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ABSTRACT

The soda ash operation of Pivishurgh Plate Glass (PPG)
Industries at Rarberion, Ghio, has been a major contriburor
of dissolved solids, especiaily chloride. in the Tuscarawas
and Muskingum Rivers. Chloride rich efffuent discharged
to the Tuscarawas River af Clinton effects the quality of
both surfuce and ground waters for considerable distances
downstream, Chioride levels flucruare widely depending on
the rate of effuenr discharge at Clinton, the flow of the
river. and the degree of seepage from brine disposal ponds
at Barberton. Low flaw periods are especially critical io
ground water reservolrs which are pumped to induce river
water through sand and gravel seauences of a buried valley
spstemn aiong the main stem of the Muskingum drainage.
The Barberton municipal well field was abandoned in
1926, The Massillon well field was seriously affecred in
19521953 and was relocared in 1955, Brine contamination
Jorced abandonment of a well field at Coshocton in 1953
and the development of a rew fleld cost 500,000 dollars.
Zanesville and Mariesta sulfered from serious quality prob-
lems during low flow periods between 1945 and 1972 when-
ever the Muskingum River chioride levels exceeded 250
mg/l,

Such problems have caused considerable concern and
expense 1o these five municipalities which have rontended
with the high choloride levels for many years. Chloride
levels in the river have ranged as high as 10,050 (1953) but
low flow periads from 1900 1o 1971 have always had some
days when chioride exceeded the muximum level recom-
mended for domestic drinking water. The soda ash opera-
ton was terminated in 1973 and new proposed regulations
by the US. Environmental Protection Agency will Nmit
chloride to ¢ maximum of 66 mg/1 at any time.

INTRODUCTION

Most corporations i the salt industry are aware of the
effect of their corporate image on the eventual acceptance
of their products. As a result, profitability is tied to a
“good neighbor” policy in the company town as well as
to other factors which eahance the company’s national
image. A part of protecting this image forces company
managemnent to maintain a plant that has become obsolete
cither through increased cost of production or due to lack
of proper waste disposal facilities which are costly to in-
stall and maintain, Consequently, company management
may find it worthwhile tc perpetuate the operation of a
plant long after it has become an environmental hazard
rather than endure the publicity attendant upon plant
shut-down in the company town, But what may be a good
neighbor policy in the company town may be viewed as
arrogant by downstream users on the same watercourse
where the quality of both demestic and industrial water is
impaired. There is never an easy solution to this problem
that is satisfactory to the company, the employees of the
company as well as 1o the downstream users affected by
the company’s disposal practices. The question remains as
to how far the good neighbor sphere should extend in any
single watershed.

The author takes the point of view that each user is
responsible for returning the water to the system in 2
condition that is reasonably close to maintaining the pre-
industrial ecalogy of the watershed. Such a philosophy
requires, in some cases, treaiment bevond that demanded
by state and federsl water quality standards, which to a
large extent are determined after conmsiderable political
maneuvering and negotiation on the part of govermment
and industry.
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Problems with chloride rich waters

Large quantities of chlonde in water cause serious
prablems for both domestic and industriai users. Chloride
in excess of 300 to 200 mg/1 can alter the taste of domestic
water. Further, water that contains more than 500 mg/1
of chloride in the form of calcium or magnesium chioride
is highly corrosive. Industries cannoet tolerate such waters
in processing. cooling and distribution systems. For exam-
ple, the pharmaceutical, food processing and soft drink
industries are only & few of many industries requiring
waler low in chloride. Even water with less than 10 mg/1
must be treated by some industries before processing. Ob-
viously, the costs of plant operation are closely relared to
the degree of treatment required.

Waters which are excessive in chionde are defined as
those which contain more than 230 mg/ . Such quantities
in shallow ground water are generally the result of a sur-
face source of contamination either by direct leakage from
brine wells, oil wells, brine disposal ponds, or by infiltra-
tion of brine rich surfuce waters during pumping of
ground water reservoiss.

Chioride behavior in water. The chloride ion, CI-, does
not significantly react to form solute complexes with other
1ons, nor does it become adsorbed on mineral surfaces. It
tends 1o move through most soils with Jess loss than most
other ions. Concentrations of chloride are lower than ei-
ther suifate or bicarbonate in most surface waters (Hem,
1970, p. 172). On the other band substantial contributions
of chloride from hot springs and valcanic gases may cone
tribute to the chloride load in some streams but neither of
these sources is present in northeasrern Ohio. Unforta-
nately, the chloride ion tends to be retained in solution
while most processes remove other ions, The only impor-
tant barriers to chloride movernent in soils and rocks are
clay and shale because the chloride ion is so large that its
migration through the microscopic pores in such fine-
grained material is negligible.

Present standards and physiological effects on health of
Muskingnm basin water

Present standards as set by the Water Pollution Con-
tro} Board, Ohio Department of Health on March 14,
1972 require that the waters of the Muskingum River
Basin be “free from substances attributable to municipal,
industrial or other discharges, or agricultural practices in
concentrations or combinations which are toxic or harm-
ful to terrestrial and aquatic hfe." Dissolved solids are not
to exceed 500 mg/1 as a mmonthly average value, nor ex-
ceed 750 mg/1 at any time. Further, the present standards
also indicate that public water supplies must meet Federal
drinking water standards for finished water. This means
such waters must not contain over 230 mg/1 of chloride.

The Ohio River Valley Water Sanitation Commission
discussed the physiological effect on health of sodium rich
waters (1951, p. 15-16).

The medical profession in recent vears has compiled evidence
to indicate that sodium intake is an impartunt factor in the
treatment of cardiac and hypertension patients. One anthor-
ity recommends 200400 milligrams of sodivm per day as the
permissible limit of intake in such cases (Principles of Inter-
nal Medicine, T. R. Harrison, editor, Blakiston Company,
Philadelphis, 1950, page 1323}

A patient consuming more than two guarts daily of
surface or ground water with an average sodium concen-

tration of 233 mg/1 would exceed the upper limit recom-

mended by some medical practitioners.

Current data on sodium is not avattable for the Tus-
carawas or Muskingum Rivers except for one or two well
tields in the lower part of the basin {Fig. 1}. Axn estimate

of sodium content may be made by taking half of the -

chloride ion concentration. The oaly area in the basin

where sodium concentrations are likely to exceed 250
mg/t in the Tuscarawas River is between Clinton and

New Philadelphia. in 1971 (U. §. Geological Survey Wa-

ter Year for the period October, 1969-September, 1970)
the mesn chioride concentrations at Navarre, Ohio, 3.5

miles downstream from Massillon, was 1534 mg/1 (U.S.

Geological Survey, 1972, p. 33). Sodium concentrations in. -
river water probably range from 500 to 700 mg/| at Na- . -
varre and, no doubt, are higher upstresm near Clinton
where brine from the soda ash plant of PPG Industriesis

discharged.

In 19531 the average sodium concentration of the Tus-

carawas River between Clinton and Coschocton was 253

mg/1 whereas chioride levels averaged §17 mg/1 during
the same period. (Ohio River Valley Water Sanitation, .

Commission, 1951, p. 13).

BRINE WASTE DISPOSAL IN THE UPPER

TUSCARAWAS RIVER

PPG Industries is one of two leading producers of plate -
and float glass in the U.8. Such glass is used by the auto
industry in the manufacture of safety glass. Other uses *
include glass for store fronts, mirrors, etc. PPG Industries

Figure 1. incex map showing iocation of Muskingum Bagin in Ohie. -
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ranks as one of the leading producers of sheet or window
glass as well as soda ash for the manufacture of glass, soap,
oil, texties, drugs, pulp and paper and for water softening
purification processes.

The company was formed in 1883 and in 1899 it
created a major subsidiary known as the Columbia Sourh-
ern Chemical Corporation which located its plant in Bar-
berton, Ohio. This subsidiary was merged with the parent
company on December 31, 1960. Net sales of PPG Indus-
tries were 5$1,238,472,000 in 1971 (Moody's Industrial
Manual, 1972, p. 2678). The Chemical Division of PPG
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Industries has enjoyed a remarkable growth rate, the envy
of the industry, and boasted that in 1965 its sales were
more than 7 times those of 1945, and substantially better
than the average growth rate of the industry.

The by-products of the Chemical Division's plant at
Barberton on the Upper Tuscarawas River contribute to
major water quality problems in both surface and ground
waters of the Muskingum Basin {Fig. 2). The problem has
had a remarkably long and consequentiy, a costly history
in the Upper Tuscarawas River, Not ouly are the water
resources of this river affected but alse those of the Mus-
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Figure 2. Chart showing chicrids concendraiion range in seiected streoms of the Muskingum Basin as weil as. water-
guality eritena for selected industries, {Data from Ghio Department ¢ Health, 1868},
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kingum River, rising mnore than 100 miles downstream
where the Tuscarawas and Waldonding Rivers merge.
IData were collected on the chloride concentration, hard-
ness and total dissolved sokids of both surface and ground
waters of these areas to show the widespread effects of
brine waste disposal in the Muskingum Basin,
Rohinson (1955, p. 153) reported that the Columbia
Southern Chemical Company had a $60,000,000 invest-
ment at Barberton and thar the firm employed more than
2,000 people. Up untl 1955 the Company had invested
more than $1,000,000 to reduce waste discharge and may
have spent another mitlion in the period 1955-61. In 1856
new trichlorethylene and caletum chioride plants were put
into operation at Barberton. This represents a major effort
to reduce the calctum chloride discharge by producing a
marketable by-product from the soda ash operation.

Sada ash problem at Barbertan

Pittsburg Plate Glass Industries uses the Solvay am-
monia soda process for the manufacture of sodium car-
honate which is necessary in the manufacture of soda
glass. Glass of this type constitutes 90 percent of the total
1.8 glass praduction. The Solvay process is the most
economical process for making soda ash which generally
is not present in sufficient amounts in rocks and sediments
to be economically extractable, The very large volume of
very highly concenirated sodium chloride-calcium chlo-
rice waste generated by the production of soda ash consti-
tutes one of the most difficult pollution control problems
facing the sait industry (Cecil, 1971). One may argue that
tachnolagy is available to handle this poflution problem by
when cost-benefit ratios are computed, and placed next to
the competitive nature of the chemical manufacturing in-
dustry, by-product recovery operations remain 100 expen-
sive o adopt for most companiss,

The only practical method of disposal for plants dis-
charging to frash water in mid-continent ocations is by
controlled dilution (mainly during high How periods)y to
sireams, A second method, commonly used conjunctively
with controfled emission to a river is to remove the solids

by settling in large lagoons or waste lakes, several hundred

acres in extent. Impounding on this scale is expensive and
troublesome, even though land availability is not a serious
prablem in the Barberton area, all other factors neglected.

During its life, a soda ash plant may require several waste

lakes, with new areas opened as old ones are fitled, as it
has ai Barberion. When the solids are settled. the dis-
sotved chioride problem remains. The ammonta-soda ash
process 18 ouly about 73 percent efficient in terms of
sodium and uses none of the chloride occurring in the
original brine. Praduction of 1 ton of soda ash results in
about 1-1/2 tons of soluble chiorides as waste.

A partion of the calcium chloride generated at Barber-

ton is now recovered by evaporation of the brine waste. In
1966 such waste was estimated to total 5.7 mgd with an
average chloride ion concentration of about 64,000 mp/1.
The daily discharge of chloride averaged about 1,500 tons
or more than 500,000 tonz in 1966, The average chloride
concentration in 196% at Clinton where the plant dis-
charges its waste by controlled dilution to the Tuscarawas
River was 3,900 mg/1. Only partial records of chioride
conceniration are availsble for the 1971 water year at
Clinton. If one assumes that the maximum chloride con-
centration can be correlaied with the maximum specific
conductznce and that the mean chloride concentration
can be computed by averaging the miniimum aad maxi-
mum chioride levels reported, the mean chioride concen-
tration at Clinton in 1971 was 4680 mg/1 (U.S. Geological
Survey, 1972, p. 350). Maximum chloride concentration
reached 6000 mg/1 on September 20, 1971 at the US.
Geological Survey gaging station on the Tuscarawas River
near Clinton during the 197] water year.

Effect of brine discharge at Barberton

The PPG plant at Barberton utilizes both methods of
waste disposal previously discussed. In 1971, the twe
southernmost disposal ponds were being utilized and two
others further worth and closer to Barberton had been
filed during the operation of this plant over 70 years of
soda ash production. The total area covered by the four
ponds exceeds 520 acres and they rise at least 20 feet above
the Bood plain surface of the Tuscarawas River. No esti-
mate has been made of the volume of precipitated salt held
in these disposal areas. It is not known whether these
ponds spill or leak brine but the following duta suggest
that there is a seepage loss from the waste lakes.

A field study of the disposal pond area and adjacent
area by the author in 1968-69 revealed that substantial
amcunts of brine reached the Tuscarawas River which
comtained chloride ranging from 2,090 to 2,610 mg/ ! near
the southernmost lakes (Fig. 3). Narrow shallow trenches
bordering the ponds contained water ranging from 1,030
to 1,140 mg/1. Small tributaries draining upland areas
cast of the Tuscarawas River and abeve the ponds con-
tained concentrations of chloride ranging from 15 to 33
mg/1. A spring, emerging from the glacial drift south of
the lakes, contained 13 mg/1. Surface waters north of the
industrial area but within the Barberton city limits con-
tained chloride ranging from 150 to 300 mg/l Water
wells north of Barberton and on the west side of Wolf
Creek ranged from 25 to 88 mg/1 of chioride. Woif Creek,
1/2 mile north of the Rarberton city limit, contained 100
mg/1 of chloride. In general, the welis which were sam-
pled were shallow domestic wells utilizing less than 2 gpm
during part of each day and were not pumped continu-
ously for more than 1 hour. Such wells cannot induce
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Figare 3. Map showing cnloride contamination and tevels in selected wells, speings and sireams in the Barberton area.

water from the Tuscarawas River because the hydrostatic
head between them and the River is still above river level.
Therefore these wells must be recharged from upland
sources and not river water. Streams heading in upland
areas both east and west of the River are only stightly
richer in chloride than the ground water and may reflect
airborne contamination from the disposal operations in
the lakes where the water vapor from the warm slurry
contains more than the average concentration of chioride.
Adjacent soils, no doubi, also contain somewhat abnormal
chloride concentrations.

Effect of chloride on ground water resources at
Barberton

Along the west edge of Akron and following the route
of the old Ohio Canal a wide and moderately deep buried
valley is present. Il continues beneath the city of Barber-
ton and follows the main stem of the Tuscarawas south
through Canal Fulton to join a complex of meltwater
channels south of Canton (Fig. 4). In most places this
valley is filled with more than 200 feet of glacial material
consisting locally of thick sequences of aliuvial sand and
gravel Jaid down by the ancestral Cuyahoga and Tus-

carawas River systems. The surface of most of this valley
is also underlain by coarse outwash which allows rapid
infiltration of surface water. North of Barberton and along
Wolf Creek about 2 billion gallons of ground water are
pumped from buried valley aquifers each vear (Smith and
White, 1953, p. 30).

Barbertan well field. The old Barberton well field was
located near the present north lmit of the city and in the
valley of Wolf Creek. These wells yielded from 1,000 to
1,500 gallons a mingte (Smith and White, 1953, p. 30}
Barberton’s well field had to be abandoned in 1926 be-
cause Of high salt content and the city now relies upon
reservoirs on Pigeon and Wolf Creeks. This may be the
first recorded adverse effect o a municipal supply by the
soda ash operation at Barberton. There is also a possibility
thar leaky casings in nearby brine wells may have been
responsible for the contamination.

Prior to 1947 the Columbia Southern Chemical Corpo-
ration drilled a well on the east side of the Tuscarawas
River adjacent to one of their disposal operations on the
other side of the river. The geologie conditions were excel-
lent for the development of a well which could have
yielded upwards of 1,000 gpm but the water contained
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Figure 4. Map showing buried vallsys along the main sierm of the Tuscarawas and Muskmgum Rivers {after Cummins, 19590,

more than 20,000 mg/1 of chloride, Today, PPG Indus-
tries is one of the major users of ground water and pumped
more than 4 million gallons a day in 1950 from large
diameter wells adjacent to Wolf Creek but above the com-
pany's disposal ponds.

The average use per day of all Barberton industries in
1955 was 44 million gallons of which 10 percent comes
from ground water (Tricounty Regional Planning Com-

mission, 1963, p. 3-15). The Barberton area is expected 10’
grow from 35,000 (1960} to 98,000 in the year 2000, It is
unfortunate thal more than a mile and one-half of the
buried valley beneath Barberton is contaminsted by salt
water which may still be there in the year 2000, Water is
already at a premium in the Akren-Barberion area and the
municipal water supply of the Akron Metropolitan area
comes mainly from the main stem of the Cuyahoga River
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more than 15 miles northeast of the city. Obviously, con-
tinued growth and indusirial development in this region
is now limited by the single factor of water availability. It
is ironic that the salt industry has contributed 1o & prob-
fert which affects not only itself but the water needs of one
of the largest cities in portheast Ohio. The effect of brine
leakage in the plant area of PPG is not limited to the
immediate area but is felt by a number of communitics
downstreans which rely upon ground water for their
source of domestic supply.

Chloride problems below Barberton

Chloride contamination is a serfous threat to further
developinent of the ground water resource along the main
stem of the Tuscarawas and Muskingum Rivers more than

i1s

50 vears after us first effect on a municipal supply at
Barberton (Fig. 5). Perhaps the problem wonld aot be so
acute if water was plentiful in this part of eastern Ohio.
This is not the case. Most streams have very low Hows,
have already been regulated for flood control purposes and
cannat provide large sources of water to heavy mdustry
{Fig. 6). On the other hand, the buried vallev beneath the
Tuscarawas River throughout its length is virtually the
only source for farge amounts of cool ground water neces-
sary for most heavy indostrial development and for do-
mestic supplies. There is a sharp contrast in the water
quality of the Tuscarawas River above the PPG plant at
Barberton and below it. Above Barberton the ground wa-
ter and surface water quality is good and waters rarely
coatain over 15 10 20 mg/1 of chloride. Some areas are
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troubled by hard water and iron concentrations ahove the
recommended limit of the 1.8, Public Health Service. But
more serious problems exist below Barberion at Massil-
lon.

Massillon well ficld

Ulrich reported that the ground water pumped by the
Ohio Water Service Company and scld to the city of
Massillon was of “very high quality, although fairly hard™
between {922 and 1932 (Ulrich, 1955, p. 141}, The softer

warers of Newman Creek were used during periods of
pump faiture or repairs o the single 36-inch diameter well
which produced 2 million gallons a day. A new well
located only 200 fect from the original well was drilled in
1951 und produced 3 mgd. Both wells were only 600 feet
west of the Tuscarawas River and penetrated very perme-
able gravel of Newman Creck (Fig. 7). During the period
1522-1932 Ulnich (1958, p. 152) reported that the hard-
ness averaged 380 ppm of which 140 ppm was noncarbon-
ate. Chloride content remamed low at § ppm during this
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30 year period. This was in spite of the fact that chloride
contamination of Barberton's well field oceurred in the
period 1920-26.

Beginning in August of {952, a low flow period, the
original production well began to pump saltier water until
by November of 1953, almost one year later, the chioride
level had reached 1,700 ppm and hardness had inereased
10 1,686 of which 1,469 was non-carbonate. Dhiring the
same period well number 2 experienced substantial dete-
rioration in water quality and chloride levels rose to 670
ppm. By 1953, the cast of treating the water had rsen
from $18 to $35 per million gallons or approximately 30
percent. bn 1953 maximum values of chloride in the Tus-
carawas River adjacent to the Massillon well fieid reached
10,050 ppm. Both wells had o be ubandoned as the quality
further deteriorared. The company frst switched 10 New-
man Creek for its primary supply and then developed a
new well field one-half mile north of Newman Creek on
the east side of the River (Fig. &).

The new weil field was construcied in the Iate 1950
after the Newman Creek wells were severely affected by
salt and almost immediately began to show slow but
steady Increascs in chloride content, Chleride fevels of
bulk water from several wells after mixing had reached
250 mg/1 by 1969. (Fig. 9)

Causes of chloride contamination at Massitton

The analysis of the cause of chloride contaminarion at
Massillon has been the subject of several investigations,
This study focuses on the geology and its refation to the
paths that river water wauld follow during tofiltration to
the weil field.

Bedrock

The bedrock in the Massillon area consists of a se-
quence of shale, sandstone and conglomerate which
changes larerally within short distances. It is difficelt to
generalize the stratigraphic section because sandstone at
one kocality may grade to shale only one-halt mile distaat.
Nevertheless, the stratigraphy has been revealed by stady
of the logs of water wells in Massillon Township.

The Pottsville Formation of Pennsylvanian age crops
out beneath the glacial drift in the Massillon area. The
uppermost bedrock unit consists of an interbedded sand-
stone and shale sequence in the basal part of the Massillon
Member. The sundstones are lenticular and commonly
appear at elevations of 1070 to 1685 in the uplands oa the
west side of the River. The sandstones of the Massillon
Meamber rarely exceed 20 feet in thickness and most of the
umit 1s shale. The Massitlon s underlain by the Sharon
Member represented here by a sandstone and conglomer-
ate ranging from 100 to 150 feet thick. I35 upper surface
occurs 2t an elevation of about 940 fect near the north
edge of Massillon Township. Regional dip is southeast at
a slope of about 20 feet per mile. The depth to bedrock

beneath the Tuscarawas River is not known precisely but
exceeds 192 feef in the old field of the Ohio Water Service
Company on Newman Creck. Wells which do penetrate
bedrock on the flank of the valley encounter the npper part
of the Sharon Member. The Sharon consists of sandstone
and conglomerate which conrains porable water low in
chlorides throughout Tuscarawas and Lawrence Town-
ships of Stark County. The Massillon Mernber also yiclds
hard buz otherwise potable water.

Unconsolidated deposits

The area adjacent to the Tuscarawas River in Massillon
is covered with glacial deposits ranging in thickness from
13 feer in the upland areas to more than 200 feet near the
center of the present valley. The valley walls of the Tus-
carawas River are mantled by a kame complex consisting
of sand and gravel deposited by the melting back of the
Killbuck Ice Lobe of Wisconsin age (White, 1963} Most
of the valley Bl along the main stem is probably younger
and includes post-glacial sediment at the surface. This
seguence consists of a mixture of sand and gravel, clay,
silty clay, sandy clay, and gravelly till. The lenticular
nature of the clays and silts near the surfuce and their
hiydrologic properties play an impartant role in control-
ling the rate of infiltration in the Massilon weil field. A
geologic cross section reveals that for the most part, the
upper surface of the flood plain is covered with a layer of
clay or till of variable thickness but averaging between 10
and 25 feer. It is impossible to predict the character of the
glacial drift before test holes have been dug.

In several places small tributanies to the Tuscarawas
such as Newman Creek washed considerable amounts of
sand and gravei from the kames in the uplands onto the
mainr valley floor. Such deposits are Jobe shaped and fan
oui against the opposite valley wall. Newman Creek has
developed the largest of these deltas but two smaller gravel
fans are present aear the site of the newer of the two well
fields (Fig. 7). The sand and gravel depesits making up the
fans consisiz of clean coarse and highly permeable mate-
rial. Hence they are ideally suited for the development of
shallow wells or for recharging deeper wells adjacent to
the River.

Contamination at Newman Creek Massillon weli field
b is no coincidence that the original well field of the
Ohio Water Service Conipany was located in the Newman
Creek delta. Beneath the delts sands and gravels a thick
sequence of gravel interbadded with thinner clay zones is
present. The interval at depth between 80 and 190 feet
apparenily consists entively of sand and gravel in most of
the southern part of the delta {Fig. 1), This deep aguifer
is hydraulically connscted to shallower sands and gravels
in the delta. North of Newman Creek the surficial deposits
contain more clay and fewer connections exist between the
screened part of the buried valley gravels and the River,
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The ground surface elevation of the old well field is
between 940 and 930 feet above sea level. The Tuscarawas
River adiacent to the field flows at an elevation of about
925 feet. The static level tn the well field Buctuated around
the mean elevation of the river. About .1 mile north of the
Newman Creek well field dikes separate the floodplain
from the River. The dikes continue from that point down-
streamn through the City.

The abrupt increase in chloride levels in the period
August, 1932 to Novemnber, 1933 suggesis 2 rapid change
in the rate of infiltration through the sediments on the
floor of the river. Such a change could have been accom-

plished in either of two ways. Each would have the effect
. of removing the relatively impermeable cap of clay, re-
vealed in well logs of the Ohio Division of Water and the
Ohio Water Service Company, which lies at the surface af
the valley All. The River could have scoured its clay bed
during an exceptional high flow perind during the 1952
spring run-off, A study of flow frequency data and dis-
charge records for this period indicates that the Tus-
carawas River did not attain high enough velocities to
cause the kind of scour necessary to remove a 10 to 25 foot
thick silt and clay cap on the floor of the River.
The other possibility is that man could have removed
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the clay cap by dredging the River channel. Such an event
would have the effect of opening up the deeper gravels to
direct infiitration during critical periods of low Sow and
high pumpage. It has already been noted that pumpage
was more than doubled during the period of rapid chloride
contamimation. Consequently, the cone of depression en-
Jarged to capture maore sprface water than previously infil-
trated to the prodoction wells. The Ohio Department of
Transportation indicated that the relocation of Stare
Rouie 21, Sections 10.23 and 11.39 near the affected well
field occurred in the late 1950°s gffer the abandonment of
the wells in the southern field (K. 8. Albrink, written
communication, February 28, 1973). Further, he in-
dicated that during the relocation of Rouie 21 and its
upgrading to four lanes only minor work was performed
on the existing dikes and that the river was ntot dredged.
However, the Tuscarawas River was relocated, straight-
ened, and dredged by the US. Corps of Engineers in
195152 and dikes were consiructed at that time (Fig. 8).
The removal of the surficial clay plug by the Corps con-
tributed to more rapid infiltration of River water in suc-
ceeding months. Dredging the river 1o a depth of 15 feet
would have been sufficieni to remove the clay m some
areas. Although some clays occur #t deeper levels they
tend to consist of sand-cley and sand-gravel mixtures
rather than clean silt and clay. Such horizons would have

k! ]

much higher permeabilities than clean silt or clay. The
dredging would explain why the chioride levels increased
so abruptly even though the River contained high chioride
levels during the preceeding 50 years.

The River adiacent 1o the new well field was not
dredged but production well P35 is one of the few wells in
the north feld which penetrated sand and gravel from the
surface of the floodplain downward to a depth of 182 feet,
Only onie thin clay was encountered at a depth of 142 Feet.
Generally, fewer connections exist between the screened
part of the buried valley gravels and the River in the newer
well field (Fig. 10). Moreover, the well field contains
thicker deposits of sand and gravel which ranpge down-
ward from a depth of 25 1o about 170 feet where a basal
till is present. Fewer “holes’ are present in the clay plug
and consequently, the rate of river infiltration is lower
causing the slow but steady chlonide increases already
noted there.

The problem of salt contamination of Ohio Water Ser-
vice Company wells at Massillon stimulated two separate
studies of the geology, hydrology, and water gquality in the
1960%. Ohio Dirilting dug 12 tost holes and the Ohio Divi-
sion of Water drilled 11 more in 1968 {Fig. 7). These wells
have provided us with an adequate picture of the subsur-
face geology. The Chio Division of Water atiempted 0
establish the hydrologic properties of the upper part of the
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section. Their rest holes ranged in depth from 27 to 58 feet
and were tested several times 1o determine the permeabil-
ity and storage coefficient of the material beneath the
River. A number of important conclusions were reached
{Eagon, written communication, Oct. 10, 1972}

L. “It is most likely that significant recharge is derived
from vertical leakage.

This is supported by

a. Estimates of leakage during the tests.
b. Estimates of vertical permeability,
¢. Consideration of the geology and hydrology of

the area.

d. Chioride concentrations in the upper material.
Chloride concentrations in observation wells
clearly point to the river as the source for the
UDPEF ZONes.

2. It is felr that sufficient evidence is presented fo indi-
cate the River as the source of contamination, It is
also felt that the guantitative analysis supports this
conchasion.

3. However, an estimate of total leakage is not at-
tempted because numerical values are not absolute.
Figures point 10 the right range so as to make the
amount of leakage required seem reasonable, but
since this is a complex system additional data would
be needed t¢ extrapolate and predict the total
amount of water derived from leakage.”

Eagon also indicated that the most reasonable value for
T {transmissibility} was 140,000 gpd and that for § (stor-
age cocflicient) was .3 X 10-% The leakage rate was esti-
mated to be 96,000 gpd or 67 gpm. However, the author's
studies of the subsurface geology indicate that there are
holes in the till immediatelv beneath the river which
would ailow much higher rates of infiliration in some focal
areas such as 1 the vicinity of Chio Water Service Com-
pany production well 5.

Theis (1947, p. 734738} presented a method of esti-
mating the proportion of the water pumped by a well
represented by a decrease in stream-flow. It would be
useful to know what percentage of the water pumped by
the well field is induced from the Tuscarawas River. Some
of the assumptions which must be made in this method
may not be valid for the Massillon area. The following
assumptions are made: The aquifer is considered to be
homogeneous and isotropic. The transmissibility of the
aguifer is constant, The course of the river is idealized as
a straight line. It is also assumed that the ground-water is
hydraulically connected to the river and that the stream-
bed is not so heavily silted that there is severe restriction
of flow from the river into the aquifer. The head at the
stream 15 assumed to not change significantly because of
pumping. By using the chart devised by Conover and
Theis in an open-file report prepared in September of 1947

it is possible 10 determine for a pumped well ar any dis-
tance from the stream the percentage of pumped water
being diverted from that stream at any given time pro-
vided transmissibility and storage cocflicient are known. If
we use the data provided by Eagon with regard to T and
3 we obtain the following interpretation of the percentage
of river water induced from the Tuscarawas ar Massilion.
This data would be applicable only where the River is in
direct commmmication with the ground water in the
aguifer.

Tima from Beginning Percanzage of Pumped

of Pumging Water Baing Diverted
fetanes) from the Tuscerawas

4 43

17 70

22 75

38 80

55 85

135 o0

This data suggests that during low flow periods when
water quality is most severely affected by chloride con-
tamination significant amounts of river water would be
induced in less than two weeks and that substantial
amounts of poor quality water are induced if eritical Sows
persist for | momth or more (Fig. 11). In arcas where
channel dredging has removed the clay floor of the stream
to a depth of 10 feet the possibility of completely sealing
the leakage from the stream i remote. Siltation would
oceur doring low flow but normal scour would remove the
silts dunng high spring ren-off and unless infiltration
could be kept t0 a minimum during these periods ground
water quality would be severely impaired,

Coshecton

The first indication of the extent of the chloride con-
tamination of ihe Tuscarawas River below Massillon was
provided by the Ohio River Valley Water Santwation Com-
mission {1951, p. 13-15). Norris reviewed the general
geology and source of contamination at Barberton as weli
as the problem at Coshocton (Parker, 1955, p. 627-628),
Brine contamination at Coshocton forced the construction
of a new ¢ity well field prior 10 1954 at a cost of more than
500 thousand doltars (Ulrich, 1955, p. 151). The problem
at Coshoclon was sinnfar to the one at Massillon. A shal-
low sand and gravel aquifer was pumped so as to induee
water from the Tuscarawas River which flows over a very
permeable sequence of sediments along the same buried
vailey which extends northward to Cleveland. More than
25 years later in 1970 the Tuscarawas River at Coshoctan
still exceeded the 250 mg/1 chicride level during part of
the year. The U.8. Genlogical Survey (1971, p. 366; 1972,
p. 356) provides water quality data from a partial-reecord
station sampled no less than 6 times each vear. Maximum
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Figure 11. Chart showing chioride congentrations in the Tusceravees Hiver above the Republic Stesf Company in Massillan from 186E to 1968,

concentrations of chioride reported were 256 mg/1in 1970
and 300 mg/l in 1971, During this period hardness
reached a level of 440 mg/1 on July 1, 1971, exceeding the
hard water level of 200 mg/] by more than 140 percent.
Total dissolved solids were reported to be &i6 mg/l in
October of 1969 and 796 in September of 1970 (U.8. Geo-
logical Survey, 1971, p. 366}. Both of these concentrations
of total dissolved solids exceed the curvent water quality
standards for the River set by the Ohic Water Pollution
Control Board.

Zanesville

The city of Zanesville, more than 135 river miles down-
stream from Barberton suffers from the effects of chloride
induced by wells from the Muskingum River. During low
fow this problem is “acute™ (Parker, 1955, p. 628). US.
Geological Survey data from the pertod 1949-50 showed
that the raw water of the city’s 24 wells ranged between
80 and 222 ppm. More than 6 of these wells pumped
between 1,030 and 1,800 gpm from a buried valley aguifer

in 1963, Hardness ( as CaCOQ;) ranged from 379 to 606
mg/} in 1963. What is the current sithation at Zanesville
more than 10 years later? Maximum chloride fevels at
Philo, 9 miles below Zanesville, ranged between 116 and
580 mg/1 in the 1971 water year (1.8, Geological Survey,
1972, p. 58) even after dilution by the Licking River. The
250 mg/1 chloride level was exceeded during four months
of the year and total dissolved solids exceeded 750 mg/1
durinig parts of five months. The most critical period for
these quality parameters was from July to October and
during the winter low flow period in March.

In 1963 Zanesviile considered the abandonment of its
well field in favor of the Licking River below Dillon Dam.
A partial record monitoring station on the Licking River
below Dillon Dam near Dillon Falls was sampiled and
chloride ranged from 14 to 47 mg/ in 1971 (1.S. Geolog-
cal Survey, 1972, p. 3571, The mean chloride level in the
Muskingum Riverin 1971 was 155 mg/i (U8, Geological
Survey, 1972, p. 58). The Muskisgum contains more than
3 dmes the amount of chleride that the Licking River
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TABLE |

Chloride and Total Dissolved Solids Concentration in the Tuscarawas River in
1970 and 1971 (waver vears) [U.5. Geologicai Survay, 197%: 19721,

Tatal Dissolved

‘total Dissolved

Chiorida {ma/ft) Solids (mg/1) Chilaride {mgft) Sojids [mg/}
Location and Date  1969-70 1870-7% 196970 1970-71 Location and Date  1969-70 1970-71 1968-70 1970-71 1
Tuscarawas River st Chinton Muskingum River at Coshocton, Ohin §
Ot i ——— B — ——— Out, 218 e 816  — :
hNov, 1969 5500 e — s Nowv, - — —— —— ¢
Dec, 3200 —— - e Dec. 111G —_— o -
dan, 1870 —— 3600 onrmemn e Jan, 118 110 —— i
Feb. §750  ——— — o Feb. ——— e e :
Mar, — I R ——— Mat, 240 JE— —— e
API’. 2800 4300 ——— J— Apr, = — J—— e I
Nay —_— 4360 o e May &9 220 s ——
June A8ED e —— —— June s - —— ——— e
July —— 5200 e —— Juiy 130 300 R e ¢
Auy. 3920 e 6890 i Aug. —— _ S e z
S, 5200 G0C0 —— 10500 Sapi. 256 180 796 320

] . Muskingurn River at Dresden, Dhia
Tuscarawss Rivar at Massilion Oet. 236 130 272 32
Cot, —— - e —— Nov. . N . —
N, 11 J——— 3/I0 ——— Dec, — ——
Dec, 1420 ——— o e Jdan. —— — —— — :
Jan, o 22040 e e Fet:, 14 180 ——— —
Feb. 1720 —— — Mar, e S N _ 4
Mar. 2140 B . B Apr. a2 220 —— e :
Apr. 1080 e — s m—— May s — [ — R Pr—
May - 1800 - - June 124 ——— — :
Jdung 41 8 — s o —— July e — PR [ —— H
July e 2100 —— —— Aug. a2 50 — 866
Aug, 176¢ —— 3450 - Sap. — —_— — S :
Sep. — 1100 —— 2020
Muskingum Fiver at McConnsisvilte
Tuscarawas River balow Dover Dam near Dovar, Ohio g“‘— 198 e 7o .
Qet. 780 480 —— 1300 oy - 10 - A28
Nowv, 225 s = i Jgn_‘ U _—— e —
oy R S - 3 —— -
Fob. - 140 m— e e T v S
Mar. — = e - May N —— e —
Apr. 304 B30 —— ——— Juna _— _ e o
May E—— i = i July — —— S e
June 117 - ——— Aug. - 210 M_ 784
July e - A - Sep B N —— ——
Aug. &80 970 ——— e - ’
Sepr. —_— 210 —— 1960 1965-70 1870-71 Day  1968-740 1970-T1
Muskingum River at Philo :

Tuscarawas River at Newcomerstown, Ohio {rmaximum specitic conductance days)
et 424 280 1280 9238 Oct. 28 2B 510 (1Y 932 1380
Nov, —— - R e Nov, 03 170 180 {02} 192 696
D, —— — — e Dac, 3t 140 4G {04} 534 608
Jan, 300 o e —— Jan, 22 178 110 (28} Gaz 590
Feb. 224 320 e ——— Feb, 28 135 120 (10} a0 582
May. — —— — e o Mar, 02 136 140 (29} 618 504
Apr, 224 oo _— ——— Apr, 18 87 220 (30} 486 78
May e —— —— - — May 28 65 180 (04} 41z B1B
Jung 320 280 e —— June 12 218 200 {30} 7a2 652
July —— — e - —— July 24 168 400 118} 618 366
Aug. 140 720 —— ——e Aug, 28 215 40 (25) 768 976

Sep. ——- 810 —_— 1770 Sep. Q4 243 5O (18) 768 1310



Etfects of Brining and Sait By-Products Jperations

showed on its maximum specific conductance day.

Obvicusly, the waler quality problem in 1971 at Philo
is not substantially improved over the 1945-50 levels.
Treatment costs at Zanesville are unnecessarily high and
even after treatment the inducement of chloride rich low
flow river water will leave the tap water close 1o the rec-
ommended limit of the U.S. Department of Health, Edu-
cation and Welfare, River waters are much improved
during pericds of high discharge but 2 well field withous
the capacity to store these waters and recharge them dur-
ing low flow periods is forced to face a quality ‘battle’ at
least part of each year.

Marietta

Marietta is located at the mouth of the Moskingum
River at its confluence with the Ohic (Fig. 4). Almost 20
vears ago the city officials of Marietta reported that they
were concerned over the marked increase in chioride in its
well water during the preceding 10 years. {Parker, 1935,
p. 628). These wells, like those at Coshocton, Massillon
and Zanesville, tap shallow sand and gravel deposits
beneath the Muskingum River. The city is located over
200 river miles below Barberion. The problems here are
significant considering the distance from the source at
which chloride continues to be troublesome after dilution
by several major tributaries, several dozen minor tributar-
ies and 15 Bood control reservoirs, two of which are on the
main stem. Does the chloride problem continue to exist at
Marietta?

The US. Geological Sarvey maintains a gaging and
water quality station at Beverly which is only 20 miles
upstream from Marietta, Daily samples are coliected at
this station but only three are analyzed for water guality
each month. The three samples chosen are based upon: (1}
maximum gaily specific conductance for each month, (2)
minimum daily specific conductance for each month, and
(3) median daily specific conductance for each month. Tt
is interesting to note that in the 1970 water year the US.
Geolegical Survey reported that maximum level of chlo-
ride recommended for domestic drinking water was ex-
ceeded in October {278 mg/1), NMovember (264 mg/l) and
May (320 mg/1). The median level for chloride can be
assumed to be correlatable with the median daily specific
conductance. The median levet for chloride during Octo-
ber, 1969, was 238 mg/l. Further, chloride levels were
very close to the maximum permissible in domestic drink-
ing water when the River was sampled in January (210
mg/l), August (220 mgsl), and September (236 mg/1) of
the 1970 water year. Such levels suggest that the Muskin-
gum chloride concentrations are still much too high con-
sidering the distance from the source. In comparison the
118, Geological Survey reports that in 1970 the Hocking
River at Athens had a high of 115 mg/1; the Scioto River
at Columbus containad 102 mg/%; the Great Miami River
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at Franklin measured 70 mg/% the Maumee River at To-
ledo only 72 mg/l (LS. Geological Survey, 1971, p. 264);
and the Ohio River at Markland Dam near Warsaw, Ken-
tucky, had a maximum chioride concentration of 68 mg/1
during the 1970 water year {18, Geological Survey, 1971,
p. 202). Even the Mahoning River after passing through
one of the great steel complexes in North America had a
maximum of only 216 mg/1 reported during the 1970
water year (U.S. Geological Survey, 1971, p, 40). We con-
chude that in order fo make Marietta water potable it will
have to be treated to substantially reduce chlorides duning
at least six months of each year. The major problem will
be the removal of non-carbonate hardness as the ehloride
ion is unlikely 10 be recoverable during the treatment
Process,

CONCLUSIONS

in spite of the fact that more than 40 mgd of ground
water is used in the Muskingum Basin the relation of
surface water quality to ground water quality has been
misunderstond.

Ground water quality is related to the geology of the
basin, especially the character of the buried valley depos-
its. The degree of interconnection between surface water
and ground water is closely related to the geology of the
surficial parts of the buried valley sequence. Low flows and
quality probiems have long been a source of concern along
watercourses where ground waler supplies are induced
from shatlow aguifers hydraulically connected Lo rivers
and streams. Quality standards set for domestic water
supplies must also be applicable to surface waters where
{hess waters are induced by mumnicipal well systems. {Chlo-
ride levels in main stem streams must not exceed 250 mg/]
at any time for such systems to function properly.

The contamination of the Tuscarawas River at Clinton
has resulted in the pollution of the main stem all the way
to Marietta. In past years other problems of this Basin
have been controlled by the expenditure of considerable
funds. Flood flows on the main siem have been eliminated
by the constroction of reservoirs which provide more than
1.5 million acre-feet of useable storage and a conservation
pool of 212,800 acre-feet (Ohio Dept. Health, 1968, p. 10).
Such controls were possible onlv because of the invest-
ment of millions of federal dollars n 1930-38. The invest-
ment in the waters of the Muskingum Basin by past,
present and future users has been and will be enormous.
The entire nation has coatributed to the development of
flood control reservoirs, recreational projects, water sup-
plies, sewage treatment planis, transportation networks,
and channel improvement in the Muskingum Basin. The
water resources of the Basin cannot continue to be serr-
ously affected by waste disposal practices within the salt
wmdustry, Too muoch 15 at stake.
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In recent menths the sodu-ash processing opueration at
Barberton has shut down ( R, B. Stain, weitten communi-
cation, March 26, 1973). No daiz 15 available at this time
as to the future intentions of PPG Industries regarding
their soda-ash piant. The State of Ohie Environmental
Protection Agency has proposed new regulations regard-
ing maximum chloride levels permissible in the Muoskin-
gum Basin. Such regulations are in response to Pablic Law
92500, 92nd Congress, 82770, October 18, 1972, which
requires that waters of states shail be raised 10 2 level of
quality consistent with preservation of aquatic life and use
as public, ndustrial and agricultural water supphics, and
for primary contact recreation. Ohio EPA {1973, p. 3) s
proposing a maximum chioride concentration of 60 mg/L
Such a proposal is close to the maximam chloride concen-
tranions obtainable in Ohio's streams and rivers under
natural conditions. This level is going 1o be difficult to
obtain for salt operators and some chemical manufactur-
ers in Ohio, I there is g variance to this proposed regula-
tion it shouid not allow concentrations greater than 250
mg/t of chloride at any time,
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