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INTRODUCTION

OVERVIEW

; The techniques used for plan­
n~ng sand and grave] mining opera­
tions continue to improve. Public
concern for the environment has made
it as important for the mine opera­
tor to consider reclamation and pol­
lution control activities as to con­
sider· how and when bulldozers and
haul trucks will be used during the
mining operation.

Two important items which must
be considered when planning and con­
duct~ng a sand and gravel mining op­
erat~on are community concerns and
government regulations.

Citizens will often be concern­
ed about the thoroughness of the
land and water reclamation effort
as well as the techniques used t~
control pollution. There may also
be a number of government regula­
tions which apply to the mining op­
eration. Such regulations could
specify the standards by which rec­
lamation would be judged a "success"
or "failure," and the limits beyond
which different types of pollution
would not be tolerated. Government
laws and regulations are often es­
sential in protecting the public
welfare; however, they are usually
expensive to deal with, even though
a mine operator may gain certain
f~nancial. benefits by returning
m~ned land to a usable condition.
The most effective way to prevent
the enactment of more regulations is
to conduct mining in a safe and en­
vironmentally responsible manner.
Operations planned and conducted in
such a manner will be more accept­
able to the public, and thus help to
minimize community concerns. Good
planning is an essential part of a
safe and responsible mining opera­
tion.

TERMINOLOGY

Several terms used in this
guide require some explanation.

1

These are: m~n~ng site, mining op­
eration, and reclamation.

The term mining site refers to
the area, or areas, affected by the
mining operation and its related
activities. Examples include:

1. Areas used for roadways

2. The area covered by the
mining pit

3. Areas where pollution con­
trol devices may be in­
stalled (sediment reten­
tion structures, vegeta­
tive filters, diversions,
etc.)

4. Areas that may be used for
support facilities (pro­
cessing areas, waste dis­
posal areas, maintenance
shops, etc.).

Generally, the boundary of the min­
ing site will be the same as the
"permitted" area. In some cases,
however, areas located outside the
permitted boundary may be affected
by the mining operation. Since the
operator will need to plan to con­
trol the effects of the operation on
these areas as well, they too should
be considered as part of the mining
site.

The term mining operation
implies that the operation consists
of three interrelated phases:

1. Premining planning

2. Extraction

3. Reclamation.

The premining planning phase
includes the planning and other
activities undertaken prior to any
disturbance of the proposed mining
site. The extraction phase includes
site preparation and development,



and other activlties related to the
actual relllova 1 of the sand and
gravel deposit. Reclamation refers
to the activities (backfilling,
grading, revegetation) undertaken to
achieve the land use desired after
mlnlng. To the extent possible, the
reclamation activities should be

.performed in conjunction with the
extraction activities.

PURPOSE, SCOPE, AND USE

The primary purpose of this
guide is to provide information
which sand and gravel mine operators
can use to plan reclamation and pol­
lution control activities at their
mining sites, A major objective of
the guide is to address techniques
which can be us~d at 'both existing
and proposed mining sites. The
document is not a design manual.
Rather, it presents planning infor­
mation arranged in a logical and
sequential order, to which the oper­
ator can refer throughout the mining
operation (before, during, and after
mining) .

As implied in the title, the
guide is intended for use mainly by
small sand and gravel mine operators
who:

1. Mine less than 200,000
tons of resources per year

2. Do not have technical
planning personnel avail­
able wi thin their company

3. Do not have the financial
resources to acquire such
technical planning assist­
ance.

Al though the guide is intended for
use mainly by small operators, it
also provides information which will
be helpful to larger sand and gravel
mining companies.

2

The guide is dlvided into four
major sections.

Section I, "Planning for Rec­
lamation and Pollution Control," ad­
dresses the importance of planning
to a successful mining operation.
It provides a brief overview of the
concerns which citizens could have
about an existing or proposed mining
operation, and some of the regula­
tory, reclamation, and pollution ,.
problems which the operator could
encounter throughout mining. The
importance of conducting a detailed
site analysis and determining
sources where site-specific informa­
tion could possibly be obtained is
discussed in a more detailed manner.
Information presented in this sec­
tion actually provides the basis for
subsequent sections addressing var­
ious techniques and procedures for
dealing with those concerns and
problems mentioned above. Most of
the information presented in this
section will be of particular use to
the operator in the early stages of
the operation (premining planning
phase). .

Section II, "Community Rela­
tions: Before, During, and After
Mining," discusses some specific
concerns which communities may have
about sand and gravel operations.
The importance of establishing a
positive community relations program
in an attempt to resolve public con­
cerns in the early stages of the
operation is stressed. Means by
which citizens may voice their con­
cerns and ideas are discussed. The
need for the operator to anticipate
community concerns, and procedures
for dealing with such concerns are
also discussed. Information pre­
sented in this section will be most
useful to the operator during the
premining phase. Many of the pro­
cedures can also be used to address
problems which may arise during the
later stages of the operation.



Section III, "Reclamation and
Land Use Practices," deals with dif'­
f~rent types of land uses after min­
ing, determining a suitable land
use, and reclamation practices for
achieving the desired land use. The
benefits of identifying appropriate
reclamation practices, and planning
for their use before extraction is
started, are also discussed. This
section will help the operator
understand the importance of the
site analysis, as discussed in Sec­
tion I, and its relation to the rec­
lamation phase of the mining oper­
ation.

'-Section IV, "Pollution Control
Practices," discusses various prac­
tices which the sand and gravel op­
erator can use at his mining site to
ass.ist in controlling pollution.
Again, identifying appropriate prac­
tices and planning for their use
during the premining planning phase
is stressed. Informa tion contained
in Sections III and IV will be use-

3

ful to the operator in all phases of
the operation.

In addition to the inf(lrmation
contained in the major sections, the
guide contains other useful mate­
rial. A glossary of selected terms
and phrases, as well as several per­
tinent appendices, is included. The
reader will also note that the be­
ginning of each major section lists
some of the significant points ad­
dressed within the section.

The guide presents information
related to a wide range of condi­
tions found at many sand and gravel
mining sites and therefore some of
the information may not be appli­
cable to all situations. Community
concerns, terrain conditions, regu­
latory requirements, and other fac­
tors affecting the operation will
often vary from one place to
another. Upon reviewing the guide,
the operator must select those
techniques which are most appropri­
ate and suitable for use at his par­
ticular mining site.





SECTION I. PLANNING FOR
RECLAMATION AND POLLUTION CONTROL

Some of the significant points made in this section are:

1. Reclamation and pollution control are absolutely necessary.

2. A well-formed reclamation and pollution control plan insures
the greatest degree of success at the lowest possible cost.

3. Planning for reclamation and pollution control requires:

• knowledge of government requirements

• dealing with the local community

• analyzing existing site conditions.

4. Site-specific planning information may be available from
several sources.

OVERVIEW

In order to properly reclaim
mined land and control pollution
during and after mining, premining
planning will be required. Reclama­
tion as an afterthought to mining
may be difficult, and attempting to
correct or control problems such as
air or water pollution after it has
occurred can be very costly. Plan­
ning can save time and money and is
usually necessary to comply with
State and local laws and regula­
tions.

Planning for reclamation and
pollution control at a sand and
gravel mining operation may involve
performing environmental studies,
reviewing regulatory requirements,
and becoming familiar with land use
and community issues. An under­
standing of equipment and facilities
planning, and the use of qualified
personnel to do the work will also
be necessary. Capital expenditures
and considerable effort will often
be required on behalf of the oper­
ator. Additionally, a thorough ap-

4

proach to planning reclamation and
pollution controls for sand and
gravel mines will usually require
coordination and cooperation among
the operator and four maj or groups
of people: the local community and
local, state and federal government
agencies.

The results of the premining
planning effort are used in two im­
portant ways. First, to prepare and
present necessary information to the
regulatory agency in a permit or re­
zoning application, and second, and
perhaps the most important, to pro­
vide guidelines for insuring ade­
quate reclamation and pollution con­
trol during the extraction phase of
the mining operation.

Figure I illustrates the gen­
eral steps involved in the premining
planning phase of the mining opera­
tion. These steps, and some of the
important activities associated with
each, are discussed throughout this
guide. The operator should keep in
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mind Lila L LbeE;e steps may not apply
to all situations and, in some
cases, may not flow in the sequence
shown. The basic purpose of the
diagram is to acquaint the operator
with some of the major elements in­
volved in the planning process and
provide background data which may
help him anticipate and identify
areas where problems are likely to
occur. As the operator reviews
Figure 1, he should realize that de­
cisions concerning such things as
engineering and cost feasibility and
compliance with regulatory require­
ments may have to be made at various
points throughout the planning pro­
cess.

2.

3.

assessment of the impacts
which the mining operation
could have upon the en­
vironment. (The resulting
wr itt en ass e s s me ntis
sometimes referred to as
an Environmental Impact
Assessment (EIA) . Many
state and federal agencies
can provide guidelines for
the preparation of these
documents)

compile resource extrac­
tion plans

compile permit or rezoning
app lica tions

THE IMPORTANCE OF PLANNING

Planning j s essential for suc­
cessful reclamation and pollution
control. Planning Legins well be­
fore mining and in some cases may
take one year or longer to complete,
depending upon government require­
ments. The best plans combine the
operators capabilities (i. e. equip­
ment, knowledge, capital, etc.) with
the environmental limitations of the
mine site. Production goals must be
balanced with reclamation goals.

The natural environment of the
mine site is the principal element
to focus upon during the planning
process. This means that site con­
ditions such as climate, soil, sur­
face and ground water, sand and
gravel, bedrock, topography, over­
burden, vegetation, wildlife, and
land use must be studied. Some of
these conditions may have to be
studied over several seasons to ob­
tain a full picture of their impor­
tance to the environment. This is
another reason why planning for a
sand and gravel mine could take many
months, if not longer. Once the en­
vironmental site information has
been collected it is used to:

1. prepare, if required, an

6

4. plan and guide reclamation
and pollution control ac­
tivities.

The pre-mining study of the en­
vironmental conditions of the mine
site provides "baseline" data.
Baseline data are used for compar­
ison with environmental data col­
lected during the extraction phase
of the operation. If environmental
condi tions change when the extrac­
tion begins, the operator can logi­
cally assume that the extraction
activities are at fault. Pollution
could be defined as a negative
change in the premining site condi­
tions. The baseline data are there­
fore used as a yardstick by the
small operator and the regulatory
authority to determine whether the
mining operation is causing pollu­
tion. This system can also serve to
protect the operator. If it were
determined that the premining condi­
tions were improving during the ex­
traction phase, or that the type of
pollution identified was coming from
another source, the operator and his
sand and gravel mining activities
could not be accused of polluting.

Some important questions which
the operator should ask during the
planning process are:



1.

2.

3.

4.

/lave I contacted aU the
pertinent regulatory agen­
cies?

Do I have copies of all
laws and regulations per­
taining to the proposed
operation?

Do I understand the rec­
lamation and pollution
control requirements and
am I wilbng to comply
with them?

Do I have enough tillle to
prepare the permit appli­
cation and stay on sched­
ide?

pollution. The public should under­
stand that even though environmental
laws are to their benefit, a chain
reaction, related to cost of re­
sources, can be experienced. For
example, when it costs the mine op­
erator more to produce sand and
gravel, because of laws and regula­
tions, he passes the added costs
along to his customers. The custom­
ers (construction companies, State
Highway Departments, etc.) must then
charge more for their goods and ser­
vices. Ultimately, the general pub­
lic pays for all price increases.
Nothing is free, and that certainly
applies to the protection of the en­
vironment.

THE ADDED COSTS OF REClAMAYlON
AND POllUTION CONTROL

5. How long wj 11 it take to
complete an envi ronmental
assessment?

7. Have personnel from the
regulatory agency visited
the proposed site and made
technical suggestions?

8. Am I p repa red to accept
the cost vf reclamation
and pollut:ion control as
"part of the cost of doing
business"?

Since most sand and gravel
mines are located in urban or heav­
ily populated areas, a mined-out
gravel pit, properly graded and
stabilized, could become a valuable
piece of property. In some cases,
reclaimed pits a re worth more than
the gravel that was removed. Ade­
quately controlling pollution during
mining can also have positive bene-

Reclamation and pollution con­
trol need not be overly expensive,
however. "Cost-effectiveness" prac­
tices may be used to produce the
best results at the most reasonable
costs. Operators should study al-

. ternatives during the premining
planning phase and select "cost-ef­
fective" reclamation practices and
pollution control techniques for use
during the extraction phase. The
cost of reclamation should be spread
over the life of the mine. This
procedure could help avoid the need
for massive capital outlays at the
conclusion of extraction activities.
Operators who plan an effective rec­
lamation program should consider
the use of extraction equipment for
reclamation during slack periods, as
well as steps designed to keep rec­
lamation as current as possible
with extraction activities.

long does it usually
to oblain a permit?

How
take

6.

9. Wha t is the prevailing
community attitude towards
sand and gravel mining?
Do I anticipate stiff op­
position and, if so, how
do I plan to handle it?

It costs money to reclaim mined
land and to control pollution during
mining. ~lore than likely the oper­
ator will not be able to mine unless
he is willing to reclaim and control

7



fits, such as avoiding lawsuits due
to pollution or property claims, and
financial penalties resulting from
fines or shutdowns due to violations
of state or federal regulations.

Major cost items associated
with reclamation generally include:

pre-mining environmental work and
preparing the permit application.
Next would be maintenance costs, and
the least expensive item would prob­
ably be seeding and planting (al-

though anyone who has planted a lot
of trees on their mine site may not
agree) .

By far, the most costly items
are those requiring earth moving,
grading, and soil spreading. This
may account for 50% or more of the
total reclamation costs. The second
most costly expense could be the

1.

2.

3.

5.

6.

environmental analyses

preparing the mining and
reclamation plans and the
permit application

grading

respreading soil

seeding and planting

maintenance (e.g. irriga­
tion, mowing, weeding).

Many regulations require a cer­
tain slope angle to be left inside
and around the pit after mlnlng.
Typically, the slope has to be 3 to
1 (3 horizontal feet to 1 vertical
foot) or flatter. Obviously, if the
operator leaves gravel material in
the pit, rather than using waste
spoil material to shape the required
slope, this is gravel that cannot be
sold. Thus, this must be considered
another cost of reclamation, al­
though it is money not gained rather
than money spent.

Figure 2 provides an example of
the amount of gravel that could be
lost if used to shape and maintain a
required 3 to 1 slope angle. If the
pit is 30 feet deep, the slope would
have to extend out 90 feet into the

o

PROPERTY-< BOUNDAR\(
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~-----90'---1

FIGURE 2. EXAM PLE OF GRAVEL RESOURCES LEFT
IN PLACE TO MEET SLOPE REQUIREMENTS
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5. The operator will usually
be required to explain how
the mining site will be
restored to a usable, pro­
ductive condition.

It is advisable to expect that,
in most cases, the above explana­
tions will be required. The opera­
tor should be prepared to spend the
time and money needed to comply with
these and other government require­
ments.

Laws controlling mining are
passed by federal or state legisla­
tures. Regulations are usually
written by the federal or state
agency that is in charge of adminis­
tering the laws. Regulations are
not laws; however, for all practical
purposes, they must be strictly
followed. At the local level (e.g.
county or city) zoning ordinances or
approved land-use plans are gener­
ally the tools used for controlling
mining activities. Zoning can be
called a "police power" granted to
counties or cities that allows them
to control land use within their
borders, even though the land may be
privately owned. Authorized land­
use plans are neither laws nor or-

operator must usually ex­
plain how the environment
will- be protected during
mining

need to
welfare
be pro-

The operator may
show how public
and, property will
tee ted

To obtain government ap­
proval, the operator must
usually explain what he
plans to do

variance, conditional use
permit, or some other sort
of government approval is
gen~rally required

3.

4.

2.

It would be very difficult to
list all the agencies and regula­
tions affecting the sand and gravel
.nining industry. Laws and regula­
tions vary from state to state and
from county to county. Some basic
similarities, however, do exist just
about everywhere, including:

1. A permit, zoning approval,

GOVERNMENT REGULATIONS

Government regulations affect­
ing the sand and gravel mining in­
dustry are often complex and some­
times overlapping. Where necessary,
the small operator will have to com­
ply with federal, state, and local
laws and regulations to open and
conduct a sand and gravel mining op­
eration. There is no question that
compliance with these regulations
increase the cost of the resource.
On the other hand, there is little
question that most regulatory re­
quirements . are beneficial to some
degree. By understanding all the
pertinent regulations, the operator
can save both time and money and at
the same time greatly improve the
chances for approval of his permit
or rezoning application.

So, in this instance the oper­
ator would lose 500 cubic yards of
gravel in potential sales. Natur­
ally, as the pit deepens, the more
gravel the operator would lose for
sale.

1/2 base x height x length = volume
or 1/2 (90 ft) x 30 ft x 10 ft =
13,500 cubic feet or 500 yards.

pi t in order to provide- a 3 to I
slope (3 horizontal feet for every I
vertical foot). For the example
shown in Figure 2, the volume of
gravel which would need to be left
would equal the area of the triangle
times the length of the pit. This
is better illustrated below:

9



di Ilances; howcvc r, they usually
serve as the official guidelines by
which Planning and Zoning Commis­
sions make decisions concerning land
use.

It is important to determine
the degree of flexibility which a
regulatory agency might have. Some
requirements may be more or less ex­
tensive, depending upon the specific
mine site conditions and the regula­
tory agency's past experience with a
mine operator. The operator would
also be well advised to find out if
processes exist for appealing de­
cisions of a regulatory agency.

Federal Government

There is no federal law which
directly regulates the sand and
gravel mining industry. There are
some federal laws, however, which
may have to be complied with during
the mining operation. Table 1 lists

some federal Lws ,vhich may affect
the operation.

Almost all federal air and
water quality standards must be met.
The Environmental Protection Agency
(EPA) may require a National Pollu­
tant Discharge Elimination System
permit (NPDES Permit) if water, con­
tained in the pit or used for other
purposes such as cleaning the re­
source, will be discharged from the
mining site. Certain archaeological
and historic sites, especially those
included in the National Register of
Historic Places, must be protected,
as must endangered wildlife species.
~1ining and other land use and de­
velopment activities are also
strictly controlled in National
Parks, National Forests and on other
types of federal land. Several fed­
eral laws concerning occupational
health and safety will generally ap­
ply to sand and gravel operations.

TABLE 1. FEDERAL LAWS POSSIBLY AFFECTING SURFACE MINING

The Clean Air Act

The Federal Land Policy and Management Act

The Federal Water Pollution Control Act

The Fish and Wildlife Coordination Act

Tilt, Surf;lcf' ~lilliflg Control ;In(j Hec]alllatiofl !\(.t
(coal (lIlly)

The Wild and Scenic Rivers Act

The Fish and Wildlife Act

The National Environmental Policy Act

The Rivers and Harbors Act

The Hine Safety and Health Act

10



Naturally, it is difficult to
contact every federal agency and to
review every federal law. If the
operator feels any of the require­
ments mentioned above may apply to
his operation, the appropriate agen­
cy should be contacted. Appendix I
lists a number of federal agencies
which may have some control over
sand and gravel mining operations.
When attempting to contact federal
agencies about specific questions,
the opera tor shoul d be prepared to
make several calls and continue
calling until the appropriate au­
thority is reached. When contact is
made, he should then ask for sugges­
tions which will help him comply
with legal requi~ements, and deter­
mine if the agency can provide any
technical assistance in planning the
operation.

State Government

Currently, approximately thirty
~tates have surface mIning and rec­
lamation laws affecting sand and
gravel mining operations. Appendix 2
summarizes many of these laws and
lists the appropriate regulatory au­
thority.

When a decision is made to ob­
tain a permit, the operator should
contact the State Surface Mining
Agency (sometimes called the Divi­
sion or Department of Mining and/or
Reclamation) and request copies of
the lavis and regulations pertaining
to sand and gravel" mining. He
should identify the general area of
the mine and ask if there is a spe­
cific agency or individual within
the agency assigned to answer ques­
tions or provide information about
the area. He should also inquire
about the need to coordinate the
proposed mining operation with
county and city agencies, or other
state agencies that might have a
concern or legal interest. As an
example, the State Surface Mining

11

Department may request the State Air
Quality Department to review the
possible effects of the proposed
operation on air quality. Also,
some agencies may be able to provide
site information or technical plan­
ning assistance. If the operator
believes it would help to eliminate
problems in obtaining a mining per­
mit, he might suggest a field trip
~o the proposed mining site with the
regulatory individuals most involved
in approving permit applications.
The operator should not hesitate to
ask for any assistance he feels to
be reasonable.

An important i tern to determine
as early as possible is the govern­
ment jurisdiction (i.e. state, coun­
ty, or city) under which the permit
application will be reviewed and
hopefully granted. Some state gov­
ernments .;1l1ow local jurisdictions
to take the lead. Others mainta in
the right of final permit approval.
To the extent possible, the operator
should try to avoid duplicate ap­
plications, double delays, double
bonding, and adminis trative diff i­
culties between different agencies.
For example, an operator might learn
from state government that he needs
county approval before the state
will consider a permit application,
but on the other hand, the county
may require state approval first.
To avoid this type of situation, the
operator should try to determine the
chain of authority as quickly as
possible. He then needs to develop
a strategy for compiling the permit
application and a schedule for its
submission. The operator should in­
form all regulatory authorities of
any potential problem and attempt to
arrive at an effective solution.

Local Government

Usually, in the case of sand
and gravel mining operations, the
final authority to approve or deny a



permit application rests with the
counly, township, or city govern­
menlo Some states require such
local approval before a state permit
will be issued.

Local government controls sur­
face mining in one of several dif­
ferent ways. Sand and gravel mining
can be subject to zoning ordinances,
conditional or special use permits,
land use plans, and variances. Oc­
casionally a local government will
have a special permit requirement
which allows mining in certain zoned
districts. A rezoning action is fre­
quently required, particularly if
the land use proposed after mining
differs from that prior to mining.
At a minimum, a mining and reclama­
tion plan may need to be submitted
to, and approved by, a local govern­
ment. Approva] may be required by
the County Commission, the Planning
and Zoning Conunission, the Board of
Vari ances or Adjustments, town su­
pervisors, or by some special com­
mittee or agency. Public notice and
public hearings are required in many
Ci2ses.

3.

4.

5.

6.

pare the mining, reclama­
tion, and poll ut ion con­
trol plans, as well as
other parts of the permit
application

the time involved for ad­
ministrative review by the
regulatory agency(ies) and
required public hearings/
meetings (the operator
should encourage the reg­
ulatory agencies to coor­
dinate the scheduling of
such hearings)

the time required in deal­
ing with other pertinent
agencies

the time required in de­
termining the limitations
and conditions of permit
approval, as well as re­
vising plans and applica­
tions

the time required in ar­
ranging and posting bond.

A careful review of all
nent government requirements
be conducted. This review
start long before the permit
cation is prepared and any
work undertaken.

perti­
should
should
appli-
field

Many regulations specify manda­
tory time spans wi thin which a re­
view and decisions must be made.
But, since there are so many vari­
abIes involved, these time spans are
not always reliable.

Permit Scheduling

1. the time requi red to
gather env j ronmental data
(sometimes on a seasonal
basis)

There are a number of time-con­
suming factors which the small sand
and gravel operator should consider
when scheduling the preparation and
submission ofa permit application.
Some of these include:

2. the time required to pre-
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To determine an absolute ml.nl.­
mum length of time required to ob­
tain all necessary approvals, the
operator should ask the regulatory
agencies about provisions concerning
timing. The operator can also ques­
tion the length of time it "usually"
takes the regulatory agency to re­
view and approve the permit applica­
tions. He can also ask other opera­
tors who have gone through the pro­
cess how long it "actually" takes to
obtain an approved permit.

Final approval of a sand and
gravel mining request can take any-



Bonding

where from 30 days to several years,
depending on the staLe, county, en­
vironmental, and COillmuni ty condi­
tions. Communi ty oppos i tion is
probably the greatest cause of delay
in the sand and gravel permitting
process.

Permit scheduling should pro­
vide for more time than either the
operator or the regulatory authority
has estimated. Government action on
a mining request will almost always
take longer than anticipated. Such
actions rarely take shorter periods
of time than anticipated.

If permit approval is being
withheld due to one or two points, a
limited mining operation may be al­
lowed by the regulatory authority.
That is, the operator may be allowed
to clear some property and construct
drainage diversions or sediment
ponds prior to final permit approv­
al. It is not a good idea, however,
to always count upon this possibil­
ity.

The opera tor should make sure
that the conditions for bond release
are clearly written. He should un­
derstand fully what is required, and
request bond release only when rec­
lamation standards rlescribed in the
permit are accomplished.

To get the bond back, the oper­
ator has to apply for, or request,
bond release. The regulatory au­
thority ~ill decide if the bond can
be released, based on the quality of
the reclamation effort. If it is
within th~ regulatory agency's power
to do so, the' operator should en­
courage the agency to provide bond
releases proportionate to the amount
of reclamation. In many cases,
prior to releasing a bond, the reg­
ulatory agency Illay be required to
make a site inspection to judge the
success of reclamation. Two impor­
tant features, most likely to be ex­
amined, are the stability (steep­
ness) of graded slopes, and the
amount of ground covered with vege­
tation.

has an acceptable compliance record
and has successfully reclaimed pre­
vious mining sites, the bond re­
quirement amount may be lowered.
This is a cost-effective reason why
sand and gravel operators should
properly plan their reclamation and
pollution control activities, and
further conduct their operation in
an envi ronmentally acceptable man­
ner.

Bonding is a legal issue and
should be revjewed by a lawyer. On a
case-by-case basis across the coun­
try, many different situatjons can
arise. One example of the need for
legal counsel arises when both a
state and local government require
bond for the same operation. It may
possible that one bond will be ade­
quate, and thus, the operator may be
able to avoid double-bonding.

agencies have
in determining
If an operator

Some government
certain flexibility
the amount of bond.

A bond (sometimes called a per­
formance bond or surety) is cash or
cash equivalent provided by the sand
and gravel operator, ~nd held by the
regulatory authority Lo insure that
mining and reclamation are properly
conducted. The bond serves as a
guarantee that the conditions of
permit approval are complied with.
The amount of the bond often varies,
hut usually it is set at an amollnt
equal to what the regulatory agency
estimates it would cost to reclaim
the site. ~lost bonds are set on a
per acre basis. Some are set de­
pending on the anticipated difficul­
ty of reclamation and the potential
degree of environmental impact.

13



Working with Regulators

I The best way to insure practi­
cal and fair legislation concerning
sand and gravel mining is to become
involved before laws are enacted.
This applies to regulations as well.
Almost all law-making bodies and
regulating agencies encourage pri­
va te sector comment (public hea r­
ings, vnitten comments, planning
meetings, etc.). It is much more
difficult to change 3 law, after it
has been passed, than to provide
suggestions during the time it is

.being considered for enactment.

On a local level, it is wise to
encourage what is sometimes referred
to as "mineral deposit designation."
This involves having a state agency
(most likely the Geological Survey)
locate, map and describe sand and
gravel deposits. The map then needs
to. be officially recognized as one
which designates areas ,,'here future
mining could be allowed. The map
can then be used by the local Plan­
ning and Zoning Board, or other of­
ficial body, to make decisions af­
fecting sand and gravel mining. The
designation of a parcel of land as a
mineral resource area (e.g. sand and
gravel deposits) alerts the decision
makers to the following:

1. A request for a permit to
mine in this area can be
expected at some time in
the future

2. If residential development
is allowed wi thin these
areas, co~nunity/industry

conflicts will most likely
oCcur.

Mineral resource designations
can often help speed up the permit­
ting process, since this designation
implies "this is where the resource
is located, so this is where the
mining will likely occur. tI

14

COMMUNITY INVOLVEMENT

Ci tizens or groups of citizens
may obj ect to a proposed sand and
gravel mining operation. Generally,
the more people living near the mine
site, the greater the chance of op­
position.

Basically, there are two op­
tions for dealing with the local
community. One, mine plans and per­
mit applications can proceed through
the regulatory review without citi­
zen involvement, or, two, the com­
munity can be involved in the plan­
ning and permitting process. The
first option is dangerous because
the further along an operator is
into the permitting process, the
more costly and time consuming it is
to change plans. Frequently, com­
muni ty groups will raise obj ections
to a proposed sand and gravel mine
well into the planning process. It
is advisable for the operator to
contact local residents, homeowners
groups, and environmental groups
prior to submitting a permit appli­
cation to the regulatory authority.
Initial plans should be discussed
and an effort should be made to de­
termine if there are specific con­
cerns. The operator should be pre'"
pared to answer citizen questions in
the event a public hearing is re­
quired.

To work best, community in­
volvement should be a two-way
street. The operator should explain
the need for sand and grave], how it
is used everyday by everyone, and
what the difficulties are in mining
it. He should also be prepared to
discuss specific plans aimed at al­
leviating local concerns. The con­
cept of "tradeoffs" should be
stressed in discussions. An example
of a tradeoff is "if we can I t mine
a?gregates at this location, they
w:ll have to be trucked over longer
dlstances, thus. raising the aggre­
gates I price. " The tradeoff is



clear -- a local supply of sand and
gravel, or substantially increased
construction costs. Such tradeoffs,
however, would have to be balanced
'aga] nst va lid issues raised by the
community. Such issues might in­
clude:

1. Pollution

• Noise
• Dust
• Water Pollution
• Visual Appearance

2. Vehicular Traffic

3. Site Safety

4. Reclamation "what will
be left after mining"

He should also stress that, by work­
ing together with the regulatory
agency, the end resul t s can serve a
variety of interests.

During some public hearings or
meetings, overemotional pleas to ban
mining (based on environmental
grounds) may be forthcoming. It is
important for the operator not to
respond to emotional pleas with more
emotional pleas, but instead, re­
spond to the issues in a pOsi ti VI"

and clear manner. Additionally, if
the operator believes it is impos­
sible, or economically impractical,
to comply with a request, he should
not promise to do so. He should
carefully explain the technical and
economic constraints involved and
suggest a compromise action.

5. Property Values
SITE ANALYSIS

6. Overall Quality of Life.

Many operators feel that the
less. the community knows about the
mining plans the bet ter. This ap­
proach may have worked in the past
but, in most cases, will not work
today. In fact, if a citizens group
feels tha t a hearing to discuss a
permit application has taken place
without proper notice. the intensity
of the opposition can be greatly in­
creased. Enabling citizens to voice
their concerns and suggestions will
generally help to avoid conflicts
and problems at a later date. Ad­
vice and educational materials can
often be obtained from local, state
and national trade organizations,
dealing specifically with the sand
and gravel industry. to help the
operator in his public relations ef­
forts.

The mine operator should ser­
iously inform local citizens that
the sand and gravel company is just
as much a part of the conununity as
they are, and that he also shares
environmental and socia 1 concerns.

An analysis of the natural en­
vironment of the proposed sand and
gravel mine site is critical to good
planning. Sometimes it is a regula­
tory requirement that such an analy­
sis be performed. If so, the opera­
tor should find out, during the
early stages of planning, what is
required during the analysis.

In most cases, when performing
an analysis, data should be gathered
on the climate, soils, sand and
gravel deposi t, material underlying
the deposit, surface water, ground
water, vegetation, wildlife, land
use and other significant features.
This data can be used for compiling
the permit application, to prepa re
mining, reclamation, and pollution
control plans, as well as an envi­
ronmental impact assessment, if re­
quired. The regulatory authority
may also wish to review the data to
determine what they feel will be the
possible adverse environmental im­
pacts of mining.

The site analysis should be
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completed before the permit applica­
tion is prepared and submi tted to
the regula tory agency. It should be

.noted that, in some cases, one year
or longer-may be required for the
site analysis, particularly if data

. covering seasonal variations are re­
quired.

Climate

As pat"t of the site analysis,
three important aspects of weather
should be considered: temperature,
prevailing wind directions, and pre­
cipitation (rainfall and snow). If
special weather conditions leading
to pollution are found to sometimes
exist, such as frequent temperature
inversions which stagnate the air,
they too should be studied. Wind
studies are important to determine
the direction fugitive dust could
blo,,!. Rainfall information is used
to determine when peak flows (run­
off) can be expected and to deter­
mine the best time to plant or seed
to take advantage of plentiful
water. Knowledge of heavy rainfall
periods can. also help in planning
the use of techniques to assist in
coni rolling erosion and sedimenta­
tion. The operator should attempt
to minimize the acreage of land dis­
turbed during high rainfall times of
year, since soil is much more sus­
ceptible to erosion once vegetation
is removed.

Soils

It is important to determine
during the premining planning pro­
cess how soils will be handled dur­
ing excavation and reclamation. The
thickness, volume and fertility
status (nutrients, potassium, phos­
phorus, and nitrogen) of the soils
should be determined. Prior to min­
ing an area, the soils should be re­
moved and stockpiled for use during
revegetation efforts. If stockpiled
soil material must be saved for a

long period of time, quick-growing
grasses should be established on it
to help control erosion. Once the
resource is removed, the pit can be
regraded and the stockpiled soil ma­
terial spread over the regraded
land. To prepare the soil for
planting and/or seeding, it should
be roughened and fertilized. Fer­
tilizer is used in amounts deter­
mined through soil tests. Lime may
be required if the soil pH is low
(too acid). Mulching may also be
necessary.

Geology

The most important part of the
geologic analysis is to characterize
the sand and gravel deposit itself.
Resource thi cknes s, and percentage
of gravel, sand, silt, clay, and
waste material should be determined.
Potential pollutants contained in
the gravel deposit, such as clay,
which could be washed away to silt
up streams, should be identified.
Any material located above the sand
and gravel deposit that is not mar­
ketable, but must be removed to ob­
tain th~ sand and gravel, is called
waste material or overburden. Top­
soil material, or material to be
used for topsoiling, should not be
considered as waste. The geologic
report should describe the waste ma­
terial in detail, and attention
should be given to any potential use
of the material during the reclama­
tion phase of the mining operation.
The presence of maj or faults, geo­
logic hazards (potential for land­
slides, subsidence, flooding or
earthquakes, etc.) should be ad­
dressed in the geology report.

The geologic analysis may also
include an investigation of the lo­
cation and type of materials present
below the gravel deposit. Regula­
tory agencies may require such in­
formation since it relates to ground
water protection. The material be-
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low the gravel deposit may be an
aquifer (i.e., holds water) or it
may serve as an aquifer recharge
(i.e. water passes through the rock
and collects elsewhere as ground
water). The material below the
gravel can be determined in three
basic ways: (1) by reviewing maps
and reports that describe the local
geology, (2) by examining outcrops
(i.e. surface exposures), and (3) by
drilling a test hole down through
the gravel to recover samples of the
material below.

Water

An important part of any mine
site analysis is the determination
and description of the water supply
in the area of the mine. Features
which should be investigated include
water on the surface of the ground,
such as streams and ponds, and
ground wa ter. Ground wa ter is part
of the total water supply that col­
lects in the rocks and earth mate­
rial below the water table. The
depth beneath the ~arth's surface to
ground water (or the water table)
can be either shallow or very deep.
Generally, the . closer the water
table is to the surface, the more
important it becomes to study all
aspects of water supply in the area.

depth to the water table, direction
of ground water movement or flow,
and local use of the ground water.
Particular attention should be given
to water wells used for domestic or
agriculttiral purposes. A permit ap-
plication may require information on
the location and ownership of water
wells. If these wells dry, or be­
come depleted during mining, the
regulatory agency may require the
mine operator to drill a new well.

Ground water studies may re­
quire the installation of observa­
tion wells in or around the proposed
mine site. Ground water that is
pumped from the excavation pit, or
that drains from storage areas,
could affect surface water supplies.
For this reason, the quality of the
water, as well as the amount, should
be determined during the site analy­
sis.

Wildlife

Forms of wildlife, which should
be considered during the site analy­
sis, include birds, land animals,
and aquatic wildl ife. Since mining
can p~rmanently alter wildlife habi­
tat, the analysis should provide a
description of the existing wildlife
habitat conditions.

1. vegetative cover

3. species variation and re­
lationship

4. migratory routes and re­
production areas.

2. water and food availabil­
ity

habitat conditions
be investigated in-

Hinimum
which should
elude:

All surface water in and around
the mine site should be described.
This includes streams, ponds, reser­
voirs, drainage ditches, springs,
and irrigation canals. The descrip­
tion should include the location of
the water body, the area and depth
of ponds, the volume and direction
of stream flow, and any other per­
tinent characteristics. The regula­
tory authority will often require
such information to determine if the
mining operation could affect water
supply.

Information which should be
collected for ground water includes

A count or inventory of wi Id­
life occupying the site may have to
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4. Value of vegetation for
wildlife habitat

5. I denti fication of any
unique vegetation.

1. Types of vegetative spe­
cies present

The vegetation inventory should
provide the following types of in­
formation:

height,
species

on the
shrubs,

maturity,
of each

be present
are trees,

Vigor,
etc. ,

3.

2. The app roxima te amount 0 r
percent of ground cover
for each species

vegetation can
mine site. They
and grasses.

be made. Such inventories may have
to be accomplished over several
seasons, particularly if some wild­
life species do not use the area all
the time.

In some cases, a list of the
species present at the site may be
required. Particular attention
should be given to endangered,
threatened, and rare species. State
or Federal Wildlife Agencies can
ofterl provide a list of such spe­
cies. The regulations governing
endangered species are strict, but
regulations governing threatened and
rare species are often less strict.
There are endangered species in al­
most every area of the country, so
the operator should take care to
check local lists, which are usually
available through Federal or State
Wildlife Agencies.

Other information which
also be useful includes:

1. Name of spec ies

2. Population (number)

3. Population density
tribution)

will

(dis-

Replanting or reseeding the
same types of native vegetation that
were destroyed by mining can be a
favorable proposal. The fact that
certain species of vegetation were
already growing on the site is an
indication that they could be well
suited to the area after mining.

Diversity of species4.

5. Food chain description

Any economic potential, for ex­
ample, the va Jue of existing mature
trees, should also be explored dur­
ing the site analysis.

6. Types of habitats occu­
pied. Topography

Vegetation

Vegetation in and around the
pit area is usually destroyed by ex­
traction activities. Many regula­
tions require the site vegetation to
be inventoried befon' mining. This
is done Lo determine if any unique
vegetation is present. Additional­
ly, the vegetation inventory can be
used by regulatory authorities to
judge the wildl i fe hahitat value of
til(' s i Le. Three gellcral types of

The topography of the mine site
refers to its surface shape or geom­
etry. It is an important factor in
mine planning hecause it affects
drainage, ground water, slope sta­
bili ty, erosion potential, and rec­
lamation practices. The best way to
display the topography is through
the use of topographic maps. Some
topographic maps are available from
the U.S. Geological Survey. These
maps are at a scale of 1" - 2,000
feet, which in sOllie Cdses mOlY not be
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large enough to be useful for mine
planning. It is wise to check with
the regulatory authority about map
scale requirements.

Arrangements can be made with
an aerial mapping company to fly the
site and prepare a map of predeter­
mined scale and contour interval.
Some engineering firms also develop
maps from ground surveys. For a
small site, it would probably cost
less if this method was used for de­
veloping the map.

The topographic map should show
the elevations of the mine site (by
contour lines), water bodies, roads,
utili ties, buildings, etc. The
property boundary and the permit
area should also be shown. The map
may cover only the mine site itself,
or it may cover the mine site and
adjacent areas.

A well prepared topographic map
can be used as a base map for plot­
ting additional mine site data such
as soils, vegetation, mining plans,
reclamation plans, and the location
of mine facilities and pollution
control structures. If possible,
the map should also indicate the
steps to be taken in coordinating
extraction and reclamation activi­
ties.

Cultural Resources

More and more government regu­
latory agencies are requiring infor­
mation on cultural resources. Cul­
tural resources are historical and
archaeologic sites considered valu­
able to the public. They require
careful consideration during the
premining planning phase of the op­
eration. Archaeological sites are
areas where evidences of the prehis­
toric activities of man are found.
InJian dwellings and camps are ex­
amples of archaeological sites.
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if there is a State Archaeological
Survey or Agency. If so, they us u­
ally have a complete inventory of
known archaeological sites in the
state. Private archaeological clubs
or societies may also keep local
records of such sites. If an ar­
chaeological survey is required and
no information can be found, help
may be sought from an archaeological
consultant or university department.
In the event such assistance is not
available, the operator may wish to
engage a qualified archaeologist to
conduct a cultural resources survey,
which is a pedestrian investigation
of the mine area to locate and iden­
tify any cultural resources that
might be present.

Even if the operator states in·
the permit application that no ar­
chaeological sites are present, he
may still be required to stop mining
if evidence of such is uncovered.
The usual procedure is to call in
trained experts and have the find
examined.

Historic sites may include
roads, railroad structures, houses
and other buildings, towns, camps,
battlefields, etc. The operator
should pay particular attention to
the National Register of Historic
Places. Also, state and local his­
toric preservation societies may be
able to help with the inventory.

If historic or archaeological
sites are not present at the mining
site, a simple statement to that ef­
fect in the permit application is
usually sufficient. Where such
sites are present, it does not nec­
essarily preclude mining, but some
salvage and preservation plans may
be required.

A third and less common type of
cultural resource is scenic or sci­
entific sites of interest. Occa­
sionally, state and local laws will



7. Recreational

protect such areas. Such areas may
include scenic overlooks, spectac­
ular outcrops or landscape features
with high lOcal identity, and fossil
locdlities. If such features exist
at or near a proposed mine si te,
plans for their preservation and en­
hancement may be needed.

4.

5.

6.

Public Use (e.g., schools,
hospi tals, churches etc.)

Agricultural/Forest Lands

Open Space, Greenbelt, or
Park

Natural Hazards
8. Vacant

The regulatory authority can
use the land use data to determine'
if the proposed gravel operation is
"compatible" with surrounding land
uses. Compatibility is sometimes
difficult to determine, but land use
data collected in the planning
stages of the operation can be very
valuable in identifying potential
land use problems which could later
develop.

During the site analysis, ef­
forts should be made to identify
areas of potential natural hazards.
The two most common types of natural
hazard areas include: areas which
are prone to landslides, and areas
which are potentially subject to
flooding.

The early identification of
such areas will allow the operator
to develop mining plans aimed at
avoiding or bypassing such areas
during extraction. He will also be
able to prepare adequate plans for
dealing with resultant problems
should such areas and conditions be
encountered during the operation.

9.

10.

11.

Wildlife

Public Lands
federal lands)

Mining and

(state and

Extraction.

Land Use

Collection of land use data for
the mine site and adjacent area may
be required. This type of informa­
tion is often shown on a map de­
veloped for the mine site. Land use
categories can be obtained at County
or City Planning Offices, or may be
determined in the field by visual
observation. The categories of land
use described should match the cate­
gories used by local planning agen­
cies.

Some common land use categories
include:

1. Residential

2. Commercial

3. Industrial
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MINING AND RECLAMATION PLANS

Once the site anlaysis has been
completed, the operator can start
work on developing mining and recla­
mation plans. These are two of the
most important components contained
in the mine permit application.
These plans, when reviewed with the
environmental data collected on the
proposed mine site, allow the regu­
latory authority to reach a decision
on whether or not a permit should be
issued. Mining and reclamation
plans are prepared using the data
collected during the site analysis.
Such plans should be presented in a
fashion that will e'nable the deci­
sion-making body to readily estab­
lish that measures to protect the
environment were carefully consider­
ed.



The preparation of both the
mining and reclamation plans should
be closely coordinated. The first
load· of material removed or trans­
ferredfrom the site should be han­
dIed and managed with reclamation in
mind. It is generally more expen­
sive to restore land that was mined
without consideration for reclama­
tion than to restore an area where
reclamation was considered during
the planning process. Concurrent
mining and reclamation, sometimes
referred to as "in-progress-reclama-

_tion," (which has been achieved by
planning for reclamation in advance
of extraction activities), can as­
sist the operator in achieving the
greatest. degree of success at the
lowest possible cost.

Figure 3 shows a mined gravel
pit where excavation extended to the
property boundary. The options for
grading and revegetating this slope
are limited. Before vari.ous recla­
mation laws were passed by state and
local governments, many operations
such as this one maximized gravel
extraction by excavating the entire
property. If there i.s a slope re­
quirement, for example, three feet
horizontal to one foot vertical,
some marketable gravel material must
be left in place. The other alter­
natives would be to purchase neigh­
boring property (to carry the slope
back), or to bring in fill material
and build up the proper slope. Both
alternatives would probably cost
more than the value of the gravel

NOT REPRODUCIBLE

FIGURE 3. MINED GRAVEL PIT WITH EXCAVATION EXTENDING
TO PROPERTY BOUNDARY
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pay all such costs at one time.tha t woul d have to be Ie ft unmined
and used to attain final slope re­
quirements. Each of these alterna­
tives should be carefully considered
when preparing the mining and recla­
mation plan.

Mining
should also
items:

and reclamation plans
address the following

6. discharge points

8. preparation plant area(s),
and

Overall, the most successful
plans are those that provide a bal­
ance between the operator's produc-

In addition to depicting recla­
mation activities and showing the
locations of pollution control
structures, the operator should ex­
plain why they are needed and how
they will function. For example,
the operator might state that the
site layout and direction of mining
would be designed to screen the in­
itial excavation activities from
public view. Later in the opera­
tion, the initially excavated area
can be reclaimed and serve as a vis­
ual buffer for future operations.
He might also indicate that a sedi­
ment pond would be located in the
most advantageous place to catch
runoff from the mine site, as well
as enhance the postmining use of the
land.

roads

facilities.

hauland

screen locations

site

pit area(s)

entrance and exi t to the
site

access

other

visual

location of sediment ponds
and drainage diversion

stockpile areas (including
soil and material storage
areas)

3.

2.

7.

9.

1.

5.

4.

The plans are best presented by
using maps with an accompanying
text. The maps should show the
property boundaries, with extraction
areas clearly indicated. The direc­
tion in which mining ",'ill proceed
and the anticipated time required
for extraction and reclama tion ac­
tivities may also be shown. A good
procedure to use when preparing
plans for submission to a regulatory
authori ty is to indicate and show
that both extraction and concurrent
reclamation will be accomplished in
stages. Figure 4 shows an example
of this procedure. Under this con­
cept, excavation begins on one part
of the property (Stage I, Figure 4).
As soon as extraction of the re­
source is completed in this area,
soil spreading, grading, and revege­
tation activities are undertaken,
and extraction is started in an ad­
jacent area. This procedure enables
the operator to keep reclamation
current with extraction throughout
subsequent stages of operation.
Proposal of such a plan can demon­
strate to the regulatory authority
that the operator will not delay
reclamation until the end of the
operat-ion. Also, tbe operator can
spread the costs of reclamation over
the life of the mine and not have to

The mining plan should address
the schedule of mini ng activi ties,
the direction in which mining will
advance, and the anticipated dura­
tion of the operation. The reclama­
tion plan should discuss such items
as regrading activities and sched­
ules, the types of vegetation to be
planted, and the time of year during
which planting and seeding will be
conducted.
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4. Soils

SOURCES OF ASSISTANCE

1. Weather (data)

2. Wildlife (data)

The operator must remember that
responses to requests for informa­
tion take time. As with all mine
planning, this activity should be
started as soon as possible after a
decision to mine has been made. The
operator should ask each person con­
tacted if they are aware of other
sources of information or advice.
People are often surprised to learn
just how much information really
does exist concerning water, soils
wildlife, etc. Often in a shor~
period of time, a great deal of use­
ful information can be assembled at
low cost to the operator.

Table 2 provides information on
potential sources of assistance and
data.

Permit applications generally
require a substantial amount of en­
vironmental data about the mine
site. These data do not necessarily
have to be collected by, or at the
expense of, small mine operators.
If pertinent existing data can be
found, which was obtained close to
the proposed sand. and gravel mine,
it can often be used in prepa ring
the permit application. The opera­
tor may have to do some field work ,
but available data should be used to
the extent possible. If existing
data is used, however, the operator
should verify that such data accur­
ately reflects conditions applicable
to his site. Most regulatory au­
thorities encourage the use of ex­
isting data as cost and timesaving
mechanisms for the preparation of
permit applications.

organizations, universities, and lo­
cal groups or organizations such as
garden clubs, Audubon clubs, Wild­
life clubs, etc. Asking for infor­
mation from agencies or org2niza­
tions such as these could be very
beneficial. In fact, many organiza­
tions are formed with the sole pur­
pose of gathering and dispensing in­
formation.

(water table
location of

Traffic Plan-

Ground water
elevation and
wells)

Vehicular
!ling.

9.

7.

8. Land Use Planning (the
reclamation plan)

6. Surface dra inage (streams
and ponds, etc.)

3. Vegetation and Revegeta­
tion

Areas in which the operator may
require assistance or information
include:

The operator should make the
effort to inquire about information
or assistance which may be available
from federal, state, and county or
city government agencies, nonprofit

5. Geology both the sand
and gravel and the mate­
rial beneath it

Government Agencies and Other
Organizations

tion requirements and environmental
and reclamation requirements.

In preparing mining and recla­
mation plans, or permit applica­
tions, the operator can either do it
himself or pay a consultant to as­
sist him. In either case, it is im­
portant to determine the government
agencies which provide free informa­
tion and technical assistante upon
request.
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TABLE 2. POTENTIAL SOURCES OF ASSISTANCE AND INFORMATION

Area of Concern

Weather (Data) •

Potential Sources

National Oceanographic and
Atmospheric Administration

• National Weather Service

• State Air Quality Agencies

• Libraries - Weather Records

• Records from Previous Opftra­
tions (Mining Companies)

Wildlife (Data) • u.s. Fish and Wildlife Service

• State Wildlife Agencies

• National Audubon Society and
Other Wildlife Organizations

Vegetation/Revegetation • u.S. Soil Conservation Service

• County Agriculture Extension
Services

• Land Grant Colleges (Agricul­
ture Departments)

• Local Garden Clubs

• U.S. Forest Service

Soils • State Departments of Agri­
culture
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• U.S. Soil Conservation Service

• Local Conservation District
Offices

• County Agriculture Extension
Services

,



TABLE 2. (CONTINUED)

Geology • State and U.S. Geologic
Surveys (Topographic Maps/
Aerial Photographs)

• Universities and Colleges
(Geology Departments)

• Drilling Records from Pre­
vlous Mining Operations
(Mining Companies)

Water (Surface/Ground) • State and U.S. Geologic
Surveys, Water Resource
Division

• State Water Agencies

• State/County Water Boards

• Water Records from Mining
Operations (Mining Companies)

• U.S. Soil Conservation Service

• U.S. Forest Service

• U.S. Environmental Protection
Agency

Land Use • Local Planning Agencies

• Regional Planning Agencies

• State Planning Agencies

Vehicular Traffic Planning • U.S. Department of Transpor­
tation

• State Highway/Transportation
Departments

• Local Road and Bridge Depart­
ments

• State/Regional/Local Planning
Agencies
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Consu Itants

Technical requirements for ob­
taining a mining permit are at times
complex. Specialists such as geolo­
gists; surveyors, hydrologists,
wildlife biologists, soil scien­
tists, revegetation experts, meteor­
ologists, land use planners, etc.
may be needed. Many small sand and
gravel operators neither have nor
want large engineering and environ­
mental staffs. As a result, a con­
sulting company may be used to con­
duct certain specific tasks or to
handle the entire planning and per­
mitting program.

To decide upon the
consul tant, the operator
himself the following

use of a
should ask
questions:

4. Can I afford the cost of a
consultant?

If the decision is made to use
a consultant, choose one that has
local experience and recognition, is
familiar with sand and gravel regu­
lations, and is able to provide as
many of the needed services as pos­
sible. More than one consultant may
have to be used to meet all the re­
quirements.

In public hearings or meetings,
an expert witness may be needed. It
would be best to use one of the con­
sultants who help prepare the permit
application. Any expert witness
used by the operator should have
knowledge of the local political
situation.

1.

2.

3.

Can the job be done with­
out using a consultant?

Will the use of a consul­
tant help or hinder the
chances for permit approv­
al?

Are there regulatory re­
quirements to use "certi­
fied," "registered," or
"professional" people to
do certain things?
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When retaining a consultant, be
as specific as possible about the
work to be accomplished. The opera­
tor should attempt to determine what
kind of reputation the consultant
has with the regulatory authority or
the decision-making body. If an in­
dividual or company has successfully
assisted in obtaining permits for
previous sand and gravel operations,
the chances are they are capable,
reliable, and well respected by the
regulatory agency and other public
groups.



SECTION II. COMMUNITY RELATIONS:
BEFORE, DURING, AND AFTER MINING

Some of the significant points discussed in this section are:

1. Extraction and reclamation activities must be planned to pro­
duce minimal social and environmental impacts.

2. Operators should effectively communicate
stress the need for sand and gravel mines,
posed mining operation plans.

with citizens to
and to convey pro-

3. Significant community concerns about the proposed mInIng opera­
tion plans should be determined as quickly as possible.

4. Mine operators should understand what is legally required to
mine. They should determine additional steps they are willing
to undertake to reduce community concern. Operators should not
promise to do more than they are willing and able to do.

OVERVIEW

It is important to involve the
communi ty in the sand and gravel
mine planning process. Residents
living near the proposed mine site
could very well oppose the operation
if they feel the mining activities
might create problems resulting in
personal loss. Publi c decision
makers generally respond to citizen
concerns, and the operator should
expect that some adjustments will
have to be made in mining and rec­
lamation plans to reduce community
and citizen concerns.

The operator should attempt to
communicate with citizens before any
public hearings, and carefully note
thei r concerns and complaints. He
should be prepared to address these
concerns and complaints during
public "hearings or meetings. The
small sand and gravel operator
should stress that he is a concerned
member of the community, and should
not hesitate to discuss the methods
he will use during mining to protect
the environment and the quality of
the community. The operator has a
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legal right to request mInlng ap­
proval, and he should show that all
steps are being taken to comply with
laws and regulations.

The operator should not agree
to anything that he does not intend
to do, can't do, or of which he is
not certain. Such action could
label him as a "promiser tl and not a
doer.

There will always be people un­
willing to compromise and likely to
demand permit denial on a "no
growth-no deve lopment" basi s. Such
individuals should be asked to note
specific areas of concern, so that
the operator may respond to each
issue. If this action fails, the
operator has to rely on the judgment
of elected or appointed decision
makers.

DEALING WITH THE COMMUNITY

In the past, many mine opera­
tors preferred to keep quiet about
their mining plans, an approach that



is no longer acceptab Ie .. The oper­
ator's chances for obtaining an ap­
proved mining permit can be jeopard­
ized if the community and the de­
cis ion makers feel that enough in­
formation has not been made avail­
able.

Depending on local circum­
stances, it may be necessary to ed­
ucate the community in order to ob­
tain a permit. Such education ef­
forts should center on: (1) the
c6nstruction aggregate industry in
general, and (2) the specifics of
the operation in question (being
proposed). In terms of the location
of the proposed operation, it should
be pointed out that sand and gravel
resources can only be mined where
deposited by nature. Explaining the
geologic occurrences of sand and
gravel resources may be helpful
(Figure 5).

When discussing the sand and
gravel mining industry and its es­
sential functions, the operator
should explain why aggregates (sand
and gravel) are needed. Many indi­
viduals are not aware that roads,
concrete, asphalt, houses, commer­
cial buildings, and many other types
of structures and products require
aggregates. These aggregates can be
supplied at a relatively low cost if
the .source (the ~ine siie) is locat­
ed close to the market area. Haul
distance is a critical factor in the
price of sand and gravel. If the in­
dus trT is required to seek remote,
unpopulated areas to mine their
product, the price could rise sig­
nificantly.

Extraction and reclamation
plans for the proposed mine site
should reflect local concerns. The
operator should inform interested
parties of his plans to deal with
their concerns. Zoning ordinances,
special or conditional use permits,
and state mining and reclamation
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permits all I"('cognize the (legative
impacts of mining, but they also
recognize that these impacts can be
significantly reduced.

Practices such as visual
screening, dust and noise control,
vehicular traffic control, pollution
abatement, and reclamation all cos t
money, but the operator must be
willing to use these practices if he
is to obtain permission to mine. The
use of these practices is, in fa ct,
an attempt by the operator to deal
with community concerns.

Operators have a legal right to
request a mining permit, but they
also have the responsibility to con­
trol environmental and social im­
pacts. The community also has a
responsibility to accept the opera­
tor's legal right to conduct busi­
ness, to. acknowledge the need for
aggrega tes, and to recognize that,
if the community wishes to build and
grow, it must share part of the re­
sponsibilities of meeting raw mate­
rial demands. Such rationale can be
used effectively by the small oper­
ator when addressing concerned citi­
zens, especially those individuals
who may be opposed to any type of
mining in or near the community.

When addressing local citizens,
the operator should always discuss
the value of sand and gravel re­
sources as a maintenance material.
Even if further construction never
occurs, a considerable volume of
sand and gravel material would be
needed just to maintain existing
structures and roads. Road repair,
home maintenance and additions, road
sanding, fill material, and concrete
all require aggregates in the normal
course of maintenance and repair.
The volume of construction sand and
gravel needed for maintenance alone
requires the location and extraction
of new reserves.
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Review . the regulatory
agency's comments

Attempt to determine the
attitudes of the decision
makers

Determine significant com­
munity concerns and issues
which may be raised

Make sure that expert wit­
nesses complet~ly under­
stand the proposed extrac­
tion and reclamation plans

rep­
on

legal
to be

Arrange for
resentation
hand.

Become thoroughly familiar
with applicable zoning or­
dinances and all pertinent
laws and regulations

6.

2.

1.

3.

5.

4.

As previously mentioned, the
price of sand and gravel depends
gre:l tJ y on haul distaIlce. The far­
ther away from the market area the
material is mined, the farther it
has to be hauled. The farther it is
hauled, the higher the price is.
Ultimately, this increased price
will be passed on to the general
public. When confronted by community
opposition, the operator should
never fail to address this valid
point. Naturally, few people want a
gravel pit close to their homes, but
neither do they want rising con­
struction costs. The problem, of
course, is that the mine site is
immediately visible, while future
increases in costs are not so ob­
vious. The operator should stress
that tradeoffs or compromises are
often necessary in the best inter­
ests of all concerned.

PUBLIC HEARINGS: THE FORUM FOR
CITIZEN INPUT

Most regulatory systems provide
for public hearings and comments.
The most common include zoning hear­
ings, town meetings, and other local
government hearings. During these
procedures, the decision-making body
(e.g. County Commissioners, Planning
and Zoning Boa rds, etc.) will nor­
mally listen to the mine operator's
plans and provide private citizens
with an opportunity to comment.
Witnesses, questioning, cross­
examinatiun, and other courLroom­
type procedures may be used during
these. meetings. In some C3 ses, the
operator may be required to prepare
for such hearings as if he were pre­
paring for a jury trial.

An important aspect of the pub­
lic hearing process is what the
operator i does before the hearing.
Entering a public hearing without
being adequately prepared can often
lead to permit denial. Prior to
publ ic hearings, the opera tor
should:

The operator should consider
who will present information at a
hearing. Should an operator allow a
lawyer, expert witnesses, or con­
sultants to present information and
plans, the public may feel that the
operator himself is neither inter­
ested nor concerned. The operator
must remember that decision makers
and the general public know that he
will provide overall direction of
the mining Opel;} tion, and that the
public will hold him responsible for
complying with reguliltory require­
ments.

Detailed notes on the hearing
should be taken. If possible, all
information presented at hearings
should be recorded and transcribed.
Particular attention should be given
to requests for information and
actions not specifically required by
law. Occasionally an operator may be
asked to do more than is legally re­
quired. The operator should make
note of all such requests and deter­
mine his willingness to comply. If
an operator plans to undertake mea-

".
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sures to protect the environment and
the community which are beyond legal
requirements, they should be pointed
out clearly. Every compromise the
operator makes should be identified.
Demonstrating a willingness to
undertake such measures improves the
opera tor I s chances of obtaining
speedy approval of the permit appli­
cation.

Graphic aids can be effective
tools for use at public hearings.
Maps, photographs, and slides can
portray present conditions as well
as proposed plans for conducting a
safe and environmentally sound min­
ing operation. In any event, plans
should be c1ea rly and simply pre­
sented. Complicated engineering

.drawings (unless requested) should
be avoided, if possible, and the
presentation of information should
be geared toward a non-technical
audience.

The operator must stay calm
during the hearing process, partic­
ularly when emotional comments are
presented. In some instances, home­
owner groups or other community or­
ganizations may conduct their own
meetings prior to the formal public
hearings. During such meetings,
s6me individuals may become extreme­
ly dissatisfied with the mining pro­
posal. When confronted with such
attitudes during public hearings,
the operator should calmly respond
and offer to meet with the individ­
uals to d'iscuss an agreeable solu­
tion. Using such an approach will
show local citizens the operator is
truly concerned about the community
and the protection of the environ­
m~nt. The operator must remember
that decision makers and the general
public will be judging him as much.
as they are judging the extraction
and reclamation plans.

Finally, mine operators should
not expect quick decisions on issues
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addressed at hearillgs. In most
cases, the stiffer the opposition,
the longer the wait. The operator
should not rush to commi t equipment
or capital to an impractical sched­
ule, but should be prepared to wait
a reasonable period for decisions
and approvals. If the operator
pushes for a quick decision, such
action may be viewed as an attempt
to hide prob lems or to exclude in­
dividuals wishing to co~nent on the
proposed plans. Naturally, the
operator has a right to expect a de­
cision within time frames establish­
ed by law, but even these types of
decisions are subj ect to delay. By
planning on a "longer-than-antic­
ipated" review and comment period,
the operator can often avoid prob­
lems with decision makers and the
community. When people recognize
that the operator is making a sin­
cere effort to address community
concerns, much of the opposition to
the proposed mining operation disap­
pears. Both vocal and emotional op­
position are strongest in the early
stages of plClnning. Should the op­
erator demand a decision during this
stage, the decision could be greatly
influenced by the fact that suffi­
cient information may not be avail­
able (or provided) to show there are
no unresolved problems.

The small mine operator may
find it helpful to meet with com­
munity groups privately, before any
public hearings. This approach
could provide an introduction to the
opera tor t s plans, and can also en­
able the operator to identify s ig­
nificant issues and concerns which
will have to be addressed.

COMMUNITY CONCERNS

The small sand and gravel mine
operator should expect to be con­
fronted with a variety of communi ty
concerns throughout his operation.
To the extent possible, he should



anticipate these concerns and at­
tempt to deal with them early in the
premining planning phase. Some sig­
nifj cant concerns which citizens
could have about proposed mining op­
erations are discussed in this por­
tion of the guide.

Site Safety

Site safety is a common issue
of community interest. Citizens
often view a sand and grave 1. mine
site as a hazardous situation, par­
ticularly if children live and play
in the area. Equipment, steep
slopes, stockpiles, and ponds can
all be considered dangerous, yet at­
tractive to children. They are es­
pecially attracted to gravel pits
filled with water.

The operator cannot expect to
simply construct a fence or place
no-trespassing signs around the mine
si te, and secure compliance. Main-

taining a safe site, along with
being aware that children are not
always stopped by fences and signs,
is the better approach. There are
certain legal implications attached
to this concern which can generally
be referred to as "maintaining an
attractive nuisance."

"Maintaining an attractive
nuisance" is a phrase commonly ap­
plied to sand and gravel mines,
especially in neighborhoods where
young children are present. The
theory is that steep sandy slopes,
wi th a pond located at the base,
represent an irresistable combina­
tion to children. They are "at­
tracted" to the site, but could be
injured while playing there (the
nuisance).

There are several methods that
can be used to prevent access to the
mine site. No-trespassing signs,
fences (see Figure 6), and even

FIGURE 6. EXAMPLE OF A TECHNIQUE TO ASSIST IN KEEPING CHILDREN AWAY
FROM THE MINING SITE (CHAIN LINK FENCE)
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guards can be used. These practices
do not always work, particularly
during periods when the site may be
inactive. Some additional practices
can. be used. Chemicals, oil, fuel,
etc. can be safely stored and locat­
ed, and all equipment secured.
Gentle and stable slop~s can be
maintained where possible. Perhaps
the most effective practice would be
to talk with adults and request
their help in keeping children away
from the site. If problems persist,
prosecution of one or two offenders
may be required to get the message
across.

Vehicular Traffic

Vehicular traffic, particularly
truck traffic, is often a concern to
the community. Over 90 percent of
the nation's sand and gravel re­
sources are moved by truck.. Rail
and barge transport are localized
and usually serve very large, long­
term operations. The regulatory
authori ty mayor may not require a
plan to control vehicular traffic,
but the community wi 11 usually want
to see and hear it addressed during
public hearings and meetings. This
concern applies not only to the
operator, but to trucking contrac­
tors as well. This can be a serious
issue, especially where hauling
routes traverse residential communi­
ties. If at all possible, pedes­
trian access, residential areas, and
school and hospital zones should be
avoided.

dusty conditions and
gravel can falloff the
truck, possibly damaging
or breaking windshields or
headlights.

4. Heavy gravel trucks can
damage roads.

Several approaches may be used
to minimize these concerns. Initial­
ly, a vehicular traffic plan can be
prepared and included in the permit
application. This plan may include
vehicle counts on anticipated haul
routes, accident frequencies, and
adjustment of haul routes to insure
travel on roads designed to carry
heavy loads.

Some solutions to traffic com­
plaints are summarized below.

1. Interference with other
traffic

• Construct accelera­
tion and deceleration
] anes leading from
the pit to the public
road. This allows
trucks to speed up
and slow down without
affecting other traf­
fic.

• Use a flagman and! or
signs to warn on­
coming drivers of
slow trucks entering
the road.

Some primary concerns associat­
ed with truck traffic are:

1. Gravel trucks start slow­
ly, drive slowly, and stop
slowly, and can interfere
with other traffic (see
Figure 7).

•

•

Route trucks to roads
designed for heavy
loads.

Limit hours of haul­
ing to low-level
travel times, if pos­
sible.

2. Gravel trucks are noisy. 2. Noisy gravel trucks

3. Gravel trucks can create
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• Keep trucks off resi-



FIGURE 7. EXAMPLE OF GRAVEL TRUCKS INTERFERING WITH OTHER TRAFFIC

Dust and gravel spills

Damage to public roads

any previous
to haul

3.

•

dential streets, if
possible.

~raintain engines and
muffling systems to
.decrease noise.

4.

•

•

Assess
damage
routes .

Control speed
load limits.

and

Contro 1 speed of ve­
hicle.

Cover trucks with a
tarpaulin.

Spray load with water
before leaving the
site (see Figure 8).

If the operator plans to use a
contractor for hauling the resource,
the contractor should be encouraged
to develop an adequate vehicular
plan. The regulatory authority and
the community may require that the
operator exercise some control over
independent trucking contractors.

Use haul routes de­
signed to handle
heavy vehicles.

•overloadDo not
trucks.

•

•

•

•
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REPRODUCI BlE
FIGURE 8. HAUL TRUCK BEING SPRAYED WITH WATER

BEFORE LEAVING MINE SITE

The operator must consider that
changes in haul rout es could also
inc rease the cost of the resource
and, in effect, cancel any geograph­
ic advantages of the mine. Every
extra mile could add 10 to 15 cents
per ton to the price of the gravel.
Therefore, it is important to at­
tempt to balance the benefits of re­
routing truck traffic with the po­
tential tncreased cost of the ag­
gregate.

Additionally, in today's energy
and environmentally conscious socie­
ty, fuel consumption and potential
air pollution should be considered.
When considering all factors, the
operator may conclude that it is
better to properly control vehicular
traffic on the shortest possible
route, rather than increase haul
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distances and experience increased
costs.

Pollution

Community concerns will usually
encompass some of the broader en­
vironmental impacts of mining, as
well as more specific issues such as
vehicular traffic a/ld site safety.
Even though lIw mill(> site may be
located miles away from populat ion
centers, people will generally be
concerned about air, water, noise,
and dust pollution.

Since degrading the environment
can ultimately affect everyone, it
is important for the operator to
take time to explain the reclamation
and pollution control plans to in-



Wildlife Disruption

However, there are positive op­
portunities to develop improved
habitat during the reclamation
phase. Many abandoned and reclaimed

There is Ii ttle question that
wildlife habitat located in the pit
area will be completely destroyed.
In fact, most wildlife will be
driven off during site development
activities.

ten'sted members of th~ community.
Effort~ to explain such~plans can be
effective in laying public fears and
concerns to rest at an early stage.
Addi t ionally, this approach enables
the public to be involved in the
planning process, demonstrating that
the mine operator is not attempting
to hide any details of the proposed
mining operation.

Due to the fact that most
gravel mines are located either in
or near urban areas, the possibility
of an operator disturbing previously
unaffected wildlife habitat is
almost nonexistent. Unlike commer­
cial or residential developments,
reclaimed mine sites do offer the
opportunity to improve wildlife
habitat.

Property Values

Citizens many times express the
concern that a proposed sand and
gravel mining operation could reduce
residential property values. There
is no conclusive evidence for this
claim, however. Experienced real
estate brokers have not proven that
sand and gravel mines lower property
values. One reason may be that so
many factors must be considered in
determining real estate values that
no single influence could signifi­
cantly reduce property value. In
fact, there are cases where reclaim­
ed sand and gravel mines have great­
ly increased property values. Rec­
lamation to achieve recreational
areas, wildlife sanctuaries, parks,
and other types of open space def­
initely improve property values.

gravel pits provide some of the best
wildlife habitat in an area, partic­
ularly when a pond is left after
mining.

With noise and dust controls,
sediment controls, visual screening,
in-progress reclamation, vehicular
traffic controls, etc., there is no
reason to expect a decline in prop­
erty values. One common sand and
gravel mining practice that could
affect adjacent land, however, is
the extraction of the resource right
up to the property boundary, leaving
a near-vertical slope. Extraction
conducted in this fashion not only
eliminates many reclamation options,

sand and gravel mining
will generally result in

impacts to wildlife.

Small
operations
short-term

Deposits extracted from sand
and gravel mines, unlike coal or
metal mining deposits, generally do
not produce toxic, acid, or chemical
pollutants. Some pollutants can
result from the extraction activi­
ties, however. Pollution associated
with sand and gravel mining can in­
clude stream sediment, fugitive
dust, noise, and fuel, oil, and
grease spills.

The best response to environ­
mental objections is the preparation
of good reclamation and pollution
control plans, backed up by perfor­
mance throughout the operation.
Should individuals claim that words
and plans accomplish nothing, the
operator must point out that, should
he not comply with environmental
performance standards, citizens have
a number of alternatives available
in seeking compliance.
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but al~o increases the potential for
slumping and erosion that can affect
adj acent property (see Figure 9).
This practice was previously dis­
cussed in Section I.

Naturally, there are no guar­
antees that a particular sand and
gravel mine will not contribute to
lower property values, but neither
can guarantees be provided where
other types of land development are
concerned. The operator can guar­
antee, however, that reclamation and
pollution control plans will be car­
ried out to the best of his abili­
ties.

Visual Appearance

Visual appearance (or visual
quality, esthetics, etc.) is a very

subjective and sometimes very impor­
tant community concern. It is sub­
jective because what is attractive
to one individual may not be attrac­
tive to another. Visual appearance
is important because people living
in residential areas or subdivisions
may be trying to avoid any move to­
ward industrial land use in their
vicinity. They may feel that a
gravel operation looks bad and could
affect property values, as well as
the overall quality of life.

Gravel mines are not the only
land-use development where visual
appearance is controlled. Many sub­
division regulations and covenants
prohibit unusual colors on houses,
nonconforming fences, junked-car
parking, mobile home and boat stor­
age, signs, and a variety of other

FIGURE 9. EXAMPLE OF SLUMPED AND ERODED VERTICAL GRAVEL BANK
WHERE EXCAVATION WAS EXTENDED TO LIMITS OF THE PROPERTY BOUNDARY
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3. Stockpiles and conveyors

2. Processing machinery and
heavy equipment

items which could be considered un­
appealing. Features of sand and
gravel operations that are usually
considered visually Illlappealing in­
clude:

1.

4.

5.

6.

The excavation pit and
other devegetated areas

Sediment ponds, slime
ponds, and drainage di­
versions

Ungraded waste dumps and
refuse (see Figure 10)

Haul and access roads.

In short, there is not much
about a gravel operation that most
people would find attractive. Com­
plaints could even be made about
night lighting or night welding for
emergency maintenance.

This potential concern is im­
portant to remember while planning
and conducting the opera tion. The
best practice is to hide or screen
as much of the operation as pos­
sible. The amount of visual
screening that may be required de­
pends on several factors:

1. How scenic is the sur­
rounding area? If the pit
is located in a heavily
industrialized area, there
would be less concern than
if it is located in a
residential area or in­
view of a scenic overlook.

FIGURE 10. VISUALLY UNAPPEALING WASTE MATERIAL LEFT AT SAND AND
GRAVEL MINE SITE
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2. How 111311y reople see the S. ~lining may cause \>"3 L(' r
si Le on a frequent basis? wells La dry up, and exag-
If only a handful of gerate natural hazards
people see the site fre- such as floods or land-
quently, and nobody lives s lioes .
or works in the a rea, Lhe
problem could be minimal. 6. ~1ining may be noisy.

If the site is remotely locat­
ed, but has recreational or scenic
value, there may be concerns --even
if the recreational or scenic area
is visited only in summer months.
If the site is located within view
of residences, commercial shopping
centers, or other high-use areas,
there may also be a high degree 'of
concern. Occasionally, the operator
may find it necessary to determine
the "visual sensitivity" of a site
proposed for mining. This could
provide an indication of how much
time and money he may have to devote
to visual screening.

The planning and use of visual
screening techniques are discussed
in detail in Section IV.

Quality of Life

"Quality of life" is a term
frequently heard in public hearings
and meetings. It is generally used
by opponents of the mining proposal
who want to imply that mining an
area will lower the quality of life
for nearby residents. The phrase
can cover many conce ens, including
the following:

I. ~1inil\g may po] luLt' the air
and water.

2. !':lining may be unsightly.

3. !':lining may be dangerous
for chi ldren, and trucks
may rumble through neigh­
borhoods.

4. Mining may ruin land and
decrease property values.
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Just as it is difficult to mea­
sure what is nice to look at and
what isn't) it is difficult to mea­
sure something as subjective as the
quality of life. The operator
should make clear that efforts will
be made to control or alleviate
problems, and that the quality of
life is due, in some small part, to
the availability and relatively low
cost of aggregates. Construction of
streets, sidewalks, houses, founda­
tions, and driveways requires the
use of aggregates. As in dealing
wi th groups and organizations, the
operator should remain calm and ob­
jective, responding to individual
criticism in a positive fashion.

Reclamation and Land Use After Mining

One of the most common commu­
nity concerns is reclamation and
land use after mining. The length
of time needed to mine and reclaim a
gravel pit often presents problems.
People who are concerned about the
proposed mining operation and its
impacts over one or two years will
not be satisfied should reclamation
require 10 to 15 years. ''In­
progress" rec] amation should be
planned to avoid delays in reclallla­
tion. "In-progress" or "concurrent"
reclamation is an environmentally
sound practice and demonstrates to
the community the operator I s com­
mitment to protect the environment.

An integral part of the recla­
mation plan is the development of a
plan for the final land use of the
mine site. Local regulations may
require that a specific final land



use be selected and approved before
the penni t or rezoni ug applicat J on
is approved. Others may. require that
the land be returned to a beneficial
~nd productive condition, capable of
supporting a variety of different
land· uses. The latter requirement
appears to be a more practical ap­
proach since it can he very diffi­
cuI t . for an operato r to select a
specific. type of ·land use many yea rs
ahead of time. Economic, social,
and political conditions fluctuate
rapidly, and the land use selected
may not be appropriat.e by the time
it is achieved.

Should a specific land-use
selection be required, and should
the opera tor have no plans for de­
v~loping the site for residential or
commercial use, the selection of
wildlife habitat or open space may
be beneficial. These uses provide
flexibility for many types of future
developmen~, while accomplishing the
goals of land stability and vegeta­
tive cover.

Exis ting local and state land­
use plans and guides should be con­
suIted when selecting a final land,
use. Such plans provide guidelines
for land development by indicat ing
areas suitable for certain types of
use. For example, should the local
land-use plan recommend residential
use for a particular parcel of land,
any proposal for residential de­
velopment should be viewed favorably
by local decision makers. Converse­
ly, a proposal for industrial de­
velopment could be disapproved.
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It is impol-tant for the opera­
tor t.o stl'esB to the communi ty the
concept known as "mul tiple-sequen­
tial" or "interim" land use. This
means that any property containing
sand and gravel reserves has the
potential for a sequence of differ­
ent land developments. Agricultural
land, for instance, could be the
initial use, already having an as­
sociated value. If the gravel were
mined, the land use v.'Ould then be
mineral resource extraction. This
too would have value. After re­
source extraction, final reclamation
may be .aimed at returning the land
to agricultural production or some
other use. This use would also have
an associated value. The sequence
of land!uses would then be complete,
and the maximum value of the proper­
ty realized. If the site V.'ere left
unreclaimed, the sequence would be
broken and the maximum value of sub­
sequent uses would not be achieved.
By the same token, if the gravel
were not mined and, for example, a
housing development were built on
the agricultural land, the value of
the gravel would be indefinitely
lost. This type 'of action would
also reduce the maximum property
value. The gravel could be mined
and then the sllbdivision could be
buil t-,--thus achieving "multiple
sequential land use" with the high­
est possible land value.

Reclamation and land use after
mining are discussed more fully in
Section I II.



SECTION III RECLAMATION AND
LAND-USE PRACTICES

Some important points addressed in this section are:

1. Reclamation must be considered as a part of the total mining
operation, and conducted in conjunction with extraction activi­
ties whenever possible.

2. Reclamation is aimed at achieving the land use desired after
extraction activiti~s have been completed. Mine sites can
often be reclaimed to a condition suitable for a variety of
uses.

3. Reclamation and land-use plans must generally be approved by
the regulatory authority. Technical assistance in developing
reclamation and land-use plans may be available from several
federal, state, and local government ,agencies.

4. Natural soils, which may occur over a gravel deposit, are ex­
tremely valuable, and should be saved whenever possible for use
in reclaiming disturbed areas.

OVERVIEW

The ultimate goals of reclama­
tion are to return the mine site to
a stable, usable condition, or to
return it to a specific land use.
The mine site should not be left flas
is fl when extraction is finished.

Frequently, a gravel mine op­
eration will continue for five to
ten years or more, ,,,hich makes the
selection of n future land use very
difficult. Fur example, to specify
that a IIlined 3rea will be used at
some time in the future for a resi­
dential subdivision may not be a
justifiable commitment. Therefore,
it is important for the mine opera­
tor to concentrate on a reclamation
plan that will create a stable and
usable parcel of land; one which has
sufficient flexibility to be used in
a variety of ways.
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Some state and local govern­
ments may require that a specific
after-mining land use be determined
before a permit is issued. If this
becomes necessary, and no determina­
tion has been reached, it is wise to
choose wildlife habitat or open
space. These land uses are fre­
quently acceptable, if not desir­
able, and do not commit the operator
to a program or project that may
prove to be impractical in the fu­
ture.

Mine operators should work with
state and local decision makers to
select a land use capable of being
converted to a variety of uses at a
later date. Choosing a very spe­
cific land use, years ahead of time,
may not always serve the best inter­
ests of the local government, the
community, or the·operator.



Virtually all reclamation in­
volves revegetation. Obviously, if
a sanitary landfill or industrial
siLe lS planned, revegetation will
be limited to buffer plantings. In
many cases, however, large-scale re­
vegetation is done. Whether small
or large areas must be re-seeded,
some basic principles apply. These
principles are discussed in this
section.

Key items to remember when dis­
cussing reclamation are "stability,"
"self-maintain ing," and "pollution­
free. If These condi Lions are accom­
pI ished by backfilling and grading
to create gentle slopes, and by es­
tablishing vegetation capable of re­
generation.

LAND USE AFTER MINING

In selecting uses for land
after mining, the operator should
keep the following in mind:

1. Be certain you have the
physical and financial
capabilities to achieve
the desired. land use or
land condition.

mine site to a residential subdivi­
sion requires a knowledge of the
local housing types as well as the
requirements for residential de­
velopment, including minimum lot
size and density requirements,
drainage requirements, and road lay­
out and design. Generally, the
smaller the mine site, the fewer the
options for subdivision layout. If
the mine site is too small for good
subdivision layout, adjoining land
could be purchased to make the de­
velopment more attractive.

The nature of the soil and fill
material is also important. Soils
and fill should be properly compact­
ed, well drained, non-swelling, and
should have the. proper bearing ca­
pacity for foundations. Also, the
suitability for individual well and
septic systems should be determined.

Since residential building
sites are more desirable on level
ground, additional filling and grad­
ing might be necessary. These extra
costs should be examined when con­
sidering residential land use.

Commercial

When preparing the reclamation
plan for the permit application, the
operator should first state the de­
sired land use and then describe how
it will be achieved.

2. Make sure that the land
use or land cond i tion se­
lected complies with local
land use plans and zoning
ordinances.

3. Attempt to
community's
ward the
use.

determine
aUi tude

selected

the
to­

land

Commercial development of 3

mined sand and gravel site can be
beneficial. The operator should de­
termine the types of commercial de­
velopment needed in the local area.
In order for a reclaimed mining op­
eration to be used as a si te for
commercial development, it must be
accessible to population centers,
and it must be compatible with sur­
rounding land uses. A commercial
development in or near a residential
area, for example, may not be con­
sidered compatible.

Industrial

Residential

Converting a sand and gravel
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Large sand and gravel mine
sites are frequently well suited for
warehouses, lumberyards, light manu-



facturing, wrecking
yards, etc.

and salvage 4.

5.

Vegetation

Topography

Once a sand and gravel site has
been mined, the pit area could be
used for water storage. In such
situations, the pit is allowed to
fill with water, either from a
groundwater supply, diversion of
surface drainage, or rainfall. The
water can be used at a later date,
or as needed. The water can often
serve several useful purposes. For
example, water may seep into the
ground and recharge the local water
table. This procedure could serve
to raise the water level of any sur­
rounding wells that may have dropped
during mining. A proposal to re­
charge the groundwater supply will
often be considered favorably by
regulatory authorities.

Another use for a mined gravel
area, once it has filled,with water,
is that of a surface water reser­
voir. The water can be used for
domestic, commer.cial, industrial, or
agricultural purposes. During rai~y

seasons surface drainage can be d1-, . .
verted to fill up the P1t area.
Water will then be stored for use
during dry seasons.

Water Storage

Operators sometimes develop
their own industrial sites as a bus­
iness enterprise separate from the
gravel operation. This can be. a vi­
able and profitable alternat1ve to
selling the mine site to another de­
veloper.

Recreation a I

Most sand and gravel mine sites
have some degree of recreational po­
tential. Many have excellent poten­
tial, especially if water is avail­
able on the site. Swimming, boat­
ing, fishing, and park and picnic
areas all represent possible rec­
reational uses.

Recreational land uses offer
good economic return for the expense
required to develop the land. They
also create favorable reactions from
regulatory authorities and the com-
munity. Recreational sites are
almost always welcomed, especially
in densely populated urban or subur­
ban ar.eas.

Recreational sites can be turn­
ed over to the local government,
possibly in return for certain tax
benefits. In some cases, a depleted
sand and gravel mine may be one of
very few sites available within the
area that is suitable for recrea­
tional usage.

6. Water (a pond or lake
major recreational
tor).

is a
fac-

Important considerations in
selecting a recreational land use
are:

1. Compatibility with sur­
rounding land uses

2. Location and access from
population centers

3. Size and shape of mined
area
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Any proposal to utilize the pit
area for water storage, or to pro­
mote groundwater recharge, should be
studied by an experienced hydrolo­
gist or other professional. The
regulatory authorities will probably
want to know all possible impacts
resulting from these procedures. A
report covering the impacts on
groundwater, surface water, water
rights, total water supply,. and
wildlife will generally be requ1red.



Water storage, as described
above, should not be confused \-lith
recrC'atioll.11 0'1' wildl-ife L1ses. Sand
alld gravel piL areas Ij lied with
water are frequently used for fish­
ing, wildlife sanctuaries, or other
recreational purposes. If this is
the intent, the requirements for
design and construction are differ­
ent from those for water storage
facilities.

landfill area. Many areas of the
country need such facilities, and
may look favorably on a reclamation
plan proposing such all end lise. If
the operator considers such a plan,
coordination with the local and
state governments will be required
to:

1. Determine if a landfill is
needed

Figure 11 shows groundwater
ponded in a mined gravel pit. In
time, the water in this pit could
seep into the surrounding material
and recharge the local groundwater
supplies.

Sanitary Landfill

A mined sand and gravel pit can
sometimes be used as a sanitary

2.

3.

4.

Determine if zoning ordi­
nances and land-use plans
would allow a landfill in
the area

Determine if the state has
requirements for sanitary
landfill siting and con­
struction

Determine if there are any

FIG,U~~ 11. GROUNDWATER PONDED IN MINED GRAVEL PIT
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federal requirements that
must be met.

The elevation of the water
table is a critical factor that must
be considered when planning land-
fills. If the water table is close
to the surface, the landfill may
pollute groundwater; if the water
table is deep, pollution is of less
concern. Surface drainage is also
important. Streams, drainage
di tches, irrigation canals, etc.
would have to be diverted around the
landfill. Other considerations in­
clude visual appearance, accessibil-
ity to trucks and other vehicles,
and the attitude of the surrounding
community. If local citizens are
opposed to a landfill, the proposal
to create one may encounter prob­
lems. Figure 12 shows a mined
gravel pit area being used as a

sanitary landfill. The site is in
the very early stages of development
and the material being disposed is
waste concrete and asphalt.

Methane gas, a flammable by­
product of decomposing organic waste
(such as leaves and garbage), can
form underground in sanitary land­
fills. This gas can create a haz­
ard, but at the same time may also
serve as a useful source of energy.
The possibility that methane gas may
form in the proposed landfill must
be addressed. Sometimes it can be
vented through pipes or pumped out
to burn as an energy source.

SOILS

Soils are a valuable mine site
resource, and should be removed and
saved for reclamation. Soils sal-

FIGURE 12. MINED GRAVEL PIT BEING USED AS A SANITARY LANDFILL
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Basic steps to be followed in
proper soil handling are:

1. Remove the soil before ex­
traction to a depth deter­
mined during the pre-mine
survey.

vaged before mlnlng are much better
for growing plants than waste fines
or. other unmarketable material left
after mining. Many state and local
laws require Lhat soil be salvaged.

2.

3.

4.

5.

Store or stockpile the
soil close to the area
where it will be reused
for reclamation, but in an
area where it will not be
disturbed by mining activ­
ities. Avoid storing
soil on steep slopes or
unstable areas, and avoid
proximity to streams or
groundwater springs.

After an area has been
graded, respread the soil
over the area, and try to
avoid excessive compac­
tion. Conduct soil tests
to determine how much, if
any, fertilizer or lime is
needed to assist in vege­
tative establishment.

After spreading the soil,
break up large clods and
roughen (or scarify) the
soil surface to assist the
preparation of a suitable
seedbed.

Seed grasses soon after
spreading to help estab­
lish vegetation and reduce
the effects of wind and
water erosion.

these materials referred to in
soil science as the "parent mate­
rial. " When the parent material
breaks down, minerals and elements
in the deposit are changed and soils
are created. Usually, soils consist
of three different layers, called
horizons. The three layers are
often identified as the A, B, and C
horizons, with the A horizon at the
top, the B in the middle, and the C
at the bottom.

The A horizon usually contains
the most organic material and is
usually the most fertile. It is
generally the best layer for growing
plants. The B horizon tontains much
clay and typically is the thickest
of the three soil layers. The C
horizon is the parent material. In
some cases, the C horizon is the top
of the sand and gravel deposit. It
may be too weathered to be of value
as sand and gravel resource.

!

The Band C horizons are usual-
ly not as fertile as the A and may
not be able to support plants.
Figure 13 illustrates an example of
a typical soil profile.

Many soil scientists believe
that each soil layer should be re­
spread in the same order that they
were originally removed. This is a
difficult and expensive procedure.
For example, if one foot of soil is
present and the A horizon is only
three inches thick, it would be vir­
tually impossible to remove the A
without getting some of the B. In
most cases it is acceptable to re­
move the A and B soil layers without
separating them. The A and B hori­
zons will be thoroughly mixed, but
this mixed soils material will still
be more fertile than waste material;

The Nature of Soils

Soils are formed on sand and
gravel deposits by the weathering of
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Another important soil charac­
teristic is compaction. For good
plant growth, water, air, nutrients,
and microbes must be able to move
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through the soils to the plant
roots. This movement is accomplish­
ed through ai r pockets present in
the soil. If the soils are highly
compacted by equipment and handling,
the air pockets may he squeezed shut
and the movement of plant nutrients
and water restricted. Figure 14 il­
lustrates the effects of soil com­
paction on plant growth.

When removing, handling, stock­
piling, and respreading soil, the
operator should try to avoid unnec­
essary compaction. Eliminating the
compaction problem is one reason the
surface is harrowed or roughened
after soil respreading. This pro­
cedure reverses some of the effects
of compaction by creating air pock-

ets or voids in the soil.

Removal of Vegetation

In order to properly remove
soils, vegetation should first be
removed. If soils are removed along
with the vegetation, much of the
soil could be lost and weed seeds
would be present. In areas where
soils do not have much organic ma­
terial, such as the arid regions,
removing the soil and vegetation to­
gether may be a good idea. The mix­
ture of decaying vegetation and soil
could eventually provide organic
matter.

The removal of vegetation
should be kept to a minimum in order
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to reduce the possibility for soil
erosion. Also, ~he vegetation
should not be removed until it is
absolutely necessary.

If trees are present on the
mine site, the operator should in­
vestigate the possibility of selling
the timber. Also, some mi ne opera­
tors have taken seerls from the
pLlnts growing on the mill(' site and
saved them for use during revegeta­
tion. This procedure can insure
that replanted species a~e native to
the mine site and adapted to the
soils and climate of the area. This
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helps to attain a higher success
rate when vegetation is replanted.

Removal of Soi~

Pan scrapers and bulldozers can
be used to remove the soil. The pan
scraper is often preferred, because
its action is horizontal rather than
vertical. Equipment with blades
that move verticalLy, such as
dozers, loaders, or shovels, can de­
tach gravel or other non-soil mate~

rial beneath the soil layer. Some
subsoil material will undoubtedly be
mixed with the soil when it is re-



moved, hut the less the better.

Reducing the amount of handling
and the distance the removed soil
must be transported will help pre­
serve soil structure and fertility.
The ideal situation involves remov­
ing the soil from one place and im­
mediately respreading it on a mined
and regraded portion of the site.
If this not possible, soils should
be stockpiled in a convenient yet
protected area.

Saving the Soil

In most cases, removed soil has
to be stockpiled. This is necessary
because the active pit may be in the
early stages of development, or the
mining plan does not call for immed­
iate use. The length of time and
depth to which soils are stockpiled
should be minimized.

The location of soil stockpiles
is an important consideration. The
following lists some factors which
the operator should consider:

4.

5.

6.

tractive, and add organic
material to the soil. The
longer the soil is stored,
the more important estab­
lishing the plant cover
becomes.

Locate soil stockpiles in
stable, water-free areas,
where they will not be
disturbed by normal mining
activities. Do not create
a situation where stock­
piles . have to be moved
again before respreading.

Try to locate soil stock­
piles close to the areas
where they are to be re­
spread. This reduces both
handling costs and unnec­
essary disturbance of the
soils.

Reduce wind and water ero­
sion on soil stockpiles.
This is done primarily by
establishing quick-growing
grasses.

1.

2.

3.

Locate soil stockpiles
where visual impact would
be low. Stockpiles are
often visible because they
protrude above surrounding
ground level.

It may be possible to
stockpile soils in such a
way that they create a
visual screening berm.
For example, soils could
be stockpiled along a road
running past the site. If
this were done, the soil
piles should be seeded
with quick-growing grasses
and legumes.

Planting a grass cover on
soil stockpiles will re­
duce erosion, make the
piles more visually at-
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Figure 15 shows a soil stock­
pile which serves two basic pur­
poses. First, the active pit (locat­
ed to the left of the photo) can be
covered with soil after backfilling
and grading. Second, the road to
the right of the photo (beneath the
utility lines) has been completely
screened from the operation by the
stockpile.

Respreading the Soil

Just before or after the soil
is respread on graded areas, it
should be tested for nutrient status
and pH. Though some soil tests may
have been previously conducted, soil
characteristics could change during
the stockpiling period. The results
of these tests will indicate how
much fertilizer should be applied,
as well as how much lime may be



FIGURE 15. SOIL STOCKPILE WITH PROTECTIVE VEGETATIVE COVER

needed if the soil has become too
acid. Figure 16 illustrates the po­
tentialeffects of soil pH on plant
and crop growth.

The soil should be respread in
horizontal layers, to approximately
the same thickness as before re­
moval. In some s ta tes, the actual
thickness is sped fied by law.

Figure 17 shows soil respread
over a portion of graded banks on a
mined pit area. The area on the
right of the photo has received the
soil laver' the area on the left has. ,
not. Shown in the foreground of the
photo is well-established vegeta­
tion. The trees in the background
form an excellent visual screen.
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MINING AND RECLAMATION AT THE
SAME TIME

Planning

Mining and reclaiming simul­
taneously (which is sometimes called
in-progress or concurrent reclama­
tion) is both environmentally ac­
ceptable and cost-effective. In
almost every case, materials han­
dling is the most expensive part of
reclamation. Concurrent reclamation
reduces unnecessary materials han­
dling and allows reclamation work to
be started right away. If all rec­
lamation activity is left until the
end of mining, it can become very
expensive to finance without cash



ALKALINITY
RANGE

ACIDITY
RANGE

DH
DEGREE VALUES

/

I Strong

)
8.0

Moderate

)
7.0

~
Mild

>
~.__.._----

Neutral

6.0

Slight

Medium 5.0

Strong

4.0
Very strong

Extreme 3.0

OPTIMUM
RANGE

FOR
MANY

CROPS

FEW
KINDS

OF
PLANTS
THRIVE

FIGURE 16. SOIL pH SCALE AND ITS EFFECTS ON PLANTS AND CROPS

flow generated from the sale of
gravel.

The three major materials han­
dlingactivities in reclamation are
backfilling, grading, and soil
spreading. Therefore, the more an
operator is able to combine these
activities with extraction, the more
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he increases the potential for the
success of the overall operation.

The operator should plan the
mlnlng operation so that removed
soil can be immediately taken to a
graded area for respreading. If
this is not possible, he should
allow for the shortest possible
stockpiling period.



NOT REPRODUCI BLE

FIGURE 17. SOIL PARTIALLY RESPREAD OVER GRADED PIT SLOPE

During extraction and material
preparation, the operator should
plan to place waste materials in
previously mined areas. Again, if
this is not practical, these un­
marketable materials should be
transported and stored near an area
where they wi 11 be used for back­
fi lling.

In many cases, ve ry Ii ttle
backfi 11 material is available for
use during reclama tion. As a
result, the reclamation plan will
often call for grading to gentle
slopes, respreading soil, and plant­
ing vegetation. It may be benefi­
cj al to leave some gravel in place
rather t.han excavating to the full
extent of the property boundary.
This method enables the operator to
avoid grading a vertical cut to a
gentle slope. As previously dis-
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cussed (Section I), this means leav­
ing some sand or gravel in place,
which in turn means a loss of money.
However, this approach may still be
cheaper than importing backfill ma­
terial for reclamation. Berms con­
structed before extraction, for
visual screening purposes, should
also be considered in reclamation
planning. Berms can often remain as
part of the final land use. If a
visual berm is intended to remain,
it should be constructed and stabil­
ized with permanence in mind. If
the berm is going to be removed, the
material can be used during back­
filling activities.

Preparation plants and plant
areas may also have to be reclaimed.
Whether "permanent" or portable
plants are used, someday they will
no longer be needed. When machinery



is removed, the area on which it was
located may also have to be reclaim­
prj

Signiiic3nL items which the
operator should consider when pre­
paring the reclamation plan are out­
lined in Table 3.

Waste Material

Waste material is the earth ma­
terial located between the soil lay­
ers and the marketable sand or
gravel resource. In many cases,
this material consists of clay lay­
ers, sand layers, or areas of very
large boulders (too large to be pro­
cessed into the final product).
Generall y, any waste material pres­
ent is removed and placed in an
area away from the extraction activ­
i ties. Figure 18 shows an example

of some common waste materials asso­
ciated with sand and gravel de­
posits.

Waste materials can be used Lor
reclamation and, in some instances,
for pollution control, depending
upon their composition. All waste
materials, for example, could be
used as backfill material. Clay can
be used to line the bottom of sedi­
ment ponds to help prevent seepage
into groundwater. Clay materials
are relatively impermeable; that is,
they retard the flow of water. If a
waste disposal site is proposed, a
clay lining can be used to help pre­
vent the percolation of leachates
into the groundwater system.

Large boulders 'uncovered by
mining can sometimes be used as rip­
rap. Riprap is placed in drainage-

TABLE 3. ITEMS TO CONSIDER IN RECLAMATION PLANNING

• BACKFILLING

A. Method of Backfilling
B. Final Landform Contour and Con­

figuration Specifications
C. Equipment to be Used
D. Backfilling Schedule

• GRADING

A. Cross-Section of Final Grading
B. Equipment to be Used
C. Method of Topsoiling:

1. Topsoil or topsoiling mate­
rials to be spread

2. Average thickness of final
grade

D. Grading Schedule

• REVEGETATION

A. Areas to be Revegetated:
1. Short-term
2. Long-term

B. Equipment and Methods to be
Used

C. Surface Preparation
D. Applications:

1. Fertilizer and other addi­
tives:
a. Types
b. Rates
c. Method

2. Vegetation:
a. Types
b. Rates
c. Methods

3. Mulch:
a. Types
b. Rates
c. Methods

E. Anticipated Schedule:
1. Fertilizer and other addi­

tives
2. Seeding and planting
3. Mulching

F. Maintenance:
1. Requirements
2. Schedule
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ways or along the banks of streams
and sediment ponds to help control
erosion and slwnping.

If waste materials are known to
be present, their handling and dis­
posal should be planned in advance.
A good gravel deposit may contain as
Ii ttle as five percent waste mate­
rial, in which case the disposal
problem is minimized. However, if
the percentage of waste material is
higher, it may be uneconomical to
extract the gravel deposit.

Processed Waste Materials

Processed waste materials rep­
resent a major problem for the sand
and gr,:!vel operator. This material
consists of sand, silt, or clay-size
particles derived during the mining
process or from preparing (such as
washing) the mined resource fo r
sale.

After the sand and gravel re­
source is excava.ted, it is usually
transported to a processing plant
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located somewhere near the active
pit. The main function of the pro­
cessing plant is to separate the
marketable sand and gravel from the
unusable sand, silt, and clay. This
is done by screening, washing, and
sometimes by crushing. The material
that is separ~ted from the resource
(i.e., the processed waste material)
is usually piled near the plant.

Some operations use part of
their fine-grained waste material
for mixing with coarser sands or
gravel to meet certain construction
specifications or special commercial
uses. It is frequently used for
road sanding or mortar sand; how­
ever, operators are usually left
wi th large volumes of these unmar­
ketable materials.

Processed materials can some­
times be used:

l. For visual and noise
screening

2. As backfill material

3. To create desired land
forms in reclamation.

Establishing vegetation on this
material is difficult because it
contains few plant nutrients. To
encourage vegetative establishment,
soil can be spread over the fines,
and needed amounts of fertilizers
and organic matter added. An impor­
tant consideration vlith respect to
the costs of handling waste fines,
is the amount of handling and the
distance of transport. The operator
should plan to minimize these han­
dling costs by placing processed
waste materials near the area in
which they will be used.

Another type of fine-grained
waste maLerial with which the opera­
tor must deal is silt or slimes col­
lected in ponds. Many operations

recycle process water and return it
to the holding pond, where a large
volume of silt is deposited. Large

. volumes of silt are also common in
sediment ponds used to control water
pollution.

Ponds which trap both processed
waste material and sediment have to
be cleaned periodically to keep them
in proper working order. These ma­
terials are extremely wet and very
slow to dry. In some cases, it may
take years to dry the slimes to the
point where they can be adequately
handled. There are chemical and
mechanical methods for assisting in
this process, but they are often too
costly for the small or medium-sized
operation. Probably the cheapest
and most effective way to dry slimes
is to spread them on the ground,
where excessive erosion can be con­
trolled, and allow them to dry in
the sun.

Once slimes have been removed
and dried they can be used in much
the same way as waste sands. Like
processed waste materials, they have
few plant nutrients and make poo r
soils for plant growth. The opera­
tor should use the same procedures
for planting on slimes as for plant­
ing on waste sands: cover with
soil, fertilize, and add organic
matter.

Fine-grained waste material and
holding-pond slimes are easily erod­
ed. In such material, particles are
small and lightweight, and flowing
water can easily carry them away.
Also, slumping and sliding of the
waste piles may take place when they
are wet. For t-hese reasons, waste
fines should not be left exposed to
rainfall for extended periods, nor
should they be placed near streams
or other drainageways. Reducing the
height and steepness of the slopes
on piles of fine-grained waste mate­
rial will help. The most effective
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meLhod of preventing the erosion of
fines is to backfill the fines into
the mined pit area, grade them,
cover with soil, and establish vege­
tation.

Figure 19 shows a large pile of
process waste sand. This material
is not marketable as a construction
aggregate and will be used in back­
filling and regrading the pit area.
A problem likely to be encountered
with such a large waste pile is that
removal costs will be significant,
and will be required at once. In­
progress grading of the sand could
allow such costs to be spread over
the life of the mine.

Figure 20 is a photograph of
sheet erosion on a steeply sloping
pile of waste sands. In sheet ero-

sion, material is eroded in horizon­
tal sheets rather than gullies.
When waste piles become too large

h " 't e angle of repose" of the mate-
rial is exceeded and gravity will
often cause it to slump (see Figure
21). For many materials, the angle
of repose is about 30°. Sheet ero­
sion may also occur on unvegetated
slopes.

The primary problem associated
with this type of erosion is that
the sands can be transported by run­
off into the surface drainage sys­
tem. The sediment then becomes sus­
pended in streams and affects flow
disturbs fish and other aquati~
wildlife, and can eventually build
up in lakes and reservoirs. Erosion
problems can be . reduced by the op­
erator through the use of vegetative
and diversion techniques.

FIGURE 19. LARGE PILE OF WASTE FINES GENERATED
FROM PROCESSING
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FIGURE 20. SHEET EROSION ON STEEPLY SLOPING PILE OF WASTE SANDS

NOT REPRODUCI BlE
FIGURE 21. SLUMPING AND EROSION OF FINE-GRAINED WASTE MATERIAL
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Backfilling

The procedures used for back­
filling will depend on the proposed
end use of the mine site. If the
backfilling is intended merely to
fill the pit area for grading and
revegeta tion, complex engineering
designs may not be necessary. If,
on the other hand, structures are to
be built, specifications for back­
filling may have to be developed by
a licensed professional.

Backfilling to create a desired
landform or to raise the base grade
of the pit area should be done with
material that is free of large
boulders, trash, and organic matter
such as tree stumps. The presence

. of these materials can lead to un­
even settling and subsidence. Sur­
face settling can cause soil erosion
and disrupt the growth of new vege­
tation.

One way to avoid surface subsi­
dence is to backfill the pit area in
"lifts," or layers of a certain
thickness. This is accomplished by
alternately placing a layer of mate­
rial in the pit, then compacting it
with a dozer. There will always be
some settling of this material, but
excessive settling can be minimized
by backfilling in lifts.

The moisture content of the
backfilled material is also impor­
tant to consider. Too much or too
little water can lead to future
problems. Local or state regulatory
authorities should be contacted for
assistance in determining the proper
moisture content for the type of
fill material being used.

If backfilling is being done to
create a flat parcel of land, engi­
neering principles must be applied
to the procedure to insure that fill
material has sufficient bearing ca­
pacity to support any planned struc-
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ture. Different types of buildings
require different bearing capaci­
ties. Parking lots, buffer zones,
and other features associated with
new construction require specific
backfilling and grading specifica­
tions.

Many gravel pits are not back­
filled because there is insufficient
material available. In these cases,
backfilling is done to create some
special landforms in or around the
pit area. Most of the reclamation
in these circumstances involves
grading the slopes and pit bottom,
and shaping stockpiles to blend with
surrounding topography.

Grading

Grading is the most common rec­
lamation activity conducted by sand
and gravel operators. The slopes
and floor of the pit are usually
graded, and backfilled material
shaped to create the desired land­
forms.

When grading backfilled mate­
rial, either on slopes or on the pit
floor, the creation of perfectly
smooth surfaces should be avoided.
Smooth surfaces are not as desirable
as rough ones, since roughness helps
keep soil in place. If soil is
spread over a smoothly graded sur­
face, slippage along the contact
could occur. Rough spots help bind
the soil to the graded surface.

Roughness is also desirable (as
it is with respread soil surfaces)
for vegetative establishment. Sur­
face roughness provides important
protection for young plants. The
small mounds help protect seeds and
seedlings from wind and sun while
the depressions trap water for plant
use (see Figure 22).

Pit slopes that are long and
relatively steep may require some
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FIGURE 22. EXAMPLE OF THE PROTECTION PROVIDED
TO PLANTS BY SURFACE ROUGHNESS

extra grading. The creation of ter­
races, berms, and furrows (see
Figure 23) during grading can help
reduce erosion on slopes.

Terraces constructed across
sloping pit hanks are flat areas
Iised to slow runoff .. When sediment­
1;l<I<'fl r11110ff IllnvPS dcross the tpr­

rat'e, ils velocity is reduced and
some sediment is deposited. Ter­
races are seeded with grasses and
other vegetation to help trap the
sediment. Vegetation will also
absorb some of the runoff that in­
filtrates into the terraces. In ad­
dition to providing a pollution con­
trol device, terraces can add to the
visual quality of the reclaimed
site.

Berms are mounds or little
ridges, constructed across sloping
pit banks. These also have the ef­
fect of slowing runoff and trapping
sediment. As with terraces, berms
should be seeded with vegetation.

Furrows, or contour furrows,
are small ditches constructed across
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slopes. They - do not have to be
large; in fact, they can be as lit­
tle as one foot wide and one foot
deep, or less. Furrows also slow
runoff and trap sediment. Seeds
carried by runoff will sometimes be
depos i ted in the furrows. By the
time the furrows fill, the slopes
wi 11 havi' a prolertjve vegetative
cover and thei r purpose will have
been served.

Proper grading reduces the po­
tential for erosion and sedimenta­
tion. Figure 24 shows a gravel pit
bank that has been graded to a
gentle slope (in this case about 3
to 1). There is undoubtedly some
gravel left in this bank, but by­
passing this material is still
cheaper than mining the gravel and
then hauling material to backfill.

Figure 25 shows a regraded
gravel pit area. Most of the sur­
face area has been "roughened," but
a smooth area extending from the
front center of the photograph to
the right is visible. If seeds were
spread on this area they would have
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FIGURE 24. GRAVEL PIT BANK GRADED TO A GENTLE
SLOPE ALONG THE CONTOUR

NOT REPRODuel BLE

FIGURE 25. GRADED MATERIAL READY TO BE SEEDED
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a minimal ch,Hlce of germinating.
Wind and runoff would probably move
the seeds to adjacent roughened
areas where they would germinate in
one of the small depressions. If
soil were spread over this area, the
soil material would be more likely
to stay in place on the roughened
areas than on the smoothed areas.

2.

3.

Select species that are
native and/or adapted to
local soil and climate
conditions.

Use vegetation that can
regenerate itself and grow
without continuous main­
tenance.

Use plants that will pro­
vide suitable wildlife
habitat. Many types of
wildlife will inhabit the
site regardless of its in­
tended use.

Revegetation Practices

Revegetating surface-mined land
is perhaps one of the most critical
components of the reclamation phase.
Vegetation helps:

1. Stabilize the soil, thus
slowing erosion

2. Improve the visual quality
of the site

4.

5.

Establish
pable of
soil from
erosion.

vegetation ca­
stabilizing the
wind and water

3. Enhance wildlife habitat

4. Increase the productivity
and capability of the
site.

Many gravel operations last 20
years or more, and revegetation ef­
forts may not start until mining is
completed. Even then, it may take
several years for the new plants to
establish themselves. For this
reason, the operator should estab­
lish quick-growing grasses where
needed. Quick-growing grasses will
aid soil stabilization and improve
the visual appearance of the site.
If shrubs or trees are then planted,
they can establish strong initial
growth under the protection of the
ground cover.

Regardless of the types of
vegetation selected for planting,
there ~re several fundamentals which
should be observed:

1. Establish vegetation that
suits the proposed land
use.
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Each mine site is unique. When
selecting vegetative species, the
mine operator must consider local
availability, planting and mainten­
ance requirements, local soil and
climate conditions, the specific
reclamation plan, and many other
site-specific factors. The operator
may request assistance from the
local Soil Conservation District or
the County Extension Agent in
selecting vegetation. Additionally,
he can check with other operators to
determine the species that grow well
in the area; contact local nurseries
for advice on seeds and seedlings;
and consult local farmers, if pos­
sible. The operator should keep in
mind that the species called for in
the revegetation plan will be plant­
ed on soils containing mixed A, B,
and C horizons. Consequently, plant
growth response may be different
from normal agricultural situations.

Some mine operators may choose
to contract revegetation work to
local farmers. Specialized farming
equipment (harrows, cultivators,
seeders, mowers, fertilizer spread­
ers, and irrigation equipment) may



be necessary. Sometimes,
mining equipment can be
modified to perform the
tasks.

however,
slightly
required

soils), and other soil additives may
be necessary. Table 4 lists some
common soil problems and their rec­
ommended treatments.

Surface Preparation. After
soil has been respread, or' surface
materials graded to the appropriate
configura tion, revegetation efforts
should be started. Two important
procedures will help insure planting
success. First, compacted soil and
large soil clods should be loosened,
and second, the planting surface
should be roughened. Large boulders
and other extraneous matter should
also be removed. The time span be­
tween surface preparation and plant­
ing or seeding should be minimized.
The longer an unvegetated surface is
exposed, the greater the risks of
erosion. Seeds or seedlings should
be ready for planting when the sur­
face preparation activities are
completed.

The season of the year should
also be taken into consideration
when preparing the planting surface.
If the ground is frozen or muddy,
proper grading and soil spreading
techniques are difficult to under­
take, but this does not necessarily
mean that wet periods must always be
avoided. Taking advantage of the
maximum.rainfall periods can help in
the establishment of new vegetation.
Water is the most critical factor in
establishing new plant growth. Some
types of plants may require large
amounts of water (i.e., large shrubs
and tree seedlings), but grasses and
legumes can usually get a good start
with natural precipitation.

Fertilizers, Mulch, and Other
Soil Additives. Frequently, re­
spread sailor graded fill material
may need help to grow plants suc­
cessfully. Fertilizer (or plant nu­
trients), mulches (for erosion con­
trol and organic matter), lime (for
acid soils), gypsum (for alkaline
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Basic plant nutrients are ni­
trogen' phosphorus, and potassium
(chemical symbols, N, P, and K).
Fertilizers containing these nutri­
ents can be purchased, but soil
tests should first be performed to
determine how much fertilizer, if
any, should be added. Recommenda­
tions from the tests can be used in
selecting the appropriate fertil­
izer.

Soils tests are not very expen­
sive. Agricultural schools and some
state agencies can perform the basic
soil nutrient tests for little or no
cos t. They can then recommend the
amount of fertilizer needed in
pounds per acre, as well as the ap­
propriate application procedures.

Fertilizer can be applied with
hand-held spreaders and/or special
equipment. Fertilizer can sometimes
be mixed with seeds and water and
applied using special tanker trucks,
called hydroseeders.

The operator should investigate
other types of fertilizer that may
be locally available and less expen­
sive. Farm manure and sludge from
sewage treatment plants can be good
alternatives to . commercial fertil­
izers.

'Mulch is applied to the soil
surface to help control erosion, to
conserve moisture for new vegeta­
tion, and sometimes, to supply or­
ganic matter to the soil (if the
mulch is made of biodegradable or­
ganic material). Common types of
mulch are straw, wood chips, peat,
plastic netting, jute netting, and
chemical mulches (or soil stabil­
izers). Generally, the cheapest are
straw, hay, or wood chips, depending



TABLE 4. COMMON SOIL PROBLEMS AND RECOMMENDED TREATMENTS

Soil Problems

Acid soil low pH (less
than 5.5)

Low fertility

Rocky soil

Dry soils

Wet soils

Dense, compacted soils

on local supply and availability.
Jute and plastic netting are expen­
sive, as are chemical soil stabil­
izers.

Mulches are particularly bene­
ficial on sloping ground, where ero-
sion and water retention are criti­
cal factors.

Straw is available almost
everywhere and is relatively inex­
pens i ve. It fIIay be applied by hand
or with special equipment. Straw
covers the soil surface and protects
it from the impact of raindrops and
the eroding effects of flowing
wa ter. Stral" can be helrl in place
by either crimping or tacking.
Crimping is accomplished by pushing
some of the straw into the ground so
that the soil itself holds the
straw. Crimping can be done with a
shovel or with a special piece of

Recommended Treatment

Apply lime in amounts deter­
mined by soil testing.

Add fertilizers in amounts
determined by soil testing.

Remove boulders and large
rocks and bury beneath the
su~face or use as riprap.

Use drought-tolerant plants,
mulches, organic material,
mix clay soil in with sandy
soils to hold water.

Provide good drainage and
use plants that are adapted
to a lot of moisture.

Loosen the soil, break up
compacted layers with disk
or cultivator type equip­
ment.

equipment called a crimper. Tacking
refers to the practice of securing
the straw to the ground with wire
loops, asphalt binders, chemicals,
or special netting.

Straw mulch is used to shield
young plant shoots from the sun and
help protect them from wind. Straw
also forms a shield over the soil,
and helps prevent the evaporation of
water held near the soil surface.
As plants mature, the straw will
slowly decay and become incorporated
into the soil as organic matter.
Soils with abundant organic matter
hold water longer than soils with
small amounts of organic matter.

Seeding and Planting. There
are basically four types of vegeta­
tion that are sui table for revege­
tating a mined sand or gravel opera­
tion:
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Grasses and legumes are the
least expensive, while shrubs and
trees are the most expensive. The
cost of shrubs and trees depends
largely on their size and stage of
maturity, Appendices 3 and 4 list
some commonly used grasses and leg­
umes, and Appendix 5 lists some
commonly used trees.

. Grasses and legumes are the
most common types of plants used in
vegetation. They establish quick
growth and provide a complete ground
cover in a short period of time.
Trees and shrubs, on the other hand,
grow more slowly, but their deep
root systems eventually will stabil­
ize the material more effectively.
Actually, the most effective way to
control erosion with vegetation is
to combine plantings of grasses,
legumes, shrubs, and trees.

During the premining phase, the
operator should consider the follow­
ing:

1. What species, or mixture
of species, will grow best
and be most suited to the
£ina 1 land use?

2. Is seed available locally,
and in adequate supply?

3. How many fertile seeds per
acre will be needed?

4. How deep should seeds be
planted?

5. What is the best method of
applying seeds (by hand,
seed spreaders, drill
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seeders, or mixtures of
water, seed, fertilizers
and mulch, called hydro­
seeding)?

What is the best time of
year to plant?

7. Is the selected grass
species native to the area
or adapted to local soil
and . climate conditions?

Legumes are plants that are
frequently seeded with grasses.
They are beneficial in that they as­
sist in converting the nitrogen in
the air into an essential plant nu­
trient. Clover and lespedeza are
examples of common legumes planted
with grasses (Figure 26).

Some problems may be encounter­
ed when only grasses and legumes are
planted. Low-growing vegetation
will protect the soil from erosion,
but it could have limited potential
as a wildlife habitat and is likely
to be visually unattractive. Al­
though the cost of reclamation will
also increase, the addition of trees
and shrubs will greatly improve both
the wildlife habitat and the visual
quality. Trees and shrubs could re­
quire additional maintenance, as
they may need to be frequently
watered and pruned.

As with grasses, trees and
shrubs should be adapted to the area
and suited to the proposed future
land use. They should be planted in
locations chosen to benefit the rec­
lamation objectives. Correct plant­
ing procedures should always be fol­
lowed. This includes preparation of
the properly sized hole for plant­
ing, careful handling of the root
bal), and assurance that planting is
done at the proper depth. When
dealing with expensive trees and
shrubs, the County Extension Agent
or a local nursery should be con-



FIGURE 26. THICK GROWTH OF COMMON LESPEDEZA (A LEGUME)

Since each sand and gravel mine
has its own special conditions, the
operator should check with knowl­
edgeable individuals concerning
plants most suitable for use in the
particular area. Sources which may
be of assistance include:

whenever natural conditions are
likely to affect plant growth.
Clayey, sandy, or rocky soils should
be seeded or planted with vegetation
that grows well under existing con­
ditions. If an area receives sig­
nificant rainfall, select plants
that require and use a lot of water.
If the area is dry, plant drought­
tolerant vegetation.

2. Agricultural colleges

sulted about planting procedures.

Experimental plantings may be
conducted before significant revege­
tation work is started. A sample
plot, containing the same soil as
the area to be planted, may be used
or revegetation can be accomplished
in stages, with small parts of the
regraded mine site being planted and
evaluated. This procedure will pro­
vide an indication of what will and
will not grow, as well as the plant­
ing techniques that work best.

If acid soils are encountered,
the operator should use plants that
can tolerate or may be adapted to
such conditions. If alkaline soils
are encountered, plants that can
tolerate these conditions should be
selected (refer to Figure 16). This
concept should always be applied
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1. Soil Conservation
tricts

Dis-



3. Local farmers

4. Local nurseries

5. County Extension Agents

6. Other sand and gravel mine
operators.

Irrigation and Maintenance.
After seeding and planting, irriga­
tion may be required. Additionally,
occasional maintenance will be need­
ed. In selecting the types of vege­
tation to be used, the operator
should cons ider these requirements.

Low-maintenance vegetation that
regenerates without difficulty, does
not need large amounts of water, and
is not highly susceptible to disease
or pest problems. Maintenance costs
money. If vegetation can maintain
itself, cost savings will be realiz­
ed by the opera tor. In an ecologi­
cal sense, the operator is attempt­
ing to establish a "climax" commun-

. ityof vegetation. A "climax" com­
munity is one in which different
types of vegetation are thriving and
growing well in balance with the en­
vironment, without assistance from
mankind.

The most critical vegetative
requirement after planting is water.
In arid or semi-arid climates, irri­
gation may be necessary. There are
some problems with irrigation, how­
ever. It can be expensive and, in
some instances, water rights may not
be available to the operator.
Plants can also be adversely affect­
ed by irrigation. When plant~ start
to grow, they may become accustomed
to more water than natural rainfall
is able to supply. After irrigation
stops, they no longer receive the
ext ra water supply and may die. It
is a good idea to irrigate the new
vegetation with the same amount of
water that local precipitation is
able to supply. When the time comes
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to cease irrigation, it should be
done on a gradual basis. This pro­
cedure may help to reduce water
stress problems with the plants.

Many types of grasses need to
be mowed periodically, particularly
in early stages. Mowing allows
vegeta tion enough room to grow.
Weed problems can also be controlled
by mowing or through use of weed
control chemicals. In any event,
the operator should plan to prevent
weeds from overgrowing the site and
killing valuable vegetation.

Grasshoppers and other species,
including rodents, can be harmful to
newly vegetated areas. Over-grazing
by domestic stock and wildlife can
also be harmful. Pesticides and ro­
dent control poisons may be effec­
tive, but many are environmentally
undesirable and should only be used
if absolutely required. Grazing
control can be accomplished by con­
structing fences .

There is almost always some de­
gree of revegetation failure. De­
pending on regulations and other
concerns, the operator may find it
necessary to reseed, refertilize, or
replant some areas where revegeta­
tion efforts were unsuccessful.
This is especially true if the re­
lease of the reclamation bond de­
pends upon the success of revegeta­
tion efforts. Some seeds and fer­
tilizer should be saved for "touch­
up" planting.

Figure 27 shows an area that
requires additional seeding. Figure
28 is a successfully revegetated
sand and gravel .mine site.

The best way for the operator
to save on main'tenance costs is to
select low-maintenance plants, care­
fully plan the revegetation work,
and perform revegetation activities
correctly the first time.



FIGURE 27. AREA IN NEED OF ADDITIONAL SEEDING

NOT REPRODUCI BLE

FIGURE 28. SAND AND GRAVEL MINE WHERE REVEGETATION
EFFOR TS WE RES UCCESSF UL .,
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Restoring Surface Drainage

Frequently, sand and gravel
mining requires the alteration of
streams, construction of drainage
diversion ditches and dewatering
trenches, construction of sediment
ponds and holding ponds, and other
changes which may have some effect
on surface water conditions. Regula­
tions may require the operator to
develop plans for handling surface
water during and after reclamation.
Special permits may also be required
from the U. S. Army Corps of Engi­
neers and the appropriate state
water control agency.

In the premining planning
stages, the operator should deter­
mine whether changes in surface
water conditions will be temporary
or permanent. If the changes are
temporary, the disturbed surface
water may have to be restored to its
original condi tion. If the changes
are permanent, special procedures
may be required to insure that the
new surface water conditions will
maintain water quality, control
stream channel erosion and sedimen­
ta tion, and provide a sui ~_able re­
placement habitat for aquatic wild­
life.

If a stream is diverted from
its original course to keep it from
interfering with mining ~perations,

the operator should decide whether
it will be le ft in the new channel
or relocated to its orginal channel
after mining. Either way, plans
should be made to maintain the vol­
ume of stream flow and the stream
gradient. This will assure that ap­
proximately the same amount of water
will continue to flow downstream,
and that the erosion rate will also
remain constant. In many instances,
stream banks may need to be riprap­
ped and check-dams installed to con-

. trol erosion and the stream grad­
ient.
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An important aspect of stream
diversion is the maintenance of
aquatic wildlife habitat, both
stream and stream bank habitat. If
the stream pooled frequently before
it was diverted, it should have
pools after relocation. I f the
stream banks were thickly vegetated
and provided a special type of wild­
life habitat, an attempt should be
made to reestablish these condi­
tions.

Strong emphasis is always plac­
ed on the water quality of streams.
Any stream relocation program should
strive to maintain or improve water
quali ty. In some areas, if stream
water quality cannot be maintained,
the operator may find it necessary
to develop alternate plans. Tech­
niques such as riprapping, replant­
ing streamside vegetation, and main­
taining stream gradients all serve
to help maintain water quality.

Similar concepts apply to
drainage diversion ditches and de­
watering trenches. If intended to
be temporary, they should be filled
in, planted, and stabilized during
reclamation. When runoff and drain­
age diversion are no longer needed,
they should not be left to stagnate,
dry up, contribute to erosion, or
reduce the visual quality of the
area. The operator should backfill
di tches , grade the top to the de­
sired slope, and plant vegetation.

If some or all diversions are
to be left in place, steps should be
taken to stabilize channels and in­
sure adequate water quality. Tech­
niques similar to stream reconstruc­
tion should be used. Riprap, bank
revegetation, and improvement of
wildlife conditions should all be
considered.

Sediment ponds, process-water
holding ponds, and any other stand­
ing bodies of water used during the



mlnlng operation must also be con­
sidered. If temporary, they should
be removed and reclaimed when they
are no longer needed. If permanent,
they should be constructed with
stability and final land utilization
in mind.

may not be encountered. In fact,
depressions left after mlnlng may
hold water, and actually serve as
groundwater recharge areas. How­
ever, in operations where extraction
interferes with seasonal high water
tables, problems could result.

Gwoundwater

SPECIAL RECLAMATION CONSIDER­
ATIONS

1. Will there be enough water
to keep them filled?

The following points should be
considered when designing ponds that
may be left after mining:

Initially, the level of water
in the excavated mine pit is slight­
ly below the surrounding water
table, but the pit generally fills
with groundwater once mining and de­
watering are discontinued. Over a
period of time the ponded water and
the groundwater table reach the same
level. Before the two water levels
reach equilibrium, however, there is
a slight reduction in the water
table adjacent to the pit. This
happens because more water can be
s to red in the pit a rea than in the
adj acent undisturbed soil and rock
material. When groundwater reaches
a large void, such ~s a gravel pit,
the groundwaterfi lIs the void, and
is significantly reduced in thp

In most cases, groundwater
tables will restore themselves' 'to
their original elevation once mining
and reclamation have been completed.
This process takes time, but there
is evidence that no significant
long-term drops in water tables will
directly result from sand and gravel
mining. Excessive pumping of
groundwater and droughts are far
more common causes of a decline in
the water table.

Groundwater quality is rarely
affected by sand and gravel mlnlng
operations. Acid drainage and toxic
material problems generally do not
occur. However, problems could
arise if fuel, chemicals, oil, or
grease are frequently spilled on the
site and not attended to in regular
maintenance activity. With proper
handling, storage, and removal of
used oil, fuel tanks, etc. during
mining, groundwater pollution can
likely be avoided.

contribute
land use?

Can the quality of water
be maintained?

Will the pond
to the final

Has wildlife habitat been
considered, particularly
in relation to the type of
vegetation around the
pond?

How frequently will main­
tenance be required?

4.

3.

6.

5.

2. Are the pond dams and·
banks capable of holding
the water permanently, or
could erosion, leakage,
and overtopping occur?

There always exists the poten­
tial that extraction activities
could affect the elevation of water
tables, change the direction and
rate of groundwater flow, and reduce
ground\vater quality. If excavation
is conducted above the seasonal high
\\'dLer tahle, significant problems

Temporary ponds should be de­
watered, backfilled, graded, and re­
vegetated. Reclaiming temporary
ponds is as essential as reclamining
the pit area.
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aquifer. A gravel pit may cover a
small area relative to the area oc­
cupied by an aquifer. Therefore,
any problems that arise are usually
confined to the immedia te vicinity
of the mine site. Figure 29 illus­
trates what could potentially occur,
sho~ld the groundwater table be in­
tercepted by extraction activities.
When potential groundwater problems
are evident, a professional hydrol-

ogist should be asked to address the
problem.

Just as water can flow from the
groundwater table, it can also flow
into the water table. In dry
seasons, for example, water tables
may drop naturally and water ponded
in a pit can actually recharge the
groundwater table. In southern
California, where water is relative-

-.. t--~ POND SIJRFAC E K----
NORMAL ...\-

~

7 r
WATER l"ABLE SLIGHT REDUCTION
ELEVATION IN VJA"-E.R TABLE

(AS PITS FILL WITH GROUND WATER, A REDUCTlON
IN THE WAT ER TABl E MAY RESULT)

POND SURFACE
--- - \

~ - ------

r
- 7

WATER TABLE
ELEVATlON

I (ONCE PI! \S F\LLED, WATER TABLE AND POND
SURFACE REACH EQUILIBRIUM.)

POND SURFACE

- - ~

----_/\ 71'-- -- ----. i
DROUGHT SUGHl" RISE IN

WATER TABLE WAIER TABLE
ELEVf:\TION

(IF WATER TABLE IS LOWE R, POND MAY SERVE
AS A RECHARGE AREA.)

FIGURE 29. ILLUSTRATION OF THE POTENTIAL EFFECTS OF
EXTRACTION ACTIVITIES ON GROUN DWATER

72



ly scarce, gravel pits are often
. used for this purpose. Operators
must take care to keep the water
which may flow into the water table
relatively free of pollution and
pollution-producing materials. Rec­
lamation should be geared to ade­
quately cover any toxic materials
exis ting around pit areas, and to
reduce the potential for erosion and
sedimentation.

Generally, reclaimed pit areas
do not alter or reduce the flow of
groundwater. This does not hold
true in all situations, however.
For example, if a landfill is pro­
posed for the final site use, the
pit floor may have to be lined with
a layer of clay to prevent ground­
water movement into or out of the
site. Proposed land uses, and the
reclamation activities required to
achieve such uses, should be care­
fully evaluated during the premining
planning phase to determine their
potential impact on groundwater
resources.

Natural Hazards

As discussed in Section I,
areas prone to landslides and flood~

ing could be the source of problems
during the extraction phase of the
mining operation.

Many sand and gravel operations
are located on the floodplains of'
streams or rivers. Usually this is
considered a viable interim use of
land, because the construction of
permanent structures, such as
houses, is generally restricted on
floodplains. Potentially, however,
sand and gravel operations could
change the flood characteristics of
a stream, resulting in negative ef­
fects both up and downstream. Ponds
could be created by floodwaters en­
tering pit areas 02 by the backup of
flow created by stockpiles and waste
rna terial. When a pond overflows,
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or the water tops temporary dams, a
surge of sediment and water can flow
into the stream. On the other hand,
a pit may serve as a storage area
for excess water, thereby slowing
discharge into the stream.

A question that needs to be ad­
dressed by an experienced hydrol­
ogist is whether the sand and gravel
operation will increase, decrease,
or not in any way affect the po­
tential for flood damage. Agencies
such as the U.S. Army Corps of Engi­
neers can often provide data and
maps on flood characteristics.

Natural or man-made slopes can
slide under the influence of
gravity. When this happens, it is
referred to as a landslide. Natural
slopes surrounding the mine site may
be subject to landslides. This is
also true of waste piles and soil
stockpiles. Some important points
to consider in helping prevent land­
slides are listed below:

1. Do not overload the top of
slopes. This cari increase
the weight resting on top
of the slope.

2. Do not underload the base
of the slope. This de­
creases the weight resting
at the bottom of the
slope.

3. Do not allow water to flow
on, or into, the slope.

The most common slope stability
problem results from excavating,the
resources to the entire extent of
the property boundary. Thisaction
leaves a vertical wall which can
slump or slide into the pit area.
If this happens, the adjacent prop­
erty may be affected. The operator
should remember that the steeper and
wetter the slope, the greater the
potential for landslides.



Haul Roads and Other Mine Site
facilities

The reclamation of haul roads,
access roads, preparation plant
areas, office and scale house areas,
and other ar~as disturbed by ~ining­

related activities should be con­
sidered when preparing the reclama-
tion plan. Excavating ground for
these types of facilities can lead
to jllst ;IS Illllch ponutiofl dnd visua.1
damage as Lhe excava lion of the
resource pit. Many regulations re­
quire that such areas and facilities
be reclaimed along with the pit
area.

When mInIng has been concluded,
the firs t step should be to remove
structures, preparation equipment,
and other salvageable materials used
during the operation. Once these
have been removed, the reclamation
process will he very similar to that
conducted on pit areas.

Junk, scrap metal, or other un­
salvageable materials should not be
left on the mine site. When left to
be viewed by the general public, the
mine site may appear as a junkyard.
Also, such refuse could interfere
with reclamation, contribute to
water pollut~on, and adversely af­
fect visual quality.

Some roads may need to be left
as part of the final land use, or to
provide access to the revegetated
site for maintenance. Leaving a
road which serves no purpose, how­
ever, is not in the best interest of
successful reclamation.

Wildlife

Wildlife includes birds, mam­
mals, reptiles, amphibians, water­
fowl, fish, and even the very small
organisms living in stream bottoms
and surface water. Wildife habitat
refers to the combination of land,
water, and vegetation where wildlife
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may live and propagate. Both the
animals and their habitat are great­
ly disturbed by mining activities.

The federal government has
strict regulations protecting en­
dangered, threatened, and rare
species of wildlife. The U. S. Fish
and Wild.1ife Service maintains lists
of the regulated species and it
would be wise for the operator to
check with th i s agf'ncy before min­
ing. SLaLe fish and wildlife
agencies also maintain lists of pro­
tected species. The more endangered
a wildlife species, the more strin­
gent the requirements concerning
that species.

In heavily populated urban
areas there may be little wildlife
regulation, while in suburban or
rural areas, regulatory requirements
may be greater. In populated areas,
however, local citizen or community
groups may oppose a mining operation
on the grounds that it will disrupt
wildlife.

A sand and gravel mInIng opera­
tion can affect wildlife in several
ways by destroying vegetation,
altering the water supply, creating
noise, adding human presence, and
silting the water. When habitat is
destroyed, various parts of the food
chain are removed or driven away.
All parts of the food' chain are then
affected.

If the mine site provides habi­
tat for large numbers of a certain
specie-s, they could be removed.
Some operators initiate plans to
trap the wildlife and move them to
another location. Such species may
eventually migrate back to the min­
ing site after reclamation has been
completed, if reclamation provides
acceptable habitat conditions.

Many reclaimed or abandoned
sand and gravel mining sites become
havens for wildlife. There are



numerous reports that old gravel
mines in various parts of the
country have some of the highest
concentrations of wil~life found in
th~ nation.

the. following characteristics
of sand and gravel pits combine to
make good wildlife habitat. They
should be remembered when planning a
wildlife-related land use for the
site:

1. Presence of water

2. Vegetative cover

3. Boulders, slash, slopes

4. Beaches

5. Food sources.

Many pit areas fill with water,
through groundwater seepage, runoff,
or both .. Once a pond has been estab­
lished, various wildlife species may
again start to occupy the site.
Fish eggs are brought in by water­
fowl and other birds, mammals seek
drinking water, rodents and reptiles
reside in scattered piles of gravel
and boulders. Eventually, a wild­
life community may become establish­
ed. If reclamation is directed to­
ward the establishment of wildlife
habitat, the operator should plan to
provide food, cover, and water. Di­
versity (different and varying
across the site) is also' necessary
in establishing good wildlife habi­
tat.

Reclamation for wildlife habi­
tat can be planned for a "target
species" or a "diversity of
species. II Generally, a diversity of
species is more desirable. In
either case, a knowledge of wildlife
needs is necessary. If a "target
species" is desirable, such as duck,
the grading of pond banks and the
establishment of vegetation and

75

other cover should be carefully
tailored to species needs.

When planning for wildlife, the
operator should consult the appro­
priate state fj sh and wi Idli fe
agency and/or the U.S. Fish and
Wildlife Service for technical as-·
sistance.

Waterways

Although only about ten percent
of the total construction aggregate
supply comes from waterway dredging,
this mining method can lead to sub­
stantial pollution problems (see
Section IV). There are two types of
dredging methods. One involves a
shore-based dragline or shovel, and
the other involves a floating dredge
located in the waterway. Both ex­
cavate material from the bottom of a
stream or lake. Reclamation associ­
ated with dredgil)g activities usu­
ally focuses only on the disturbed
shore area.

Streams and lake bottoms are
obviously disturbed by any dredging
activity. Both the habitat and the
bottom-dwelling aquatic life are de­
stroyed. The natural bed load (ma­
terial carried along the bottom by
the movement of the stream) deposits
in the holes left by the dredging
equipment. After dredging has stop­
ped, natural processes will gener­
ally restore the bottom environment.

If the floating dredge method
is used, the excavated material
could be pumped ashore to a process­
ing plant. Some dredging operations
process the material onboard, with
only stockpiles and loading areas
onshore. Whatever the situation,
any land disturbed onshore should be
reclaimed. Unlike a land-based
gravel mine, shore disturbances as­
sociated with dredging do not leave
pits in the ground. Shore-area dis­
turbances usually include devegeta­
tion, road construction, plant con-



struction, stockpiles,' and sediment
ponds to treat discharged process
water (see Figure 30). Reclamation
activities would generally include
the remova 1 of structures, grading
stockpiles and other disturbed land
areas, and revegetation. Vegetative
buffer zones may be required along
some streams, especially trout
streams, to reduce sedimentation and
to help maintain low water tempera­
tures.

Care should be taken to restore

wildlife habitat along a disturbed
shoreline. Typically, shorelines
are the most important component of
wildlife habitat. A major diffi­
culty with shoreline reclamation is
the longevity of dredging opera­
tions. Since the dredging operation
may continue for many years, the ex­
cavated material could be constantly
replenished and the shore facilities
would remain in stationary use for
the life of the operation, thus mak­
ing revegetation impractical.

-

NOT REPRODUCI BlE
FIGURE 30. STREAM BANK DISTURBANCE CAUSED

BY SHORE·BASED DREDGING
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SECTION IV. POLLUTION CONTROL PRACTICES

Some of the significant points addressed in this section are:

1. Control of pollution may be required by local, state, and fed­
eral laws.

2. Controlling pollution may greatly improve the mine operator's
image within the community, as well as increase property value.

3. The most common pollutants resulting from the extraction of sand
and gravel resources are sediment, dust, and noise. Unappealing
visual features associated with the operation are generally con­
sidered a form of pollution by the public.

4. Pollution control practices should be planned, designed, and
started before any extraction of the resource, and continued un­
til complete reclamation has been achieved.

5. Themos t effective pollution control practice is pollution pre­
vention.

OVERVIEW

Soil particles carried away by
wind become pollution. Sediment en­
tering streams becomes pollution.
Even noise is a form of pollution.
Control of pollution on sand and
gravel mines is required by most
state and local laws. If properly
planned and implemented, pollution
controls can alleviate many commu­
nity concerns and increase the value
of land after mining.

Some pollution contro 1 devi.ces
can be installed before mining be­
gins, such as sediment ponds and
drainage diversions. Pollution con­
trol practices should be carried out
for the life of the mining opera­
tion. Some may even be continued
after reclamation. By complying
with pollution performance stan­
dards, the operator will help avoid
violations and potential shutdowns
by the regulatory authority. Re­
cla iming and leaving the mine site
in a stable, pollution-free condi-
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tion is essential in obtaining bond
release. If very sensitive environ­
mental conditions exist at the mine
site, pollution monitoring may be
required after mining in order to
obtain bond release.

The most common pollutants usu­
ally associated with sand and gravel
mining are erosion and suspended
solids (sediments) in streams, fugi­
tive dust, and noise. Additionally,
unappealing visual features associ­
ated with the mine site are often
considered a form of pollution (vi­
sual pollution).

Problems resulting from these
and other forms of pollution, and
some practices which can be used to
control them, are examined in this
section.

EROSION AND SEDIMENT

In this port ion of the gui de,
some of the causes and problems re-



lated to eros Lon and sediment are
discussed. Later in this section,
practices for reducing erosion and
trapping sediment are described. The
information presented on causes of
erosion can assist the operator in
identifying potential sources of ex­
cessive erosion during the site an­
alysis. Information on practices
can guide the small operator in
selecting appropriate erosion and
sediment cant rol measures prior to
starting any extraction activities
on the mining site. Al though dis­
cussed as separate items in this
guide, the interrelated aspects of
erosion and sediment must be con­
sidered by the operator when plan­
ning control measures.

Erosion

Erosion is a natural geologic
process that can be accelerated when
vegetation is· removed and land is
disturbed by mining activities. Ero­
sion can best be defined as the de­
tachment and movement of material
from one place to another. The
major agents of erosion are water,
wind, and gravity. Of the three,
running water is the most signif­
icant. The amount of water erosion,
and its impact upon an area, are in-
fluenced by four c6nditions:

1. Clima te

2. Soil

3. Vegetation

4. Topography.

Although not as signi ficant as
water, wind can also lead to erosion
problems on sand and gravel mine
sites. Under natural vegetative
soil conditiofls, wind erosion takes
place at ~ slow g~ologic rate. Dur­
ing mining, however, the erosive ac­
tion of wind can he accelerated.
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An important factor of the
water erosion process is the "bal­
ance between infiltration and run­
off." Runoff is the amount and rate
of water that flows over· the land
surface and eventually enters
streams. During the early stages of
a rainfall event, much of the water
seeps (infiltrates) into the soil.
Vegetation not only helps the soil
hold more water, but also binds the
soil particles together, protecting
the soil surface from erosion. Dur­
ing a heavy rainfall, the soil can
become saturated to the point tha t
water no longer infiltrates. Exces­
sive runoff can then occur. When
the vegetation is removed and soils
are disturbed, the infiltration and
runoff balance is altered, and run­
off usually increases. Increased
runoff, flowing over land void of
vegetation, leads to accelerated
erosion. Figure 31 shows an example
of the effects of accelerated ero­
sion.

Sand and gravel mining requires
both vegetation removal and soil and
earth moving. Furthermore, slopes
are sometimes created where flat or
gently sloping ground previously ex­
isted. All of these factors in­
crease the potential for accelerated
erosion. The operator must be aware
of these factors, anticipate poten­
tial sources, and plan to reduce
erosion to the extent possible.

Areas in and around the active
extraction pit are subject to exten­
siveerosion action. Unpaved haul
and access roads are vulnerable, and
areas cleared for preparation of
plants and other mine site struc­
tures are also susceptible to ero­
sion. Stockpiles of soil, waste
fines, and othe~ material can be
easily eroded due to steep slope
angles and the presence of fine­
grained material. Outlets from
drainage ditches and dewatering



NOT REPRODUCI BLE
FIGURE 31. EXAMPLE OF ACCELERATED EROSION

trenches are also subject to erosion
due to the concentration and veloc­
ity of large water volumes.

The erosion of soil, either in
place or from a soil stockpile,
presents a dua 1 problem. Not only
is there a potential for a sediment
problem, but the soil itself is be­
ing lost. Soil is a valuable ma­
terial resource. Allowing it to
erode away is similar to building a
subdivision on an unmined gravel de­
posit. In both cases, an irreplace­
able resource is lost.

Sediment

The formation of sediment and
resulting sedimentation are the most
common pollution problems associated
with sand and gravel mining. Water,
running over exposed soil and rock,
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creates sediment. The term sediment
refers to the solid fragments,
grains, and particles detached and
moved from exposed soil and rock by
the water erosion process. When
sediment enters natural drainage­
ways, it becomes a form of pollution
(suspended solids). The depositing
of sediment materials is a process
called sedimentation. Solid parti­
cles stay suspended since they are
small and lightweight, and can be
carried by the energy of a flowing
stream. Sedimentation occurs when
the stream loses the energy required
to carry the suspended solids.

It is important to remember
that streams carry a natural sedi­
ment load. Mining activities can
serve to increase the stream sedi­
ment load by creating an unnatural



condition, thus leading to potential
sedimentation problems. I f an op­
erator c~n reduce the potential for
erosion and sedimentation, the po­
tential for pollution can also be
reduced.

Not every mining operation
cre~tes sediment problems and mining
is not the only cause of erosion and
sedimentation. Construction and
farming ~ctivities also contribute
to the problems. Examples of prob­
lems associated with excessive sedi­
ment are listed below:

other water distribution
systems.

7. Sediment could potentially
carry other pollutants,
such as pesticides and
bacteria clinging to sedi­
ment particles carried
downstream.

EROSION AND SEDIMENT CONTROL
PRACTICES

Controlling Erosion

Sediment muddies water and
is visually unappealing.

Suspended sediment and/or
resulting sedimentation
impact fish and other
aquatic life forms.

Sediment can be deposited
in stream channels, clog
flow, change the stream
course, and possibly
change flooding character­
istics.

When a stream enters a
lake, reservoir, or other
body of water, flow veloc­
i ty is reduced to the
point where suspended
solids are deposited. As
a result, water-holding
capacities can be reduced,
and navigation can ul­
timately be disrupted.

vegetationRe-establish
promptly.

3.

2. Leave disturbed land areas
exposed only for the per­
iod of time required to
extract the resource

1. Disturb the least amount
of land possible

If the mine site is large
enough, the operation could be plan­
ned and conducted in stages (see
ltMining and Reclamation Plans," Sec­
tion I). In this mining method, ex­
traction occurs on a portion of the
site while other portions remain un­
disturbed. After the resource is
removed, reclamation can be started
on the first portion, while extrac­
tion is started on an adjacent por­
tion of the site. This approach may

Supporting measures which can
be used include diverting runoff
away from exposed areas, and reduc­
ing the speed (velocity) of runoff
where possible. More expensive, but
equally effective supporting mea­
sures include paving, riprapping,
graveling, and/or mulching areas
highly susceptible to erosion.

There are three basic practices
which the sand and gravel operator
can use to reduce the impacts of
erosion:

could
the

pur­
water

dam­
and

sediment
on farm­
valuable

Suspended sediment
prevent the use of
water for domestic
poses, increase
treatment costs, and
age pipes, pumps,

During floods,
can be deposited
land and other
lowland property.

6.

2.

3.

1.

5.

4.
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not be applicable to all small op­
erations, but it is an example of a
means to minimize the amount of
acreage disturbed and exposed at any
one time.

Reducing the amount of time
that soils are left void of vegeta­
tion can reduce the amobnt of ero­
sion occurring during an excessive
rainfall event. The operator should
also plan to avoid disturbing vege­
tation and s~il for weeks before ex­
traction activities are to be con­
ducted. Extraction should be com­
pleted as quickly as feasible in
order to reclaim and stabilize po­
tential sources of erosion in a
timely fashion.

Establishing quick-growing
species of vegetation on exposed

. soil or soil material is one of the
best erosion control practices.
Vegetation protects soil from the
impact of raindrops, slows runoff,
encourages water retention in the
soil, and filters some of the sedi­
ment carried by runoff. Vegetation
can be used to stabilize soil stock­
piles and regraded areas, and to
serve as a buffer along haul roads.
Grasses and legumes, planted in com­
bination, are recognized as the best
types of vegetation to use in estab­
lishing a quick ground cover. Annual
grasses, which will eventually die,
can also be used to provide a tem­
porary cover. Resulting temporary
growth is referred to as a "cover
crop," and used to protect exposed
areas until long-lived vegetative
species are established.

The operator should remember
that a few scattered shrubs or trees
will not provide adequate cover, or
protect the ground surface as well
as grasses. By the same token,
areas reclaimed exclusively with
grasses may not be visually attrac­
tive and could limit wildlifepoten­
tial.
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Runoff diversion can be ,accom­
plished with diversion ditches. The
primary purpose of this measure is
to keep water from flowing over ex­
posed areas. There is no way to
divert all rainfall and runoff away
from erosion-prone areas but, by
diverting the runoff to other loca­
tions, some erosion can be reduced.
It is advisable to construct drain:"
age diversion ditches before extrac­
tion activi ties begin in order to
immediately reduce erosion poten­
tial.

Slowing the velocity of runoff
and stream flow reduces the energy
of the running water and, therefore,
reduces its erosion potential. Run­
off velocity can be slowed primarily
by reducing slope steepness, but
other measures can be used. Check
dams and controlled gradients in
diversion ditches and streams will
help reduce the flow velocity.
Along with decreasing slope steep­
ness, decreasing the length of
slopes will be beneficial. The
creation of long steep slopes should
be avoided where possible. Such
slopes enable runoff to gain speed
and increased momentum, two factors
which can increase the erosion po­
tential of the water.

On areas that are especially
prone to erosion, non-vegetative
controls can also be used. Haul
roads can be paved, graveled, or
oiled to help seal the surface and
reduce erosion. Stream and diver­
sion channels can be lined with rip­
rap, and steep slopes can be mulched
(e.g. straw or jute netting) to sup­
port vegetation. These measures can
be expensive, but in critical areas,
their costs may be justifiable.

Unpaved haul and access roads
are highly susceptible to erosion.
When considering the location of
haul roads, operators should avoid
steep slopes, if at all possible.



Additionally, road gradient should
be minimized.

Thefolluwing points should be
considered when designing and con­
structing haul roads:

1. Cuts and fills
stabilized by
~ompacting fill
arid revege tating
turbed cuts.

should be
properly
material
the dis-

prevent and control erosion, some
sediment will be generated during
the mining operation. Methods to
control and reduce the impacts of
sediment are presented below.

Trapping Sediment from Land­
Based Mines. Assuring that drainage
leaving the mine site meets regula­
tory environmental standards for
water quality will help the operator
avoid pollution violations.

ControllingSedim ent

Regardless of the efforts un­
dertaken by the mine operator to

By controlling erosion at its
source, the operator can m1n1m1ze
sediment pollution, conserve valu­
able soil material, and reduce water
treatment costs. Water treatment in
this case refers primarily to sedi­
ment ponds used to retain mine
drainage long enough to allow sedi­
ment to deposit. Controlling ero­
sion at its source can also save
money by possibly reducing the num­
ber and size of sediment ponds that
may be requi red by the regula tory
authority, and by reducing the num­
ber of times that sediment ponds
have to be cleaned.

/

2.

3.

4.

Drainage ditches should be
constructed along the
roads, and a vegetative
buffer zone es tablished
beside the drainage ditch
and away from the road.

The road surface should be
sloped with a high point
in the middle so that
drainage flows off the
road, not along it.

A safety berm should be
constructed outside the
drainage ditch to control
water overflow.
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Trapping sediment before it en­
ters natural drainageways is a prac­
tice which will assist in conforming
to such standards. The operator must
remember, however, that he will
never be able to trap and retain all
sediment generated by extraction ac­
tivities. Sediment on the mine site
can be trapped in several ways:

1. Berms, benches, and con­
tour furrows (ditches) can
be constructed on slopes.
These slow down runoff and
enable some sediment to
deposit (see Section III).

2. Vegetation, especially
dense grasses, can be used
as a filter to assist in
removing some ~ediment

from flowing water.

3. Sediment ponds can be con­
structed and used to re­
tain drainage for a cer­
tain period of time, and
enable a significant
amount of sediment to be
deposited.

Of the three methods, sediment
ponds are most commonly used. The
theory behind all the methods, how­
ever, is basically the same. Running
water has energy to carry sediment
particles. If the speed of the
water is reduced, so is the energy.
Without the necessary energy, the
sediment particles can no longer be
carried and will start to deposit.

. '. )



Therefore, . any method that slows
down the drainage will also help to
retain some sediment on the mine
site.

Vegetative establishment and
slope grading (e.g. benches or fur­
rows) are reclamation-type activi­
ties, but they also serve pollution
control functions. Typically, slop­
ing cannot be done until the mining
operation is well progressed. But
erosion and sedimentation can begin
with the first ground disturbance.

Diversion of runoff and con­
struction of sediment ponds gener­
ally· take place before mining
starts. Vegetative filters, if well
planned, can also be installed at
key locations on the mining site be­
fore extraction activities start.
Natural vegetation, when possible,
can also be used as buffers or fil­
ters.

Slope grading and vegetation
are discussed in Section III. -Since
sediment ponds are the most commonly
used techniques for trapping sedi­
ment, they are the primary topic of
discussion in this portion of the
guide.

Sediment ponds can be called by
various names, including silt ponds,
settling ponds/basins, settling la­
goons, holding ponds, or detention
basins. Regardless of what they are
called, the function is the same.
They retain all or part of the sur­
face drainage from the mine site for
a certain length of time, and enable
significant amounts of sediment to
settle to the bottom of the pond.
Sediment ponds should be constructed
in the early stages of the opera­
tion. The operator must select the
location of the structures care­
fully, to allow retention of drain­
age, and yet to be out of the way of
the extraction activities. These
structures and surrounding berms
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must be designed to hold a specified
amount of water safely. In some
areas, the State Water Engineer, or
a person of similar authority, must
approve the location and design of
sediment ponds, dams, and berms.

A sediment pond will not be ef­
fective if mine drainage is allowed
to bypass and directly enter off­
site drainageways. The operation
should be planned to allow all mine
site runoff and natural drainage to
enter one or more sediment ponds.
The locations selected for the
ponds, therefore, should be suitable
to receive the concentrated, divert­
ed drainage~ The excavation pit or
another part of the property can be
used for pond locations. Usually,
requirements are that they be locat­
ed within the approved permitted
area.

The size and specific design of
a sediment pond depends on the vol­
ume of water it is expected to hold,
and the amount of sediment antici­
pated. Generally, a pond is design­
ed to hold runoff resulting from a
major storm event. This is a safety
precaution, insuring that an unusual
rainfall event .does not overtop the
dam. Professional hydrologists and
civil engineers may be used to de­
sign the sediment pond using cri­
teria based on historic and antici­
pated storm runoff data. Operators
should check with the regulatory
authority to determine the type of
personnel qualified to design and
build such structures.

Allowing for extra height on
the dam and berms provides an added
safety measure should the water
level become higher than calculated.
This "freeboard" may also be requir­
ed by local or state regulations.

Certain problems that could oc­
cur with sediment ponds can often be
avoided through proper design.



Since the function of a sediment
pond is to retain water long enough
for sediment to deposit, anything
that speeds up the flow of water in­
to and out of the pond is a negative
factor. For example, if the dis­
tance between the inlet and outlet
of the pond is too short, the reten­
tion time may not be long enough.
Not only is th~ size of the pond im­
portant, its relative dimensions are
also important. Typically, sediment
ponds should be longer than they are
wide. Otherwise, water may enter the
pond at a high velocity, flow
through quickly, and discharge be­
fore a significant amount of sedi­
ment has had time to deposit. This
potential problem can often be
avoided by constructing obstacles or
small barriers (called "baffles") in
the flow path of the water. Baffles
slow water velocity to allow for
proper discharging.

The design of the pond dis­
charge, or outflow mechanism, is
critical. The discharge pipe can be
constructed through, or under, the
da~. If constructed through the
dam, it should be high endugh to al­
low water to pond, but low enough to
allow discharge before overflow oc­
curs. A problem associated with
discharge pipes, when constructed
through dams, is erosion around the
pipe. Resulting erosion could pos­
sibly weaken the dam. To avoid this
problem ,a riser pipe could be in­
stalled in the pond, rising verti­
cally from the bottom. When water
rises to a certain height in the
pond, it can flow down the riser and
horizontally out of the discharge
pipe. Eroding of the dam around the
discharge pipe can often be prevent­
ed using this approach.

When water starts to flow down
the riser pipe, a swirling motion
may occur in the pond (like water
draining out of a bathtub). This
motion does not a llow the pipe to
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perform properly, and can be avoided
by building fins at the top of the
riser pipe. These fins are called
"anti-vortex devices." These de­
vices will reduce the swirling ef­
fect and allow the water to flow to
capacity.

Outside the sediment pond
(downstream from it) there will be a
flow of discharged water. Once
again, this flowing water can cause
erosion, pick up sediment, and erase
the work of the sediment pond.
Placing rip rap or gravel around the
point of discharge will help control
erosion at this point. It may be
necessary to rip rap the discharge
channel farther downstream, at least
until the water reaches a stable,
natural water body.

Many sand and gravel operations
are located in floodplains. In some
cases, the sediment pond may be lo­
cated close to a stream. This could
create problems if the stream floods
and "washes-out" the pond,. or if
overflow and seepage from the pond
enters the stream.

To assist in controlling flood
and overflow problems, a large berm
could be constructed between the
stream and the sediment pond. The
height and construction specifica­
tions of this berm should be deter­
mined from storm records, flood
data, and other hydrologic informa­
tion. Since some floodplains fall
under the jurisdiction of the U. S.
Army Corps of Engineers, they may
have to approve these construction
plans. Some state agencies may also
be required to approve floodplain
construction. Additionally, some
states may have dam and reservoir
safety statutes, laws, or regula­
tions with which the operator must
comply.

In some instances, water from
the sediment pond could leak through



the berm or seep into the material
directly beneath the pond, and find
its way into the stream. This is
unlikely, unless a crack or other
condui t opens up between the sedi­
ment pond and the stream. If the
berm is constructed of materials
that have been adequately compacted,
seepage should be minimal. Also,
when water does seep through earth
or fill material, any sediment in
the water tends to be filtered.
Water escapihg the pond in this
fashion will generally be low in
sediment. The bottom of a sediment
pond is usually covered with a layer
of clay material. This type of bot­
tom layer helps to seal the pond
against leakage. Sediment usually
does not enter groundwater unless
there are direct openings to the
groundwater table. The percolation
of water through soil or rock mate­
rial will also help filter sediment.

Sediment deposition can be im­
proved with the use of certain chem­
icals. These chemicals will cling
to sediment particles and, in ef­
fect, make them heavier. The heav­
ier particles sink more rapidly.
Some chemicals will also help to
neutralize electrical charges and
assist in speeding up the settling
process. Clay particles can remain
suspended for a long time. This is
due to similar electrical charges
(on the clay particles and in the
water) that repel each other and
keep the particles moving. Chemical
settling agents, called "floccu­
lants," modify these changes and
allow particles to come together and
deposit. Use of these chemicals can
be expensive, and may not necessar­
ily increase the sediment pond's ef­
fectiveness.

If the sediment pond is func­
tioning adequately, the bottom will
fill up with fine-grained material.
When this buildup becomes too large,
the pond will become ineffective.
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Sediment occupies space that water
could occupy, and the additional
sediment entering the pond will not
be provided with sufficient settling
space. Ponds should be inspected
frequently, and when one-half full,
accumulated sediment should be re­
moved. Some disposal suggestions
are discussed in Section III.

Sediment Control in Dredged
Waterways. Dredging sand and gravel
from waterways stirs bottom sedi­
ments and suspends them in water.
Onshore processing of the dredged
material also contributes suspended
sediment to nearby streams or lakes
(see Figure 32). Naturally, if the
dredged material is processed on­
board, significant quantities of
sediment will be discharged.

Sediment caused by dredging and
on-board materials processing is ex­
tremely difficult to control since
the sediment is introduced directly
into the body of water (see Figure
33) . When using these procedures,
there is virtually no way to prevent
sediment from entering the waterway.
The problem becomes one of removing
suspended particles that are already
in the water.

As with land-based operations,
sedimentation can be ,partially con­
trolled by slowing down the flow of
water, and/or treating with chemical
flocculants. These methods have
been tried, but have proved mostly
unsuccessful. Another possibility
for waterway sediment control is the
use of silt or sediment curtains.
These curtains consist of filter­
type material and are placed down­
stream from the operation or arrang­
ed in a circle around the operation.
The curtain can· then act to filter
some of the sediment.

Stream flow tan be slowed down
and temporarily stagnated by dikes
or baffles. These structures pro-



NOT REPRODUCIBLE
FIGURE 32. SEDIMENT·LADEN WASTEWATER BEING DISCHARGED

FROM AN ONSHORE PROCESSING PLANT

trude from the shoreline and form
small dams. When water backs up be­
hind them, some of the sediment de­
posits to the bottom. This process
can also be helped by the addition
of chemical flocculants. The opera­
tor should carefully consider the
use of these techniques. Dike con­
struction and the use of chemical
flocculants are expensive and are
not always effective. The operator
must also remember that whenever
chemicals are introduced to a water
source, the potential exists for ad­
ditional pollution problems.

Sediment curtains are expensive
and require constant maintenance.
When the filter material becomes
clogged, it will no longer function
effectively. Periodically, the cur­
tain has to be removed and cleaned.
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Sediment control methods for
use in waterway dredging are more
theoretical than practical. When
cost is compared to effectiveness,
they may not prove to be worthwhile.
There is also evidence that much of
the sediment load may deposit natur­
ally before it is carried very far
downstream. Very fine-grained clay
material can, however, stay in sus­
pension for a longer period of time,
and thus be carried many miles down­
stream.

Onshore processing of dredged
materials allows for the use of more
effective sediment control measures.
Wastewater flow can be diverted to a
sediment pond to allow settling be­
fore it is returned to the stream.
Since significant amounts of sedi­
ment are usually generated in this



NOT REPRODUCI BlE
FIGURE 33. DREDGING STIRS SEDIMENT IN WATERWAYS

type of operation, the sediment pond
may have to be large, thus requiring
frequent cleaning. Since the sedi­
ment pond would most likely be lo­
cated in a floodplain or other low­
lying area, protection from flooding
and overflowing may also be requir­
ed. Large berms can be constructed
around the pond to prevent settled
s~diment from being washed into the
stream during high-water periods.

Most waterway dredging and
floodplain construction on larger
streams and rivers comes under the
jurisdiction of the U. S. Army Corps
of Engineers (by authori ty . of the
Rivers and Harbors Act of 1899).
The operator should determine legal
requirements prior to any excavation
or construction in the areas.
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Recycling Process Wastewater.
Another source of sediment associat­
ed with a sand and gravel mine site
is water used to process (clean) the
resource. This water is used at
both permanent and temporary on-site
preparation plants . After process­
ing, the water contains a large
amount of fi ne-grained sediment.

Large amounts of water are
needed to process the raw material.
In regions with arid climates, where
water rights are allocated, it may
be difficult to obtain an adequate
volume of water for such use. Re­
cycling (i.e., reusing) process
water will not only reduce the con­
sumptive use of water, but also help
to control the sediment problem.



Regardless of the supply situa­
tion, the operator should conserve
water. Recycling process water can
save up to 90 percent of the water
requi red to· run an ope ration. In
many cases, a small holding pond can
serve the purpose, with initial and
replacement water being supplied by
groundwater or stream flow. Opera­
tionsthat excavate below the water
table can utilize ponded water for
processing (see Figure 34). Recy­
cling process water will enable the
operator to contain most water on­
site and minimize flow into sur­
rounding streams. This, in itself,
is a valid pollution control tech­
nique. In fact, the U. S. Environ­
mental Protection Agency has deter­
mined that recycling process water
is the "best available control tech­
nology" for maintaining water qual­
ity on sand and gravel mines.

Fine-grained waste products are
flushed from the resource with the
process water. When discharged
water flows to a holding pond, the
sediment is allowed to deposit. An
intake pipe will draw water that has
been partially cleared of sediment.
Holding ponds act like sediment
ponds, except there is no discharge
to off-site surface drainage. As
wi th sediment ponds, holding ponds
should be cleaned periodically to
prevent sediment buildup and clog­
ging of pipes and pumps.

Some water may flow off convey­
ors and stockpiles in the prepara­
tion plant area. To keep this water
from flowing into streams, small
holding ponds can be used (see Fig­
ure 35). The volume of flow is usu­
ally so small that no outlet will
be required. Water will evaporate
and seep into the ground, generally
at the rate supplied.

Measuring Sediment. It may be
essential either before, during, or
after mining to measure the sediment
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load in affected bodies of water.
This can be done in several ways,
with some methods being more accur­
ate (and more costly) than others.

A common method involves the
degree of visibility through the
water (turbidity). The turbidity of
sediment-laden water refers to its
cloudiness. In most cases, if an
individual can easily see through
the water, it is not considered very
turbid. If the water is extremely
muddy, and light will not pass
through, the water is considered
highly turbid. Turbidity is mea­
sured in Jackson Candle Units
(JCUs). High JCU measurements in­
dicate significant amounts of sedi­
ment in the water. This testing
method provides a relative measure­
ment of sediment. It does not mea­
sure exact amounts. Turbidity an­
alyses are, however, quicker and
cheaper than obtaining laboratory
measurements of the exact volume of
sediment.

To more accurately determine
sediment loads, the use of labora­
tory equipment and procedures is
necessary. A water sample of known
volume is collected and separated
from the sediment by filtering it
through fine mesh paper. The filter
paper is weighed, allowing the exact
weight of the sediment to be deter­
mined. Weight is usually specified
in milligrams per liter (mg/l).
This method can be used to determine
if sediment loads meet standards for
acceptable water quality, and if
sediment control practices are
properly functioning.

Many regulations require that
water discharged from a sand and
gravel mine site contain no more
than a specified amount of sediment,
measured in milligrams per liter.
This is one reason why premining
monitoring of the water can be im­
portant. For example, suppose sedi-



NOT REPRODUCI BLE
FIGURE 34. PONDED GROUNDWATER CAN BE USED

FOR PROCESSING RAW MATERIALS

ment in a stream measured 120 mg/l
prior to resource extraction while
regulabons allow only 70 mg/l as
the maximum. The operator could then
argue that the regulations are re­
quiring cleaner water than exists
under natural condi tions. Thus, if
subsequerit measurements taken during
mining were over regulatory limits,
a pollution violation might be
avoided.

STREAM FLOW VOLUME

2.

3.

ing water and not allowing
it to flow downstream

Water is pumped from the
stream for use in the
washing and separating
process

The mine. site changes the
watershed characteristics
(i.e. runoff percolates
into the ground rather
than flowing to streams).

When mining occurs in or near
streams, there is always the poten­
tial for decreasing the flow of
water. This.can happen if:

1. A stream is intercepted by
the ex cava tion and a pond
is created, thereby hold-
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Decreasing flow can cause water
rights problems and lead to other
complaints from downstream water
users. In some cases, the sand and
gravel operator may be required to
supply additional water to affected
downstream users, or the operation
could eventually be hal ted by the



FIGURE 35. HOLDING PONDS CAN BE USED TO CATCH FLOW FROM STOCK­
PILES AND PREPARATION AREAS

regulatory authority.

Some practices which can be
used to help maintain stream flow
are:

To avoid such problems, the op­
erator should determine stream flow
rates before mining, and predict the
effects of the mine on flow condi­
tions.

Directing runoff from the
mine site into a sediment
pond for treatment, and
then discharging the
treated water into the

4.

3.

stream normally receiving
the runoff

Maintaining the normal
balance between infiltra­
tion and runoff to the
greatest extent possible

Recycling water as much as
possible.

Pit dewatering (pumping ground­
water out of the pit area and into
the surface drainage) can increase
stream flow. This action usually
causes no problems in a small sand
and gravel operation, but the volume
of water pumped and the capacity of
the stream chatlnel should be con­
sidered in order to avoid potential
problems. Controlled pumping can
keep the outflow constant, and help
to minimize downstream problems.

streams around
site, if pos­

flow will not be
ponded

Diverting
the mine
sible,so
dammed or

1.

2.
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GROUNDWATER

Groundwater is basically rain­
fall. or other surface water that has
percolated underground to be stored
in the gravel deposit, in the ma­
terial below, or both. If ground­
water is located near the surface ,
such as in a swamp or a river bot~

tom, the entire thickness of the
gravel deposit will be wet.

Rock or earth lIIateriaJ (such as
gravel deposits) that hold water are
called aquifers. The elevation at
which groundwater is encountered be­
iow the surface is called the water
table. Aquifers that hold water
above the water table are called

. perch~d aquifers. In general,
gravel deposits make good aqUifers,
but this situation is very dependent
on regional characteristics. In
humid Eastern cli~ates, water tables
can be close to the surface and,
therefore, gravel depos its could
serve as aquifers. In arid Western
climates, water tables can be deeper
and gravel deposits mayor may not

. serve as aqu~fers. An aquifer re­
charge, or recharge area, is the
area where surface water seeps
underground to become part of the
water table. Water-table levels
vary with the seasons of the year.
Figure 36 shows some possible posi­
tions of water tables relative to a
gravel deposit. Operators should
det~rmine aquifer and other ground­
water characteristics during the
site analysis (Section 1).

Sand and gravel mining opera­
tions can have both positive and
negative effects on groundwater .
Negative effects can include:

1. Dropping the water table
and drying up nearby wells

2. Removing water from the
groundwater system per­
manently, particularly if
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excavated pits are de­
watered during extraction
activities

3. Loss of groundwater due to
evaporation, particularly
in areas where pits are
filled with groundwater.

Sand and gravel mining rarely
pollutes groundwater systems, but
can decrease the amount of ground­
water, .as well as lower the water
table.

A positive effect includes the
creation of ponds when groundwater
fills the excavated pits after min­
ing. Such ponds can often be used
for recreational or wildlife pur­
poses.

FUGITIVE DUST

Fugitive dust is a term used to
describe fine-grained earth material
that has been detached by wind and
carried across or off the mine site.
Fugitive dust can be considered a
pollutant since, potentially,it can
cause respiratory problems, set tIe
on neighboring property, cars,
clothes, etc., and affect vegetation
and wildlife on or near the mine
site. A main component of fugitive
dust is the chemical element silica
(Si), the known cause of a respira­
tory problem identified as sili­
cosis. Any methods proposed to con­
trol fugitive dust will be benefi­
cial and the operator should note
planned dust control procedures in
his permit application.

Monitoring of fugitive dust,
before and during extraction, may be
required by the regulatory author­
ity. The amount of fugitive dust
measured before mining (called base­
line or background fugitive dust
levels) is compared with amounts
generated and measured during ex­
traction. This procedure enables
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FIGURE 36. SOME POSSIBLE POSITIONS OF WATER TABLES RELATIVE
TO GRAVEL DEPOSITS

the regulatory authority to deter­
mine if the operation is contribut­
ing to air pollution.

Fugitive dust can be generated
in a number of ways. The most sig­
nificant amounts are probably gener-
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ated by haul trucks travelling on
unpaved roads. Other contributors
include excavating and loading
~quipment, crushers and other prep­
aration machinery, and wind erosion
on land void of vegetation. Any ac­
tivity which exposes fine-grained



material to wind will generate fugi­
tive dust. Two basic approaches can
be used to control fugi tive dust:

1.

2.

Avoid exposing bare ground
to wind.

If bare ground must be ex­
posed, try to protect it
from wind.

5.

and stockpiles can be wet­
ted.

Controlling the weight and
speed limit of haul
trucks. The amount of
dust generated by a truck
depends on the weight of
the vehicle and the speed
at which it travels.

Some practices and procedures
which the small sand and gravel mine
operator can use to control fugitive
dust include:

1. Not removing vegetation
until necessary and then
trying to limit the time
such areas will be ex­
posed.

2. Reducing mlnlng activities
on windy days, or when a
temperature inversion
could. trap dust and cause
stagnation.

3. Attempting. to establish
quick-growing grasses and
legumes on exposed ground
as soon as possible.
Plants protect soil and
earth material from wind
erosion. This technique
is particularly useful on
areas that will be unused
for an extended period of
time (such as six months
or more). This practice,
for example, would be very
helpful to control dust
along haul road embank­
ments.

4. Identifying all dust-pro­
ducing sources during
planning to devise ade­
quate controls, particu­
larly for preparation
areas. Spray bars can be
used in conj unction with
crushers and conveyors,
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6. Wetting haul roads fre­
quently. Water, or water
mixed wi thchemical dust
suppressants (such as cal­
cium chloride) can be
used. The dust suppres­
sants are mixed with spray
water and coat grains of
dust, thus decreasing wind
detachment. Water spray
trucks can be used to wet
haul roads, as well as
preparation plant areas
(see Figure 37).

7. Preparation of haul roads.
They can be paved, oiled,
or graveled. Asphalt,
road oil, or gravel covers
small dust grains and
helps prevent their de­
tachment by truck tires.
When using oil to control
dust, the operator should
remember that excessive
use of oil can sometimes
lead to surface and
groundwater pollution.

Fugitive dust can be measured
in several ways. The use of "high­
volume air samplers" which provide
for the intake of air and dust par­
ticle samples are the most expen­
sive. Once a sample has been col­
lected, the dust can be filtered and
weighed. Fugitive dust is usually
measured. in3 milligrams per cubic
meter (mgjm). A less expensive
method is the "visual opacity" mea­
surement. This method measures the
degree of visibility through a dust



NOT REPRODuelBlE
FIGURE 37. WATER SPRAY TRUCK WETTING HAUL ROADS

cloud and is reported in percent
opaci ty. For example, 20 percent
visual opacity means that an indi­
vidual can see only 80 percent of
what could be seen if the dust were
not there. The. instrument used in
this method is a small telescope­
like device that the operator may
look through to measure the thick­
ness of a dust cloud. A third
method is known as the "water
bucket" measurement. A tub or
bucket of water is placed near the
mine site. Dust falls into the
water and settles to the bottom of
the bucket. At a predetermined
time, the water is removed and the
dust residue is weighed. This pro­
vides a rough indication of the
amount of fugitive dust generated.

Some state agencies may require
the operator to obtain an air qual-
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i ty permit. The general intent of
such permits is to prevent "signif­
icant deterioration" of air quality.
To obtain such a permit, the opera­
tor must often prove that the opera­
tion will not result in air pollu­
tion greater than that which exists
prior to mining. To convince agen­
cies that dust will be controlled,
the operator must often demonstrate
that appropriate control methods
have been considered in planning for
extraction and reclamation.

Fugitive dust is generated pri­
marily from three sources: 1) the
excavation area, 2) the preparation
plant area, ancj 3) unpaved haul and
access roads. The most troublesome
source is unpaved haul and access
roads. Special attention to the
control of dust from haul and access
roads will help keep air pollution
problems at a minimum.



NOISE

Noise can be defined as unwant­
ed sound. Sand and gravel mines
create lIoise whi.ch may be irritating
to people living in the vicinity.
Typical noise producers at sand and
gravel mine sites are:

1. Crushers

2. Haul trucks and other
heavy hauling/earth-moving
equipment

3. Back-up sirens on heavy
equipment

4. Asphalt batch plants.

Noise from haul trucks can be
heard both on- and off-site. Other
noise~ are made on-site and can oc­
casionally be heard off-site in sur­
rounding neighborhoods.

Regulations sometimes require
that a "background" noise study be
conducted, and that noise genera ted
during the operation he. moni.torf'(1.
Results [rom a background study are
used to determine how much noise is
present without the sand and gravel
operation. Monitoring during ex­
traction helps to determine if in­
creased noise is caused by the op­
eration.

Noise is measured with a deci­
bel meter and is reported in uni ts
called decibels (dB). The farther
away measurements are taken from the
source of noise, the lower the deci­
bel level. Decibel levels indicate
the loudness of noise. The higher
the decibel reading, the louder the
noise. Figure 38 provides ex­
amples of common decibel levels for
different sources of noise.
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FIGURE 38. THE DECIBEL SCALE AND SOME ASSOCIATED NOISES
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Usually, local noise ordin­
ances (if there are any) require new
land uses or developments to operate
wi thin the normal background noise
levels of that area. Therefore, a
sand arid gravel operation in a resi­
dential area may have to be quieter
than one located in an industrial
area. The operator should check
with local regulatory authorities
for noise ordinances which may apply
to his operation.

There is little doubt that a
sand and gravel operation will
create some additional noise. There
are some practices, however, that
can be used to reduce the amount of
noise leaving the mine site. These
practices do not apply to occupa­
tional noise hazards that are regu­
lated by the Occupational Safety and
Health Administration (OSHA), but
apply. to noise covered mainly by
local ordinances. The following
noise abatement techniques should be
considered· when developing extrac­
tion and reclamation plans. The op-

. erator's intentions to practice such
techniques should be clearly convey­
ed to the regulatory authority.

1. Tune engines and ins tall
and maintain good mufflers
or baffles on equipment.
This practice controls
noise at the source.
Also, try to avoid hauling
through residential areas.

2. Limit hours of operation
so as not to disturb resi­
dents when they are most
likely to be home. Typi­
cally, hours such as 6:00
A. M. to 6: 00 P. M. Monday
through Friday are accept­
able. Attempt to limit
weekend work to mainten­
ance and repairs.

3. Locate preparation plants
away from densely populat­
ed areas, if possible.
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4. Install topographic berms
and vegetative buffers to
help reduce noise levels.
A topographic berm is a
graded pile of waste ma­
terial constructed along
the border of the excava­
tion pit. It can prevent
people from seeing the
pit, and can help reduce
the effects of noise. A
vegetative berm is made up
of vegetation (shrubs and/
or trees) planted around
the active pit or mine
site. It will also pre­
vent people from seeing
in, and may help to reduce
noise levels. Topographic
berms are considered bet­
ter at reducing noise
levels than vegetative
berms.

5. Consider wind directions.
The direction of prevail­
ing winds may affect the
distance noise is carried .
By determining wind direc­
tion, the operator may be
able to reduce the effects
of noise in certain direc­
tions.

There are several factors which
influence community attitudes to­
wards noise. They include:

1. Type of noise. Is it low­
frequency noise, or high­
frequency noise? Is it
continuous, or short and
intermittent noise? Gen­
erally, loud high-fre­
quency noise (like back-up
sirens) which lasts only a
short time is the most
bothersome. Low~frequency

noise that is continuous
(like the hum of a convey­
or or a bulldozer engine)
is often viewed as less of
a problem.



VISUAL APPEARANCE

4. Initial effects of noise.
At first, residents may
object to additional
noise, but later, they may
not notice.

3. Time of day. Noise is
more tolerable to resi­
dents in the daytime than
at night or during week­
ends.

The topography and geometry of
the proposed mining site are impor­
tant considerations in planning and
implementing techniques designed to
enhance the visual appearance of the
operation.

Through "line-of-sight" studies
conducted during the premining plan­
ning phase, the most and least
visual portions of the site can
often be identified. Preparat ion
plants, stockpiles, and other highly
visibl~ components of the operation
can, if possible, be located in low­
visibility areas. Topographic lows
should be considered for use in lo­
cating high-profile structures and
stockpiles. The operator must take
care, however, to control drainage
when using such areas.

If trees or Dther thick vegeta­
tion is present, they could be left
in place and used to naturally
screen site features. Topographic
highs ,such as berms, mounds, and
ridges, can be used in a simi la r
manner. It may be cheaper to leave
gravel resources in place for visual
screening purposes, than .to con­
struct artificial berms. This al­
ternative would have to be carefully
analyzed by the operator, but using
existing features to screen the
site, instead of relying totally on
artificial screening methods, is
often cost-effective. The "no­
screening" al ternative, if selected
by the operator, may impede his
chances for permit or rezoning ap­
provals, or may lead to citizen com­
plaints during the mining operation.

Frequently, some visual screen­
ing of sand and gravel operations is
required by regulations (e.g. zoning

The site will generally have
some characteristics that will en­
able the operator to partially
screen it from view. The operator
usually has enough flexibility to
design the site layout in a manner
that takes advantage of any visual
screening features already present.
It is always better and cheaper to
use natural tonditions to screen the
site than it is to build artifical
screens.

Amount of normal back­
ground noise. Is the area
usually noisy? If so,
problems may be small. If
normal noise levels are
usually low, however,
residents may complain
about additional noise
created by the mining op­
eration.

2.

Noise usually has three main
sources. First is the steady noise
of crushers, screening and washing
opera tions, conveyors, etc. Second
is the noise resulting from the off­
site transportation of the sand and
gravel resources. Third is the
noise associated with excavating the
raw sand and gravel (shovels, drag­
lines, dozers, loader~, etc.).
Noise levels ar~ generally influenc­
ed by atmospheric conditions, berms,
trees, buildings and other barriers,
and the nature of the noise itself.
High-pitched, intermittent noises
tend to travel farther than con­
stant, low-frequency noises. Some
regulations may establish maximum
decibel levels allowed for noise as
measured at the property boundary of
the mine site.
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1. Where will screens be re­
quired?

ordinances), or by community pres­
sure. Even if natural screening

. features are considered in designing
the site lay6ut, artificial screens
may still be required in some areas.
In determining the locations and
types of visual screens to use, the
operator should consider the follow­
ing points:

screening
removed'

can they

2.

3.

4.

What type of visual screen
will be most cost-effec­
tive?

. Can a visual screen be
used for other purposes,
such as wind breaks (to
control fugitive dust), or
noise buffers?

Will visual
structures be
after mining, or
be left in place?

available on the site, or left after
processing, can be piled along roads
and around the perimeter of the
site. The height at which the berm
should be constructed depends on the
eye-level of the viewers, and the
size of the object(s) to be hidden~

Frequently, berms (as well as other
screening structures) are construct­
ed at least as high as the eye level
of passing motorists or pedestrians.

Figure 39 shows a small berm
which has been constructed to screen
a small sand pit from the view of
motorists. The berm material is
sand. The length and height of the
berm are matched to the size of the
pit and the eye level of drivers.
The vegetation along the berm is
natural and was not destroyed during
berm construction. When possible,
it is beneficial to combine existing
site features with visual screen
construction. In this situation,
shrubs along the road add extra
screening to the sand berm.

4. Fences or walls.

2. Vegetation

3. Berms planted with vege­
tation

The most commonly used visual
screening structures are:

Vegetation is attractive and
makes an excellent visual buffer.
Vegetation can be used alone, or it
can be planted on a berm. Either
way, it is important to plant large,
fast-growing, bushy (leafy) shrubs
and trees. Grasses on a berm are a
definite improvement over an unvege­
tated berm, but most grasses do not
grow very high, and, by themselves,
prOVide little cover. Of course,
trees and shrubs are more expensive,
but they will afford a more effec­
tive and attractive screening.

An unvegetated, fill-material
berm may present some problems. The
berm itself may be as unattractive
to observers as extraction activi­
ties, or the stockpile it was de­
signed to hide. Another problem may
arise through erosion of the earth
material used to construct the berm.
Generally, the establishment of
vegetation on the berms will help to
control both problems.

used visual
is the earth
any material

A frequently
screening technique
berm. Essentially,

1. Berms (mounds created with
fill material, waste
fines, overburden, etc.)

There are a number of visual
screening techniques which can be
used at small sand and gravel mines.
One feature these techniques have in
common is that they replace the view
of the sand and gravel operation
with a view of something else.
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NOT REPRODUCI BlE

FIGURE 39. SMALL VISUAL BERM CONSTRUCTED BETWEEN ROAD AND SAND PIT

Wast~ fines, overburden, and
other fill materials are usually
present on a sand and gravel mine
site and can readily be used for
constructing visual berms. Planting
grasses on these berms is done more
for erosion control than visual ap­
pearances, but the grasses do add to
the overall image.

The berm shown in Figure 40
screens a relatively small operation
from a lightly travelled road. The
berm is high enough to screen the
mine site from people driving by,
and it is no longer than the mine
pit area. The size and expense of
the berm is compatible with the
value of the resource deposit, and
the visual sensitivity of the area.
A wall, or expensive trees and
shrubs may not be practical or nec­
essary in this type of situation.
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Figure 41 illustrates another
vegetated visual berm. The chain­
link fence is a safety measure, but
vines growing up the fence (in the
center of the photograph) will pro­
vide excellent visual screening.
This berm is intended for long-term
use and will not reach maximum ef­
fectiveness unti.l the trees and
shrubs mature. Vegetation on this
berm adds to the visual appeal of
the area and, after several more
years of growth, may add to property
values. The proximity of this resi­
dential area to the gravel operation
is one reason why the berm, fence,
and vegetation were used. This
level of protection and visual
screening would probably not be nec­
essary or required in non-residen­
tial areas, or in areas where the
visual sensitivity is low.
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NOT REPRODUCI BLE
FIGURE 40. EXAM PLE OF A SMALL, PARTIALLY VEGETATED BERM

FIGURE 41. VEGETATED BERM USED IN CONJUNCTION WITH FENCE
TO VISUALLY SCREEN AN OPERATION
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The important concepts display­
ed in this figure are:

1. Select the best visual
screening technique(s) for
the specific circumstances
involved.

tions) , justifying the cost of the
trees and the length of time it took
them to grow and mature. Secondly,
the shape of the trees is well ad­
apated to this particular site.
Since the area used for the visual
screen is narrow, and the object to
be screened is relatively tall, the
tall trees were most appropriate.
Also, since they are narrow trees,
they were planted close together to
completely block vision.

If vegetation alone is to be
used by the operator t~ screen the
mine site, it becomes even more
critical to use large, leafy varie­
ties tha L will substantially block
vision during all seasons. Figure
42 shows another example-of a vege­
tative visual screen. The terrain
is relatively flat, and the conveyor
rises to a height well above average
grade. In this situation, a wall or
fence probably would not work, and a
bermcodla be difficult to build be­
cause of space limitations (note the
distance between the line of trees
and the edge of the active pit). The
technique used here was to establish
a vegetative screen of tall trees.
There are some important points
about this situation. First, ex­
traction is a large, long-term oper­
ation (not necessarily applicable to
all small sand and gravel opera-

2. Should
lected

vegetation be se­
as the screening

FIGURE 42. EXAMPLE OF TREES USED FOR SCREENING
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device, use plants that
are tall enough and wide
enough to block vision.
Also , plant them close to­
gether to form an effec­
tive screen.

Fences or walls can also be
used to screen the mine site. The
expense can be large but, depending
on individual site conditions and
community attitudes, this type of
screening may be justified. Walls
can be used in conjunction with
vegetative screens.

If the mine site is located in
a residential area or along a heav­
ily travelled road where berms would
be considered out of place, then a
fence or wall may be appropriate.

Figures 43 and 44 show the ef­
fectiveness of a cement block wall

as a visual screen. The road in
Figure 43 is a heavily travelled
route. The mountain view was con­
sidered very sensitive to develop­
ment, but the gravel deposit was
very thick and of high quality. As
a compromise, the operator con­
structed this wall to block the view
of the operation from the road. The
high cost of the wall is well war­
ranted when considered in relation
to the value of the sand and gravel
deposit. As with all sand and

.gravel operations, the value of the
natural resource must be balanced
with the costs of reclamation, pol­
lution control, and reduction of
community impacts. This type of
wall probably would not be con­
structed around a short-term mining
operation. Walls are fairly perman­
ent structures, and are more suited
to long-'term operations, perhaps 20
years or more.

FIGURE 43. CEMENT BLOCK WALL USED TO SCREEN A LARGE GRAVEL OPERATION

102



Nor REPRODUCI
FIGURE 44. GRAVEL OPERATION SCREENED BY THE WALL

SHOWN IN FIGURE 43

Effective visual screening
structures and site layout are in­
fluenced by the characteristics of
the surrounding area. Visual qual­
ity is often judged by how well the
land development "blends" in with
surrounding conditions.

Some of the visual techniques
and practices discussed in this sec­
tion are very expensive and not
always necessary. Most sand and
gravel operators, however, have had
to deal with such problems at some
point during their operations. The
issue is very sensitive with the
general public, especially in heav­
ily populated areas.
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FUEL, OIL, AND CHEMICAL STORAGE
AREAS

On-site storage of fuel, oil,
grease, or chemicals should be han­
dled as a potential pollution
source. Leaky drums or improper
handling techniques may allow seep­
age into surface and ground waters.
In selecting the location of storage
areas, the operator should attempt
to: 1) avoid areas close to streams
or near the groundwater table, and
2) keep storage areas away from ex­
cavation activities and areas used
for extensive vehicular movement.

Riprap or other barriers can be
placed around storage areas to pro-



vide warning to the driver of a ve­
hicle that he is nearing ~uel tanks.

During routine refueling and
maintenance, ~are should be taken to
avoid spillage. Leaky engines and
transmissions should be repaired to
prevent the discharge of oil.

Operators should also attempt
to properly handle trash and other
items, such as junk equipment and

old unused structures, in order to
maintain a clean mining site. This
action can help to eliminate poten­
tial pollution sources, as well as
enhance the visual appearance of the
site.

Table 5 lists those items which
should be considered by the operator
when preparing a pollution control
plan.

TABLE 5. ITEMS TO CONSIDER IN POLLUTION CONTROL PLANNING

• DRAINAGE AND SEDIMENT CONTROL
STRUCTURES

A. Plan View (Locations)
B. Cross-Sections of Structures
C. Desig~ Computations
D. Maintenance:

1. R~quirements

2. Schedule

• WASTE DISPOSAL METHODS

A. Timber, Brush, Etc.
B. Toxic Materials

• EROSION PREVENTION

A. Vegetative Practices
B. Surface Soil Stabilization

Practices
C. Grading and Contouring Practices

• MINE DRAINAGE TREATMENT

A. Type
B. Volume
C. Treatment Procedures
D. Equipment and Techniques to be

Used
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• NOISE, DUST AND VIBRATION

A. Blasting Plan and Practices
B. Barrier Devices
C. Equipment Maintenance
D. Other Control Measures

• MONITORING PROGRAM

A. Parameters
B. Monitoring Points (Location)
C. Frequency
D. Analytical Procedures
E. Quality Control Procedures
F. Reporting Procedures
G. Maintenance:

1. Requirements
2. Schedule

• OTHER PROTECTIVE MEASURES

A. Unique Physical and Cultural
Resou rces

B. Removal of Pollution Control
Structures and Devices



Acid Soil

GLOSSARY

Generally considered soil that has a.
pH of less than 6.6 and is acidic
throughout all or most of the plant
root zone. Precisely, a soil with a
pH value less than 7.0

Adapted Species of Vegetation

Alkaline Soil

Aquatic Wildlife

Aquifer

Aquifer Recharge

Archaeological Site

Attractive Nuisance

Baseline Conditions

Berm

Climax Vegetation

Plants that will grow and survive in
geologic areas where the soil and cli­
mate are different from that of their
native areas.

Generally considered soil that has a
pH of greater than 7.5 and is alkaline
throughout all or most of the plant
root zone. Precisely, any soil layer
having a pH value greater than 7.0.

Fish, waterfowl, amphibians, water
plants, aquatic insects, and other or­
ganisms that live in or on the bottom
of lakes, streams, and other water
bodies.

Rock or other earth material that can
store and transmit water.

The process, area, or earth material
that supplies water to an aquifer.

Area with evidence of the pre-recorded
history of mankind.

Legal term defining a dangerous area
or thing that people find appealing.

The natural state of the environment
(Le., water, air, vegetation, wild­
life, etc.) before disturbance by
mining.

A constructed mound or pile or earth
material rising above the normal level
of the land.

Different species of yegetation grow~

ing, thriving, and reproducing natur­
ally, without assistance from mankind.
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Compatible Land Use

Comprehensive Land Use Plan

Concurrent Mining and
Reclamation

Consumptive Use of Water

Contour Furrows

Cost-Effective

Cover Crop

Cultural Resources

Decibel

Drainage Diversion

Dust Suppressants

Endangered Species

.,Evironmental Impact
Assessment (ErA)

Land use which does not conflict with
surrounding land uses, or interfere
with or negatively affect surrounding
land uses.

Document consisting of maps and text
compiled by local, or sometimes state
government agencies, which guide and
recommend land development in certain
areas.

The process of simultaneously mining
and reclaiming land.

Taking water from surface or ground­
water supplies without replacing it.

Ditches paralleling the contour of a
slope, rather than running up and down
the slope.

A method or technique used to conduct
a required job at the least cost. Not
necessarily the cheapest, but yielding
the most for the money.

Generally, grasses used for short-term
erosion control, usually no longer
than one year.

Archaeological sites, historic sites,
scenic sites, and areas of scientific
significance, such as fossil locali­
ties.

The unit of measurement for noise.

A ditch, channel,culvert, etc., used
to divert surface runoff or streams
away from the area of active mining.

Chemicals or techniques used to con­
trol fugitive dust.

Fish and/or wildlife considered on the
verge of becoming extinct .

An assessment of the impacts which
mining could have ohthe. environment.
Prepared by the operator, not by a
government agency.
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Environmental Impact
Statement (EIS)

Erosion

Flocculant

Grading Along the Contours

Groundwater

Gully Erosion

Historic Site

Impermeable

Infiltration

In-Progress Reclamation

Interim Land Use

Introduced Vegetation

A statement on the potential impacts
an activity could have on the environ­
ment. Prepared by the government, not
by the operator.

The detachment and movement of earth
and rock material by the forces of
wind, water, or ice and gravity.

A chemical used to speed up the set­
tling of sediment.

The technique of grading earth mate­
rial along a slope, rather than up and
down a slope.

The part of the total water supply
that is found beneath the earth's sur­
face.

A type of erosion that creates long,
narrow valleys or ditches on slopes
often void of vegetation.

Area with evidence of the recorded
history of mankind.

Material that is not capable of allow­
ing water to pass through easily.

The process of water seeping into and
through earth and rock material.

Reclaiming mined land before all min­
ing has been completed. Similar to
"concurrent mining and reclamation."

A temporary use of land for a purpose
other than the final application.

Species of vegetation that are not
native to the geographic area in which
they are planted.

Land Use Utilization of land, i.e.,
ture, recreation, wildlife
etc.

agricul­
habitat,

Land Use Capability The extent to which a parcel of land
may support one or more uses.
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Leachate

Legumes

Microtopography

Mulch

Multiple Sequential
Land Use

Native Vegetation

Overburden (Waste Material)

Performance Bond

pH

Post-Mining Land Use
(Land Use After Mining)

Quality of Life

Water-bearing foreign substance picked
up through contact with something con­
taining a foreign substance.

Plants that are capable of assisting
in the conversion of nitrogen (N) to
an essential plant nutrient.

Small-scale relief on a soil or re­
graded surface, mounds and depressions
of no more than a few inches.

Organic or non-organic material placed
on soil to help control erosion and
retain moisture.

The use of a parcel of land for sev­
eral different purposes-~ver a period
of time.

Species of vegetation that grow and
thrive in geologic areas where the
soil and climate are suited to natural
propagation.

Earth or rock material lying above or
between the sand and gravel deposit
that is not marketable. Often con­
sidered waste material.

Cash or cash-equivalent provided by
the mine operator to guarantee that
reclamation will be accomplished in
accordance with approved permit pro­
visions.

A measure of the hydrogen ion (H+)
activity in soil or water. Measured
from 1 to 14, with 1 being most acid­
ic, and 14 being most alkaline.

The use of land or property after min­
ing has been completed.

A subjective term describing the gen­
eral condition of a neighborhood or
community, and pertaining to things
like noise levels, visual appearance,
air and water quality, traffic, safe­
ty, and property values.
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Rare Species

Reclama tion .

Recycling Process' .\i~.,ter

Regrading

Revegetation

Runoff

Sediment

Species of wildlife not frequently
found in certain geographic areas.

The process of restoring disturbed
land to a beneficial, productive,
stable, and non-polluted condition,
which is capable of supporting one or
more land uses.

Saving for reuse water used in pro­
cessing raw materials (e. g., washing
and separating).

Shaping and grading mined property to
a gently sloping stable land configur­
ation.

Seeding or replanting vegetation on
land disturbed by mining activities.

Rainwater or other form of precipita­
tion that flows across the surface of
the land.

Particles of earth and rock material
that have been eroded.

Sedimentation The deposition of sediment
rock particles) on the
lakes, streams, or other
water or parcels of land.

(earth and
bottom of
bodies of

Sediment Pond

Scarify

Sheet Erosion

Site Analysis

Soil

A pond used to retain water for a
certain time period to allow eroded
material to settle.

Roughening the surface of soil or
graded material prior to planting or
seeding.

A type of erosion where running water
flows evenly over the surface and re­
moves layers or "sheets" of earth ma­
terial ..

The study of environmental character­
istics and conditions existing at a
mine site prior to any disturbance.

Unconsolidated, surface material con­
taining organic materials and capable
of supporting vegetation.
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,Soil Fertility

Soil Horizon

Soil Respreading

Surface Water

Suspended Solids

Threatened Species

Topography'

Topsoil

Turbidity

Visual Screening

Visual Sensitivity

Volunteer Vegetation

',,{If.' The amount of essential plant nutri­
;::"\' ents required by soil, including,

among others, nitrogen (N), potassium
(K), and phosphorus (P).

The horizontal layers usually occur­
ring in soils and other underlying ma­
terial.

The spreading of soil that has been
salvaged from the mine site.

That part of the total water supply
that is present on the earth I s sur­
face, including streams, lakes, res­
ervoirs, etc.

Sediment which is "floating" in water.

Species of fish and wildlife on the
verge of being "endangered."

The contour or geometry of the earth's
surface, usualy displayed by lines on
a map connecting points of equal ele­
vation (contour lines).

The uppermost soil horizon,' containing
the largest amount of organic material
and generally best suited to plant
growth.

A "muddiness" or "cloudiness" of wa'ter
caused by the presence of sediment.

Blocking the view of a sand and gravel
operation with walls, vegetatioIl , or
berms.

Generally, public reaction to the
visual aspects of the mining operation
'.in relation to the community scene; an
assessment of the degree to which the
operation is not pleasing to the eye.

Species of vegetation that grow natur­
ally, without assistance from mankind.

Water Table The elevation below the earth 's
face at which groundwater is
countered .
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\~i 1d1i fe Habi tat The combination 0 f food, vegetation,
(cover), and water that will support.
wildlife populations.
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APPENDIX 3

GRASSES COMMONLY USED FOR RECLAMATION

NAME OF GRASS USEFUL INFORMATION

-"_._-=--~==-=====---========_._=-=-===--==-=-==-======:::::::1
Bahiagrass •
(perennial) •

•
••
•

Barley •
(annual) •

•
Bermuda Grass •
(perennial) •

•
•

Canada Bluegrass •
(perennial) •

•
•
•
•

Kentucky Bluegrass •
(perennial) •

•
•
••

Warm, dry season grass
Grows well in southern, humid climates
Likes well-drained soils
Likes soil pH from 4.5 - 7.5
Grows tall with good root system
Low maintenance, can stand wide range
of soils

Cool season grass (provides winter cover)
Likes well-drained soils
Likes soil pH from 5.5 - 7.8

Warm, dry season grass
Likes well-drained soils but can tolerate
moderately drained soils
Likes soil pH from 4.5 - 7.5
Grows well in southern humid climates

Cool, dry season grass
Grows well in nothern humid climates
Likes well-drained soils
Likes soil pH from 4.5 - 7.5
Can be used where soils are dry or low
in nutrients
Shallow root system

Cool season grass
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 5.5 - 7.0
Germinates and grows slowly
Grows well in northern humid climates
Needs a lot of water and fertilizer
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NAME. OF GRASS

APPENDIX 3 (CONTINUED)

USEFUL INFORMATION

Big .Bluestem
(perennial)

Little Bluestem
(perennial)

Field Bromegrass
(annual)

S~ooth Bromegrass
(perennial)

Buffalograss
(perennial)

•
•
••
•

••••
•
•

••
•
•
•

•
•
•
•
••

••
•
•
•
•

Warm season grass
Likes well-drained soils but can
tolerate moderately drained soil
Likes pH from 5.0 - 7.5
Deep root system, provides good erosion
control
Grows well in sputhern humid climates

Warm season grass
Likes well-drained soils
Likes. soil pH from 6.0 - 8.0
Dense roots provide good erosion control
Grows in clumps up to 3 ft tall
Grows well in southern humid climates

Cool season grass
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 6.0 - 7.0
Provides winter ground cover with good
root system
Grows rapidly and is easy to establish

Cool, dry season grass
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 5.5 - 8.0
Grows tall and forms sod
Drought and heat tolerant
Grows well in northern humid climates

Warm season grass
Suitable for moderately and poorly drained
soils
Likes soil pH from 6.5 - 8~O

Drought tolerant and can withstand over­
grazing
Can tolerate alkaline soils but not sandy
soils
Grows well in northern and southern dry
climates
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NAME OF GRASS

APPENDIX 3 (CONTINUED)

USEFUL INFORMATION

Reed Canarygrass
(perennial)

Deertongue
(perennial)

Creeping Red
Fescue
(perennial)

•
•
•
•

•
•
••
•
•

•
•
•
•
•

Cool, dry season grass
Can tolerate wide range of soil drainage
conditions
Likes soil pH from 5.0 - 7.5
Will grow in wet areas and can emerge
through 6 ft of sediment cover

Warm, dry season grass
Can tolerate wide range of soil drainage
conditions
Likes soil pH from 3.8 - 5.0
Very acid soil tolerant plant
Drought resistant ,
Seed rarely available commercially

Cool, dry season grass
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 5.0 - 7.5
Grows well in cold weather but establishes
slowly
Grows well in northern humid climates

Tall Fescue • Cool season grass
(perennial) • Likes well-drained soils but can tolerate

moderately drained soil

• Likes soil pH from 5.0 - 8.0

• Drought resistant

• Provides good fall and winter pasture

Blue Grama
(perennial)

Sideoats Grama
(perennial)

•
•
•
•
•

•
•
•
•

Warm, dry season plant
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 6.0 - 8.5
Sad forming with extensive root system
Grows well in northern and southern dry
climates

Warm season grass
Likes well-drained soil
Likes sad pH 6.0 - 7.5
Grows in bunches, good for controlling
wind erosion
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APPENDIX 3 (CONTINUED)

NAME OF GRASS USEFUL INFORMATION

Indian Grass
(perennial)

Sand Lovegrass
(perennial)

Weeping Lovegrass
(perennial)

Foxtail Millet
(annual)

Oats
(annual)

Tall Oatgrass
(perennial)

Orchardgrass
(perennial)

•
•
•
•

•
••
•

•
•
•
•
•
•

•
•
•
•

•
•
••

•
•
••

•
•
•

Warm season grass
Likes moderately drained soil
Likes soil pH from 5.5 - 7.5
Provides quick ground cover

Warm season grass
Likes well-drained soils
Likes soil pH from 6.0 - 7.5
Can grow on sandy soils and is good
for grazing

Warm, dry season grass
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 4.5 - 8.0
Provides early, quick ground cover
Can grow on low-fertility soils and has
a good root system
Grows well in southern dry climates

Warm, dry season grass
Likes well-drained soils
Likes soil pH from 4.5 - 7.0
Cannot tolerate drought

Cool, dry season grass
Likes well-drained soils
Likes soil pH from 5.5 - 7.0
Good winter cover, needs lots of nitrogen
for good growth

Cool, dry season grass
Likes well-drained soils
Likes soil pH from 5.0 - 7.5
Grows in bunches, matures in early
spring, short-lived

Cool, dry season grass
Likes well-drained soils but can tolerate
moderately drained soils
Grows tall and matures early
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NAME· OF GRAss·

APPENDIX 3 (CONTINUED)

USEFUL INFORMATION

Redtop
(perennial)

Winter Rye
(annual)

••
•
•
••
•

•
••••

Cool, dry season grass
Can tolerate wide range of soil drainage
conditions
Likes soil pH from 4.0 - 7.5
Can withstand drought
Can tolerate wide range of soil conditions
Grows fast but lasts only 2-3 years
Grows well in northern humid climates

Cool, dry season grass
Likes well-drained soil
Likes soil pH from 5.5 - 7.5
Good temporary cover for winter
Good root system

Annual Ryegrass •
(annual) •

•••
Perennial Ryegrass •
(perennial) •

•
•
•

Prairie Sandseed •
(perennial) •

••
Sudangrass •
(annual) •

•
•••

Cool season grass
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 5.5 - 7.5
Good temporary ground cover
Grows quickly

Cool season grass
Likes well-drained soil but can tolerate
moderately drained soil
Likes soil pH from 5.5 - 7.5
Grows in bunches, short lived (3 or 4
years)
Grows well in northern and southern
humid climates

Warm, dry season grass
Likes well-drained soil
Likes soil pH from 6.0- &.0
Drought tolerant, grows tall

Warm,dry season grass
Likes well-drained soil but can tolerate
moderately drained soil
Likes soil pH from 5.5 - 7.5
Summer temporary cover
Drought tolerant
Grows well in southern humid climates
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. NAME OF GRASS

APPENDIX 3 (CONTINUED)

USEFUL INFORMATION

Switchgrass
(perennial)

••
•
•

Warm season grass
Likes well-drained soils but can tolerate
moderately drained soil
Likes soil pH from 5.0 - 7.5
Tolerates acid and low-fertility soils

Timothy • Cool season grass
(perennial) • Can tolerate wide range of soil drainage

conditions

• Likes soil pH from 4.5 - 8.0
• Shallow root system
• Grows well with alfalfa and clover

Winter Wheat • Cool, dry season grass
(annq.al) . • Likes well-drained soils but can tolerate

moderately drained soil
• Likes soil pH from 5.0 - 7.0

Tall Wheatgrass
(perennial)

Western
Wheatgrass
(perennial)

••
••
•

•
•
•••
•

Cool, ~ry season grass
Can tolerate wide range of soil drainage
conditions
Likes soil pH from 6.0 - 8.0
Sod forming
Can tolerate alkaline and salty soils

Cool, dry season grass
Can tolerate wide range of soil drainage
conditions
Likes soil pH from 4.5 -7.0
Sod forming
Germinates slowly but spreads rapidly
Grows well in northern dry climates
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APPENDIX 4

LEGUMES COMMONLY USED FOR RECLAMATION

NAME OF LEGUME
.
Alfalfa
(perennial)

Alsike Clover
(perennial)

Red Clover
(perennial)

White Clover
(perennial)

Flatpea
(perennial)

Common Lespedeza
(annual)

Korean Lespedeza

USEFUL INFORMATION

• Cool, dry season legume
• Likes well-drained soils
• Likes soil pH from 6.5 - 7.5
• Needs high-fertility soils

• Cool season legume
• Can tolerate a wide range of soil

drainage conditions
• Dies after two years

• Cool season legume
• Likes well-drained soils
• Likes soil pH from 6.0 - 7.0
• Seeds in early spring

• Cool season legume
• Likes well-drained soils but can

tolerate moderately drained soil
• Likes soil pH from 6.0 - 7.0

• Cool, dry season legume
• Likes well-drained soils but can

tolerate moderately drained soil
• Likes soil pH from 5.0 - 6.0
• Provides good cover but seeds are

toxic to grazing animals.

• Warm season legume
• Likes well-drained soils
• Likes soil pH from 5.0 - 6.0
• Grows low to ground and is acid soil

tolerant

• Warm, dry season legume
• Likes well-drained soils but can

tolerate moderately drained soils
• Likes soil pH from 5.0 - 7.0
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APPENDIX 4 (CONTINUED)

NAME OF LEGUME USEFUL INFORMATION

Cicer Milkvetch
(perennial)

White Sweetclover
(biennial)

Yellow Sweetclover
(biennial)

Birdsfoot Trefoil
(perennial)

Crown Vetch
(perennial)

Hairy Vetch
(annual)

• Dry season legume
• Likes well-drained soils but can

tolerate moderately drained soils
• Likes soil pH from 5.0 - 6.0
• Grows low to ground and is drought

tolerant

• Cool, dry season legume
• Likes well-drained soil
• Likes soil pH from 6.0 - 8.0
• Grows tall and requires high pH soil

• Cool, dry season legume
• Likes well-drained soil
• Likes soil pH from 6.0 - 8.0
• Grows tall and requires high pH soil

• Cool, dry season legume
• Likes well-drained soils but can

tolerate moderately drained soil
• Likes ~oil pH from 5.0 - 7.5
• Can tolerate acid soil

• Cool, dry seaon legume
• Likes well-drained soils
• Likes soil pH from 5.5 - 7.5
• Drought tolerant and winter hardy
• Good for erosion control

• Cool, dry season legume
• Likes we~l-drained soils
• Likes soil pH from 5.0 - 7.5
• Good winter cover
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APPENDIX 5

SHRUBS AND TREES COMMONLY USED FOR RECLAMATION

NAME

SHRUBS

Arour Honeysuckle

Antelope Bitterbush

Apache Plume

Autumn-Olive

Bristly L()cust

Fourwing Saltbush

Japanese Fleeceflower

Mountain Mahogany

Silky Dogwood

USEFUL INFOR}~TION

• Good for wildlife
• More adaptability and vigor as plants

mature

• Best adapted to sand or gravelly
slopes in West

• Good for wildlife

• Adapted to gravelly soils in West
• Good for erosion control
• Can withstand excessive silting

• Nitrogen fixer
• Good for wildlife

• Extremely vigorous
• Excellent on flat areas and out­

slopes
• Good for erosion control

• Well adapted to sandy or gravelly
soils in West

• Good for wildlife

• Grows well on many sites, especially
moist areas

• Excellent leaf litter and canopy
protection

• Good browse for wildlife
• Grows well on dry, rocky mountain

slopes

• Grows best on neutral soil pH
• Good for wildlife
• Poor surface protection
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NAME

SHRUBS (Con't)

Tatarian Honeysuckle

Winterfat

.TREES , CONIFERS

Austrian Pine

Eastern Red Cedar

Japanese Larch

Loblolly Pine

Mugho Pine

Pitch Pine

Red Pine

APPENDIX 5 (CONTINUED)

USEFUL INFORMATION

• Grows up to 12 feet tall
• Does well on well-drained

soils

• Grows on dry sand or shallow clay
soils in West

• Excellent for wildlife

• Can be planted on all slopes
• Plant in blocks or bands

• Grows best on dry, sandy soils
• Does well with black locust

• Plant on unleveled, noncompacted
spoil

• Provides good litter

• Rapid early growth
• Grows best in South
• Susceptible to ice and snow

damage

• Develops slowly
• Low growing
• Good wildlife cover

• Deep rooted
• Acid tolerant
• Can survive fire injury

• Light ground cover
• Plant on all slopes

Rocky Mountain Juniper

Virginia Pine

• Good for wildlife
• Will survive in very rough,

dry, and poor soils

• Tolerant of acid spoil
• Good for wildlife
• Slow development
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NAME

TREES, HARDWOOD

Black Locust

Cottonwood

APPENDIX 5 (CONTINUED)

USEFUL INFORMATION

o Wide range of adaption
o Rapid growth
o Can be direct seeded

o Desirable for large-scale planting
o Good cover
o Rapid growth

European Black Alder

Hybrid Poplar

o Wide range of adaption
o Nitrogen fixing, non-legume
o Rapid growing
o Can survive low pH

o Rapid growing
o Can survive low pH
o Good for screening
o Cannot withstand grass competition
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