURE 7
Mike Gray’s HP11C Program

|
! the average bearing of the current sight.

! not used.

! true level ground distance of the current sight.

! total distance of all the sights.

! change in elevation of the current sight.

! the current elevation or the total change in elevation
! distance east or west from the last station (neg#=west)
! total distance east or west from start of survey.

! distance North or South from the last station.
{ distance from the start to the current location.
! bearing from the end to the current location.

last locations are point 1 and point 2 )
are valid storage register locations )

! Key stokes use program "A" to do the conversion.
1<f> <LBL> (A>! Reverse bearing by 180 degrees is user

<1

I <8

b <0>

I <=>

b <g> <x y> Is X <or =vY2?

I <GSB> <B>

I <g> <RTN>

1<f> <LBL> <B>! Average two bearings is user "B #&Ex¥a&xxis

I
I
I
I
i
I
I
|
1<g> <CF> <1> ! Clear flag 1
l
i
I
I
I
I
I
|
|

L <f> <x y> Is X <Y 27

L <X YD Exchange x and y registers
I <STO> <2>

L <=>

b<@e>

1 <> Divide

I <4>

<5

P F> (x y> Is X Cor =Y 7

b <g> <SF> <1>! Set flag 1

I <g> <clx> !

L <R > | Rotate stack down

1 <g> <F?> <i>! Is flag 1 set 7

I <GSB> <9> !

t <RCL> <2&> !

<4 !

I <g> <x 0> I Is X<O0 7

I <GSB> <8> !

I <STO> <2> | Store average bearing

I <g> <RTN> L e ainsesm s e
1<f> <LBL> <9>! Subroutine "G"##8##kekfssthlsirs
L <1> !

1 <8> !

I <0> !
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035- 30
036- 43 32
037-42,21, 8
038- 3
039- 6
040- 0
O41- 40
042- 43 3@
043-42,21,13
044~ 40
0645~ 2
046- 10
047- 44 6
048- 43 32
049-42,21,14
050- 42 26
051- 44 4
052-44,40, 5
093- 34
054- 44 6
0355-44,40, 7
056- 34
057- 31
058- 45 5
059- 31
060- 45 6
061- 31
062- 47 7
063- 31
064- 3
065~ 6
066- 0
067- 45 2
068- 30
069- 9
070- 0
071- 40
072- 45 4
073- 42 &aéb
074- 44 8
075-44,40, 9
076- 34
077- 44 0
078-44,40, 1
079- 31
080~ 45 8
081- 31
082- 45 1
083- 31
0B4- 45 9
085- 31
086- 45 1
0B7- 45 9
088- 43 26
089- 44 .1
090~ 34
0%1- 44 .2
0Qe- 31
093- 45 .1
094- 43 32

LoC=> |
1 <g> <RTN> |
1<f> <LBL> <@>!
(3 !
L <> !
L <O> E
L+ @
| <g> <RTN> !
I<F> <LBL> <C>!
PN !
L <@ !
Ly !
I <STO> <&> |
I <g> <RTN> |
I<F> <LBL> <D>!
L <f> < R> !
I <STO> <4> |
1<STO> <+> <S>
L <X YD e
I <STO> <6> !
1<STO> <+> <7>1
Lo<X YD !
<R/S>
<RCL)
<R/S>
<RCL>
<R/S>
<RCL>
<R/S>
(3>

¢
! <S>
!

!

i

!

!

!

1 <&
|

|

|

|

!

!

|

!

!

<6>

<7>

1

1

I

|

|

|

I

|

!

<0> !
CRCL> <@> |
<-> !
9> !
<0> !
<+> !
CRCL> <4> |
<F> <R !
<STO> <B8> |
1<STO> <+> <9>1
L<X YD |
i <STO <O> !
1<STO> <+> <1>1
I <R/S> !
I CRCL> <8> |
L <R/S> 1
t <RCL> <1> |
| <R/S> !
I CRCL> <9> |
! <R/S> !
I CRCL> <1> |
I CRCL> <9> 1
I <g> < P> |
1<STO> <.> <1>!
ECKX YD !
1<STO> <.> <@>!
' CR/S> !
IKRCLY <.> <1>1
I <g> <RTN> |

Subroutine "B KK %K ® %

Average two Clinometer Readings is user "C"#x+

divide
Store average Clinometer reading

Calculate and store is user "D" X##x%*k#x
Convert to Rectangular
Store true distance of shot
Add to stored total true distance
exchange X and Y registers
Store "Rise/drop" of shot
Store new current elevation
exchange X and Y registers
Run/Stop -display distance
display total true distance
Run/Stop
display Rise/Drop
Run/Stop
display Current Elevation
Run/Stop

Change to rectangular
Store E<>W Change of shot (west is (-))
Add to stored E<>W Total location
exchange X and Y registers
Store N<>S change of shot (south is (-}))
add to stored total N<>S location
Run/Stop
display last E<XOW
Run/Stop
display total NS
Run/Stop
display total EOW
Run/Stop

convert to polar
store total polar distance to end
exchange X and Y Registers
store bearing to end
Run/Stop
display distance to end
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