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Confused by flealth and Safety Regulations?

Robins and Associates now offers full consulting services
in the field of Mine Safety and Health Protection training.
Our certified instructor can provide comprehensive and
thorough training programs designed to assure
compliance with all regulatory requirements, including:
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®* Mandatory Safety Training (CFR30, Part 77)
e Annual Refresher Training (CFR30, Part 48)
* MSHA Training Plans

® Fire Protection Training

e First Aid Refresher Trainin
. 6 People, not paperwork

What one coal company did on the ground while -
papers shuffled elsewhere.

® Mine Rescue Training

¢« MSHA Compliance Reports
—~3

* Dust Sampling T

e Noise Surveys

e 10 Update
e S A summary of recent newsworthy events.

———— Robins and Associate§
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AMERICA'S #1 B2 A5
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Off-highway tandem axle trucks have been the CLINE design concept for over

28 years. Years of experience and technology have made CLINE AMERICA’s #1

coal haulers.

CLINE coal haulers have proven their superior performance in the severe
adverse coal fields throughout the Appalachian mountains. Conditions where
muddy, slippery and steep haul roads prevail, making conventional rear dump
haulers stop in their tracks.

CLINE’s tandem axle design puts the load closer to the ground increasing

truck stability and insuring driver confidence. And by spreading the load over 10
tires instead of 6, distributing the load over a larger ground surface, this in

turn helps to preserve haul.road

SR £ R life. :
B o " Each CLINE coal hauler [$ built

th known components™ like

s, Detroit Diesel and Cat-

erpillar engines, Allison ftrans-

- missions, and Rockwell and Clark
axles. i

We design our coal haulers to

| be tough, dependable and easy

10 Service to keep. your—job

profitable.

CLINE coal haulers are avail-

".able" in 40,50 ‘and 65 ton ‘rear

_dumps, tractors forbottomdumps
tons and refuse ha lers
65 ton ca-

We Build the

- trucks to fit your needsi:
When you need a coal -

hauler,‘buy the best, buy
AMERICA's #1 COAL
' HAULER:" A

g

CLINE TRUCK SALES, INC.

3000 EDENS FORK RD. (I—77 NORTH)
CHARLESTON, WV 25312

TELEPHONE (304) 345-3090

( Cine isatrademark of T & J Industries
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Cummins
Service

Rely on
Cummins
Experts

As the owner of a Cummins diesel,
you've got one of the most reliable
engines you can buy. But if some-
thing does go wrong, we'll get you
turned around fast with trained
Cummins technicians and a com-
plete inventory of Genuine
Cummins Parts and ReCon® rebuilt
assemblies. We're on call 24 hours

a day, and if you can't get to us,
we’ll get to you with a service
truck and a diesel technician.

We also have the maintenance
programs and diagnostic equip-
ment to spot trouble before it
strikes. And service training
courses are available for your
mechanics.

Cummins service is just a phone
call away...we're in the Yellow
Pages under “Engines— Diesel".
Cummins Service. Why gamble on
anything else?

Cummins
Engines of
West
Virginia, Inc.

Charleston 304-744-6373
Fairmont 304-367-0196




King Knob’s reclamation work is well known in northern West Virginia. On this site, which lies just over the ridge from the Na-
tional School, the completed reclamation leaves the mine site almost indistinguishable from the unmined farmland (center

right).

People, not paperwork

Pete Pitsenbarger, chief of reclama-
tion at West Virginia's Department of
Natural Resources, once observed that,
“I've never yet heard of a single acre
that was reclaimed by filling out forms.™

That's more or less the situation faced
last summer by King Knob Coal Co.,
Inc., on one of its surface operations in
Monongalia County. The coal it was
mining extended into a previously
mined hollow next to the National
School, south of Morgantown.

A regulation promulgated by Carter
administration officials under the Sur-
face Mining Control and Reclamation
Act of 1977 prohibited any mining activ-
ity within 300 feet of any school building.
But the administration in Washington
had changed, the federal Office of Sur-
face Mining was undergoing a dramatic
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personnel shakeup, and a massive rewrite
of regulations was underway. To add to
the confusion, West Virginia's DNR was
in the final stages of preparation for
resuming regulatory primacy over the
state’s surface mining industry.

Meanwhile back in Monongalia
County, the National School sat at the
edge of an unsightly, unusable hollow,
surrounded by highway and mountains
with no space for recreational areas.

The surrounding community, which
is heavily dependent on coal mining for
employment, knew what it wanted. In
fact, all interested parties were in agree-
ment.

So while papers shuffled elsewhere, the
work was done  quickly, quietly, and
with amazing efficiency. In just over two
weeks, King Knob took the coal, com-

pletely filled in the hollow, then re-
graded and revegetated the entire area.

When the National School opened for
the fall term, it sat next to an open area
ready for development into a useful rec-
reation area. This spring, the plot be
came a baseball field, volleyball court,
horseshoe pit, picnic area, and general
playground.

The project required and received a
lot of cooperation. The land was do-
nated by Consolidation Coal Co. to the
Monongalia County Board of Educa-
tion, which approved the project. Com
l‘nunity suppaort also went a long way,
and of course the key ingredient was the
effort and ability of the King Knob
people who worked long, hard and well
into their own time to bring the project

to reality,

Thanks to King Knob's persistence and
expertise, the National School now has
ample recreation space for its students
as well as for the community. Main fea-
tures of the area are the baseball field
and the volleyball court.
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MOVE AHEAD

WITH TEREX

Key members of the King Knob team are shown here with Joe Beymer, northern reclamation chief for DNR. Left to right

are General Superintendent Gail B. “"Brownie” Stuart, President Jesse L. Anderson. Beymer, Manager of Engineering

Gary Tinnell, and Safety & Reclamation Director Jim Gaines.
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National School students wazit patiently through dedication cere-
monies for the school picnic which officially opened the new
recreation area. At left is Dr. Willis Hertig, deputy director of
the West Virginia Department of Natural Resources.

FROM

L.B.SMITH

33-11C or 33-11D The Choice in 85-Ton Haulers.

Now at L.B.Smith you can pick the 85-ton
hauler that meets your specs without worry-
ing about getting second best.

You can select the Terex 33-11D equipped
with oil-cooled disc brakes on the rear. Or
the Terex 33-11C with shoe brakes all around.
You can also choose transmission or rear
disc brake retarding. And pick between 24.00
x 49 and 27.00 x 49 tires.

There are new powertrain options, too.
L.B.Smith is able to supply either 85-ton
capacity models equipped with a GM16V-

92TA or Cummins KT-2300 diesel. It's your
choice.

Whatever you choose, the “C” or “D,” you'll
get the performance and toughness that
are “haulmarks” of Terex 33 Series Trucks,
from L.B.Smith.

Norton, VA 24273 (Rte. 23, Esserville), P.0. Box 826, (703) 679-5350
Beckley, WV 25801—113 Harper Park Drive, P.0. Box 1775, (304) 255-4174
Nitro, WV 25143500 River Road, P.0. Box 745, (304) 755-8381




Update

News from around the
surface mining industry

Court rules
for mining
company

Another long running battle between
coal operators and federal regulators
was apparently settled when the United
States Supreme Court upheld a lower
court ruling that companies challenging
mining regulations need not do so in the
Washington, D.C., District Court.

Holmes Limestone was denied a per-
mit to surface mine based on a federal
regulation which prohibits mining
within 100 feet of a cemetery. The com-
pany contended, however, that the site
involved was a private family burial
plot, and therefore did not qualify as a
cemetery. The company had previously
received permission from the family to
mine the site.

Holmes Limestone got its permit from
the State of Ohio, and successfully mined
and reclaimed the land. But the com-
pany together with the Ohio Mining and
Reclamation Association, pressed the
legal issue, filing suit in U.S District
Court in Cleveland.

The judge there dismissed the suit,
ruling that such action must be taken
before the U.S. District Court in Wash-
ington, D.C. West Virginia operators,
as well as others, had lost arguments on
that issue before.
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However, last August, the 6th U.S.
Circuit Court of Appeals reversed the
carlier ruling and sent the case back to
Cleveland District for further considera-
tion. The Circuit Court ruling was ap-
pealed by the government to the U.S.
Supreme Court, which let the decision
stand by a vote of 7-2.

Another part of the Circuit Court
opinion expressed serious doubts about
the validity of a government imposed
60-day deadline for challenging regula-
tions in any court. Since the Holmes
case was filed outside the 60-day limit, it
would appear that that particular stric-
ture has lost the force of the law.

1982 BIC
ratings

The West Virginia Business and In-
dustry Council (BIC) has released its
1982 edition of “Ratings and Analysis of
the West Virginia Legislature.”

BIC defined key issues, nine in the
Senate and seven in the House, and ap-
praised each senator or delegate on the
basis of his or her votes on these issues.
There were few surprises.

Two senators rated a perfect 100. C.
N. Harman, (R-Taylor) improved his
1981 score of 90, and Odell H. Huffman
(D-Mercer) moved up from a 1981 rating

of 70. Scoring high for the second year in
a row were Carl E. Gainer (D-Nicholas)
and William R. Gilligan (R-Tyler). Lacy
Wright Jr. (D-McDowell) moved all the
way from a 40 rating in 1981 to a mark
of 89 this year.

At the other end of the Senate scale
were some familiar names as well. Retir-
ing Senator Si Galperin (D-Kanawha)
manages to get his 20 rating of 1981
down to a zero in 1982.

Senators Robert Nelson (D-Cabell),
Warren McGraw (D-Wyoming), and
Robert E. Wise (D-Kanawha), all tens a
year ago scored a perfect zero in the
1982 edition. Senator Jean Scott Chace
(D-Lewis), however, stands alone as the
only Senator to achieve a zero in both
years. Other zeros in 1982 included

James L. Davis (D-Marion) and Gina

Colombo (D-Harrison).

On the House side, John M. Karras
(D-Ohio) matched Senator Harman
with a 90 in 1981, followed by a 100 this
year. Also scoring 100 in 1982 were
Marc L. Harman (R-Grant), David Mc-
Kinley (R-Ohio), Paul |. Otte (R-Ohio),
Charles R. Shaffer (R -Upshur), and
Larry D. Swann (R -Doddridge).

BIC listed eight delegates with a score
of zero, including Thais Blatnik (D-
Ohio), Gust G. Brenda (D-Hancock),
Carroll K. Bumgarner (D-Fayette), Lu-
cian IFry (D Wayne), Jack E. Holt (D-
Summers), Thomas A. Knight (D-
Kanawha), Rudy Seacrist (D-Kanawha).

Update

Government
and industry
vs. acid

Office of Surface Mining Director
James R. Harris and West Virginia
Governor Jay Rockefeller have jointly
announced the beginning of a major co
operative effort to tackle an age old
problem in the state’s northern coal
fields — acid mine drainage.

Director Harris said his agency has
authorized West  Virginia to use
$818,050 from its share of Abandoned
Mined Land funds. The State's Depart
ment of Natural Resources will provide
funds and management, and the coal
industry will donate funds, and tech-
nical and analytcal services, plus the
use of heavy equipment for research and
demonstration projects on acid mine
drainage.

The research, expected to take three
years to complete, will be conducted on
four mine sites in the Buckhannon River
Basin in Upshur County.

The Governor noted that “the prob-
lem of acid mine drainage has been a
hindrance to coal development and a
great expense to both the industry and
the environment. Solutions can only be
accomplished through such combined
efforts of industry and government, and
West Virginia is leading the way with
this work. In addition to the $818,050
grant from OSM, the coal industry will
contribute $300,000 and the State DNR
will spend $150,000 to a total project ef
fort of over 1.25 million dollars. Rocke
feller noted that this new partnership
between the federal OSM, the DNR,
and the coal industry is the only viable
mechanism for attacking a problem as
serious and longstanding as acid mine
drainage.”

“This is a major effort to find a solu-
tion to acid mine drainage,” Harris
said. “T'here has been some significant
progress through research in this area,
and this project gives us an opportunity
to bring these results together in a con-
certed effort toward the solution.”

The research is aimed at not only
combating existing acid mine drainage
but also of developing techniques to
prevent acid drainage during mining.

“T'he results of the research have both
long-range and short-range implica-
tions,” Harris said, adding, “If we can't
find practical solutions to this problem,
coal mining could be restricted in cer-
tain arcas. The Nation would lose im-
portant sources of energy, jobs would be
eliminated, creating economic hard-
ships, and loss of a valuable energy re-
serve.”

Rockefeller stated that the solution to
these problems in northern West Vir-
ginia will open the way for the future
development of previously untapped re-
serves of high quality coal for both the
domestic and overseas markets.

Harris called it “a bold and innova-
tive project. If we can come up with a
long-term solution to acid mine drain-
age, not only will West Virginia benefit,
so will the entire nation,” he noted.

The West Virginia Department of
Natural Resources’ Division of Reclama-
tion will administer the project. The re-
search will be conducted by a team of
scientists comprised of professors from
West Virginia University, the University
of South Carolina, the U.S. Bureau of
Mines, and the Northeast Forest Experi-
ment  Station  at  Berea, Kentucky.
Demonstration  projects will be  con-
ducted on both active and abandoned
mine sites.

Rockefeller  praised the efforts of
Director Harris in expediting the ap-
proval of the project.

State gets
NPDES

Effective May 10, the Water Re-
sources Division of the West Virginia De-
partment of Natural Resources assumed
primacy from the U.S. Environmental
Protection Agency for enforcement of
the National Pollution Discharge Elim-
ination System (NPDES).

Perhaps just as importantly, DNR’s
Divisions of Reclamation and Water Re-
sources have signed a memorandum of
agreement which provides for a joint
NPDES and Reclamation Division per-
mit application. The joint application,
however, applies only to surface mines.
Deep mines, tipples, refuse piles, and
other facilities must obtain NPDES per-
mits from the Water Resources Division.

The assumption by West Virginia of
primacy over the NPDES program,
coupled with the agreement between the
two divisions of DNR, should mean a
streamlining of the permitting process
for surface mines. State primacy also
kicks into effect the regulations promul-
gated over the last 2-1/2 years by the
Water Resources Board.

Hereafter, form WRD-SM82, “Ad-
dendum for a NPDES Water Pollution
Control Permit,” will be completed and
included in all surface mine permit ap-
plications. This will apply to all permit
applications which have not been issued
an SMA number prior to June 11, 1982.

Though the NPDES permit applica-
tion will be a part of the surface mine
permit application, and they will be is-
used jointly, the Water Resources Divi-
sion will be responsible for setting ef-
fluent limitations for permits.

GREEN LANDS 11




More than 40 members of the West Virginia Surface Mining
and Reclamation Association journeyed to the nation's capitol
for visits with the State’s Congressional delegation. The Asso-
ciation hosted an evening reception for Congressional staffers,
and followed with a breakfast meeting with the Congressmen

Holly Grove
cancels mining
plans

The Holly Grove Coal Co. has again
shelved plans for developing a 250-acre
surface mine near Canaan, in Upshur
County.

Over the past three years, the pro-
posed mine has been the subject of law-
suits, public hearings, and endless edito-
rializing. Coal industry opposition
groups opposed the original permit ap-
plication to the West Virginia Depart-
ment  of Natural Resources on the
grounds of potential acid drainage dam-
age to the headwaters of the Little Kana-
wha River.

The major snarl in the permitting
process occurred in Region IIT head-
quarters of the Environmental Protec-
tion Agency, which has yet to release its
final form environmental impact state-
ment, let alone the water discharge per-

12 GREEN LANDS

]
H

mit. In the end, this was the major factor
in Holly Grove’s decision to hang it up.
Company spokesman Roger Stevens
cited a depressed market as one factor in
the decision, but laid the primary fault
at the door of EPA. “I know they are just
trying to do a thorough job,” he com-
mented, “but I believe they could have
done a thorough job in a shorter time.”
EPA released its trade environmental
impact statement late last summer, after
more than two years of study. The final
EIS was due in February. The shutdown
decision means a loss in projected em-
ployment of over one hundred jobs.

Marple assumes
Coal Authority

Sutton native J. David Marple has as
sumed duties as the executive director of
the West Virginia Coal Development Au
thority. Marple replaces James Maddy,
who resigned the post earlier this yeat

and Senators. In the picture at left, retiring Congressman
Robert H. Mollohan (c) s greeted by Association President Ben
Greene and Board Chairman Bill Butler. At right, Senate
Minority Leader Senator Robert C. Byrd (r) speaks with Asso-
ciation members Buck Harless and . D. Hinkle.

Marple was formerly a metallurgical
sales manager for Koch Coal Sales Co.
and most recently served as manager for
Nerco Coal Co. in Cincinnati, Ohio,
where he was involved in export market-
ing for coal in Europe and Asia.

The West Virginia Coal Development
Authority is an outgrowth of the West
Virginia Coal Commission. It was
created by Governor Jay Rockefeller as
part of the ongoing effort to regenerate
West Virginia's lagging coal markets.

Marple's approach will be to project
West Virginia coal as a viable competi-
tor for oil, rather than a substitute. His
first target will be the utilities of New
England, but he also sees a revitalized
steel industry as a key to West Virginia
coal markews, commenting that “we
have the most diverse selection of coal in
this nation,”

Miarple also downplays past coal in-
dustry labor problems, “We need to real-
ize thiat labor and management have the
wiine goul, " he said, “When the mines
e down, nobody makes any money.”

Update

New man
at DNR

A former environmental manager
from Carbon Fuel Co. has been named
to fill a newly created administrative post

at the Department of Natural Resources.

Governor Jay Rockefeller has named
Brent G. Wahlquist as deputy director
for environmental affairs at DNR, effec-
tive July 1. In his new position, Wahl-
quist will oversee the implementation
and enforcement of all DNR regulations

and will also be responsible for monitor-
ing the permit process.

Wahlquist, a Ph.D., holds degrees in
biology, chemistry, and botany. While at
Carbon Fuel, he was responsible for the
development of permit applications for
both surface and underground mines.

Coal Calendar

July

19-21 Conference on Ground Control in Mining, Lakeview 12-13 Annual Meeting, Mine Inspectors Institute of Amer-
Inn and Country Club, Morgantown, contact Dr. ica, Virginia Polytechnic Institute, Blacksburg, Va.,
Syd S. Peng, Department of Mining Engineering, contact Louis Hunter, National Independent Coal
West Virginia University, Morgantown, 26506, (304) Operators Association, (703) 963-9011.
293-5695. oy : ;

15-18 Conference, “Training Resources Applied to Min-

20-21 “Practical Ground Water Monitoring Considerations ing,” Lakeview Inn and Country Club, Morgantown,
for the Mining Industry,” Ohio State University, Co- contact Mike Klishis, West Virginia University Min-
lumbus, Ohio, contact John Sullivan, National ing Extension Service, (304) 293-4211.
Water Well Association, (614) 846-9355.

September

28-30 6th Conference on Coal Mine “Electrotechnology, 13-14 8th Kentucky Coal By-Products Symposium: “En-
Lakeview Inn and Country Club, Morgantown, hanced Energy and Coal Recovery,” Hyatt Regency
sponsored by West Virginia University, contact Roy Hotel, Lexington, Ky., contact Mary Lou Johnson,
Nutter, (304) 293-6371. Institute for Mining and Mineral Research, (606)

252-5535.

August

3-5  9th Annual International Conference on Coal October
Gasification, Liquefaction, and Conversion to Elec- 8-9 Board of Directors Meeting, West Virginia Surface
tricity, University of Pitsburgh, contact Carrie Mining and Reclamation Association, Lakeview Inn
Warren-Couch, (412) 624-3859. and Country Club, Morgantown, contact Patty Bruce,

5-8 Annual Meeting, West Virginia Surface Mining and ‘WVSMRA’ %624 e B R
Reclamation Association, The Greenbrier Hotel, B b
White Sulphur Springs, contact Patty Bruce, 8-9 Mid-Year Meeting, Mining and Reclamation Coun-
WVSMRA, 1624 Kanawha Blvd., E., Charleston, cil of America, T'ropicana Hotel, Las Vegas, Nev.,
25311 (304) 346-5318. contact Moya Phelleps, MARC, 1575 1 St., N.W.,

9-11 Short course, “Longwall Mining,” West Virginia e e e

University, contact “Carrie Koeturius, College ol
Mineral and Energy Resources, WVU, Morgantown,
26505, (304) 293-5695.
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airchild Is The One For All

With More Complete Continuous Mining Systems In
Operation Than Any Other Mining Equipment Manufacturer!

& [ I

 Your Mining Equipment
From The Largest Independently Owned

Coal Mining Equipment Manufacturer In The World!

.f
i

e TR 1 et

o —

67

/]

Fairchild J-4 & J-6 Root Bolters Leaders In

SEm 88 g 3 — g N ﬁ Fairchild Ventilation & Air Pollution Control Equip- = i I
tf ment From Room Blowers To Low, Medium, and High Fairchild's Turn Key Materials Handling
i Pressure Units. Installations, Preparation Plants Weigh Bins

Fairchild Mark 21 Continuous Mining System — High
Production With Low Maintenance At 1 2 The Capital
Cost,

Unit Train Weighing and Loading Stations

e

Fairchild's New Haul-Mark
Continuous Haulage
System

N

A Selection of Battery Powered Scoops
Tractors and Auxiliary Equipment.

g 7 ] ® Crawlers Pivot 180°
' ‘;".‘ ‘.‘

Fairchild's Belt Vacuum Filter Press Mobile

i R PSS —————————

Testing Unit Enables Us To Test Your Product
On-Site. Through This On-Site Testing. We Can
Determine The Unit To Best Serve Your Special
Applications.

e

Eliminating Rib "Hang-Ups.
* Hydraulic Lift Jack in the Center of Each Crawler —
Unit for Soft Bottom. ) =

* Adaptable to All Continuous Miners,

f A Complete Line of Fairchild Terminal Equipment
and Structure, both Wire Rope and Rigid. to Meet

INCORPORATED

SRR < M S A Full ( p Distrib dc Your Requirements. - )
Fairchild Mark 22 Continuous Mining System ull Line ot Power Distribution and Conversion Equipment for Tomorrow’s Energy
A Revolutionary New Concept in Center Products from Fairchild manufactured by Sasser
Place Continuous M ning Electri P O Box 1184 Beckiey West v rginia 304 2552131 TWX 710 938 8463




Introducing

WEST VIRGINIA TRACTOR &

EQUIPMENT COMPANY
YOUR NEW HITACHI DEALER

& %

N
O R

West Virginia Tractor & Equipment Company is your
new authorized dealer for the complete line of

_ Hitachi Hydraulic Excavators — backhoes and

ARRT I shovels with operating weights ranging from 2?,100
b to 346,000 Ibs. Discover all the reasons why Hitachi
sets the worldwide standard for proven reliability
and performance. Contact West Virginia Tractor &
Equipment Company today.

Marketed By:

Marubeni America Corporation

Machinery Department Il « 200 Park Avenue
New York, New York 10017 = 212/973-6500

HITACHI

American Liaison Office » 767 Kenrick, Suite 105
Houston, TX 77060 + 713/448-8905

WEST VIRGINIA
TRACTOR &
EQUIPMENT CO.

CONSTRUCTION, MINING & INDUSTRIAL EQUIPMENT
CHARLESTON 346-5301 CALL TOLL FREE 800-642-0245
CLARKSBURG 624-7511

Hitachi UHB01 Shovel. Operating weight: 346,000 Ibs.

An Updated
Perspective
on Acid Rain

prepared by Alan W. Katqgenstein
for the Edison Electric Institute
Acid Rain Public Response Task Force

Background

Acid rain is one of the major en-
vironmental issues of the early 1980s.
The term implies unnaturalness and
danger. It creates fears in many people.
It rouses strong reactions from fisher-
men, ecologists and politicians. The
term conjures up images of destruction
and damage far beyond anything docu
mented to date.

The acidity of rain became a matter
of concern in the late 1960’s when
Swedish scientists claimed that sulfur
dioxide emissions from industrial
sources, particularly from Great Brit-
ain, had adverse effects in Sweden.
Some Norwegians soon joined in the
allegations that industrial emissions
were causing problems for fish, vegeta-
tion and human health.

By the early 1970s, problems were re-
ported in the United States, allegedly
associated with the acidity of precipita-
tion here. Two U.S. researchers, ana-
lyzing data from studies made in the
1950s, 1960s and 1970s, concluded that
rainfall in the eastern U.S. had been
growing increasingly acidic from one
decade to the next and the areas of in-
creased acidity were expanding. The
acid changes were attributed to the
large amounts of sulfur and nitrogen
oxides emitted from heavily industrial-
ized regions in the Midwest.

Is there a direct connection between
industrial activity and acid rain?

Most fossil fuels contain sulfur com-
pounds. Refiners remove most of the
sulfur from oil and sell it as a by-

product, but the sulfur in coal is more
difficult to remove. Even “washed coal”
typically retains as much as three-
fourths of its sulfur. During combus-
tion, the sulfur or its compounds react
with oxygen to form sulfur dioxide
(5SO,), which is emitted from the
chimney or stack. Once in the at-
mosphere, SO, reacts with water and
oxidizing agents, and through a series of
steps can finally convert to sulfuric acid
and other compounds. The conversions
vary widely, depending on time,
temperature, amount of sunlight and
other factors. Some chemists have
estimated that as much as half the SO,
will have been converted after two days
in the atmosphere.
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Nitrogen, which makes up about 80
percent of the air around us, reacts in
the combustion chamber to form a
variety of nitrogen oxides (NO,) which
also can convert to a number of other
chemical forms including nitric acid.

Both sulfuric and nitric acids are
soluble in the water droplets that make
up clouds, fog and rain. Some of the
acid molecules are dissolved before the
droplets fall as rain; others are washed
from the air by passing raindrops.

Gases and particles in the upper
atmosphere may be carried long
distances by moving air masses, during
which time they may react and interact,
depending upon the amount of
sunlight, ozone and other reactive
materials present.

The U.S. Environmental Protection
Agency has estimated that at the start of
the 1970s, about 26 million tons of SO,
and about 17 million tons of NO, were
emitted annually into the skies of the
U.S. Of these totals, about 16 million
tons or 62 percent of the SO, and about
5 million tons or 29 percent of the NO,
were said to come from fossil fuel
burning electric plants throughout the
country.

These quantities are impressive, and
concerned groups sought ways to reduce
them. Taking a cue from the successful
programs that cleared the smoke from
the skies of industrial cities, environ-
mentalists, EPA and others proposed
that major emitters of SO, and NO, be
required to cut those emissions to a
minimum.

Stories about acid rain have been told
numerous times. Most people have
heard only that acid rain is a man-made
problem that threatens the environ-
ment. New facts and new interpreta-
tions of natural events are helping to
change that impression and are shaping
a new understanding of the nature of
acidic rain and of acidity in the environ-
ment. This review is designed to provide
an updated perspective for all who are
concerned.
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Acid Rain
Defined

Acid rain is generally defined as rain
whose acidity is lower than pH 5.6. But
as a subject of national concern, it is im-
portant to define it a bit more closely
and to exclude some phenomena the
popular media have included under the
“acid rain” heading.

The issue is sometimes confused by
the loose use of the term when referring
to other kinds of acidic deposition, such
as the “acid smut” from chimneys and
smokestacks of industrial and chemical
plants. The acid smut particles tend to
be fairly large and fall to earth within a
few miles of the point of origin. Rain is
not usually involved in acid smut in-
cidents.

Damage to architectural stone sur-
faces has been associated with at-
mospheric  pollution, but the major
cause appears to be the impact from
local sources such as heavy vehicular
traffic and nearby oil refining and in-
dustrial activity.

Acidic compounds can be precip-
itated in rain or snow or deposited in
dry form. For this review the popular
term “acid rain” is used without
qualification and where appropriate ap-
plies to precipitation, dry deposition, or
both.

pH explained

pH is the chemists’ system for express-
ing the acidity of water solutions in
terms of the concentration of hydrogen
ions.

On the scale that goes from extremely
alkaline pHl 14 to extremely acid pH 0,
the neutral point is pH 7.0. All values
lower than pH 7,0 are acidic; all above
pH 7.0 are alkaline or basic. The lower-
the pHl, the greater the acidity.

Technically, pH is defined as
the negative logarithm of the
hydrogen ion [H'] concentration
as measured in equivalents per
liter. The scale is logarithmic, so
each successive pH unit represents
a 10-fold change in the concentra-
tion of hydrogen ions. Doubling or
halving the acidity, which means
doubling or halving the concen-
tration of hydrogen ions, changes
the pH by 0.3 units. For a solution
that contains 2.5 microequivalents
(.0000025
hydrogen ions per liter, the pH is
5.6. Doubling the [H'] to 5
microequivalents lowers the pH to
5.3.

equivalents)  of

Acid in
every-day life

Chemicals are part of every living
plant and animal, and many of these
chemicals are acidic.

In our vocabulary, “acid” often im-
plies strong actions, such as “acid test,”
or even unpleasantness, such as “acid
tongued.” But acids are not necessarily
undesirable, unpleasant, harsh or a
hazard to life.

Amino acids are the building blocks
from which the body makes protein and
other tissues. The same lactic acid that
helps make some of our popular foods
can also be a by-product of energy pro-
duction in marathon runners and others
engaged in vigorous exercise, Ascorbic
acid, better known as vitamin C, is one
of our dietary essentials. Citric acid
gives oranges, lemons and limes their
familiar tang, malic acid gives apples
their characteristic taste.

Taste is our most sensitive detector ol
the acidic nature of substances we con
tact in daily life, but it often deceives us,
It is not surprising to find that tomatoes
are acidic but most people are surprised
to learn that a delicious pear can be
more acidic than a tomato or that ba-
nanas and carrots are nearly as acidic.
All of these have pH values well in the

range of the rain that is the subject of
scare headlines in the popular media.

“Clean Rain”’
nature’s way

The never-ending cycle of moisture
evaporating from the surface of the
carth and returning from the skies as
precipitation is very much like the proc-
ess for making distilled water in the lab-
oratory. Rain might he expected to have
the same characteristics as distilled
water, including a neutral pH of 7, ex-
cept that the envelope of air surround-
ing the globe contains many more sub-
stances than the gases in a laboratory
still.

The ocean of air around us contains
about 0.03 percent carbon dioxide
(CO,). CO, dissolves in water to form
carbonic acid, so it is readily expected
that atmospheric moisture will absorb
CO,, form carbonic acid and thus be
acidic. Since the pH of a water solution
of carbonic acid at 20°C (68°F) is 5.6,
many observers have contended that the
pH of “clean rain” should be the same
as that for carbonic acid.

The atmosphere, however, carries
much more than water vapor, con-
densed moisture and CO,. Large
amounts of sulfur oxides are emitted
from volcanos, geysers and other
geologic sources. Bacterial activity in
the soil and near the surface of ocean
and inland waters also creates volatile
sulfur compounds. It has been esti-
mated that 60 percent of the world’s
total atmospheric burden of sulfur com-
pounds is from natural sources.

Large amounts of naturally produced
nitrogen oxides and nitrates are also
found in the atmosphere. Bacterial ac-
tivity in the soil generates volatile nitro-
gen compounds from fertilized soils and
decaying proteins. Forest fires produce
NO,, and every lightning flash creates
significant amounts of nitric acid.

Lightning's contribution to the
acidity of rain has been calculated by
several investigators. One estimates that

two strokes of lightning over 1 square
kilometer (about 4/10 sq. mi.) will pro-
duce enough nitric acid to make 2 cm
(about 8/10th of an inch) of rain have a
pH of 3.5. Another scientist has cal-
culated that lightning creates enough
nitric acid so that annual rainfall over
the world’s land surfaces would average
pH 5.04 without even accounting for
contributions from other natural
sources of acidity. Combining the effect
of lightning-induced nitric acid and
carbonic acid would result in a pH
around 4.8.

The ocean of air also carries acid-
neutralizing materials such as calcium
and magnesium compounds from soil
and nitrogen compounds such as am-
monia from the natural decay of protein
materials.

The chemically active substances in
this mixed load can interact with each
other to form still other materials. As a
result, no single inventory can ade-
quately describe the variable contents of
the atmosphere, and no single number
can accurately define the pH of “clean”
rain.

One fact is certain from the above:
designating pH 5.6 for “clean” rain is
not very realistic.

What is realistic? The best approach
is to look at the rain in places where it is
least exposed to the products of in-
dustrial activity and fossil fuel combus-
tion. The scientific literature, covering
observations from many researchers in
many parts of the world, shows rainfall
varies widely in acidity, with most of the
reported values being well below pH
5.6; that is, more acidic.

[] In the forest areas of Brazil at the
headlands of the Amazon River, an area
remote from civilization, the monthly
average of 100 rain events in the 1960s
ranged from pH 4.3 to pH 5.2, with the
median value of pH 4.6 and one reading
as low as pH 3.6.

L] In the Venezuelan region of the
Amazon basin in 1979, 23 rain events
averaged pH 4.65.

[] The rainfall from two hurricanes in
September 1979 sampled at six stations
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from Virginia to upstate New York,
averaged pH 4.5, with one reading as
low as pH 3.6. Much of the weather
came directly from the Atlantic Ocean
and was quite unlikely to have been af-
fected by emissions from any industrial
activity.
[J On the island of Hawaii, remote
from all industrial activity, the weighted
average of precipitation over a 4-year
period was pH 5.3, with a minimum
value of pH 3.8. During a 3-year period,
the rainfall at a sea level station aver-
aged pH 5.2, while at a station at
11,000 feet elevation, the rain averaged
pH 4.2.
[] On the South Seas island of Pago
Pago, the average pH has been reported
as 5.7, with a low reading of pH 4.3.
[J In heavy thunderstorm activity at
the start of the monsoon season in the
remote northern territory of Australia,
the rain has averaged between pH 3.4
and 4.0.
[[] The Global Precipitation Network
recently reported the following range of
readings:

Indian Ocean pH 3.98-5.26

Alaska pH 4.54-5.50

Australia pH 4.0-5.0
pH 3.5-6.0
Rainfall in remote regions of the

5.6,

Bermuda

world is clearly often below pll
While there are exceptional readings
below pH 4 and above pH 6, the
average values tend to fall in the range
of pH 4.5-5.5. Thus, it is questionable
whether pH 5.6 is realistic for defining
“clean rain” or even whether any single
value should ever be designated as a
reference point.

Awareness of the acidic nature of rain
is not new. As early as 1852, a French
scientist noted measurable quantities of
nitric acid and nitrogen compounds in
the rain of Paris. In 1872, the acidic
nature of rain was documented in a
lengthy book on the chemistry of
English rain.

Additional evidence is available from
ice samples from Greenland. Analyses
show that many times in the last 7,000
years, precipitation was well below pH
h.6, even below pH 5.0. These acidic
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periods correspond to the times of
known volcanic eruptions, most of them
several thousand miles from Greenland.
In some cases, the periods of extra acid-
ity lasted for a year or more, which is
not surprising since a major eruption
can toss millions of tons of material high
into the atmosphere to circle the earth
for many years.

The sediment in Scandinavian lakes
reveals levels of acidity more than 800
years old that are far greater than ex-
perienced today.

This and other evidence make clear
that no single pH value can adequately
define the natural acidity of rain, but it
is very often much lower than pH 5.6.
More and more scientists have been
questioning pH 5.6 as the appropriate
figure. It seems likely the “natural” pH
of rain eventually will be accepted as
falling around pH 4.5-5.0 with no single
figure being designated.*

What
determines the
acidity of rain?

The raindrop is a complex chemical
broth - much more than simply con-
densed water vapor plus absorbed car-
bon dioxide,

Droplets cannot form until there are
solid particles on which the vapor can
condense. ‘The nuclel for raindrops are
infinitesimal airborne particles ol dust
blown from the carth's surlace and salty
from sea spray. 'The dust particles, in
particular, often have the same acid
neutralizing calcium and magnesium
content as soils from Kansas to Kenya,

Acids and alkalis neutralize ecach
other n solution, so the carbonic,

*Variation in nature is well known and widely
accepted in other matters. For example, 98,61 1y
usually said to be the “normal”™ body temperature
But medical references show the range from 96,47
1o 99.1° as the normal limits, and most physicians
would consider occasional deviations outside that

range illlit(' acce (‘I][Elhl("

sulfuric and nitric acids in condensed
droplets start to react with the calcium,
magnesium and other alkaline materials
in the nuclei. The extent of neutraliza-
tion depends on the amounts present,
the time they have to react and other
factors.

Dozens of chemical substances can be
found in rain surface waters, but only
those which ionize in solution affect the
hydrogen ion concentration; that is, the
acidity of the liquid. Eight of these sub-
stances suffice to adequately measure
the acidity of rain. Three are known as
“anions” because they have negative ion
charges: sulfate (SO, ), nitrate
(NO, ), chloride (C1 ). The remaining
five are known as “cations” because they
have positive ion charges: calcium
(Ca’' "), magnesium (Mg '), am-
monium (NH, "), sodium (Na') and
potassium (K ).

When the concentrations of the eight
ions have been determined, the net
balance between positive and negative
ions is counted as microequivalents of
hydrogen ions (H'), whose concentra-
tion in the solution defines its acidity.

Where do the eight materials come
from?

As noted earlier, sulfates and nitrates
come from both natural sources and
human activity. Bacteria in the soil and
in surface waters produce volatile sulfur
compounds, but so do volcanoes,
geysers and other geologic activities.
The sulfur in fossil fuels is converted to
gascous sulfur dioxide when coal and oil
are burned, Total sulfur emissions
worldwide are estimated at around 200
million tons a year or more, with a
substantial portion of this amount
pencrated by natural sources.

The nitrogen compounds are pro-
duced by bacterial activity in the soil
and decaying matter, from forest fires
and lightning, and from the combustion
ol fuels that include not only coal and
oil but also gas and wood and even from
the hurning of crop residues on farms
and fields from Jamaica to Jakarta.

Both sodium and chloride come
primarily from the salt in sea spray that
is swept into the air and eventually to

high altitudes to be carried long
distances. Calcium, magnesium and
potassium are primarily from surface
soil particles.

Once these and other chemicals
dissolve, they lose their chemical iden-
tity. The net balance of ions determines
the acidity of the solution, and it is
misleading to suggest that any con-
tributing acids are still present as such.
No one would think of saying that a
dilute solution of table salt in water con-
tains hydrochloric acid or sodium
hydroxide. It is similarly misleading to
say that rain or lake water contain
sulfuric or nitric acids, even though the
pH is less than 7.0 and the sulfate and
nitrate present may have come largely
from the respective acids formed by
conversion from SO, and NO,.

Measurement
of pH

Chemists have several ways to
measure the acidity of solutions. Un-
fortunately, these methods of deter-
mining pH can give differing results.
Furthermore, for some of the simpler
methods, it is evident that pH values
from different laboratories do not
always agree with each other. Conse-
quently, comparing reports from dif-
ferent sources using different methods
can lead to erroncous conclusions about
trends in acid precipitation,

Before the 1960s the most common
method of determining pll was the use
of special dye indicators and comparing
the color changes of a sample against
standardized color references. The
results were not very precise by today's
criteria, but the procedure was simple
and frequently used, particularly in the
field.

More precise and much easier is the
use of a pH meter whose sensitive elec-
tronic probes are simply dipped into the
solution in question and the pH value
read directly from the meter. Unfor-
tunately, pH meters are subject to
damage and need frequent recalibra-

tion. For the most accurate results, they
should be used with controlled tem-
perature, usually not possible in field
work.

The pH value can be determined by
titration in which the chemist measures
the amount of a known alkaline solution
needed to neutralize the acidity of an
unknown liquid. This is more compli-
cated than using a pH meter but can
yield very precise results. As with the
other methods, titration fails to provide
clues as to what components in the solu-
tion contributed to its acidity.

Most precise and most informative,
but also by far the most complicated
procedure, is determining the quantity
of each of the principal ions in the solu-
tion. For rain, this involves measuring
all eight of the ions discussed previously.
Complete ion analysis is the preferred
method today for gaining maximum in-
formation about the make-up and prob-
able contributors to the acidity of rain
or lake water samples.

It would be nice if all four methods
gave the same final pH value, so in-
vestigators could compare with validity
data obtained by different methods. It
is known now, for example, that the
color comparison technique used 20 or
more years ago gave results 1 to 115 pH
units too high. Comparing a color-
imetric pH value against one obtained
by a different technique can suggest dif-
ferences in acidity that are entrely
false.

In a 1980 report on 849 Adirondack
lakes, two New York environmental
researchers recognized the questionable
reliability of pH data reported prior to
1975, and concluded these values
should be disregarded in compiling a
data base for measuring trends of
acidity of Adirondack lakes.

How reliable are the values obtained
by the simple pH meter? When
laboratories of the World Meteorologi-
cal  Organization  network analyzed
identical samples of artificial rain, the
results averaged 0.63 pH units too low
4 times more acid than the true value.
What is more, their reports showed
spreads of 1,90 to 3,37 pH units be-

tween the highest and lowest readings
for the various samples. A study among
a group of U.S. laboratories showed
similar errors, again tending to report
results more acidic than the true values.
The pH meter is a dependable instru-
ment, but reports of pH values may not
be compared validly unless the quality
of the laboratory work has been
established.

With the knowledge of these short-
comings becoming increasingly wide-
spread, scientists are taking greater care
in selecting the data from which com-
parisons are made.

Is the acidity
of rain really
increasing?

Despite some statements, the
available evidence certainly is not con-
sistent with the charge that rain is
becoming increasingly acidic.

It is true that the acidity of rain varies
from time to time and from place to
place. But where the data cover a
substantial period, no real trends can be
shown.

The longest continuous record of
precipitation chemistry in the United
States is from Hubbard Brook, a re-
search station in north central New
Hampshire. Data collected since 1963
show fluctuations in rain pH from week
to week and year to year. But no long
term trends, either up or down, can be
found either in the charted annual aver-
ages (Figure 1) or in statistical analyses
of the weekly readings.

Continuous data from many more
locations but for a few less years are
those of the U.S. Geological Survey at
nine stations in and around New York
State from 1965 through 1978. The
charts drawn from the USGS data show
clearly the continuing variability of pre-
cipitation pH but the absence of trends
(Figures 2 and 4).
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Figure 1
Acidity of Precipitation at Hubbard Brook
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Since it is now clear there are no
significant trends in acidity that can be
supported by reliable data, how did the
idea that the nation and the world have
an acid rain problem get its start?

In the mid-1970s, two Cornell
University scientists looked at data that
suggested acidity had increased in the
castern U.S. between the mid-1950s and
the mid-1970s. Publicity about their
conclusions preceded confirmation of
their work, and it has been difficult to
stemn the flow of impressions based on
their early reports.

A group at the Illinois State Water
Survey, however, has found an explana-
tion for at least part of the acid rain
variability in the Midwest. From the
records available in Illinois, it was
learned that the sulfate and nitrate con-
tent of the rain had changed hardly at
all over the 20-year span, but the
calcium and magnesium levels had been
much higher in the mid-50s than in the
mid-70s. The 1950s had been a period
of drought and dust storms in the
Midwest, so the rain indeed was more
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acidic in the 1970s than in the 1950s.
The increased acidity, however, is at-
tributable not to changes in sulfates and
nitrates, but rather to the unusually
high levels of acid-neutralizers present
in the earlier period.

Differences in acidity of rain on an
area basis were explained by a look at
the detailed chemistries of current pat-
terns in Ilinois against those in New
York. Scientists at New York's At-
mospheric  Sciences  Research Center
recently showed that the rain in Illinois
in the summer half of 1978 was less
acidic than the rain that fell in upstate
New York. The sulfate and nitrate
depositions in the two regions were
remarkably similar, but Illinois rain
contained more calcium than that in
New York., accounting for the dif-
ferences in acidity in the two regions.

Some of the impressions of increas-
ingly acid rain may well have arisen
from comparisons of data obtained by
different methods, with the tendencies
to detect differences due to the method

of analysis rather than the rain itsell,

It is premature to assert that rainfall
is not increasing in acidity anywhere.
But not one of the reports of increasing
acidity has stood up under scientific
challenge. In cases where the underly-
ing data are most complete — Hubbard
Brook and the USGS studies around
New York State — the evidence certainly
points to variability, but fails to support
stories that the rain is becoming increas-

ingly acidic.

Long range
transport or
local sources

Weather generally moves from west
to east in the United States, so it was
natural to suspect that emission prod-
ucts from the industrial Midwest might
move on prevailing winds to New York,
New England and even into Canada.

Serious attempts to confirm a linkage
between midwestern emissions and east-
ern depositions have created thorny
problems of research that have increas-
ingly called for complex computer
models to analyze the emission prod-
ucts, their interaction and their
ultimate fate. At mid-1981, the En-
vironmental Protection Agency con-
cluded, “the state of the art” of long-
range transport modeling is not suffi-
ciently advanced to determine the
causes or the sources of interstate pollu-
tion.

While some investigators focused on a
scarch to explain long range transport
of midwestern coal-burning by-
products, others have looked at the role
of oil burning nearer to the places where
acid rain is of concern,

Like coal, most oil contains sulfur, in-
cluding the desulfured residual oil com-
monly used for heating apartments, of-
fices, commercial buildings and  fac-
tories,

Most residual oil contains minute
amounts of metals like vanadium that
catalyze the conversion of SO, to

sulluric acid, some conversion taking

pH
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pH of Precipitation: U.S. Geological Survey
New York State Precipitation Network
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place even before the gases leave the
stack.

An EPA scientist studying emissions
from four large oil-burning units in
New York City found the boilers did in-
deed emit large amounts of both SO,
and sulfuric acid. As suspected,
vanadium was found in the oil, in the
emissions from the boilers, and en-
crusted in the linings of the boilers
where combustion takes place. EPA’s
investigators concluded that more than
half the winter-time sulfate emissions in
the New York City area are attributable
to local oil-burning boilers, most of
which typically have less well-controlled
combustion than do the boilers of elec
tric utility plants.

Findings such as these are pre
liminary, They need to be expanded
and confirmed by other investigators.
They do not preclude the possibility
that emissions from coal-burning power
plants in the Midwest contribute to the
acidity of precipitation in the East, but
they do cause doubts that the mid-
western power plants are the principal
factors accounting for acid rain in the
Adirondacks and in Canada.

The relative importance of local or
nearby emissions is further illustrated by
the findings of a North Carolina pro-
fessor who reported a positive correla-
tion between the air pollution index in
Charlotte, NC, and the pH of rain that
fell 15 miles away.

Another recent finding is that of
scientists at New York State’s Atmo-
spheric Science Research Center, who
made detailed analyses of precipitation
at Whiteface Mountain, high in the
heart of the Adirondacks. Precipitation
volume and the amounts of rain com-
ponents for the year 1978 were com-
pared against the meteorological data
that traced weather backwards for two
days prior to its arrival at the observa-
tion station. The researchers found that
hydrogen ion deposition roughly
paralleled the amount of precipitation,
regardless of the direction from which
the weather had arrived. When  the
analysis is confined to the sector that in-
cludes Ilinois, Indiana and Ohio, the
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Based on data from: Wilson, J., V. Mohnen and ]. Kadlecek, Wet Deposition in the Northeastern
United States. Atmospheric Sciences Research Center, Albany. NY (1980)

Figure 3
Relative Amounts of Precipitation Volume —
and Hydrogen Ion Deposition ---
at Whiteface Mountain, NY, 1978,
From Each 30° Trajectory Sector

arriving weather was found to have
brought 36 percent of the precipitation
and 40 percent of the hydrogen ions.
Morcover, 26 percent of the precipita-
tion and 31 percent of the acidity ar-
rived from the sector covered by the Up-
per Great Lakes and Canada (Figure 3).

This pattern was not unique for
Whiteface Mountain. A similar rela-
tionship was found at Urbana, Illinois,
for the same year. It is evident, at least
for these two locations, that inch for
inch of precipitation, acid deposition
remains remarkably  consistent
regardless of the direction from which

the weather arrives.,

As the perspective broadens, the case
is strengthened against the idea that
long-range transport of midwestern

emissions influences eastern acidity.

The effects
of acidity

Despite  publicized  fears, warnings
and predictions of dire effects from acid
rains, there is little evidence that varia-
tions in acidity have had adverse im-

pacts on the environment.

Agricultural resources have been said
to be vulnerable, but the only verified
reports of impacts on plants are where
there was prolonged exposure to acidity
at artificially high levels in laboratory
conditions. The Environmental Protec-
tion Agency treated 28 varieties of
plants under greenhouse conditions
with artificial rain adjusted to pH 4.0,
3.5 and 3.0, with mixed results. More
than half the varieties showed some leaf
damage, but this did not always coin-
cide with effects on plant yield. In fact,
while 40 percent of the varieties showed
decreased yields and 20 percent showed
no effect, 40 percent showed increased
yields under increased acidity.

Grain crops proved to be tough and
suffered neither leaf damage nor re-
duced yields.

At pH 3.0, corn yields increased by 11
percent, tomatoes by 30 percent and
strawberries by more than 70 percent.
Peppers showed increased yields at pH
3.5 but reduced yields at pH 3.0. Car-
rots, beets and radishes were adversely
aftected by lowered pH and so were
snails, beetles, and other insect pests.

Beneficial effects from exposure to
acid rain are explained in part by the
fertilizing value of the extra nitrogen
and sulfur in the rain. In additon, the
more acidic the rain, the greater the
solubility and therefore the availability,
of some of the soil’s nutrients.

Fears that acid rain can damage
forestry resources have been voiced but
not substantiated, either. Experimental
exposure of trees, seeds and seedlings to
artificial acid rain has produced varying
effects, some of which are beneficial
and some adverse. A study for the paper
industry found no confirmed evidence
that the acidity of rainfall in the natural
environment had a detectable impact
on plants or trees.

This absence of verifiable damage in
the plant world is not surprising. Varia
tion in the environment is part of
nature’s plan; different varieties thrive
in differing environments. Azaleas,
rhododendrons and evergreens do bet-
ter with high-acid fertilizers while grass,
flowers and vegetables call for low-acid

nutrients. Lawns look better when they
have been properly limed to raise the
pH, but many yards have a satisfactory
look even when people fail to check the

soil pH or to correct for the acidity that.

has built up over time.

Moreover, plants are remarkably
resilient to natural variations in their
environment. Everything @ greener
following a good thunderstorm that
brings not only increased acidity but in-
creased nitrogen to the soil and plants.
Researchers have had to resort to ar-
tificially strong and prolonged exposure
to produce adverse changes in plant ap-
pearance or productivity.

The impact of acidity on aquatic life
is more complicated to assess. Exposing
fish to enhanced acidity does affect their
life cycle. With increasing acidity, the
fertility of eggs is reduced, followed by
impaired ability of eggs to hatch and
then for the fish to mature. It takes a
major lowering of pH to affect adult
fish. Canadian researchers found that
smallmouth bass stop reproducing at
pH 5.5-6.0, lake trout at pH 5.2-5.5,
rock bass and brown bullheads at pH
4.7-5.5 and lake herring, yellow perch
and lake chub at pH 4.5-4.7.

Fishkills associated with surges in lake
acidity have been reported from Europe
where they were noted following sudden
spring thaws. Accumulated acidity may
have come from the snow itself, but
some of it has been traced to the
bacterial activity in decaying ground
cover and soils even while they were
blanketed with snow. A sudden flush of
acidity may overwhelm the natural buf-
fering capabilities of a body of water
and significantly lower its pH for a
period of time.

Most lakes are not seriously affected
by the acidity of rainfall. This is partly
due to the organic and mineral
materials naturally present in the water
or on the lake bottom that buffer the
lake's chemistry and keep it fairly con-
stant, More important are the effects of
the leal canopy, vegetation and soils
that surround the lake and act as an ab-
sorbent and neutralizer for precipita-
tion acidity. Since the watershed sur-

rounding a lake or pond is often much
larger in area than the lake or pond
itself, these environmental modifiers
often have a major role in modifying the
water before it reaches the lake. Where
the lake itself and its surrounding ter-
rain are low in buffering capacity, the
lake can then be subject to major im-
pact from the rainfall it receives.

The most extensive study of the im-
pact of precipitation acidity on lake
chemistry and biology is the Integrated
Lake Watershed Acidification Study be-
ing conducted by the Electric Power
Research Institute. Panther, Sagamore
and Woods Lakes in the heart of the
Adirondacks are close enough together
so that the rain falling in each of the
lakes is similar if not identical in
chemical make-up. Yet the three lakes
have quite different pH values—pH 7.0
for Panther, pH 5.5 to 7.0 for Sagamore
and 4.4 to 5.5 for Woods Lake. These
differences in pH are explained in part
by the differences in the geological
make-up of the lakebeds and the sur-
rounding soils.

There is no question that the acidity
of precipitation can affect the lakes into
which it falls or flows, but the newer
understanding of the dynamics of lake
chemistry weakens the idea that it is
primarily the acidity of precipitation
that determines the survival of fish. In
fact, the varied and complex interacting
influences make it impossible to pin-
point any single factor as being the ma-
jor determinant of lake acidification or
of fish loss.

Damage to architectural stone sur-
faces has been connected with at-
mospheric acidity, but the major cause
appears to be the impact from local
sources of air pollutants such as heavy
vehicular traffic, oil refining and in-
dustrial activity. Moreover, impacts
from air pollution in general and im-
pacts from acidic precipitation cannot
be distinguished.

A flurry of news articles alleging an
impact of acid rain on automobile
finishes appeared in late 1980, but these
stories were unfounded except as they
related to acid smut fallout on vehicles
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parked near the offending chemical
plants. Acid smut is often a matter of the
deposition of acidic particles quite unre-
lated to acid rain.

Another alleged hazard is the effect of
acid waters on metal pipes. Both copper
and lead pipes are relatively untouched
by moderately acid solutions, and none of
the feared health impacts have been doc-
umented. In most cases, any precipitation
would be partly or completely neutralized
as it seeps from the surface through the
soil to underground pools or wells.

All in all, the effects of acidity on the
environment have not been found to be as
severe as some have suggested and the
feared impacts have not been demon-
strated outside the laboratory. When lake
acidity is considered carefully, it isevident
that lake chemistry is influenced strongly
by many factors other than precipitation.
It remains prudent to continue to study
the impacts of acidity on the environ-
ment, but the evidence does not support
panicky, sensationalistic fears.

Corrective
strategies

Deep  concerns  about  precipitation
acidity have led to a variety ol proposals
aimed at reducing acidity or overcoming
its effects. One of the most controversial
suggestions is to require older coal
burning power plants in and around the
Ohio River/Midwest region to be fitted
with stack gas “scrubbers” to reduce fur-
ther their emissions of sulfur and nitrogen
oxides. *

*The Clean Air Act Amendments of 1977 forced
all coal-burning power plants commencing con-
struction after 1979 to be equipped with stack gas
scrubbers. Plants built between 1971 and 1979 were
exempt from the scrubber requirement but subject
to maximum emission limitations. All power plants,
regardless of age, are subject to emission limitations
under State Implementation Plans.

Different types of scrubbers are in use, but all op-
erate on the same basic principle scrubbing the
combustion gases with a chemical solution. During
the scrubbing process, the sulfur dioxide gas is
trapped when it reacts with chemicals in the solution
to form a new substance. The volume of this new
substance, commonly called “sludge” can be con-
siderable.
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What benefits could reasonably be ex-
pected from retrofitting older plants with
scrubbers as has been suggested? So far,
there is little evidence that real benefits
would be realized. Even if SO, and NO,
emissions were reduced in the Ohio
River/Midwest region power plants,
there is no evidence that this would have
significant effect on the acidity of precip-
itation in the northeastern U.S. or in
Canada. There is also no convincing evi-
dence that detectable changes in the
acidity of lakes or streams or the aquatic
life they support would occur.

Why not try scrubbers anyway, to see
whether they could help? A stack gas
scrubber for a coal-burning power plant
entails an investment of around $100
million to $250 million for equipment
alone. Moreover, scrubbers take energy
to operate, so that 3 percent to 6 percent
of a plant’s power output has to be
turned back directly into the operation
of this equipment. Other costs, including
the purchase of chemicals and the
disposal of the sludge collected from
scrubbing, add further to the plant’s
operating costs. Disposing of that sludge
actually imposes an additional problem
for those concerned with a clean environ-
ment.

Some proponents have argued that on
the basis of the national average cost of
clectricity, the incremental costs for
scrubbers would be quite small and af
fordable, In fact, however, each utility
:'::||1|l;||lv'h rates are set ht‘|l.|l.|1(‘l\' by a
regulatory  commission that considers
costs on a case-by-case basis, A company
with three plants, each of which might
be required to retrofit with scrubbers,
would have a much greater rate increase
than a company with only one of perhaps
ten plants needing the equipment pro-
posed.

What other steps could be taken if cut-
backs in SO, are either non-effective or
prohibitive in cost?

The most promising strategy for help-
ing lakes with low pH problems is to use
lime or limestone to reduce the acidity
and raise the pH. Liming has been tried
in New York since the late 1950s, and
although not always 100 percent success-

ful, liming efforts have been increasingly
promising. Many lakes that were com-
pletely barren of fish before liming have
produced excellent fishing after treat-
ment.

In Sweden, too, liming has had
positive results. Salmon, trout and other
species of fish have returned in numbers
following treatment of acidified waters.

Apparently liming does more than
simply raise the pH. Calcium, the prin-
cipal constituent of lime, has a specific
and beneficial effect on fish. Research
has shown that the calcium content of
lakes is probably more important than
the pH in determining the ability of fish
to survive and multiply.

Liming is a bargain when compared to
the increased cost of electricity if retrofit-
ting with scrubbers were to be imposed.
According to one estimate, it would cost
about $4 million a year to raise the pH of
468 of the Adirondacks’ most acidic lakes
to pH 6 or higher. Compare this to
estimated costs for the addition of scrub-
bers to 50 of the largest older coal-
burning power plants east of the
Mississippi: the Environmental Law In-
stitute estimates $7 billion to $14 billion
for capital costs and a $1 billion to $2
billion annual operating cost for this pro-
posal; the Department of Energy's
Morgantown Energy Technology Center
has developed estimates of $11 billion for
capital costs and $3.6 billion for annual
operating costs for this same proposal.

What is more, the benefits of liming
can be realized within a year of starting
treatment, while retrofitting power
plants with scrubbers would take at least
three to five years even to build. Since
the legal basis for this requirement
depends on amending the Clean Air Act,
the regulatory processes involved would
add many months or even years before
plans were approved and construction
could be started, Add to that umeframe
the possibilities of unforeseen delays, and
it becomes evident that this would be a
slow approach to highly uncertain
benefits that can alternatively be
achieved within one year wherever lim-
ing is adopted.,

Other strategies are under study as

well. Biologists are trying to identify and
breed varieties of trout and other species
that are more tolerant of acidity or of the
effects of acidity in combination with
metal such as aluminum, long under
suspicion as a danger to fish.

The electric power industry is continu-
ing to seek ways to further reduce the
emissions of sulfur and ‘nitrogen oxides
by means other than scrubbers. Better
control of combustion seems to be
beneficial in lessening NO, emissions.
And more economical means of remov-
ing sulfur from coal could lead to
lowered SO, emissions.

As with so many other efforts to solve
our social concerns, it is probable that
controlling the acidity phenomenon will
take a variety of measures working to-
gether. As of now, there simply are not
enough facts to guide either government
or industry in designing corrective steps
that will bring predictable results.

What is
being done?

Acid rain is still a puzzle. More than a
dozen countries and international
agencies are searching for causes and
cures for acid rain, with the major efforts
taking place in the United States,
Canada, Great Britain, Norway, and
Sweden.

In this country, the electric power in-
dustry is committed to an extensive ef-
fort. The Electric Power Research Insti-
tute, research arm of the entire power in-
dustry, has sponsored and coordinated
research on acid rain for more than 5
years. It has spent more than $15 million
so far and more than $17 million is
targeted for future research. The coal in
dustry and the petroleum industry are
also very involved in acid rain research,

In the federal government, more than
10 agencies conduct a wide variety of
programs. Most heavily involved are the
Environmental Protection Agency, De-
partment of Agriculture, Department of
Energy and National Oceanographic
and Atmospheric Administration. Other

groups include the Fish and Wildlife Ser-
vice, Forest Service, U.S. Geological
Survey, Tennessee Valley Authority and
the Council on Environmental Quality.

Government research totaled more
than $30 million in FY 1981, and Title
VII of the Energy Security Act of 1980
calls for expenditure of an additional $10
million in research annually through
1990,

This massive exploration is expected to
answer such important questions as
where atmospheric acidity comes from,
how it is transported, how it affects the
ecology and how those impacts can be
lessened. Major research projects in-
clude:

[J Networks of rain sampling stations to
collect and analyze precipitation and
give a more complete picture of the
chemistry of precipitation over extended
periods of time. (Figure 4)

[ Studies of air mass movements to ex-
plain how emissions from one area

may be related to depositions in another
place.

[J Studies of the effects of rain on
agricultural and forest resource produc-
tivity.

[ Studies to learn how precipitation af-
fects the chemistry of lakes and how this
impacts aquatic life.

[J Searches for new ways to reduce even
further emissions of sulfur and nitrogen
oxides from coal-burning power plants
by means other than retrofitting with ex-
pensive scrubbers.

The research effort is massive and ex-
pensive. Despite the professional op-
timism of scientists and administrators,
no one expects the answers soon. Many
now believe it will take another five years
of collecting and analyzing data before
there is enough information and enough
understanding of acid rain to permit the
writing of intelligent, effective new laws
and regulations.

International relations are also af-

Figure 4
U.S. Precipitation Chemistry Networks

wes

Over 200 monitoring stations collect precipitation for a variety of studies to provide weekly data for
determimng long-term trends and for intensive analysis of specific events and storms. Station at
Hubbard Brook, NH, has operated continuously since 1963. The majority have operated since 1979;

4 networks are due to start up in 1981,
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fected by the acid rain controversy. The
U.S. and Canadian governments have
embarked on a joint effort to stave off

disputes over the significance of emis- .

sions from midwestern power plants and

the rain that falls on the Canadian prov- -

inces along the Great Lakes and St.
Lawrence River.

The two nations are working toward a
bilateral agreement designed to “develop
measures to control transboundary pol-
lution,” with acid rain as a major item in
those negotiations.

In summary

Acid rain is an issue that will not be re-
solved quickly. Almost all parties to the
issue are aware of the need for more in-
formation, which will take a number of
years to collect, analyze and interpret.
Even officials responsible for environ-
mental protection acknowledge that
more facts are needed before corrective
strategies can be prescribed.

It is too early to predict just how the
matter will be resolved, but the facts now
at hand contribute to a more optimistic
picture than some of the sensationalistic
reports would suggest.

A more meaningful perspective can be
summarized this way:
L] pH 5.6 is wholly unrealistic as the ref-
erence point below which rain is con-
sidered unnaturally acidic. In many
places around the world, including loca-
tions remote from industrial activity, the

- pH of rain is often more acidic than pH

5.6, frequently lower than pH 5.0.

[] Far more than carbon dioxide con-
tributes to the natural acidity of rain,
and far more than sulfates and nitrates
determine the acidity of rain wherever
measured.

(] Acid-neutralizing compounds of cal-
cium, magnesium and ammonia signifi-
cantly influence the acidity of rain, and
these are important in explaining the dif-
ferences in precipitation acidity.

[J Claims that the rain is becoming in-
creasingly acidic in the Northeast are not
substantiated, nor are the claims that
both the rain and the lakes of the
Adirondacks are becoming increasingly
acidic.

[J Complaints reduced fish
populations in the Adirondack lakes are

about

not accurately documented. There is
evidence some of the lakes in question

were inhospitable to fish in the 1930’
and earlier.

[] There is no evidence that the acidity
of rain or of Adirondack lakes would be
substantially altered if coal-burning
power plants in the Ohio River Basin
were required to install scrubbers.

[J Claims that acid rain is damaging
agricultural or forestry productivity are
unsubstantiated, and there is no basis for
translating controlled experiments with
artificial environments to the natural
systems.

It is far too early for responsible people
to suggest that the feared consequences
of precipitation acidity are unreal and
will never be proved, but it is also too
early to resort to the proposed corrective
strategies without evidence of their prob-
able effectiveness.

Government, scientists and industry
are working toward an understanding of
the phenomenon that should resolve the
issue. Meantime, while the phenomenon
of acidic precipitation continues around
the world, the spectres conjured up by
the use of the term “acid rain” seem to
fade with each new addition to our base
of knowledge.
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* Complete In-House Testing Services
* Wastewater Analysis
* Leaching Studies
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Equipment
Inc.

“Almost Heaven”

Mt. State Mack
of Northern West Virginia, Div.
P. O. Box 1080 e
Weston, WV 26452
304-269-2101

Mountain State Mack, Div.
* Belle, W. Va. 25015

304-949-5190 * Over 125,000 square feet

of service facilities in West
Virginia and Kentucky
* Dependable service from a
fleet of field service trucks
* Over $4 million in parts inven-
tory
* World’s largest dealer of Mack
Trucks with over 150 new and used
on and off highway vehicles in stock
at all times.

Eastern Kentucky Mack, Div.
Prestonsburg, Ky. 41653
* 606-874-2172

Mid-Mountain Mack, Inc., Div.
Princeton, W. Va.
304-425-7511

*

Mid-South Mack, Div. 7
Middlesboro, Ky. 40965
606-248-5100

*

FIRSTIN
SALES

FIRSTIN
SALES

FIRSTIN
FUEL ECONOMY

FIRSTIN
FUEL ECONOMY

The greatest Name in Trucks
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From mules to choppers

Right after World War II, he opened
a single shaft underground mine with his
tather. Now he oversees four coal pro-
ducing companies with his son, as well as
a variety of related business interests.

In 1946, he guided mule powered
carts out of that first small mine. In
1982, he flies over four counties in his
own helicopter for the same purpose,
pulling coal out of the ground.

He is Lawson W. Hamilton, |r., the
middle link in a chain of coal mining
Lawson W. Hamiltons. His career is the
stuff of which old movies are made — the
son who molded the family business into
a thriving enterprise of regional impor-
tance, and the father preparing the third
generation to take the reigns of leader-
ship.

When Lawson Hamilton, Jr., came
home from Europe following World
War 11, he didn't know he would be
building a career in coal. While Lawson
was growing up, his father had been in
the meat packing business, then later in
construction and real estate.

“With the shortage of materials caused
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by the war, the building business wasn’t
too good right then,” he recalls now.
“Pop didn’t know all that much about
the coal business, but he was always will-
ing to tackle anything that came with a
good market attached. "Anyhow, we
opened our first mine at the head of Blue
Creek, near Blakely (Kanawha County),
with about four feet of stcam coal.”

For a small outfit like the Hamilton
Coal Co., this was before the days of
three-shift work forces, mine foremen,
and coal executives. In other words,
Lawson Hamilton, Jr., learned the coal
business from “the underground up.”
He set charges, loaded coal, and drove
mules, all in addition to the duties he
shared with his father in running the
company.

This was also a time before the mines
were mechanized. Coal was brought to
the surface by carts powered by ponies
and mules, and short ones were re-
quired for low coal shafts.

That fact led to one of Lawson's
carliest learning experiences as a mine
manager. “Mules were tougher and

stronger than ponies, but much harder
to work with,” he recalls. “A good one
usually sold for around $200, maybe
$300 if he was exceptional. Well, one
day a fella came in and wanted to know
if I was looking for a good mule. ‘I'm
always looking for good mules,” T told
him. ‘How much do you want for him?’

9200, he says, ‘Well,” 1 told him,
‘let me work him for a couple of days,
and, if he's any good, I'll give you $200.
‘Fine,” he says, ‘but I'll need $100 down.’
So 1 wrote him a check for $100.

“The next day we hooked that mule
up, and he went wild. Caught his har-
ness in Pop’s bumper and tore it right
off the truck. Well, I told Pop about it
and he said, ‘Son, sometimes a mule will
do that.” ‘But Pop,’ I said, ‘I only gave
the man $100 to try the mule out, and
when he comes back for him, I'll get the
money back.,” 'Son,” he said, You'll
never see that man again.” And he was
right. 1 had bought myself a bad mule
for $100."

Despite that minor setback, the Ham-
ilton Coal Co. thrived, and eventually

Question— What do the
horses shown on these
pages have in common?

Answer—They are all
working for Lawson W.
Hamilton. Different eras,
of course, and different
Lawson W. Hamuiltons.
The animal on the facing
page, shown about 1915,
pulled a meatwagon for
Lawson W. Hamulton, Sr.
(business suit). At right is
a pony in the nuning em-
ploy of Lawson W. Ham-
dton, [r., shown about
1946, with the boss
aboard. Below is Ginger,
who did her thing in 1979,

under the direction of

Lawson W. Hamilton II11
(third  from right, not
counling the dog).
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expanded its work force from 15 to 35
men. By 1951 Hamilton Coal had given
way to Ford Coal Co., which operated
numerous small mines through a good
part of West Virginia.

Since the early 1970s, Lawson Hamil-
ton, Jr., and his coal companies have
been a major force in the southern West
Virginia industry. Today, the com-
panies are headquartered at Hansford,
in eastern Kanawha County. Lawson
makes his home in Lewisburg, spends
two nights a week in Hansford, and
otherwise commutes by helicopter.

“We have two helicopter routes,” he
says, “‘northern and southern, that we
fly to check on all the mines.” By we, he
means son Trip (L. W. Hamilton III)
who has worked with his father since
graduating from college.

A few years ago, Trip momentarily
brought back the old days. “He and his
men were trying to clear an old tunnel
up at Kingston,” Lawson recalls. “They
were using a battery scoop, and the
danged thing kept getting stuck in the
mud that had built up in there. Well,
they weren’t getting anywhere, and one
day Trip came to me and said, ‘Dad, let

me try something.’

“I said, ‘Go ahead,” and so he got
hold of a pony named Ginger, found a
man in Greenbrier County who made a
special harness for her, and put her to
work. Well, they used that pony to do
what the battery scoop couldn’t do, and
they got that tunnel cleared.”

Despite an obvious fondness for the
“workhorses” of the old days, Lawson
didn’t let the age of mechanization pass
him by. He spent more than his share of
time aboard the bulldozers that now do
the yeoman’s work on all of his surface
operations.

And when did he give that up for the
air conditioned comfort of helicopters
and offices? “Never did,” he says em-
phatically. “I still get on a bulldozer
whenever I can. It's amazing to me how
fast time can pass when I'm running a
piece of earth moving equipment.”

Obviously a man who started out
pulling mules, wound up in a helicop-
ter, and rode a bulldozer in between,
has seen more than a few changes in the
coal industry over 36 years. “We can’t
move around like we used to,” he says,
“and we're nowhere near as efficient as

Lawson on the job, where he has played host to nearly every min-
ing tour to pass through southern West Virginia.
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we used to be. That’s because of govern-
ment regulation. I'd say it takes about
four times as much manpower and ma-
chinery to produce the same coal today
as it did 20 or 30 years ago.

“For the last 10 or 15 years, the big
thing has been environmental protec-
tion. And I don't say that that’s bad. But
I don't think there’s any question that we
have been overregulated. Back in the
early 70s, we were nearly legislated right
out of existence. The Association
(WVSMRA) saved our hides then. That
was the first time the operators had the
ability to make a collective stand.

“The situation has improved some-
what over the last year or so,” he con-
tinued. “They're allowing new tech-
niques, like the side dump valley fill
that, under the right conditions, are
sound environmentally, and just make
common sense economically.

“In any case,” he concluded, “I think
it’s clear to anyone who wants to see that
surface mined land, with proper recla-
mation, is not devastated at all; in many
cases it's improved.”

Lawson with wife "Momma Jeanne,” the

star of many of his ‘“tales from the
podium. "

=0\ A
The reclamation work of Hamilton-owned companies is recognized throughout the mdustry. Here Lawson recetves an
award for outstanding reclamation from former Divector Ira Latimer of the West Virginia De partment of Natural Resources.
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Our insurance Team.

"“We want to remove the doubt,
the questions, the problems
from insurance that our clients
deal with. We want to accept
that responsibility for them and
handle it effectively, both with
cost effectiveness and coverage
effectiveness.”

Dennis J. Vogelsberger, President
McDonough Caperton Charleston/
Smith-Hetzel Company

“There’s no place for complacency in
this market. It changes yearly, but
keeping up on the changes enables
us to show a client the dirferences."

Robert L. Ludwig, President
McDonough Caperton Parkersburg

“We have nothing magic to sell other than
our ability to work hard and produce for our
clients the most economical coverages
available in the marketplace.”

Robert A. McMillan, President

McDonough Caperton Shepherd Association
Group

“With the advent of the
McDonough Caperton
System I, our in-house
safety, claims and engi-
neering services and a
new word processing
automation system, we “We have always been forthright with

“While our people are paid,
the more important aspect of
this is their sense of being part
of a team. The most valuable
asset we have is our people.”

Craig T. Wisotzki, President
McDonough Caperton Pittsburgh
“Our clients like to relate to someone

who knows what their business is
about. We have first-hand experience
with the mining industry and the ex-
posures to loss associated with deep
mining and surface mining opera-
tions.”

Charles S. Morton, President
McDonough Caperton Beckley

“We can provide our clients and
prospects the expertise and ex-
perience coming from a national
firm, but yet with a local touch.”

W. Ned Miller, President
McDonough Caperton Cleveland

will be able to greatly im- our clients and our dealings with in-
prove services offered to surance companies. This has paid off
clients. All of our people and worked to the advantage of every-

MCDonou h are excited about the op- one involved.”
portunities open to us dur-

Karl W. Neumann, President

caperton ing the coming year.” McDonough Caperton Wheeling
Jack H. Hammond, Jr.,
Shepherd
McDonough Caperton Fairmont

Group

Corporate Headquarters: One Hillcrest Drive, East, P.O. Box 1551, Charleston, WV 25326, Telephone: (304) 346-0611
With offices in: Beckley, Charleston, Fairmont, Parkersburg, Wheeling, Pittsburgh and Cleveland

the coal; constructing the factori
g roads. We've invested seve
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Serving the Coal Industry for over 50 years

) Chamberlaine
Vi S Flower INC INSURANCE

128 South Second Street
Clarksburg, West Virginia 26301
304/623-3721

114 High Street
Morgantown, West Virginia 26505
304/292-8454

18 West Main Street
Buckhannon, West Virginia 26201
304/472-2402

BN f -
“TOTAL SERVICE is what we're all about”

“’Let Us Evaluate and Bid Your Next Job.
You’ll Be Glad You Did!”’

Approved Private Contractor Since 1972.

“Land Stabilization Specialists”
Over 30 Years Combined Experienced

David J. Ozmina Charles E. Massie

President Vice President

Professional Fisheries Biologist 763-2134
Certified Fisheries Scientist
Centified Wildlife Biologist

Reclamation, Inc.
Tree Planting
Ww. S i s Erosion and
.'.S’or::::' = Hydrosseding Sediment Control
P. O. Box 1004 Tel. 304-253-8309 Beckley, W. Va. 25801
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Analysis of

o Coal

e Overburden

o Water & Wastewater

e Engineering Properties of Soils

GREEN LANDS

If you want it green

Call Willco

Reclamation and Hydroseeding « Landscape Seeding
Erosion Control

ik

Ed Williams, President

WILLCO RECLAMATION, INC.

619 Open Rocks Rd. — Summersville — 304 / 872-2287

GREEN LANDS
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Complete In-House Engineering Services
For The Coal Industry

gesmer& associates,inc.
consulting engineers ._

Testing Services
e Overburden Analysis
o Water & Wastewater

Exploration Services

e Shallow Holes For
Overburden Analysis

e Deep Holes For e Soil

Coal Exploration e Concrete
e Geological Studies e Asphalt
¢ Reserve Analysis e Rock

e Property Evaluation
e Pressure Grouting
e Pressure Testing

e Aggregates

Engineering Services

e Design Of Surface
And Deep Mines

e Design Of Surface
Facilities For
Preparation Plants

e Design Of Coal
Refuse Facilities

e Permit Acquisition
DNR, APCC, EPA,
MSHA, OSM

e Environmental
Engineering For
Mine Discharge

e Reclamation Of
Mined Lands

e Field Engineering
¢ Consultation

esmer & associates, inc.
consulting engineers

P. O. Box 397, Boomer, West Virginia 25031, Tel. (304) 779-9679 — 779-9767

Koehring’'s 1166FS

NOTHING BETTER

On wheels or tracks.

Y-

For mass excavating or mining there's
nothing better on wheels or tracks than
Koehring's 1166FS or 1466FS hydrauhc
shovels.

The 1166FS delivers 84,000 Ibs. of
breakout force with a 6 cu. yd. bottom dump
bucket. The 1466FS delivers 11,500 Ibs. of

WOGR -
B et W‘«aﬁ%&:}
breakout force with a 10 cu. yd. bottom dump
bucket.

We have attachments for these
machines too. Visit with us today for your big
power productivity requirements. We want to
work with you.

u LEADER IN CONSTRUCTION & MINING EQUIPMENT

Airport Rd./U.S, 52
BLUEFIELD, WV

U.S. Rt. 50/Bridgeport
CLARKSBURG, WV

EQUIPMENT COMPANY

127 Pikeview Drive Route 35
BECKLEY, WV ST. ALBANS, WV

Rt. 14NVienna 101 Frostburg Ind. Pk.
PARKERSBURG, WV FROSTBURG, MD




