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Preface

The term best management practices (BMPs) has generally been
used to describe mechanical means of minimizing or eliminating
water-quality problems. The BMPs presented here, however, apply
as well to reclamation, planning, and specific methodologies to pro-
mote an integrated approach to mining. The techniques and guid-
ance provided in this manual should not be construed as rules or
lJaws, but merely the most effective and economical reclamation and
mining practices known to Oregon Department of Geology and Min-
eral Industries (DOGAMI) and the Washington Department of Natu-
ral Resources (DNR) at the present time.

This manual provides information about planning the mine
from start-up to final reclamation, incorporating water and erosion
control during operation and reclamation, soil salvage and replace-
ment, land shaping, and revegetation.

This manual was compiled and written by DOGAMI and DNR
to provide technical information and guidance to landowners, land:
use planners, and mine operators. We urge miners to use this manua;
as a resource in developing an environmentally and financially
sound mine. However, while this manual is a broad overview of
mine reclamation and development and other BMPs, it is not a com-
prehensive document, nor should it necessarily be considered the
final word. Mining and reclamation will continue to evolve and im-
prove. Locking in on technique or even just one BMP can be dan
gerous. Miners should consider the range of BMPs discussed herc
before selecting one to the exclusion of others.

Reclamation of mines, especially large mines, is a complex
multidisciplinary undertaking and goes far beyond this document.
Trained professionals such as agronomists, biologists, engineers,
geologists, hydrogeologists, landscape architects, planners, and soil
scientists can be helpful in planning and completing a mining pro-
ject.

Implementation of BMPs is in everyone’s best interest. For
mine operators, using BMPs can result in more efficient and profit-
able mining. For society, BMPs can mean cleaner, more usable, and
aesthetically pleasing lands. Effective reclamation as the final BMP
at a site can reduce water pollution and loss of topsoil, provide fish
and wildlife habitat, and allow timber production, agriculture, and
other uses to be re-established.

This project was partially funded by U.S. Environmental Protection
Agency grant X000798-01-0 as means of transferring technical in-
formation regarding mine regulation and environmental issues. The
original grant was an agreement between Idaho, Oregon, and Wash-
ington in 1993 and has been referred to as the Tri-State agreement
for mining. BMPs for mining already exist in Idaho and helped pro-
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INTRODUCTION

TYPES OF MAPS

MAP SIZES

Cpen File Report 86-2

Maps as Management Tools

Preparing accurate maps of the mining property and its surroundings
is a key step in developing a surface mining operation. Maps allow
geographic information to be summarized in a compact form. Their
primary purpose is to describe geographic features and the spatial
relations of these features. Maps benefit the operator by clearly de-
fining the area in which mining is permitted, and they assist in long-
range planning for both efficient use of the mine resource and timely
reclamation.

Surface mining regulations in both Washington and Oregon require
that maps be submitted before mining permits are issued. To meet
regulatory requirements, maps must provide sufficient detail to
characterize the site. Types of maps that may be required for permit
applications are:

W A site access map showing the regional setting of the site and
how to get there from the nearest town.

B A pre-mining topographic map establishing the location and
setting of the mine site as it exists before mining.

M A geologic map giving a detailed description of the geologic
setting and the type of deposit to be mined (required only if
specifically requested).

B A reclamation sequence map showing the borders and sequence
of segments to be mined and reclaimed, including the directions
in which soils will be moved during salvage and replacement,
and the location of storage areas and other mine-related features.

B A final reclamation map and at least two intersecting
cross sections showing the mine site as it will appear after
reclamation and revegetation.

W A revegetation map showing the location and types of plants
used for revegetation. (This may be combined with the final
reclamation map if the information will not obscure contours.)

The map size preferred for review is 11 x 17 inches, which is easy
to photocopy and store. If maps are small, they may be grouped on
a single sheet of paper. If the maps submitted are larger than 11 x 17
inches or if they are in color, seven or more copies must be provided.
The copies will be forwarded to other reviewing agencies.

Because 11 x 17 inches is generally not practical for internal
working purposes, draft and working copies may be larger. For ex-
ample, some larger mines may require a scale of 17 = 200" or 1”7 =
400" and thus large sheets. Draft and working copies may be reduced
on a photocopier for submission. Make sure the map scale reflects

any reduction.

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES



1.2 MAPS AS MANAGEMENT TOOLS

BASIC ELEMENTS Basic elements required on every map are the:

1 map scale, both written I north arrow
out as a ratio and shown I explanation block or legend
graphically as a bar or

rake scale ¥ title block

Map Scale Every map, regardless of the size of the site, should include a scale
that indicates the relationship between the size of features on the
map and the size of the same features on the ground. Most scales are
represented by stating that 1 inch on the map represents a certain
number of inches, feet, or miles on the ground. For example, 17 =
200’ means that 1 inch on the map represents 200 feet on the ground.

The scale that best represents a site will depend on the detail
required and the size of the site, and the level of detail depends on
the size and complexity of the mine. A map of a 50-acre rock quarry
near a stream will normally require greater detail than a map of a
5-acre upland gravel extraction site. For some proposals, it may be
acceptable to give only an approximate scale.

Site size Suggested Map scale
3-6 acres not less than 1”7 = 50’
10-20 acres not less than 1” = 100’
20~80 acres not less than 1”7 = 200’

>80 acres not less than 17 = 400’

Note: If the map is reduced or enlarged, make sure the verbal scale
is adjusted as well. Maps without a scale will not be accepted.

Graphic Scales Map scales shown graphically should also be included. They will
remain accurate when the map is reduced or enlarged. Examples of
a bar scale (left) and a rake scale (right) are shown below:
6 05 1.0 15mi 0 0.5 1 mi
e w— S R

North Arrow All maps must show true north. This is typically done by drawing a

N N line oriented N~S with an arrow pointing north. The north arrow in
conjunction with the scale allows the map to be properly oriented

% /]\ during field inspections and to be related to other maps. Examples
of north arrows are shown on the left.

Explanation Block The explanation block or legend defines all symbols and patterns
used and may contain the scale.

Title Block The title block should contain the following information:
N titie of map,
B application or permit number,
B name and address of applicant or permit holder(s),
I signature of applicant or permit holder(s},
I map or exhibit number, and
|

date map was drawn or revised.

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES Open File Report 96-2
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BOUNDARIES 1.3

Topographic contours are lines on a map that connect points of
equal elevation. For example, a 100-foot contour line links all points
that have an elevation of 100 feet. Although not required on all
maps, contours are useful in determining the steepness of slopes and
the location of watercourses. Contours are deemed adequate for
mine permitting if they accurately reflect the conditions of the site.
Generally, contour intervals should be between 5 and 20 feet.

Typically, only large and/or complex sites require surveyed
contour lines. Most applications for small sites can use a photocop-
ied enlargement of a U.S. Geological Survey (USGS) topographic
map. Enlarging a USGS 7.5-minute quadrangle (1” = 2,000") by 400
percent yields a map at a scale of 1”7 = 500". Care must be taken to
ensure that the scale of the enlargement is accurate.

USGS maps are usually available at local hunting or sporting
goods stores. They may also be ordered from the Washington De-
partment of Natural Resources Photo and Map Sales (360-902-
1234), the Nature of the Northwest Information Center (503-731-
4444), or the U.S. Geological Survey (509-353-2524).

Several types of boundaries may be required on maps: the permit
area boundary, the mining area boundary (including present and fui-
ture mining areas), and the property lines. The symbols for al!
should be included in the explanation block.

This is the boundary within which mining is permitted. Any mining,
processing, or activity related to mining taking place outside this
area constitutes mining without a permit and may invoke closure
and/or civil penalties. In some places, the permit boundary may be
coincident with the property boundary. However, the permit bound
ary may cross property lines and can include property held by dif-
ferent landowners. Once the boundary has been defined, changes to
it typically require an amendment to the reclamation permit and may
require land-use approval by the local jurisdiction.

The permit boundary is commonly indicated on maps as a
dashed or solid line. This line type and width should be distinguish-
able from the property line boundary and should be clearly labeled
as ‘permit boundary’.

Mining boundaries show the areas to be mined or excavated. Several
maps may be needed to show areas affected by short-term and long-

term operations.

Boundaries of cities, counties, and other municipalities must be
shown if they cross the map area.

Tax lot maps from the county assessor’s office are good sources of
property line information. Property line locations are critical in de-
termining setbacks to property lines and the likelihood of potential
impacts to adjacent landowners.

BEST MANAGEMENT PRACTICES FOR REGLAIMING SURFACE MINES



1.4 MAPS AS MANAGEMENT TOOLS

The property line boundary is typically shown on maps as a
solid line. The property line type and width should be distinguish-
able from the permit boundary line and should be clearly labeled.
The letters ‘PL’ are commonly used to indicate a property line on
maps, but this line and abbreviation must also be identified in the
explanation block.

OTHER COMMON  The following map elements should be shown on one or more of the
MAP ELEMENTS required maps_

Existing All streams, rivers, wetlands, and ponds on and adjacent to the site
Wa;ercourses, must be indicated on the map. Accurate location of these features
onds, and .1, reviewers to assess potential mining-related impacts and also
Wetlands ; . : : :
aids the miner in the design of erosion and storm-water control sys-
tems to protect water quality.

Streams and rivers are represented by lines that are distinct from
those used for haul roads, permit boundaries, and property lines.
Ponds, wetlands, and lakes should be labeled and/or patterned to
distinguish them from other mine features.

Processing Plant  Proper location of processing facilities makes good use of the topog-
raphy for screening and noise control—for example, siting the fa-
cilities in a low area. (See Visual and Noise Screens, p. 3.6.) The
location of the processing facilities can be labeled or a symbol may

be used.

Haul Roads Most roads can be placed to avoid potential problems. Proper loca-
tion, construction, and drainage of roads can minimize turbid water
and slope-stability problems. (See Passive Storm Water Control,
p. 2.6, and Figs. 2.7 and 2.8.) Roads can be shown as lines whose
width or line type (dashed, etc.) distinguish them from property
lines and permit boundaries.

Soil and  Soil should be preserved for reclamation. The reclamation sequence
Overburden map must show where topsoil, subsoil, and overburden will be
Stockpiles  ,cq unijl they are reapplied during reclamation. Soil stockpiles
can be indicated by drawing a line around the proposed location,

adding a distinctive pattern, and labeling the area ‘topsoil’, ‘sub-

soil’, or ‘overburden’. (See Removing and Storing Topsoil and Sub-

soils; pu-3:134)

Product Stockpiles Stockpiles of usable rock and waste-rock dumps are generally indi-
and Waste-Rock  cated on maps by drawing a line around the proposed location, add-
Dumps 10 4 distinctive pattern, and labeling the area ‘stockpile’ or ‘waste
dump’. Stability and potential erosion problems are criteria to be
considered in selecting the location of a stockpile or dump. Site to-
pography will influence these factors. (See Waste and Overburden

Dumps and Stockpiles, p. 3.15.)

Interim Watercourses Temporary watercourses and ponds, including settling ponds and
and Ponds  drainage ditches to control storm-water runoff, should be distin-

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES Open File Report 96-2



SITE ACCESS MAP 1.5
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Figure 1.1. Site access map for the fictitious Union Road Quarry, taken from a highway map. Note verbal scale, bar
scale, north arrow, and explanation and title blocks. (Not to scale; this map has been reduced to fit on the page.}

Typical
Cross Sections

SITE ACCESS MAP

QOpen File Report 96-2

guished from permanent natural features. They may be represented
by a unique line or pattern. (See Storm-Water and Erosion-Control
Structures, p. 2.12.)

A cross section or profile shows what the mining site would look
like if a vertical slice were taken through it. The purpose is to show
the slope of the original land surface and reclaimed land surface, the
water level of ponds and wetlands, and the types and placement of
vegetation. Cross sections are usually taken through the areas thai
will show the most information. It is generally best if a cross section
is drawn so that the vertical and horizontal scales are the same. In
some cases, the vertical scale can be exaggerated to accentuate topo-
graphic features.

The site access map (Fig. 1.1) can be a copy or tracing of the perti-
nent part of a road map that clearly shows how to get to the site from

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES



1.6 MAPS AS MANAGEMENT TOOLS
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Figure 1.2. Pre-mining topographic map for the quarry in Figure 1.1. Note existing buildings and vegetation, pre-
mining contours, verbal scale, bar scale, north arrow, and exptanation and titie blocks. (Modified from Norman and
Lingley, 1992. Not {o scale; this map has been reduced to fit on the page.)

the nearest town. The preferred size for this type of map is 8% x 11
inches. A site access map shows the regional setting of the site and
includes nearby geographical features and public road access to the
site.

PRE-MINING The pre-mining topographic map establishes the location and setting
TOPOGRAPHIC MAP of the mine site (Fig. 1.2). It must show the following features:

0 Permit area plus an appropriate border on all sides to show
important adjacent features. The size of the border depends on
site topography, drainage, neighbors, etc,

O Elevations and contours, natural ground slopes, drainage
patterns, and other topographic features

O Boundaries and names of counties and municipalities (if they
cross the map area)

01 Boundaries of property ownership adjacent to the mine

O

Names and addresses of adjacent property owners
O lLocations and names of any other nearby mines
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Figure 1.3. Reclamation sequence map for the site in Figure 1.2. This map shows the location and sequence of
segments to be mined according to the operating and reclamation pian {counterclockwise from the northeast, in this
instance), as well as details of soil placement, screening, and drainage. This site is mined first as a dry site, but as
mining proceeds into the southern segments, the water table is penetrated. (Modified from Norman and Lingley, 1992.

Not to scale; this map has been reduced to fit on the page.)
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Open File Report 96-2

O Locations and names (if any) of all roads, railroads, utility
lines, or any other rights of way

0 Locations and names (if any) of all streams and natural and
artificial drainways on or adjacent to the mine site

O Locations and names of significant buildings, parks, and other
artificial features

1 Locations and names (if any) of all wells, lakes, springs, and
existing wetlands on or adjacent to the mine site

O Boundaries of the areas that will be disturbed by mining.

The reclamation sequence map shows the details of the plan for min-
ing and segmental reclamation (Fig. 1.3). It should cover the same
area as the pre-mining topographic map and display the following
information:

O Permit area plus an appropriate border on all sides

O Boundaries of the areas that will be disturbed by mining

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES



1.8 MAPS AS MANAGEMENT TOOLS

O

0

0

Locations of all permanent boundary markers

Locations of proposed access roads to be built in conjunction
with the surface mining operation

Locations and types of setbacks and berms
Numbered segments and the direction and sequence of mining

Soil storage areas and sequence of stripping, storing, and
replacement on mined segments

Overburden storage areas and sequence of stripping, storing,
and replacement of overburden on mined segments

Waste rock piles and how they will be reclaimed and stabilized

Operation plant and processing areas

Measures to be taken to protect adjacent surface resources,
including prevention of slumping or landslides on adjacent
lands

Location and description of storm-water and erosion-control
systems, including drainage facilities and settling ponds

Other pertinent features,

FINAL On most sites that require a state reclamation permit (reclamation
RECLAMATION plan), a description of the post-mining topography is usually suffi-
MAP cient, but for complex sites, post-mining topographic maps should
be prepared (Fig. 1.4). This is a topographic map of the site as it will
look after final reclamation, usually presented in the form of post-
mining contour lines or post-mining pit outlines. It must show all
applicable data required in the narrative portion of the reclamation
plan and details of the mine reclamation. The map should cover the
same area as the pre-mining topographic map, at the same scale, and
should display the following information:

O
O

Permit area plus an appropriate border on all sides

Final elevations and contours, adjacent natural ground slopes,
reclaimed drainage patterns, and other topographic features

Locations and names (if any) of all roads, railroads, utility
lines, or any other rights of way

Locations and names (if any) of all streams and drainages

Locations and names (if any) of significant buildings, parks,
and other structures, facilities, or features

Locations and names (if any) of all lakes, springs, and wetlands
Location and depth of topsoil to be replaced

Permanent drainage and water-control systems (with expanded
view, if needed)

Area to be revegetated and proposed species

At least two cross sections (generally at right angles), with

horizontal and vertical scales the same, that show the original
and final topography and the water table (Fig. 1.5)
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Figure 1.4. Final reclamation map of the site in Figure 1.2, showing how it will appear after reclamation. The site
will accommodate a small office complex and wildlife habitat when it has been reclaimed. Cross sections A~A” and
BB’ are shown in Figure 1.5. (Modified from Norman and Lingley, 1892, Not to scale; this map has been reduced to

fit on the page.)
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Figure 1.5. Cross sections for the final reclamation plan of the mine shown in Figure 1.4. The
types and placement of vegetation and the slope of the pond banks are shown. (Modified from
Norman and Lingley, 1992. Not to scale; this map has been reduced to fit on the page.)
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1.10 MAPS AS MANAGEMENT TOOLS

o Other information pertaining to the permit and required by
statute or special conditions of the permit.

GEOLOGIC MAP In addition to the preceding four types of maps, a detailed descrip-
tion of the geologic setting and the type of deposit to be mined is
sometimes required in geologically complex areas and for certain

industrial mineral or metal mines.

MAP UPDATES Current aerial photos or updated maps may be required as mining
progresses.

REFERENCE Norman, D.K.; Lingley, W. S., Jr., 1992, Reclamation of sand and gravel mines:
Washington Geology, v. 20, no. 3, p. 20-31.
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Storm-Water and Erosion Control

Protecting water quality and preventing erosion are two important
tasks mine operators must address. Federal legislation and increas-
ing concern and scrutiny by state and local agencies and the public
require that mine operators pay close attention to even small or tem-
porary discharges of storm water. The quality of those discharges,
particularly their turbidity, is a direct reflection of how sediment on
the site is handled. Expensive solutions to water-quality problems
can often be avoided by incorporating storm-water and erosion-con-
trol techniques into the mine development plan. For most mine sites,
a good storm-water control system can minimize or even eliminate
storm-water discharge during the operation phase. When mining
ceases, erosion control is still necessary but should rely on tech-
niques that can function without maintenance.

Controlling storm water and the erosion it causes requires inte-
grated management starting at the top of the watershed above the
mining area. No single action will produce permanently effective
results. A good system has numerous individual components that
must function separately but also respond as a unit during storms.
The failure of one component can cause other components to fail
and ultimately affect water quality. Furthermore, control practices
are likely to change over the life of the operation. Good planning
and constant maintenance are needed to keep the storm-water sys-
tern working at peak efficiency.

This chapter describes basic techniques that can be combined to
make a comprehensive storm-water and erosion-control system.
Specific techniques appropriate to a given site depend on climate,
topography, and the erodibility of the material present. The follow-
ing general guidelines are applicable everywhere:

@@ Carefully plan the areas to be cleared in order to minimize
disturbance.

@ Retain sediment by using erosion-control BMPs.

@@ Interrupt the flow of surface water to reduce velocity.

@™ Use revegetation and mulching to stabilize cleared areas as
soon as practical.

@@ Isolate fines produced during mining and processing.

@@ Develop a plan for maintaining storm-water and
erosion-control structures. Follow the plan, and modify it

as necessary to address changing conditions.

Although water quality is ultimately the operator’s responsibility,

maintenance of storm-water and erosion-control systems must be a
priority for management and involve all mine employees. Managers

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES



2.2 STORM-WATER AND EROSION CONTROL

EROSION

Figure 2.1. The rate of ero-
sion depends on climate, soil
characteristics, topography or
slope, and vegetation.

should explain to staff why controlling storm water and erosion is
so important. An effective program requires that everyone be on the
lookout for seemingly insignificant situations that can snowball into
major problems if not addressed in time.

We encourage operators and their employees to experiment
with improving their storm-water systems. Operators should not feel
limited to the information provided in this document. Common
sense and innovation, with an emphasis on early recognition and
response to erosion and sediment-transport problems, are the key to
effective storm-water control.

The rate of erosion is affected by four main factors (Fig. 2.1):

W climate, which determines how much rain and snow will fall on
a site,

W soil characteristics, which determine erodibility and infiltration
rates,

W fopography or slope, which determines the velocity of runoff
and the energy water will have to cause erosion, and

W vegetation, which slows runoff and prevents erosion by holding
soils in place.

Fach of these factors plays a role in determining which BMPs
should be used to control erosion on a given site,

Erosion begins when raindrops displace soil particles. Rain-
drops may combine into sheets of water and flow over the surface
(overland flow) to cause sheet erosion. Topography then concen-
trates water to produce rill and gully erosion. When water from rills
and gullies combines, larger erosive streams and channels form
(Fig. 2.2).

A single raindrop may move a splashed particle 2 feet vertically
and 5 feet horizontally. The velocity of a raindrop is more than ten
times higher than typical surface runoff velocities, which means that
soil particles are more likely to be dislodged by raindrop impact than
by surface runoff. Once the particles are mobilized, however, much
less energy is required to keep them suspended or moving.

i
‘/

VEGETATION
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Figure 2.2. Topography cre-
ated by different types of ero-
sion. Raindrop erosion affects
any bare surface. If the water
does not infiltrate, raindrops
combine into sheets of water
(overiand flow} to cause sheet
erosion, and sheets further
concentrate to produce rifl and
gully erosion. Water from rilis
and gullies then combines to
form streams and channels.
(Redrawn {from Beckett, Jack-
son, Raedere, Inc., 1975.)

STORM-WATER
REGULATION

TURBIDITY AND
SUSPENDED
SEDIMENT

Turbidity
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2.3

STORM-WATER REGULATION

The Washington Department of Ecology (DOE) and the Oregon De-
partment of Environmental Quality (DEQ) regulate the discharge of
storm water and waste water into public waters. The Stormwater
Management Manual for the Puget Sound Basin (Washington State
Department of Ecology, 1992) is a good source of “best management
practices’ (BMPs) and is available from DOE.

For many mine sites, DOE requires a Stormwater Pollution Preven-
tion Plan (SWPPP). As part of the SWPPP, an Erosion and Sediment
Control Plan is required with the general discharge permit.

Mine sites in Oregon that discharge storm water off site need a De-
partment of Environmental Quality (DEQ) storm-water permit,
which can be obtained through DOGAMI-MLR. This typically re-
quires the preparation of a storm-water plan to be submitted with the
storm-water application. Sites that use water for processing and do
not discharge water from the site must obtain a Water Pollution Con-
trol Facility Permit (WPCF permit) from DOGAMI-MLR. Sites that
use water to process aggregate and discharge water from the site
should contact DEQ to obtain an individual WPCF permit.

Erosion results in stream water that has high turbidity and a large
sediment load. Turbid, sediment-laden water can adversely affect
frogs and toads, clams, bottom-dwelling insects, and the appearance
of stream systems. High levels of turbidity can also interfere with
the feeding habits of fish, especially juveniles, and clog gills. Set-
tleable solids can cover spawning gravels and suffocate eggs.

Turbidity is a measure of the amount of light that can pass through
water in a straight line. Turbidity is reported as Nephelometric Tur-
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2.4 STORM-WATER AND EROSION CONTROL

bidity Units (NTU). A high NTU value means that little light is
transmitted through the water because it is absorbed or deflected by

particles in the water.

suspended Suspended sediment is composed of settleable and nonsettleable sol-
Sediment jds. Settleable solids (sand- and silt-size particles) are heavier than
water and will settle in calm water. Nonsettleable solids (clay-size
particles) take a long time (or distance) to settle out of suspen-

sion—in some cases, years—and are the chief cause of turbidity.

_ In Washington, turbidity must not be more than 5 NTU greater than
the background turbidity when the background turbidity is S0 NTU
or less, or there must not be more than a 10 percent increase in tur-
bidity when the background turbidity is more than 50 NTU. There
is no standard for suspended solids or settleable solids in the water-
quality regulations.
For example, in the sand and gravel general discharge permit, DOE is
allowed by regulation to give a facility a 10:1 mixing zone to meet an
effluent limit. DOE sets the end-of-pipe effluent limit at 50 NTU and
assumes that the background level for rurbidity in the receiving water
is zero. With a 10:1 mixing zone, this should result in a 5 NTU final
effluent quality at the end of the mixing zone.

- In Oregon, all sites that have point-source discharges of storm water
must have a storm-water discharge permit. As of January 1, 1998,
storm-water discharge permits for mine sites will be administered by
DOGAMI-MLR. The general storm-water permit contains perform-
ance benchmarks for storm-water plans. Benchmarks have been set
for pH, total suspended solids, and oil and grease. If benchmarks are
exceeded, the plan must be modified to address the deficiency. Tur-
bidity must be less than 10 percent above the background of the re-

ceiving stream or river.

EROSION Assuming that the general guidelines given on p. 2.1 are being fol-

CONTROL lowed, the two most important things that can be done to minimize
erosion, sedimentation, and turbidity are preventing raindrop ero-
sion and slowing surface-water runoff velocities in the bare areas.

Practices that reduce erosion can be classified as either short- or
long-term, although considerable overlap exists between the two.
All require maintenance to be effective. They are described in detail

later in this chapter.

Short-term erosion-control methods include:

1 mulching, I jute netting and/or muich
fabrics,

1 brush sediment barriers, and

B slash windrows,
N straw bales,

1 filter fabric fences, 1 plastic coverings.
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TERRACED SLOFE

ERCSION CONTROL 2.5

BERMED SLOPE FURROWED SLOPE

Figure 2.3. Small, discontinuous terraces, berms, and furrows can effectively slow runoff and decrease sediment
transport. The relief is exaggerated for illustrative purposes. {From Banks, 1981.)

Controlling
Raindrop Erosion

Controlling
Surface Runoff

Long-term erosion-control methods include:

I vegetation, B rock-lined ditches, and
¥ diversion ditches, K contours, berms, swales, and
ditches.

N rock check dams,

On flat ground, raindrop erosion is typically not a problem, but on
slopes, more soil is splashed downhill than uphill. Covering steep
slopes with plastic sheeting or mulch and/or revegetating bare areas
reduces the erosion caused by raindrop impact. Gravel placed on
berms or other bare areas at the plant site can also significantly re-
duce sediment movement during heavy rains.

Runoff velocities can be controlled by retarding flow and/or break-
ing up or minimizing slope length. Retarding flow on a slope can be
accomplished with organic debris or geotextiles. Small, discontinu-
ous terraces, berms, and furrows on the overburden cut above the
mine or on reclaimed slopes can effectively slow runoff and de-
crease sediment transport (Fig. 2.3). Benches cut in overburden or
other unconsolidated material likely to erode should be sloped into
the hillside and away from the center of the bench to allow drainage
to either side (Fig. 2.4). For reclamation, benches and terraces
should have shapes and dimensions that appear natural so they blend
in with the landforms of the area.

Other methods for reducing runoff velocities involve long-term
structures incorporated into the drainage-ditch system. (See Storm-

Water and Erosion-Control Structures, p. 2.12.) These structures
should be used in the interior of the mine in conjunction with set-

SIDE VIEW

fq—m25' maximum -——p
FRONT VIEW
e ———

1-5% slope from the center
of the bench toward the sides

Figure 2.4. Benching and terracing of unconsolidated material to control runoff. Benches cut in overburden or other
material likely to erode should be sloped into the hillside (side view) and away from the center of the bench {(1-5%
slope or grade) to allow drainage to either side (front view). (Modified from Law, 1984. Copyright © 1884 by Van

Nostrand Reinhold Company inc. Used by permission of the publisher.)
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2.6 STORM-WATER AND EROSION CONTROL

tling ponds. Using only one method is generally not successful. At-
tempting to trap or control sediment in settling ponds may not work
unless some sediments have been dispersed and trapped upslope of
the final pond or discharge point.

Long-term erosion-control methods are more cost-effective if
properly planned and coordinated with mining activities. At many
sites, short-term erosion control will be needed until long-term con-
trols are established. Some methods, such as revegetation, can be
effective in both the short and long terms.

STORM-WATER
DIVERSION

o

Y
o f
0¥ % %

original course

/ of stream

A
stream diverted iy -
around mine; lo;y
ties back into 1 J

original drainage beiow

reclaimed course '\ /
of stream when
mining is finished

working face

Figure 2.5. The best strategy for storm-water control is
to divert streams and overland flow around the mining
site. Not to scale.

PASSIVE STORM-
WATER CONTROL

Conventional storm-water control methods tend to concentrate
flows using ditches, berms, and ponds. The best strategy for storm-

water control, however, is to divert storm
water and overland flow around the mining site
and back into the original drainage (Fig. 2.5).
Keeping ‘clean’ water separate from ‘dirty’
water is the easiest way to minimize the
amount of water that has to be treated or con-
tained. To do this, mine operators must know
where and how much water enters the mine site
during storms of various sizes. Depending on
the size of the operation, the type and duration
of precipitation, the type of material being
mined, and the topography, passive control of
storm water may be all that is needed.

If storm water cannot be diverted around
the site, that water should be isolated from the
storm water onsite to provide the best possible
protection of surface waters.

Passive storm-water control techniques rely on gravity to do their
work. Their goal is to disperse storm water at numerous locations

rather than to concentrate flows, which then have to be treated to

working
face

drainage
ditch

ump or gravity feed
i t% permeabie,
vegetated area

land application
. dispersing water to
v numerous vegetated areas
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remove sediment. Passive control structures
are typically nonengineered and can easily be
built at any mine site. They should be placed to
prevent overland flow over any significant dis-
tance.

Small operations on permeable materials
(such as sand and gravel, cinders, and pumice)
and sites developed on flat or gently sloping
terrain are good locations to use passive tech-
niques. These techniques will also work on
quarry sites where the rock is highly fractured
and/or the size of the disturbance is fairly

Figure 2.6. Berms and ditches divert runoif to a collection
sump from which it can be dispersed into vegetated areas at
numercus locations around the mine site. Not to scale.
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Figure 2.7. The water bar or
cross-ditch intercepts, directs, and
disperses surface-water flow off a
road to stable sites on the downhill
side of the road. 1, The cross-ditch is
cut into the roadbed from the cut-
bank or ditchline completely across
the road surface, extending beyond
the shoulder of the road. 2, Physical
blockage of the the ditchiine is re-
quired tc deflect water flow into the
cross-ditch. 3, The cress-ditch
should be placed at a minimum skew
of 30° to the ditchline—greater on
steep road gradients. 4, The exca-
vated material is spread on the
downhill grade of the road, creating a
berm. 5, Water should always be dis~
persed onto a stable slope with vege-
tation or riprap protection. 6, The
cross-ditch berm should dip to allow
vehicle crossover without destroying
the ditch. 7, The cross-ditch must be
cut to the depth of the ditchline to
prevent water ponding and to ensure
drainage from the ditchline. 8, An al-
ternative to creating a water bar is to
place a French drain in essentially
the same configuration. The water
bar and the French drain are shown
together here for purposes of illustra-
tion. They would not normally be
used so close together. {Modified
from Chatwin and others, 1991.)

PASSIVE STORM-WATER CONTROL 2.7
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small. Passive techniques can and should be incorporated into de-
signs for larger sites that require offsite discharge of storm water.

At most sites, roads and processing areas are the biggest sources
of sediment because equipment is constantly being moved across
them. Good road design and limiting traffic movement to specific
areas can minimize disturbance and therefore sediment production.

The techniques suggested in the next few pages can reduce the
amount of contaminated water that requires treatment prior to dis-
charge offsite. Applying an appropriate combination of these tech-
niques may eliminate offsite discharge of storm water altogether.

@ Construct berms and ditches to divert runoff away from
natural drainages and slopes and into vegetated areas around
the mine site. If possible, select vegetated areas on gentle
slopes. Doing this at numerous locations is the key to success
(Fig. 2.6).

@@ Construct closely spaced water bars (Fig. 2.7) on roads
susceptible to erosion, for example, ungraveled roads, roads
with steep grades, and roads on highly erodible soils. Very
little maintenance is required if water bars are properly
constructed, placed in correct locations, and closely spaced.
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2.8 STORM-WATER AND EROSION CONTROL

Figure 2.8. Profiles of ele- natural

vated haul roads with drainage grgfund

ditches on the sides to keep surtace CUT-SLOPE ROUNDING

runoff from entering heavy traf- a top width

fic areas where it is more likely A

to pick up sediment. (Modified = v\\

from U.8. Bureau of Land Man- 5" crown ot coarss

agemant; 19724 durabie gravet ’
;fgﬂ;i‘ FLAT-BOTTOM DITCH

flat-bottom
ditch 2" crown of
coarse, durable gravel

Wide water bars, also called rolling ditches, can perform the
same function as conventional water bars while providing
smoother passage for vehicles.

@@ Use water bars on exploration roads above the mine cut or
other roads that receive only occasional use.

@™ Elevate frequently used roads (Fig. 2.8), such as haul roads,
and other heavy traffic areas to keep runoff away from these
areas where it is more likely to pick up sediment.

@™ Make sure roads are well covered with durable, coarse rock
of appropriate size.

@@ To retain storm water on wide working benches during the
winter, use temporary berms.

@™ On the pit or quarry floor, establish and maintain a slope that
allows turbid water to drain toward a low point where it can
be collected in a pond or a sump to allow water to infiltrate
(Fig. 2.9). This practice stops sediment-laden sheetwash from
leaving the pit and may create beneficial wetlands after

CROSS SECTION PLAN YIEW
highwatl highwall : ,

g 5y \l RREY
bench bench

Figure 2.9. Establish and
maintain a slope that aliows sump 11 ] ! E I \ \ \ 1\ \

water to drain toward the high-
wall to collect sediment and
help form wetlands or to allow

water to infiltrate (note infiltra- BRI im;iiatﬁggon sump with
tion gallery) if the area must be il ¥ infiltration
drained. This practice is not SlEes gallery

recommended if oil and grease
are present as potential ground-
waier contaminants. Discharge
to ground water may require a
permit. (See also Fig. 2.26.)

pit drainage
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SEDIMENT CONTROL ON THE MINE SITE 2.9

reclamation. However, this method is not recommended if
oil and grease are present to contaminate ground water.

@@ In both excavation and processing areas, develop and
maintain places that will readily accept runoff and
precipitation. For hard-rock sites, fracture the quarry floors
and/or leave shot rock in place. For gravel and soft-rock
quarries, rip and/or minimize areas compacted by heavy
equipment.

@™ When processing rock on the excavation floor, make sure
adequate drainage is provided. Fines produced during
processing will potentially decrease permeability and
increase runoff. This will likely result in an increase in the
amount of turbid water to be treated.

@ Use filter berms built of porous materials, such as sand and
gravel or processed quarry rock that contains no 200-mesh or
smaller material, to remove sediments. (See p. 2.19.)

@ Use dry wells or infiltration galleries and horizontal
subdrains to allow storm water to infiltrate into the ground

rather than run off the site. (See p. 2.20 and 2.20.)

@@ Regrade, reshape, revegetate, and otherwise protect areas that
have the potential to produce runoff or sediment.

@@ Minimize the disturbed area by maximizing the area
reclaimed each fall.

" Establish and maintain vegetated buffer strips between
disturbed areas and any natural drainage. Silt fines may be
incorporated into the soil in these areas.

@@ Minimize the amount of water requiring {reatment by
isolating ground water from storm water. Sumps and trenches
or shallow wells at the lowest point of the excavation can
dewater the mine area prior to mining.

In Washington, any process water to be discharged to ground is
regulated by the Department of Ecology. This includes process
water discharged to dry wells and drain fields.

If sediment gets into the water onsite, it can become an environ-
mental contaminant requiring treatment. Removing soil fines from
water can be a difficult and costly process. The best approach is to
isolate the source of the sediment. Passive storm-water controls can
reduce or eliminate suspended fines before they reach the settling
pond system. Undersize or reject fines may be a saleable aggregate
product and, in some mines, may be an appropriate or necessary soil
amendment for reclamation. (See Replacing Topsoil and Subsoil,
p.- 4.5.)

Soils with sand as the dominant particle size are coarse-tex-
tured, light, and easily erodible. Water soaks into these soils rapidly.
Silts and clays make fine-textured, heavy soils that are slow to erode

REST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES



2.10 STORM-WATER AND EROSION CONTROL

Figure 2.10. Hypothetical storm-
water control at an upland processing

area. |G, infiltration gallery. \Y surface

‘\/ drain settling pond
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and slow to drain. Clay-rich soils commonly cause the greatest im-
pacts on water quality because they contain fine particles that settle
slowly, travel far, and remain in suspension for a long time in
settling ponds. Soils dominated by the clay fraction may require sev-
eral large settling ponds in series. Flocculants can help settle clay
particles. (See Flocculants, p. 2.26.)

One of the best methods for removing sediment from water is
onsite land application. Turbid water is sent through dispersal sys-
tems that allow it to slowly soak into vegetated areas. The potential
downslope/downstream impacts of land application should be as-
sessed before constructing this type of control. (See Land Applica-
tion, p. 2.25.)

For effective sediment control, operators need to determine
both the dominant particle size of the source materials and the
amount of precipitation and/or storm flow that can be anticipated.
Particle-size analysis of soil, overburden, and reject fines produced
from processing may be necessary at some sites to determine if they
are likely to erode into the storm-water system. Ideally, repre-
sentative storm-water runoff from the site or from a similar site (if

draitt
/ road
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permit

boundary ¢

N\
e

diversion ™

i

h to settling pond

Figure 2.11. An example of a storm-water conirol system at a guarry site. Figure 3.5 shows visual and noise
screening technigues at the same site.

Open File Report 96-2

mining has not yet started) should be sampled to predict the size
range of the suspended particles that may require treatment.

The two basic methods of removing sediments are by filtering
and by gravity separation. Filtering may be accomplished by using:

I designed sand, gravel, or rock graded filters with appropriate
size gradations and layers,

¥ undisturbed soils or embankments,

I filter fabrics,

I infiltration galleries,

1 French or trench drains, and

B dispersal (sheet flow) through vegetated areas.

Gravity separation requires that water velocity be reduced to
facilitate settling. Settling ponds or dispersal on flat terrain (as in
land application) use gravity separation. In still water, a sand parti-
cle (0.05-2 mm) will settle at rates of 1 foot/second to 1 foot/several
minutes. A silt particle (0.05-0.002 mm) may take several minutes
to 6 hours to settle 1 foot. Clay particles (<0.002 mm) can take from
1 day to several months to settle. Pond surface area, retention time,
and the particles’ settling velocity determine the effectiveness of a

settling pond system.
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STORM-WATER
AND EROSION-
CONTROL
STRUCTURES

Conveyance Channels
and Ditches

Slash Windrows and
Brush Sediment
Barriers

Figure 2.12. Details of con-
struction for a rock-lined diver-
sion ditch.

The techniques discussed above and the structures described below
can be organized in many different ways. The erosion/sedimentation
controls at a site will likely change over time as the configuration of
the site changes. Examples of storm-water control systems for an
upland processing area and a quarry floor are shown in Figures 2.10
and 2.11, respectively. The profile shown in Figure 2.10 illustrates
possible proper drainage techniques in a processing area. The loca-
tion and choice of the various structures and techniques are site-
specific.

Channels and ditches are permanent, designed waterways shaped
and lined with appropriate vegetation or structural material to safely
convey runoff to a sediment pond, vegetated area, or drainage. The
advantages of open channels are that they are generally inexpensive
to construct, can be lined with vegetation, and make it easy to trace
the water. One disadvantage of grass-lined channels is that they
may, if improperly designed, erode during high flows and become a
source of sediment themselves.

The design of a channel or ditch cross section and lining is
based primarily on the volume and velocity of flow expected in the
channel. If flow is low and slow, grass channels are preferred to
riprap or concrete lining. Although concrete channels are efficient
and easy to maintain, they allow runoff to move so quickly that
channel erosion and flooding can result downstream. Grass-lined or
riprap channels (Fig. 2.12) more closely duplicate a natural system.
Riprap and grass-lined channels, if designed properly, also remove
pollutants via biofiltration (removal of pollution by plants). Engi-
neered channels are recommended when the discharge will be
greater than 50 cubic feet per second.

In addition to the primary design considerations of capacity and
velocity, other important factors to consider when selecting a cross
section and lining are land availability, compatibility with surround-
ing environment, safety, maintenance requirements, and outlet con-
ditions.

Most mine sites have to be cleared of woody vegetation prior to min-
ing. Slash windrows and brush barriers can be easily and inexpen-
sively constructed with the vegetative debris. These are effective for
filtering coarse sediment and reducing water velocity.

floodway vegetated

// with grasses \\

10-year/Z4-hour
flow capacity

100-year!
Z24-hour
flood capacity

main channet lining should
be selected to remain stable
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Figure 2.13. Details of construc-
tion of a slash windrow filter. (Modi-
fied from idaho Department of
Lands, 1992.}

road, waste dump,
or soll stockpile

siash
windrow

7

/1 minimUT " log 1o support slash

Slash windrows are constructed by piling brush, sticks, and
branches into long rows below the area of concern. The windrow
may be supported at the base by large logs or rocks (Fig. 2.13).

Brush sediment barriers require somewhat more effort, plan-
ning, and expense, but they are generally more effective than slash

windrows. Brush sediment barriers are linear piles of slash, typi-
cally wrapped in filter fabric or wire mesh. Construction details are

provided in Figure 2.14,

@ Slash windrows should be used below roads, overburden and
soil stockpiles, and any other bare areas that have short,
moderate to steep slopes.

@@ Brush sediment barriers are most effective on open slopes
where flow is not concentrated; they can help prevent sheet
flow and rill and gully erosion during heavy rains.

Straw Bales Straw bales are a well-known temporary erosion-control method
(Fig. 2.15). They are fairly cheap and readily available. However,
they are frequently installed incorrectly, making them ineffective.

filter fabric
FLow

brush from clearing
and grubbing

trench backfilled
and compacted

4" % 4" trench to
anchor filter fabric

5!
Figure 2.14. Details of brush sediment- mikimum
barrier construction. The effectiveness of
brush barriers is greatly increased when filter

fabric is used. {Adapted from Idaho Depart-

Rl
fabric staked at 36"
ment ol Lands, 1992,) centers within trench

compacted soll
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2.14 STORM-WATER AND EROSION CONTROL

EMBEDDING DETAIL

Figure 2.15. Detaijls of straw-
bale sediment barrier construction.
(Adapted from ldaho Depariment
of Lands, 1932.)

Bio Bags

Figure 2.16. Details of con-
struction for a straw-bale bar-
rier combined with a gravel
check dam. (Adapted from
Idaho Department of Lands,
1992.}

wire- or nylon-bound N L
bales placed =] @-;,f ",l:
= T

on the contour

angle first stake
toward previously
laid bale

two rebars, steel pickets,

i or 2 x 2" atakes

= 1.5-2" in ground
ANCHORING DETALL

Simply placing straw bales on the ground surface without proper
anchoring and trenching will provide only minimal erosion control.
Proper ground preparation, placement, and staking are necessary to
provide a stable sediment barrier. Straw bales also require frequent
repair and replacement as they become clogged with sediment. Only
certified weed-free straw should be used.

Straw bales used in conjunction with a check dam or filter berm
constructed of sand and gravel, as shown in Figure 2.16, provide a
more effective erosion-control system that requires less mainte-
nance and can handle larger volume flows.

@™ Straw bales are most practical below disturbed areas where
rill erosion occurs from sheet runoff.
@™ Straw bales may be used in minor swales and ditch lines

where the drainage area is smaller than 2 acres and/or where
effectiveness is required for less than 3 months.

Bio bags are woven nylon net bags filled with bark chips. They are
about the size of straw bales and can be used as an alternative to
straw bales for erosion control. Bio bags are much lighter than straw

semi-pervious straw bales ' fitter berm outlet—
staked securely PLAN YIEW more pervious embankment of

sand and gravel for epillway

SECTION YIEW
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Burlap Bags Filled
with Drain Rock

Silt Fences

Erosion-Control
Blankets

Figure 2.17. Details of filter-fabric silt fence construction.

STORM-WATER AND EROSION-CONTROL STRUCTURES 2.15

bales; they must be staked down to keep them in place. They are
more permeable, but slow water sufficiently to cause sand, silt, and
clay to drop out. They fit the contours of the land, avoiding the
bridging problem of straw bales. They hold together better and can
therefore be removed more easily when saturated. Wildlife won’t
tear them apart to eat them, and they will not introduce grass and

weed seeds to the site.

Bio bags may not be as readily available as straw bales. Their
unit price is comparable to that of straw bales, but because they are
smaller, more units are needed per application, making them slightly
more expensive. They are not as biodegradable as straw bales.

Woven burlap bags filled with drain rock can be used as an alterna-
tive to bio bags. They conform well to irregular ground and are eas-
ily installed. They do not need to be staked down and are less prone
to washing away than bio bags. They can easily be created using
recycled burlap bags and the aggregate that is already present on
most mine sites.

A silt fence is made of filter fabric that allows water to pass through.
Woven fabric is generally best. Depending on its pore size, filter
fabric will trap different particle sizes. The fence is placed perpen-
dicular to the flow direction and is held upright by stakes
(Fig. 2.17). A more durable construction uses chicken wire and T-
posts to support the fabric vertically.

It is essential to bury the bottom of the filter fabric to prevent
flow under or around the fence. Maintenance is required to keep the
fence functioning properly. Rock check dams or other methods may
be needed to slow water enough to allow it to pass through the fence.
Although silt fences are more complicated and expensive to install
than straw bales, they provide better erosion control in some situ-
ations, for example, in coastal climates where hay bales decay rap-
idly or in locations that are difficult to access with vehicles.

@™ Silt fences should be used below disturbed areas where
runoff may occur in the form of sheet and rill erosion.

Erosion-control blankets are made of a variety of artificial and natu-
ral materials, including jute, coconut husk fibers, straw, synthetic

[ woven wire
backing

FLOW

- gravel

filter
fabric

excavated trench
filled with gravel
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2.16 STORM-WATER AND EROSION CONTROL

bury upper edge of matting Figure 2.18. Erosion blanket installation.
Y S (Redrawn from Idaho Departiment of Lands,
¥ spacing AR N = l’ A 1992.)

of staples™ . L ietl

limits of
mulched area

extend matting over sides
and top of mulched area

1" spacing
of staples

5' spacing of staples along
4" minithum ~ ~ each edge and center of netting

-

overlap ~—n"q___

fabrics, plastic, or combinations (Fig. 2.18). Applying erosion blan-
kets over large areas can be prohibitively expensive. However,
small applications in areas that are oversteepened and/or prone to
erosion, in conjunction with cheaper methods such as hydro-
mulching and/or hay mulch and netting, can be very effective. The
effectiveness of jute netting and mulch fabrics is greatly reduced if
rills and gullies form beneath these fabrics. Therefore, proper an-
choring and ground preparation are essential.

@™ Erosion-control blankets can be used on steep slopes where
severe erosion-control problems are anticipated.

Where water infiltration is not desirable, for example, on the
surface of an active landslide, an impermeable erosion blanket may
be appropriate. In this situation, special care must be taken to pro-
vide a place where the energy the water has gained can dissipate,
such as a slash windrow, brush sediment barrier, or rock blanket at
the base of the slope.

Vegetation Vegetation absorbs some of the energy of falling rain, hold soils in
place, maintains the moisture-holding capacity of the soil, and re-
duces surface flow velocities (Fig. 2.19).

@@ The most effective way to use vegetation is to leave it
undisturbed to prevent erosion and reduce the speed of
surface water flows.
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Figure 2.19. Effect of vege-
tation on storm-water runoff.
{(Modified from Washington
State Depariment of Ecology,
1992.)

Contour and
Diversion Ditches

Figure 2.20. Placement and
construction of contour ditches.

|
‘ DITCH CROSS SECTION
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vegetation absorbs the energy of falling rain 7
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vegetation slows runoff and acte -«
as a filter to catch sediment

S it ..

roots hold soil SRy T TR
paticles igplase vegetation helps maintain the
absorvtive cavacitv of the soil

@@ If a new area must be cleared for mining, clear only the
amount needed for expansion within one year.

@@ As an area is cleared of vegetation, save the sod or slash and
stake it down across the cleared siopes to temporarily reduce
storm-water runoff until the area is mined.

@@ Replace topsoil and replant mined areas as soon as possible.

@F" Revegetate overburden and topsoil stockpiles over the winter
or when they will remain unused for more than six months.
(Topsoil should not be replaced in this situation; see Interim

Reclamation, p. 3.1.)

Contour ditches are constructed along a line of approximately equal
elevation across the slope (Fig. 2.20). Diversion ditches guide water
around unstable areas to prevent both erosion and saturation with
water (Fig. 2.21), reducing the likelihood of slope failure. Both
types of ditches should have a 1 to 5 percent grade directed away
from steep slopes to the appropriate drainage or vegetated areas.

Ditch channels may need to be lined to prevent scouring and
minimize sediment transport. When their slope is greater than 5 per-

contour ditches should
slope 1-5% toward an
approved discharge area

Open File Report 96-2

to discharge area
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2.18 STORM-WATER AND EROSION-CONTROL STRUCTURES

cent, ditches are typically
lined with rock. Where
slope stability is of con- N runoff
cern, impermeable liners
may be used. Rock check
dams, described below,
should be placed in diver-

sion and contour ditches at Ogggzl‘kﬁ%”
decreasing intervals as the
slope increases.

@@ Contour and CROSS
diversion ditches SECTION
should be used to
direct surface runoff
away from disturbed

areas and prevent rills Figure 2.21. A diversion ditch can be

and gullies from placed upslope from an overburden pile to pre-
: vent saturation of the pile.

forming.

Rock and Log Check dams are typically constructed from coarse crushed rock rang-
Check Dams  ing from about 2 to 4 inches in diameter, depending on the water ve-
Jocities anticipated. A check dam can generally withstand higher ve-
Jocity flows than a silt fence, and the integrity of the structure will not
be affected if it is overtopped in a large storm event. The tops
of check dams are lower than the channel margins so that water
can spill over (instead of around the sides) during heavy storms
(Fig. 2.22).

The effectiveness of rock check dams for trapping sediment can
be improved by applying filter fabric on the upstream side. The bot-
tom of the fabric must be anchored by excavating a trench, applying
the fabric, and then filling the trench with coarse rock. This struc-
ture functions like a silt fence, but it is more durable. Choosing the
proper size of filter fabric mesh is important to minimize clogging.

24" rock
covered with
filter fabric e D .

filter fabric

Figure 2.22. Details of rock
check dam construction. PROFILE
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Figure 2.23. Details of log check dam construction.
{From Washington Department of Ecology, 1992.)
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Concrete
Check Dams

Filter Berm

Figure 2.25. |dealized cross
section of a filter berm showing
details of construction.
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BACK VIEW

The filter fabric must be replaced when it becomes clogged. Gabions
(wire baskets filled with coarse rock) and filter fabric would func-
tion in the same manner.

Where they are readily available, logs can be used to construct
check dams instead of rock (Fig. 2.23).

@@ Check dams can be used to slow surface flow in ditches.

@™ Check dams are a common means of establishing grade
control in a drainage to minimize downcutting.

Concrete check dams
(Fig. 2.24) can be an
effective long-term
alternative to straw
bales, bio bags, and
rock-filled burlap
bags. They can often
be constructed from

waste concrete that is ¢
cleaned out of mixer Figure 2.24. Waste concrete check dam. It shoui

trucks, but time con- be a minimum of 4 inches thick; length and widi:
straints may prevent vary to fit application.

this. Concrete check

dams are most appro-

priate along ditches that are relatively permanent.

PLAN VIEW

A filter berm (Fig. 2.25) allows the passage of water but not soil
particles. It can be constructed of sand and gravel or crushed and
screened quarry rock free of 200-mesh or smaller material. Using
pit-run sand and gravel or quarry rock is not recommended because
silt and clay will be present. In the ideal berm, fine sand, coarse
sand, and gravel are placed sequentially from the upstream side to

angle of repose (~1.5HAV)

SH:V slope

clean gravel coarse sand fine sand water
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2.20 STORM-WATER AND EROSION-CONTROL STRUCTURES

the downstream end of the berm. The sand may need periodic re-
placement as it becomes clogged with sediment.

o~ Filter berms should be used in channels with low flow.

The terms ‘trench subdrain® and ‘French drain’ are sometimes used
interchangeably. A French drain is a ditch partially backfilled with

Trench Subdrains and
French Drains

ground
surface
P

crushed rock,
gravel, or
pea gravel
(D% passing
a 200-mesh

sieve)
polyester

geotextile
filter cloth

&" minimum

diameter
perforated
pipe with ~
pe doratlons : \\\\ )
owh S S
412"
v

Figure 2.26. Details of trench subdrain construction.

Infiltration Galleries
and Dry Wells

ground
surface

clean, coarse
drain rock

1=3" in
diameter
rock fractured width is
by intentionally site-specific

blasting
below arade

g N
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loose, coarse rock to provide quick subsurface
drainage and covered with a compacted clay
cap. A trench subdrain is a ditch backfilled all
the way to the top with loose, coarse rock,
which allows water to enter more freely
(Fig. 2.26). Both types of drains are designed to
allow the movement of water while preventing
or minimizing the movement of soil particles,
and both require an outlet to remove water, Ei-
ther can be improved by placing perforated
pipe in the drain. (See also Figs. 3.11 and 6.6.)

Several filtering methods can improve the
long-term effectiveness of these drains. Early

applications relied on open-graded aggregate
free of 200-mesh or smaller material, but this
may eventually become clogged. Current prac-
tice is to wrap the perforated pipe in filter fabric
so that sediment is trapped on the surface of the
fabric rather than in the pore spaces. Because
maintenance may eventually be required for
subdrains, placement of clean-outs along the
pipes is recommended.

«@ Drains are used for dewatering landslides
and agricultural lands and stabilizing
highway road cuts.

@@ Drains are also well suited for storm-
water control.

Infiltration galleries (or dry wells) are similar to trench subdrains and
French drains except that there is no direct outlet for the water that

enters them. These drains are deeper than they
are long.

Infiltration galleries are created by exca-
vating a hole— the deeper the better—which is
then backfilled with coarse rock (Fig. 2.27).
Typically, the holes are dug to the maximum
reach (=20’ of the backhoe used. If possible,
water percolation should be improved by frac-
turing the bottom of the hole. This may require
drilling and shooting. Backfilling to the sur-

Figure 2.27. Details of infiltration gallery construction.
(See also Fig. 2.9.)
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Wheel Washes

Figure 2.28. Wheel washes
¢can be used to keep mud and
rocks from being tracked onto
roads. Dirty water can be sent
to a settling pond, or the wheel
wash can be cleaned out with
an excavator.

STORM-WATER
SETTLING PONDS
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face with coarse rock allows heavy equipment to pass safely over
these structures, making them well suited for installation around a
crusher or screening plant. Because there is no outlet for water,
these galleries should be located where fines and storm water accu-
mulate. Grading should direct storm-water runoff to them. The exact
size and number of infiltration galleries needed is site specific.
Maintenance is typically limited to periodic replacement of the fill
with clean rock.

@@ Infiltration galleries are best suited for quarry sites or areas
where natural infiltration of storm water is minimal and the
water table is low enough to allow drainage. They should
be used alone only where grades prevent connection to a
gravity-flow subdrain or where volumes of storm water are
small.

@@ Infiltration galleries should not be used if oil and grease are
present to contaminate the ground water.

Tracking of mud and rocks onto roads can become a problem al
many mine sites during the winter. A permanent wheel wash can be
installed near the exit to wash excess dirt and mud off truck tires. A
series of railroad rails spaced 2 to 8 inches apart can be used to shake
loose rocks and dirt while the vehicle is driving through the wheel
wash (Fig. 2.28). Make sure that water used to wash trucks is treated
to remove solids and turbidity before being discharged from the site.

railroad rails

/
- water level

to settlingpond system ¥ (or clean out ditch with excavator)

Most mine operations cannot rely solely on passive storm-water
control methods and must employ settling ponds as an integral part
of their storm-water system. These flat-bottomed excavations can
range from small hand-dug sumps to ponds covering several acres.
They slow water velocities enough to allow sediment to settle out of
suspension. The number and size of ponds needed will depend on
the site conditions. Construction of numerous ponds in the upper
part of the drainage systems enhances effective trapping of sedi-
ments. For example, upper quarry benches and floors can be bermed
so that they function as sediment basins during the rainy season.

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES
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Figure 2.29. Details of set-
tling-pond construction. The
excavation method on the left is
preferred because it is less
likely to fail and cause flooding
than an constructed embank-
ment {right).

Configuration,
Location, and Size

Figure 2.30. Details of de-
tention pond design. The pond
on the left, which maximizes
the length of the flow path, is
preferable to the pond on the
right, which does not keep
water in the pond long enough
for optimum settling.
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pond excavated below grade pond held by embankment

Two types of ponds are commonly used-—detention and reten-
tion. Detention ponds reduce the velocity of storm water, allowing
sediment to settle before it moves off-site. Retention ponds are large
enough to accept all storm water without surface discharge.

Ponds can be developed by building embankments or by exca-
vating below grade. Excavated ponds are preferable because they
are less likely to fail than embankments (Fig. 2.29). Embankments
have to be carefully constructed using the same techniques that
would be used for constructing waste and overburden dumps and
stockpiles (see p. 3.15). Ideally, ponds should be situated at the bot-
tom of a slope. Soil or geotextile liners may be required where sta-
bility is a concern. Many ponds are designed for the life of the op-
eration, whereas others are used for only a short time.

@@ Settling ponds are the best method of gathering turbid water
to allow sediment to settle out.

In Washington, water impoundments that contain more than 10 acre-
feet of water must be approved by the Dam Safety Section of the
Department of Ecology.

In Oregon, water impoundments with dams more than 10 feet high
or with a capacity of more than 9.2 acre-feet of water must be ap-
proved by the Dam Safety Section of the Oregon Water Resources

Department.

Storm-water detention ponds should be designed to maximize both
velocity reduction and storage time. That is, storm water entering a
pond should spread out and migrate as slowly as possible toward the
discharge point. Baffles constructed across the pond (Fig. 2.30) can
reduce flow rates. A good rule of thumb is that the flow path of the
pond should be at least five times the length of the pond. The inlet
and outlet should be located so as to minimize the velocity and maxi-
mize the residence time.

MORE EFFECTIVE LESS EFFECTIVE

flow path

\ inflow

“oushiow)

outfiow +
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If ponds are to be placed in the lowest area of the watershed,
several should be constructed in a series. This will enable the first
pond to slow the high-velocity waters coming into it and allow sub-
sequent ponds to settle out sediments more effectively. For maxi-
mum treatment effectiveness, ponds should be placed as close as
possible to those areas most likely to contribute sediment, such as
the pit floor, the processing plant, and other areas of heavy equip-
ment activity,

There are several widely used methods for determining the ap
propriate size of storm-water ponds for a given site. Most methods
begin with estimating the size of the watershed and estimating run-
off using infiltration rates. This information is then used to calculate
the amount of runoff on the basis of annual precipitation or a storm
event of a certain size. Observations of flow characteristics and Jo-
cations made near the mine during storm events can be invaluable
in developing a good storm-water pond system.

However, choosing an appropriate size for storm-water ponds
can be difficult without site-specific information such as a storm
hydrograph—a graph of the volume of water flowing past a certain
point during a storm event. When hydrographic information is not
available, theoretical calculations are used to estimate the flow vol-
ume for a given storm event. The calculations quickly become com-
plicated because storm intensity and duration can have a significant
effect on the amount of runoff. Also important, but even more com-
plicated, are determining the influence of road systems, vegetative
cover, and amount of compaction on runoff volumes.

The Natural Resources Conservation Service (formerly Soil
Conservation Service) has developed a simplified method for esti-
mating storm-water runoff. This method can work well if the limi-
tations are understood, and it yields a good starting point for deter-
mining pond size. For more information, contact the local office of
the Natural Resources Conservation Service.

There are many resources for information on designing storm-
water ponds. (See the list of references at the end of the chapter.)
For determining spillway designs and diversion ditch liner specifi-
cations, Urban Hydrology for Small Watersheds (Soil Conservation
Service, 1986) is a good resource.

@@ For most mining situations, storm-water ponds should be
designed to handle at least a 25-year/24-hour event or larger.

In Washington, RCW 78.44 sets a standard for water control: “Di-
version ditches, including but not limited to channels, flumes, tight-
lines and retention ponds, shall be capable of carrying the peak flow
at the mine site that has the probable recurrence frequency of once
in 25 years as determined from data for the 25-year, 24-hour precipi-
tation event published by the National Oceanic and Atmospheric
Administration.” The data for 25-year, 24-hour precipitation events
can be found in Miller and others, 1973. Furthermore, if the site is
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Maintenance

Drainage

Figure 2.31. Section through
a berm showing standpipe with
antiseep collar. (Modified from
L.8. Soil Conservation Service,
1982.)

located in a watershed that is prone to erosion, heavy storms, and/or
flooding, design specifications may require planning for a 100-year
storm event.

Settling ponds must be cleaned out regularly to remain effective.
Spillways should be kept open and ready to receive overflow during
large storms. Settling ponds should be constructed and placed so
that onsite equipment can be used to maintain them. In some situ-
ations, sediment can be pumped out of settling ponds as a slurry
instead of being removed with heavy equipment. Regardless of the
method of sediment removal, all sediment removed should be placed
in a stable location so that it will not enter waterways.

The method of releasing water from storm-water ponds can be criti-
cal in determining their efficiency. Standpipes, spillways, and infil-
tration are the most common release methods.

Standpipes are vertical pipes rising from the bottom of the pond
and connected to a gently sloping pipe that passes through the side
of the pond to the discharge point (Fig. 2.31). Antiseep collars must
be attached to the pipe where it passes through the dam or settling
pond wall to prevent water from flowing along the outside of the
pipe. A grate or screen should be placed over the standpipe intake to
prevent debris from clogging it.

Spillways are overflow channels that are part of the construc-
tion of all water impoundments. For small settling ponds used inter-
mittently and designed for low maintenance, spillways may handle
all water discharged from the pond. Where water is recirculated to
the processing plant or where discharge is through a standpipe or
subdrain, a spillway allows overflow during extremely wet weather
or when the primary drain system becomes clogged.

Spillways should be located in undisturbed material and not
over the face of a constructed dam. If the spillway is placed on erod-
ible material, it must be rock lined to limit erosion that would com-
promise the safety of the dam.

emergency
spitiway

antiseey collar

support for
cantilever
outlet (optional)

\i\.

core fill
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STORM-WATER
TREATMENT

Land Application

CROSS SECTION
distributor

stanhdypipe

the flatter the slope,

the better

Figure 2.32. Typical land ap-
plication system for storm water
using a perforated pipe laid
along a slope contour as a deliv-
ery system. The length of the
distributor pipe is not to scale.
The application area should be a
reasonable distance from the
pond in a stable vegetated area
that can handle the exira water.
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In some places, additional treatment is required to reduce the turbid-
ity of storm water prior to discharge to public waters. (See p. 2.3.)
When storm water contains abundant clay-size particles too fine to
settle using conventional pond treatment, land application is the
treatment of choice. Alternative treatment methods include the ad-
dition of flocculants or the use of water clarifiers.

Land application involves sending storm water through dispersal
systems that allow the turbid water to slowly soak into vegetated
areas. Land application may be a feasible technique to handle all
sediment-laden water, or it may just increase storm-water storage
capacity. Some of the most common distribution systems are perfo-
rated pipe laid across a slope, level spreaders, and sprinkler systems.
Where large flat areas are available and water dispersal is not an
issue, water can be discharged directly from the distributor pipe,
eliminating the need for a perforated application pipe. Turbid water
must not be allowed to enter wetlands or creeks.

Perforated Pipe. Plastic pipe with holes drilled in it can disperse a
fine spray of water over a large surface area (Fig. 2.32). This method
works well if the pipes are laid along slope contours; pipes laid per-
pendicular to slope contours develop excessive hydraulic head at the
Jower perforations, resulting in uneven distribution of water and in

creased erosion potential.

Level Spreader. A level spreader is a trench excavated along the
contour and filled with gravel or other permeable material that will
allow turbid water to percolate into the ground. Level spreaders
work best where the surrounding soil is fairly permeable.

Sprinkler Systems. Sprinkler systems use commercially available
sprinklers to apply storm water. Sprinkler systems work well where:

B There is sufficient hydraulic head to distribute the storm water
from sprinkler heads.

FPLAN YIEW

sump or
sediment pond

grated overflow intake
over standpipe

it appiication pipe
AERener (horizontal perforated FVC)

dOWH5|Op8 P]pg
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® The storm water contains only fine clays that will not clog
sprinkler heads.

M There is sufficient vegetation to prevent erosion at the sprinkler
heads.

Land application systems generally cannot handle the surges in
water volume during a large storm because the storms often occur in
winter when the soils may already be saturated. Assuming that soils
will always accept the storm water can be a serious error. A simple
infiltration analysis can determine the capacity and infiltration rate
of a site’s soils. The design of a land application system should as-
sume that soils are saturated and that existing or planted vegetation
will filter sediments. Concentration of the outflows from a land ap-
plication system should be avoided because it may cause soil ero-
sion and create problems elsewhere.

Flocculants Flocculants are most commonly used to clean storm-water dis-
charges or water recycled from rock-washing operations. Proper use
of chemical flocculants can reduce the size of settling ponds re-
quired for a given site. Most flocculants are not toxic to aquatic or-
ganisms and fish. However, the supplier or manufacturer and the
state water quality agency should be asked about the environmental
effects of the flocculant chosen.

Most flocculants are composed of high-density (heavy) organic
polymers with a strong positive charge. The positively charged par-
ticles act like a magnet to attract negatively charged clay particles.
The adsorption of clay onto the flocculant speeds settling of smaller
and lighter clay particles. Alum is an inorganic flocculant that works
in much the same way as the organic flocculants.

Chemical flocculants are designed for use with specific types of
clay. The key to using a chemical flocculant is maintaining the
proper mixture of flocculant and pond water and thoroughly mixing
and agitating the flocculant mixture in the pond, making sure not to
overagitate. Flocculants are commonly diluted in a large container
before they are added to the settling pond.

At least two ponds should be used to remove suspended solids.
The first pond should allow slow mixing of the flocculant and the
water to be treated, with a retention time of 20 minutes. The second
pond should ideally retain water for 3 to 8 hours, Alternatively, the
flocculant mixture can be injected into the waste-water stream be-
fore it enters the settling ponds. Ponds must be situated where they
can easily be cleaned on a frequent basis.

_ In Washington, a National Pollution Discharge Elimination System
(NPDES) permit from the Department of Ecology is required if floc-
culant-treated storm water is to be discharged offsite.

Water Clarifiers Water clarifiers are a mechanical method of separating solids and
water. They consist of a series of closely spaced inclined plates. A
flocculant is injected to assist in separation. These systems are
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Figure 2.33. Two different
types of oil/water separators
used to remove petroleum
products from storm water. The
inflow must be free of sediment
or frequent cleaning out will be
necessary. The top system
uses a clean-out spigot to re-
move the oil as it floats atop the
water. The bottem system uses
an absorbent pad to scak up
the oil. Design specifications
will depend on site coaditions
and storm-water volumes.

Oil Separators

STREAM BUFFERS
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CUTFLOW
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widely used as a final treatment for sewage effluent prior to dis-
charge. In some situations, it may be possible to rely on smaller
storm- and process-water ponds if a water clarifier is used. Due to
their initial capital costs, however, clarifiers are not used exten-

sively in the aggregate industry.

Petroleum products can be removed from storm water through the

use of oil/water separators. The precise layout and design is usually

site-specific but two examples are depicted in Figure 2.33. Oil/water

separators take advantage of the fact that oil floats on water. They

collect the oil on the surface of the water while allowing the water

to flow through. The oil collected can be removed by absorbent pads

or skimmed with a bucket. Contaminated absorbent pads and water

should be disposed of according to DEQ rules in Oregon and DOE

rules for Washington.

Keys to effective oil/water separators:

B There must be sufficient surface area to allow the petroleum to
remain on the surface.

m The water velocity and volume must be low enough to prevent
oil/water mixing or overspillage.

m The majority of settleable solids must be removed from the

storm-water stream before it reaches the oil/water separator or
the separator will quickly become filled with sediment.

Vegetated stream buffer zones (areas that will not be mined, dis-
turbed, or developed) vary in width from site to site. (See Permanent
Setbacks or Buffers, p. 3.4.) Factors usually considered in establish-
ing buffers are the purpose of the buffer, the size of the stream, and
the rate of meander of a stream. The primary reasons to establish and
maintain buffers are to:
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W Preserve water quality in the stream by filtering sediments
through a vegetated buffer.

W Protect the existing stream or river channel.

B Protect riparian habitat.

M Minimize the potential for turbid water/sediment discharges
into public waters.

M Maintain tree cover over streams to moderate water temperature
to insure fish survival.

H Prevent stream capture or avulsion because of lateral migration
of a river into a pit.

M Protect the habitat of threatened or endangered riparian and
aquatic species.

STREAM DIVERSION Stream diversion can be beneficial to water quality and mine opera-
tions by isolating public waters from the mine activity. To insure the
long-term stability of landforms, a highly technical approach to
stream diversion has been required at large open-pit mines in the
western states where numerous sections of land are being affected.
For aggregate sites in the Pacific Northwest where the scale is sig-
nificantly smaller, a less technical approach is appropriate because
typically only a small portion of the total watershed is being im-
pacted.

Streams can be classified as perennial or permanent (containing
water all year round), intermittent (containing water only at certain
times of the year), or ephemeral (containing water only when it
rains). Technical discussions and research on classification of drain-
ages, drainage density, and reconstruction technigues for reclaimed
mine sites are ongoing and complex.

IMPORTANT: Before diverting any perennial, ephemeral, or inter-
mittent streams, check to see if a permit is needed.

In Washington, contact the Departments of Ecology, Fish and Wild-
life, and Natural Resources.

. In Oregon, contact the Departments of Environmental Quality, Fish
and Wildlife, and Geology and Mineral Industries and the Division

of State Lands.

Perennial or Diversion of perennial streams is beyond the scope of this manual
Permanent Streams  and will not be covered. If a perennial stream must be diverted, the

proper state and local agencies should be consulted.

Intermittent or Diversion of intermittent or ephemeral streams is not as critical as
Ephemeral Streams  for perennial streams but may still require permits. The basic rule of
thumb is to replace existing drainages and drainage conditions. In

some mines, segments of drainages may be significantly altered,

particularly those located in an upland quarry site. The same channel
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carrying capacity, length, characteristics, and gradient as the origi-
nal stream should be maintained in the diversion.

On quarry sites after mining, channel] length may be shortened
if streams are directed over the highwall to enhance reclamation di-
versity, Channel stability is not generally affected by steepening the
gradient or shortening the channel if the channel foundation is hard
rock. Decreasing channel length or increasing channel gradient on
alluvial or colluvial materials should not be undertaken without

thorough analysis.

If the drainage diversion will be short term, a rock-lined diver-
sion channel may be all that is needed. For diversions that will be in
place for several years, the diverted stream should be shaded, habitat
areas, such as pools and riffles, rootwads or logs (see Fig. 4.12},
should be created, and vegetation should be used to stabilize the
banks (see Biotechnical Stabilization, p. 7.13).
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Figure 3.1, For a mine site
beginning a center-outward
excavation, the preferred seg-
mental reclamaticn method is
not possible, and post-mining
reclamation then becomes
the method by default.

INTERIM
RECLAMATION
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Operation and

Reclamation Strategies

Four general strategies can be used in surface-mine reclamation.
Some mines may use all four of these strategies:
Post-mining reclamation — reclamation only after all resources have
been depleted from the entire mine.
Interim reclamation — temporary reclamation to stabilize disturbed
areas.
Concurrent (progressive or continuous) reclamation - reclamation as
minerals are removed; overburden and soil are immediately replaced.

Segmental reclamation — reclamation following depletion of minerals
in a sector of the mine (Norman and Lingley, 1992).

In Washington, the Department of Natural Resources (DNR} en-
courages segmental reclamation wherever site conditions permit.

In Oregon, segmental reclamation is considered a variant of concus
rent reclamation. The Department of Geology and Mineral Indus
tries (DOGAMI) encourages concurrent reclamation wherever pos

sible.

Reclaiming after all resources have been depleted from the entirc
mine is generally discouraged by regulating agencies because it re
sults in large areas being left unreclaimed for long periods, but i
may be necessary at many quarries and metal mines and at some
sand and gravel deposits (Fig. 3.1).

Advantage
m Complete resource depletion is more easily attainable in some
instances.

Disadvantages

m Stockpiled soils will have deteriorated during the mine’s life
and will not be as fertile as the soils in place.

W Revegetation will probably be more expensive and take longer.

B The site generates negative public opinion for a long period.

B The land is not providing a beneficial use while unreclaimed.

W No reclaimed segments are available as test plots for
revegetation.

#m Bonding liability is very high.

Interim reclamation is done seasonally to stabilize mined areas or
stockpiles and to prevent erosion. If a mine is to remain inactive for
more than 2 years or if a stockpile, excavated slope, or storage area
needs rapid stabilization, it may be appropriate to temporarily re-
claim it by doing earthwork and using fast-growing vegetation, such
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CONCURRENT OR
PROGRESSIVE
RECLAMATION

Figure 3.2. Concurrent or
progressive extraction and rec-
lamation of a shallow dry pit.

1, removal of topsoil;

2, spreading topsoil on

graded wastes;

3, loading of overburden;

4, hauling of overburden;

5, dumping of overburden;

6, loading of product;

7, hauling of product;

8, reclaimed land.

(Modified from U.S. Bureau of
Land Management, 1992.}

as cereal grains or legumes that establish quickly, to stabilize the
site. However, topsoil should not be moved for interim reclamation;
significant amounts are lost each time topsoil is moved. (See The
Soil Resource, p. 3.10.)

Advantages

B Soil viability is maintained.

W Fewer storm-water control structures are needed because the
erosion-prone area is vegetated.

W Air and water quality are improved in the short term.

W Sites that use interim reclamation are often easier to convert
to final reclamation than those that do not.

Disadvantages
M Areas may be redisturbed as plans change.
m Cost may be greater than when material is moved only once.

Concurrent or progressive reclamation typically involves transport-
ing material from the new mining area to the reclamation area in one
circuit (Fig. 3.2). This is the method used in strip mining minerals
such as coal where a small amount of mineral is mined compared to
a large amount of overburden moved.

Concurrent reclamation is viewed by the public as the preferred
technique. However, progressively reclaiming land that overlies
known mineral resources can be wasteful. Thin soils may render
progressive reclamation impractical or impossible on some sites. It
is also impractical for those operations that must blend different
sand and gravel sizes from various parts of the mine site to achieve
product specifications.

Advantages
W Soil is immediately moved to the reclamation area.

B Soil and subsoil profile are more easily reproduced than in
other types of reclamation.

B Materials are moved only once.

-

'«. S e e T mining %‘_ e
L Lo e T direction L P . LT e
Lo 5 ' * . o _‘ ‘ . i = " "'" :
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-

mineral bed
(about 70"
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M Disturbance at any given time is minimized.

B Offsite impacts are minimized in any given area.

® Mined land can be reclaimed earlier for agriculture or grazing.
M Bond liability tends to be low.

Disadvantages
W Progressive reclamation is generally not feasible in quarries or
deep gravel deposits.

W Progressive reclamation typically does not work if the water
table is above the excavation depth.

SEGMENTAL In segmental reclamation, the mine is divided into segments with
RECLAMATION  firly uniform characteristics and the order of mining and reclaim-
ing these segments is determined (Fig. 3.3). Prior to mining, soil in
the first segment is stockpiled to minimize handling and protect the
2 3 resource. After resource extraction from the first segment, its slopes
are reshaped according to the reclamation plan. Soil is then stripped
19 acres 10 acres|  from the second segment and spread on the slopes of the first seg-
ment.

Revegetation of the floor of the first segment does not occur
until the area is no longer needed for mineral processing or maneu-
1 4 vering trucks. Immediately prior to replacing topsoil and planting,

the pit floor is plowed or ripped because most plants cannot grow in
soils that have been overcompacted by heavy machinery. Prompt
planting in the correct season with grasses, legumes, and trees will
. quickly produce a cover that reduces erosion, retains moisture, and
Figure 3.3. A segmental rec- :
lamation plan with four seg- moderates soil temperature.
mee shoing seqmnnl Bizd Segmental reclamation works best in homogenous deposits
and direction of working. o e . ;
where aggregate mining proceeds in increments. Typical working
cells or segments will be larger in heterogeneous deposits (for ex-
ample, fluvial deposits) where blending minerals from many places
in the mine may be required (Norman and Lingley, 1992).

15 acres 22 acres

Advantages

N Topsoil for most segments is handled only once and is not
stored. This reduces reclamation cost and preserves soil quality.

m Final slope angles and shapes can be established during
excavation rather than as a separate operation.

B Clay and silt, which are critical for retaining the moisture and
nutrients essential for vegetation, are less likely to be washed
away because they are immediately revegetated.

B The potential for establishing a diverse self-sustaining
soil/plant ecosystem is enhanced because revegetation of
reclaimed segments will be monitored as mining continues.

B Restoration of chemical, physical, and biological processes is
less expensive when reclamation is started as soon as possible
and spread over the life of the mine.
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MINING TO
RECLAIM

SITE PREPARATION

Permit and Disturbed
Area Boundaries

Permanent
Setbacks
or Buffers

M Reclamation is less expensive because it does not require
mobilization of personnel or equipment for the sole purpose of

reclamation.
® Short-term environmental impacts are reduced.
M Bonding liability at any given time is minimized.

Disadvantages
M Thin soils may render this technique impractical.

m It is impractical for those operations that must blend different
sand and gravel sizes from various parts of the mine site in
order to achieve product specifications.

M Poorly planned segmental reclamation may result in disturbing
more land per unit of mineral produced.

By law (RCW 78.44) in Washington, a segment is defined as a 7-
acre area with more than 500 linear feet of working face. Larger
segments must be approved by DNR in a segmental reclamation
agreement.

Mining the slope to the final contours reduces reclamation costs by
eliminating some of the earthwork necessary for final reclamation.
This can result in reclamation being completed earlier, the perform-
ance security being reduced, and operating costs being lower in the
long run.

Before mining begins, steps must be taken to mark permit bounda-
ries, setbacks, buffers, segments, and storage and processing areas.
Setbacks, buffers, and storage areas should remain undisturbed until
reclamation. Keeping equipment and stockpiled materials out of
these areas will help preserve them. Flagging, fences, or monuments
will alert operators to areas to be avoided. If vegetation is present
on slopes that might be unstable if bare, then those plants should be
protected. Activity near trees and shrubs should be kept outside the
area below the longest branches (or drip line).

Permit boundaries and the limits of the area to be disturbed (permit
boundary minus setbacks and buffers) should be identified with
clearly visible permanent markers. Markers should be maintained
until the reclamation permit is terminated.

Permanent setbacks or buffers are necessary at many mines
(Fig. 3.4). They are lands (that may or may not have vegetation) that
remain undisturbed during mining to provide habitat and/or visual
and noise screening.

In Washington, the minimum permanent setback for quarries (mines
in consolidated deposits) permitted after June 30, 1993, is 30 feet.
This area cannot be mined, and the material cannot be used for rec-
lamation. Permanent setbacks are not required for gravel pits (un-
consolidated deposits) but may still be useful if the mine has close
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Figure 3.4. Buffer strips of
native vegetation protect adja-
cent land and water and visu-
ally screen the operation. Note
that the flags marking the limits
of the disturbed area show em-
ployees where to stop mining.
(Modified from Green and oth-
ers, 1892

Reclamation
Setbacks

Setbacks to
Protect Streams
and Flood Plains
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neighbors or adjacent scenic resources. However, setbacks may still
be required by local government.

In Oregon, mine setbacks are site-specific and designed to provide
lateral support for adjacent lands. Setbacks for the purpose of mini-
mizing conflicting land uses are determined by the local land-use

authority.

Reclamation setbacks are lands along the margins of surface mines
that must be preserved to provide enough material to accomplish
reclamation. If the cut-and-fill method will be used to restore slopes
(rather than mining to a final slope), the reclamation setback from
the property boundary (or permanent setback, where used) should be
wide enough to ensure that sufficient material is available for recla-

mation.

In Washington, the width of the reclamation setback for pits (mines
in unconsolidated deposits) permitted after June 30, 1993, must
equal or exceed the maximum anticipated height of the adjacent
working face.

Note: A setback equal to the working face will provide only enough
material for a 2:1 slope. To meet the standards of the law for slopes
of between 2:1 and 3:1, a setback of 1.5 times the vertical height of
the working face is required.

Streams and flood plains are dynamic locations that frequently ex-
perience dramatic changes during flooding. They are prone to dam-
age by, and slow to fully recover from, improperly planned and exe-
cuted mining operation