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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
laws, 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 reclamnation, 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 here
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 poliution 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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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.

W 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.

M 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 17 =
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:

@ 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 Bl 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 Sugeested Map scale
3-6 acres not less than 17 = 507
10-20 acres not less than 1” = 100’
20~-80 acres not less than 17 = 200/

>80 acres not less than 1”7 = 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:

0 05 1.0 15mi 0 0.5 1 mi
=" | 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:
R title of map,
B application or permit number,
k name and address of applicant or permit holder(s),
I signature of applicant or permit holder(s),
1 map or exhibit number, and
I date map was drawn or revised.

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

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 poinis
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”7 = 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 fu-
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 PRACTIGES FOR RECLAIMING 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
Watercourses, must be indicated on the map. Accurate location of these features
Ponds, 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  ¢/..04 until 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, p. 3.13.)

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 ;o 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

.t.. MT_SPOKANE PARKDRL /5
& Harvey Rd
5 UNION RD QUARRY
395 i ?
&, FARWELL 2 |y Union Rd
< HASTINGS RD S @
3 Mead O PEONE RD 5
B
Whitworth 2
£\ College
%) N AAWIHORNE RD  fi A
§' 0 05 10 15 mi C%
im=1mi ‘%\
bcd
o
EXHIBIT NO. 1
To Spokane SITE ACCESS
MAF
PROFPOSED UNION ROAD QUARRY Permit No. BA5E7
Spokane County Creative Concrete
1420 N. Market
EXPLANATION Spokane, WA 99207
¥ quarry location Drawn 3/18/95
taken from 1994 Washington %?;m%%%
Official State Highway Map

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

Open File Report 96-2

guished from permanent natural features. They may be represented
by a unique line or pattern. (See Storm-Water and Erosion-Contro]

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 that
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
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MAPS AS MANAGEMENT TOOLS
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ALO  adjacent landowner pipeline 9‘2““" o L Walontty
applicant’s signature
[ buiding wsYomm  BPA power line and towers

ALC E. 18001 Union Road
Mead, WA 93004

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 explanation and title 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 8/2x 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
TOPOGRAPHIC MAP

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

0O 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)

7 Boundaries of property ownership adjacent to the mine

3

Names and addresses of adjacent property owners

O Locations and names of any other nearby mines

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES
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RECLAMATION SEQUENCE MAP 1.7
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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 plan (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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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 natural and
artificial drainways on or adjacent to the mine site

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

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

Boundaries of the areas that will be disturbed by mining.

O

O

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:

D 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

0
O

O

il

0

0O

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:

C
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)

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES Open File Report 96-2
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Figure 1.4. Final reclamation map of the site in Figure 1.2, showing how it wilt appear after reclamation. The site
will accommodate a small office complex and wildlife habitat when it has been reclaimed. Cross sections A-A’ and
B8-B’ are shown in Figure 1.5. (Modified from Norman and Lingley, 1992. 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 it on the page.)
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1.10 MAPS AS MANAGEMENT TOOLS

C 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-
tem 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.

@F" 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 EROCSION 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 ropography 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.

Each 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.

o
/

YEGETATION
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Figure 2.2. Topography cre-
ated by different types of ero-
sion. Raindrop erosion affects
any bare sutface. If the water
does not infiltrate, raindrops
combine into sheets of water
(overland flow} to cause sheet
erosion, and sheets further
concentrate to produce rill and
gully erosion. Water from rills
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 50 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 turbidity 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:

I mulching, I jute netting and/or mulch
fabrics,

1 brush sediment barriers, and

F slash windrows,
N straw bales,

1 filter fabric fences, 1 plastic coverings.
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TERRACED SLOPE

EROSION CONTROL 2.5

BERMED SLOPE _ FURROWED SLOFE

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:

1 vegetation, 8§ rock-lined ditches, and
B diversion ditches, B contours, berms, swales, and
ditches.

I 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 Iandforms 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

;4—“25’ maximum --—p
FRONT VIEW
——

-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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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

original course

4%,@-\*?*\0 &) / of stream
8] %
27
stream diverted &
around mine; 1
ties back into 1 g

original drainage below ,

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 ihe mining
site. Not o 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

pump or gravity feed

to permeable,
vegetated area
land application

l; A ;_“*“““ dispersing water 1o
r

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 diiches 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.

Open File Report 86-2



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 cof the road. 2, Physical
blockage of the the ditchline is re-
quired tc defiect water flow into the
cross-ditch. 3, The cross-ditch
should be placed at a minimum skew
of 30° to the ditchline—qgreater 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 stabie slope with vege-
tation or riprap protection. 6, The
cross-diteh 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 ditchiine. §, An al-
ternative to creating a water bar is to
place a French drain in essentialty
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, 1981.)
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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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Figure 2.8. Profiles of ele-
vated haul roads with drainage
ditches on the sides to keep
runoff from entering heavy traf-
fic areas where it is more likely
to pick up sediment. (Modified
from U.8. Bureau of Land Man-
agement, 1982.)

Figure 2.9. Establish and
maintain a slope that allows
water to drain toward the high-
wall to collect sediment and
help form wetlands or to allow
water to infiltrate (note infiltra-
tion gallery) if the area must be
drained. This practice is not
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.)
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STORM-WATER AND EROSION CONTROL

natural
ground

surface CUT-SLOPE ROUNDING

2" crown of coarse,
durable gravel

naturat
ground

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 VIEW
highwall highwail L E
bench bench

%,‘g% infiltration
St gallery summp with
infiltration

gallery

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.

W~ 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. Siit fines may be
incorporated into the soil in these areas.

@@F" Minimize the amount of water requiring treatment 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
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2.10 STORM-WATER AND EROSION CONTROL

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

area. |G, infiltration gallery. Y surface

R \< 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
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Figure 2.11. An example of a storm-water control system at a quarry site. Figure 3.5 shows visual and noise
screening techniques at the same site,

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:
1 designed sand, gravel, or rock graded filters with appropriate
size gradations and layers,
I 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 themseives.

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 \\

100-year!
24-hour
flood capacity

10-year/24-hour
flow capacity

main channel lining should
be selected Lo remain stable
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Figure 2.13. Details of construc-

tion of a slash windrow filter, (Modi- road, vg.aste f“!}‘?’
fied from Idaho Department of or soit gLockpile
Lands, 1992.)

slash
windrow

/

J minimum [/ log to 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

oW _»

FRONT

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 Idahc Depart-

~
fabric staked at 56"
ment of Lands, 1992.) centers within trench

compacted soll

Open File Report 26-2 BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES
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EMBEDDING DETAIL

Figure 2.15. Details of straw-
bale sediment barrier construction.
(Adapted from ldaho Department
of Lands, 1982.)

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.}
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wire- or nylon-bound :"_.\-hf_’“ eSS
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on the contour

angle first stake
toward previously
laig bale

two rebars, steel pickets,
or 2 x 2" stakes
1.5-2" in ground
ANCHORING DETAIL

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

fitter berm outlet—
more pervious embankment of
sand and gravel for epillway

semi-pervious straw bales
staked secursly

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

0 __woven wire
backing

FLOW

S gravel

filter
fabric

excavated trench
filled with gravel
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bury upper edge of matting Figure 2.18. Erosion blanket installation.
(Redrawn from idaho Department of Lands,

Y spacing . Q/ _, o ! 1992.)

of staples ™. 0

limits of
mulched area

extend matting over sides
and top of mulched area

1" spacing

B’ spacing of staples along
47 minimum L~ each edge and center of netting
overlap ~—m" & __

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).

@F" 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 Department of Ecology,
1992.)

Contour and
Diversion Ditches

Figure 2.20. Placement and
construction of contour ditches.

|
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@ 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 slopes to temporarily reduce
storm-water runoff until the area is mined.

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

@@ 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
siope 1-5% toward an
approved discharge area
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cent, ditches are typically
lined with rock. Where
slope stability is of con- oo O unoff
cern, impermeable liners
may be used. Rock check
dams, described below,
should be placed in diver-

sion and contour ditches at Ogigzi;ﬁg”
decreasing intervals as the
slope increases.

o 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-
locities anticipated. A check dam can generally withstand higher ve-
locity 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

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.)

FPLAN YIEW BACK YIEW

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 Concrete check dams

Check Dams  (Fjg, 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 mir_ﬁmum of‘4 inches thick; length and widt:
straints may prevent vary to fit application.
this. Concrete check
dams are most appro-
priate along ditches that are relatively permanent.

Filter Berm A filter berm (Fig. 2.25) allows the passage of water but not soit
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 (~1.6H:1V)

SH:1V slope

Figure 2.25. |dealized cross 3 :
section of a filter berm showing ;%000 RN .

details of construction. :
ciean gravel coarse sand fine sand water

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



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.

@@ 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

loose, coarse rock to provide quick subsurface

j&ﬁf‘;”ci drainage and covered with a compacted clay
TN r——TW;;\—\\— cap. A trench subdram_zs a ditch backfilled all
00609[?2 Ly the way to the top with loose, coarse rock,
crushed rock, Ao @%%@2@@ ! which allows water to enter more freely
fg:ﬁ;g;, AN Y. A (Fig. 2.26). Both types of drains are designed to
(0% passing ‘ % allow the movement of water while preventing
& Zgg;:;‘ggh\ S & or minimizing the movement of soil particles,
<OCA Sln a0 polyester  and both require an outlet to remove water. Ei-
/\ £OeS 080 ¢ ﬁﬁ;‘;te;zii ther can be improved by placing perforated

// E. pipe in the drain. (See also Figs. 3.11 and 6.6.)
:"“ Several filtering methods can improve the
& minimum A long-term effectiveness of these drains. Early
diameter  H applications relied on open-graded aggregate
P;ﬁgﬁif]d E free of 200-mesh or smaller material, but this
perforations § may eventually become clogged. Current prac-
dowr ¥ "X tceisto wrap the perforated pipe in filter fabric
________ v sothatsediment is trapped on the surface of the

Figure 2.26. Details of trench subdrain construction.

Infiltration Galleries
and Dry Welis

ground
surface

clean, coarse
drain rock

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

=3 in then backfilled with coarse rock (Fig. 2.27).
diameter Typically, the holes are dug to the maximum
rock fractured width is reach (220" of the backhoe used. If possible,
by intentionally site-specific  water percolation should be improved by frac-

blasting
below arade

J
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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 oul 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.

@@F" 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.

oF 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 at
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.

raiirpad rails

/
- water level

to settlingpond system W (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.
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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 leff, 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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2HAV or
fiatter

original

topography flatter

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

baffies

“outhiow ]

outflow +
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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 rurn-
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 lo-
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
- spillway

antiseep collar

support for
cantilever
outlet {optional)

core fill
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STORM-WATER
TREATMENT

Land Application

CROSS SECTION

standpipe distributor

l

the flatter the slope,
the better

et | pipe

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 extra 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
lower 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.

PLAN YIEW

sump or
sediment pond

grated overflow intake
over standpipe

istri application pipe
distrivitor (horizontal perforated FYC)

downglope
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B 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 cieaning out will be
necessary. The top sysiem
uses a clean-out spigot to re-
move the oil as it floats atop the
water. The bottom system uses
an absorbent pad to soak up
the oil. Design specifications
will depend on site conditions
and storm-water volumes.

Oil Separators

STREAM BUFFERS
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petroleum products

clean out

OUTFLOW = , Walcrleve: | g

petroleum products abeorbant pad

QUTFLOW

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. Gil/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:

M 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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M 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.

W 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.

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

W 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 techniques 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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STREAM BUFFERS = 2.29

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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2.30 STORM-WATER AND EROSION CONTROL
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Figure 3.1. For a mine site
beginning a center-outward
excavation, the preferred seg-
mental reclamation method is
not possible, and post-mining
reclamation then becomes
the method by defauli.
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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 it
may be necessary at many quarries and metal mines and at some
sand and gravel deposits (Fig. 3.1).

Advantage

® 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.

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

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

W 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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3.2 RECLAMATION AND OPERATION STRATEGIES

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.

M 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

W Areas may be redisturbed as plans change.

W 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
M 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.

O e e T s mining T s > S
T toe e e 0 direction L LT T
) . ¥

mineral bed
(about 70"
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CONCURRENT OR PROGRESSIVE RECLAMATION 3.3

M Disturbance at any given time is minimized.

B Offsite impacts are minimized in any given area.

M Mined land can be reclaimed earlier for agriculture or grazing.
W 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  fairly 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.

ments showing segment size Segmental reclamation works best in homogenous deposits

and direction of working. . L. . .
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

B 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.

W 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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3.4 RECLAMATION AND OPERATION STRATEGIES

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.

B Short-term environmental impacts are reduced.
B Bonding liability at any given time is minimized.
Disadvantages

® 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.

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

By law (RCW 78.44) in Washington, a segment 1s 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 iimits
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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SITE PREPARATION 3.5

TOPSOIL
STRIPPING
BUFFER

neighbors or adjacent scenic resources. However, setbacks may stil]
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 1s 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 operations. Mining in or near streams and flood plains
requires greater care on the part of the operator and is subject to
closer regulation than mining in less sensitive areas.

In Washington, no mine, including haul roads, stockpiles, and
equipment storage, may be located within 200 feet of or on the 100-
year flood plain of a stream that has a flow greater than 20 cubic feet
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3.6 RECLAMATION AND OPERATION STRATEGIES

Conservation
Setbhacks

Topsoil and
Overburden
Storage Areas

VISUAL AND
NOISE SCREENS

Figure 3.5. Visual and noise
screening technigues used at a
processing area.

per second unless a Shoreline Permit is issued by the local jurisdic-
tion (Washington Department of Ecology, 1992). Wide setbacks
may be necessary for stream and flood-plain stability to preserve
riparian zones and to prevent breaching of the pit at a later date. The
depth of excavation and pit size may be limited in these areas.

In Oregon, mining is not explicitly prohibited on the 100-year flood
plain. Setbacks are site-specific to protect riparian areas and stream
integrity. Depending on flood frequency, bank stability, and the po-
tential for lateral migration of the river channel, wider setbacks may
be required or depth of excavation may be limited.

In special instances, setbacks that will not be mined or disturbed
may be necessary to protect unstable slopes, wildlife habitat, ripar-
ian zones, wetlands, or other sensitive areas or to limit turbid water
discharge from areas that will be disturbed.

Prior to mining a segment, all available topsoil and overburden
should be stockpiled in separate, stable storage areas for later use in
reclamation or immediately moved to reclaim adjacent depleted seg-
ments. Topsoil needed for reclamation cannot be sold, removed
from the site or mixed with sterile soils.

In Washington, topsoil should not be used to create screening berms
required by local government because this may preclude its timely
use for reclamation.

The value of visual and noise screens cannot be overstated. The ad-
age ‘out of sight, out of mind’ is particularly applicable to mine
sites. The more the public can be screened from the unpleasant as-
pects of mining, such as dust, noise, and an unsightly view, the less
likely they are to aggressively oppose mining operations.

The following are some ways to reduce the noise and visual im-
pacts of mining (Figs. 3.5 and 3.6):

@@ Plan mine development to minimize offsite impacts.

noise berm
prlj‘?:?*g gtr:e‘aaesacnlggﬁeh;gb _~ (should be zlaﬁtei with ' o suar
possible to crusher ™ vrees and shrubo) : oczil pitw

residences

>

product stockpiles
as nolse screens
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VISUAL AND NOISE SCREENS 3.7

EIE] residences %

visual and noise screen
established before mining begins

"R visually
screened
- equipment

yard

300~

soil
stockpiles

sound and visual
berm created
with overburden

optimal location \
for crusher s

Figure 3.6. Visual and noise screening techniques used at a guarry site. Figure 2.11 shows the storm-water control
system at the same site.

@@ Use existing topography as a noise and visual screen.
@™ Store overburden in berms along the site perimeter. Plant
vegetation on them immediately to reduce noise.

@@ Plant trees and other visual screens—the denser and wider
the better—well ahead of the mining to give them time to
establish before they are needed.

@@ Plant tree barriers as close to the noise source as possible and
between noise sources and the neighbors.

@™ Plant trees that will quickly grow tall enough to screen the
mine. Plant shrubs to fill in the gaps, particularly if the
foliage is sparse on the lower parts of the trees. Use
evergreens if the site will be operated year round.

@@ Reduce noise by placing loud stationary equipment, such as
the crusher, in an excavated area below the surrounding
terrain.

@@ Surround the crusher with product stockpiles to reduce noise.
@@ Enclose the crusher in a building.
W@ Muffle the exhaust systems on trucks and other equipment.
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3.8

Figure 3,7, Noise levels and hu-

RECLAMATION AND OPERATION STRATEGIES

man response for some common
noise sources. {Modified from

Barksdaie, 1991.)

Table 3.1. Summary of
noise measurements and pro-
jected noise tevels in decibels
(dBA) for common mining
equipment (Barksdale, 1991)

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES

Sound source Decibels Response criteria
— 1850
Carrler deck jet operation _—t e 40
Painfully loud
1mp  Limit amplified speech
—_— 120
Jet takeoff (200 feet)
Auto hzlzf{();héa‘; Maximum vocal effort
Riveting machineg 10
Jet takeoff (2000 feet)
Shout (0.5 feet) — 10
Yery annoying
New York subway gtation el op Hearing damage (& houre
Heavy truck (B0 fest) continuous exposure)
Pheumatic drill (BO feet)
— 80 Anncying
Freight train (80 feet)
Freeway traffic (50 feet)
——tf—— 70 Telephone use difficult
Intruslve
Alr conditioning unit (20 fest)
—_— 80
Light auto traffic (B0 feet
ight au ¢ (B0 feet) s Quiet
Living room v |
Bedroom ery quiet
40 q
Library
Soft whisper (15 feet)
—t . 30
Broadcasting studlo
o0 Just audible
10 Threshold of hearing
e 0
Projected noise levels
Noise source Measurements 1,000 ft 2,000 ft 3,000 ft
Primary and
secondary crusher 89 dBA at 100 ft 69.0 dBA 63.0 dBA 59.5 dBA
Hitachi 501
shovel, loading 92 dBA at 50 ft 66.0 dBA 60.0 dBA 56.5 dBA
Euclid R-50 pit
truck, loaded 90 dBA at 50 ft 64.0 dBA 58.0 dBA 54.4 dBA
Caterpillar 988
1pader 80 dBA at 300 ft 69.5 dBA 63.5 dBA 60.0 dBA
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Noise-Control
Methods

Visual Screens

REMOVING
VEGETATION

Disposing of
Vegetation

Transplanting
Vegetation
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REMOVING VEGETATION ~ 3.9

@@ Use screens coated with rubber in the crusher, and line dump
trucks beds with rubber.

Figure 3.7 summarizes the noise level, in decibels (dBA), from some
common sources. Table 3.1 summarizes noise measurements for

common mining equipment.

Noise-control measures, such as berms and tree barriers, can reduce
the noise experienced by adjacent landowners by as much as
12 dBA, whereas earthen berms with vegetation can reduce noise up
to 15 dBA, depending on the size and configuration of the berms,
the type and density of vegetation, and the distance to the listener.

The least expensive visual screen is the existing topography and
vegetation on the site. Plan to leave large buffer zones of trees and
vegetation between the mining site and nearby roads and buildings.
Narrower buffer screens can be created with vegetation (preferably
native evergreens), walls, fences, or berms, although they are gen-
erally less effective than buffer zones, which rely on distance for
their effectiveness.

In a well-planned operation, vegetation is removed from areas to be
mined only as needed and is preserved when possible to screen the
site and limit erosion that may result in turbid water discharge.

Grass and small shrubs can be incorporated into the topsoil stock-
pile, and larger material can be chipped and used as mulch or to add
organic matter to the soil. Burial of large volumes of woody debris
is permissible only in areas above the water table because anaerobic
decomposition of woody debris produces nitrates, which can de
grade water quality. Vegetation should not be buried in areas where
building construction is planned because the soil may settle as the
vegetation decays.

In Washington, a permit from the county health district is required
for burial of more than 2,000 cubic yards of debris. If burning will
take place, a burning permit may be necessary.

In Oregon, a permit from the Department of Environmental Quality
is generally required for burial of debris and may be required for

burning.

Bushes and small trees, together with some surrounding soil, can be
scooped up using backhoes or front-end loaders with tree spades and
transplanted to mined-out segments or areas to be used as screens,
(See p. 7.9.) This technique is a cost-effective means of quickly es-
tablishing a natural appearance in reclaimed segments, introducing
seed trees, and providing screening. These plants are already
adapted to the area. Moving the soil along with the plant protects
rootlets and microorganisms that are important to plant health.
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3.10 RECLAMATION AND OPERATION STRATEGIES

Using Vegetation
for Habitat

THE SOIL
RESOURCE

Figure 3.8. Soil profile devei-
opment over time. Organic mat-
ter accumulates in the upper
horizons, and the rate of accu-
mulaticn is dependent on the
type and amount of vegetation
present. Clay and the by-prod-
ucts of chemical leaching accu-
muiate in the lower horizons.
(Modified from THE NATURE
AND PROPERTIES OF SOILS,
8/E by Brady, ©@1974. Re-
printed by permission of Pren-
tice-Hall, In¢., Upper Saddle
River, NJ.)

Additionally, the soil may contain seeds or shoots of other vegeta-
tion, which may spread across nearby areas.

Vegetation that cannot be transplanted live can be set aside (with
leaves, needles, and roots intact) for future use as fish and wildlife
habitat. Placed in ponds, it can provide shelter for small fish, and
collected into piles, it can provide shelter for small animals. (See
Structures That Enhance Habitat, p. 4.12.) Salvaged coarse woody
material, such as logs, should be distributed across a regraded area
at the rate of about 8 tons per acre.

Soil is one of the most important components of successful reclama-
tion. Without soil, vegetation cannot be established. A typical soil
is composed of approximately 45 percent minerals (sand, silt, and
clay particles), 5 percent organic matter, and 50 percent pore space
for air and water. Organic matter, air, and water in a soil allow it to
support a tremendous amount of animal and plant life, most of which
is invisible to the naked eye.

The word ‘topsoil’ is often used to describe a broad range of soil
types. It may refer to high-quality river-bottom loams suitable for
intensive agriculture or to the top layer of the soil resource, gener-
ally the most fertile slice.

In Washington, topsoil is defined in the reclamation law [RCW
78.44] as the “naturally occurring upper part of a soil profile, includ-
ing the soil horizon that is rich in humus and capable of supporting
vegetation together with other sediments within four vertical feet of

the ground surface”.

In Oregon, soil salvage requirements are determined on a site-
specific basis.
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Soil Development

Figure 3.9. A diagrammatic
sketch of the residual soil pro-
file that develops overtime on a
bedrock surface. The thickness
of the layers can vary widely
within a mine site and between
nearby sites. No scale is in-
tended here. (Modified from
THE NATURE AND PROPER-
TIES OF SOILS, 8/E by Brady,
©1974. Reprinted by permis-
sion of Prentice-Hall, inc., Up-
per Saddle River, NJ.}
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THE SOIL RESOURCE 3.1

Soils may be defined in terms of soil profile development (Fig. 3.8).
Weathering creates chemical and physical changes in bedrock or
other parent material. Over time, layers or soil horizons develop. A
soil horizon is chemically and/or physically different from the soil
horizons above or below. A soil horizon may be leached of certain
minerals, or it may be altered by the deposition or formation of other
minerals.

Plants decay and contribute organic matter to the top of the soil
profile (topsoil). This is where organic matter accumulates and the
maximum leaching of minerals occurs. Water moving through the
upper soil carries clay and dissolved minerals to deeper layers (sub-
soil).

The conceptual soil profile in Figure 3.9 shows the major hori-
zons in a soil weathered from bedrock. Climate is the most influen-
tial factor in soil formation because it determines the degree of
weathering that occurs. Thin, poorly developed soils are common in
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3.12 RECLAMATION AND OPERATION STRATEGIES

arid areas, whereas thick, well-developed soils are common in wet-
ter areas,

Topsoil can be identified by its dark color and organic content.
It also has a high water-retention capacity. Subsoils commonly con-
tain fewer nutrients. Overburden is the material removed to allow
access to the material that is being mined. At most aggregate opera-
tions, overburden consists of clay and silt that is poorly drained.
Examples include volcanic ash overlying basalt or decomposed rock
that overlies an unweathered rock.

Soil Fertility  Soil fertility is created by the recycling of organic matter and the
weathering of minerals. Soil systems continually produce and recy-
cle organic matter through the vegetative cover they support. Organ-
isms in soil convert organic matter (through decomposition) to a
form plants can use. Decomposition of organic matter also produces
fairly strong acids that can react with minerals in the soil to extract
base cations such as Ca++, Mg++ and K+, which are essential for
plant growth.

Unweathered geologic materials and subsoils are typically less
desirable as reclamation media for mined lands because they lack
the organic matter and elevated concentrations of dissolved minerals
found in more fertile soils.

Soil Types Rocks weathering in place form residual soils. Eolian, alluvial, or
colluvial soils form from weathering of materials deposited by wind,
water, or gravity, respectively. Alluvial soils, although they are gen-
erally young soils with poorly developed soil profiles, are typically
fertile because they include silts and flood deposits containing abun-
dant organic debris.

Soil Inventories The Natural Resource Conservation Service (NRCS, formerly the
Soil Conservation Service) is responsible for classifying, naming,
and mapping the nation’s soil resources. Traditionally the mapping
focus has been on the agricultural suitability and fertility of soils.
NRCS soil surveys also provide information about erosion hazards,
flooding potential, soil stability, and suitability for various uses, in-
cluding drain fields, road building, timber harvesting, and housing
development, as well as information on suitable trees to plant and
potential wildlife habitat and recreational development.

For most areas, Order I1I soil surveys are available as published
or unpublished maps on a countywide basis. Unpublished surveys
may be available at the local NRCS office; published surveys should
be available at the local library. Order III maps are at a scale of
1:20,000. Boundaries are field checked, but most of the mapping is
done in the office from aerial photographs.

In an Order III survey, soils are grouped into ‘associations’ and
‘complexes’ on the basis of genetic similarities. That is, if soils have
the same parent material and have been subjected to the same soil-
forming processes, they may be grouped together on an Order HI
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Survey map, even though the depth of the individual soils in the
group may be significantly different.

For mine development and reclamation, it is important to know
how much soil is present and where it is in the project area. Order I
and Order II soil surveys can provide this information. They are
commonly available for areas of intensive agricultural production
and can be obtained from the NRCS, DOGAMI, or DNR.

On-site soils investigations can be accomplished with a backhoe
or a shovel and a hand auger. If the mine operator is doing the soil
investigation, the NRCS, DOGAMI, or DNR should be contacted
for information about soil types at the mine site and for recommen-
dations on how to handle them. Understanding the approximate fer-
tility level of each soil type and different soil horizons will contrib-
ute to wise use of the resource.

Topsoil, subsoil, and overburden should be removed separately be-
fore mining and retained for reclamation. Placing several inches of
soil with elevated organic matter over a lower quality subsoil mate

rial can make a dramatic difference in revegetation success. If ade -
quate soils are not reserved to accomplish the approved reclamation
plan, miners may need to import soil—often at considerable ex

pense. It is important to ensure that soil resources are protected and
used to their maximum potential, because few mine operations cax
afford to import soils.

The pore space in soil is essential for the proliferation of bacte:
ria, fungi, algae, and soil-dwelling insects and worms. One gram ¢
soil may contain as many as 3 billion soil bacteria. Consequently.
soils must be properly handled and stored to protect both the pore
spaces and soil organisms. Porosity, or structure, can be perms
nently damaged if soils are stripped when they are excessively we:
or dry. This is a particular problem with clay-rich soils and loams.
Stockpiling aggregate on top of a soil stockpile, compaction cause:
by the passage of heavy equipment, burial by overburden, or cres
tion of large soil stockpiles can destroy the dynamic qualities of

soil.

‘Live topsoiling” means placing stripped soil directly onto an ares
that has been mined out or backfilled or on a reshaped surface for
reclamation (Fig. 3.10). Soil should be spread with a minimum of
equipment traffic to avoid compaction and protect pore spaces. Be

cause the soil contains viable seeds and the soil organisms are relo-
cated to the same ecological niche, revegetation can occur within a
short time (Munshower, 1994).

In both Washington and Oregon, live topsoiling is recommended
wherever possible. However, live topsoiling may not be practical,
particularly in quarry operations where concurrent reclamation op-
portunities are limited or where the soil contains noxious or unde-
sirable weeds and the site is being reclaimed to cultivated cropland.
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Figure 3.10. Topsoil han-
dling in a four-segment mine.
Segment 1 is the first to be
mined. Its topsoil is removed
and stored just inside segment
4. When mining of segment 1 is
finished, topsoil is taken from
segment 2 and place directly
on segment 1 (live topsoiling).
The topsoil from segment 3 is
placed on segment 2. The top-
soil from segment 4 is placed
ort segment 3. When mining is
completed, the stockpiled top-
soil from segment 1 is used to
reclaim segment 4.

Stripping
and Salvage
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Before soils can be stripped and stockpiled, areas to be stripped and
storage areas should be marked. (See Fig. 1.3.) Equipment operators
who are stripping soils by horizon or separating soils from subsoils
should have enough information to identify and segregate topsoil,
subsoil, and overburden. A color change is typically the most obvi-
ous indicator of a change in soil horizons. Soil horizons that contain
a fairly large amount of organic matter can generally be recognized
in the field by their darker color and position at the top of the soil
profile. Another technique is to identify stripping depths on survey
stakes placed on 100 to 200 foot centers. It is best to move the soil
only once. This also reduces operating costs.

By law in Washington [RCW 78.44], topsoil needed for reclamation
cannot be sold or mixed with sterile soil unless specific authority has
been granted in the permit documents. Subsoils capable of support-
ing vegetation must be salvaged to a depth of 4 feet and stored in a
stable area if not immediately used for reclamation.

In Oregon, subsoil salvage depth must be adequate to accomplish
reclamation according to the approved plan.
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Choosing an appropriate method for storage pile construction is also
important. Continually driving heavy equipment over the soil while
constructing scraper-built or end-dump piles can permanently dam-
age soil structure and reduce the pore space essential for micro-
organisms. This type of construction should be avoided.

Soil storage piles should be constructed to minimize size and
compaction so soil organisms can ‘breathe’. Extensive experience
and research have shown that the size of soil storage piles can sig-
nificantly affect soil viability (Allen and Friese, 1992). Soil storage
piles should be no more than 25 feet in height. Available plant ma-
terial such as grasses, shrubs, and chipped tree limbs should be in-
corporated into the piles. However, if large amounts of woody ma-
terial are added, soil may become nitrogen deficient.

Soil storage piles should be revegetated. They are good areas to
do test seedings to prepare for final revegetation. To retain soil mi-
crobes deep in the soil pile, it can be aerated by deep ripping, dis-
cing, and tilling every 2 or 3 years.

Recent research (Allen and Friese, 1992) has shown that soil
microbes can be regenerated in sterile soils by spotting live soil
throughout the area and by using inoculated trees and shrubs. Mi-
crobes will spread to other areas in a relatively short time (weeks to
a few months).

Large amounts of overburden exist at many mine sites, and opera-
tions frequently create large volumes of waste rock. Dumps and
stockpiles are created to temporarily or permanently store both over-
burden and unwanted material separated from the salable product on
the site, for example, crusher scalpings, oversize material, and reject
fines. During reclamation, overburden and waste can be used to cre-
ate landscape diversity. It is important to plan the location of over-
burden or waste piles so they can be used in reclamation.

Dumps and stockpiles can result in landslides and increased sedi-
ment load that may pollute nearby waters if they are not properly
designed and maintained. Careful planning is necessary to ensure
that dumps and stockpiles are placed in a geologically stable loca-
tion, and that they can be revegetated successfully. Locations next
to waterways or springs or seeps will probably not be acceptable.
Ideally, from both construction and water-quality protection stand-
points, these materials should be removed and placed only during
dry periods.

Storage sites for overburden and waste rock should be properly pre-
pared. All vegetation, soil, and subsoil must be stripped from the
site prior to dump construction. Any buried vegetation will rot; this
soft material provides little resistance to sliding and increases the
potential for downslope movement. Slash cleared from the stockpile
area can be used below the stockpile to filter runoff. (See Slash
Windrows and Brush Sediment Barriers, p. 2.12.)
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Figure 3.11. Proper proce-
dures for waste dump construc-
tion. Trees removed from the
site are used to construct a
slash windrow to filter runoff. A
bianket drain (a French drain
that covers a slope instead of
being confined to a trench; see
Trench Subdrains and French
drains, p. 2.20 and Fig. 6.6.) is
laid down first to prevent the
buildup of water, and the dump
itself is constructed of thin,
compacted layers.

Dump and Stockpile
Construction

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES
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Before overburden is stockpiled, all vegetation should be
cleared, and the drainage for the pile must be prepared. Undrained
and uncompacted fill dumped over vegetation without drainage is
prone to mass wasting and landslides that waste topsoil. Soil placed
over permanent waste piles will promote self-sustaining vegetation.
(See Topsoil and Overburden Storage Areas, p. 3.6.)

Large dumps and stockpiles or those located on steep ground
should have diversion ditches constructed above them (Fig. 3.11B).
(See Contour and Diversion Ditches, p. 2.17.) A blanket drain
should be installed on any slopes where drainage problems are an-
ticipated (Fig. 3.11C). (See also Trench Subdrains and French

Drains, p. 2.20.)

Stability is important, particularly for dumps that will become per-
manent features. Both dumps and stockpiles should be constructed
using thin, compacted layers (Fig. 3.11D). Before compaction, lay-
ers may be as thin as 12 to 18 inches. When compacted by rubber-
tired equipment, they will result in a much more stable dump than
one prepared by simply end-dumping or pushing with a bulldozer.

Dumps and stockpiles on hillsides or filling ravines need a prop-
erly constructed toe to key the pile into competent material. The toe
should have a blanket drain to prevent the buildup of water. (See
Fig. 6.6.)

Dumps and stockpiles should be shaped to prevent water from
ponding. The top should be sloped to direct runoff to a drainage
system and to avoid critical areas, or it should be crowned to dis-
perse runoff around the perimeter. The slopes of the dump or stock-
pile should be constructed with appropriate runoff control struc-
tures. The top and overall shape should be rounded off to blend into
the natural topography. (See Slope Stabilization, p. 6.6.)

Most final slopes should be between 2H:1V and 3H:1V. Gener-
ally, the flatter the slope, the more stable it will be and the easier to
access for reclamation. Terraces should be constructed at 30-foot
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intervals vertically, or other methods of slope shaping should be use
to reduce water velocities.

When shaping is complete, the dump or stockpile should be
seeded and mulched to establish vegetation.

Neighbors often complain about dust from mining operations. Dust
is generated by the crusher, rock drills, and other mining equipment,
and from disturbed areas, including haul roads and stockpiles.

In Washington, the Department of Ecology or the local air pollution
control authority has review and permit authority over rock crush-
ers, batch plants, fugitive dust emissions from mining operations,
and haul roads. Contact these agencies for further information.

In Oregon, emissions from on-site processing require a permit from
the Department of Environmental Quality.

Controlling fugitive dust is usually a matter of frequent application
of water or chemicals, Water trucks are typically used for conveying
these liquids. However, sprinklers and irrigation pipe installed in
the berms alongside haul roads can significantly decrease dust with-
out the expense of using a water truck several times a day.

Chemical dust suppressants, such as magnesium chloride, are appro-
priate where water is in short supply. Most chemical dust suppres-
sants require repeated application. There are numerous chemical
dust suppressants designed for a variety of uses. The local and state
water-quality agency can provide information about appropriate
chemicals and how to apply them.
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Restoring Landforms

INTRODUCTION Land shaping is an important but often underemphasized part of the
reclamation process. Common objectives for land shaping include:

I minimizing erosion,

I reducing slope angles to provide stability for post-mining
development,

I contouring aesthetically pleasing landforms to blend with
the surrounding area,

1 forming shapes and slopes consistent with the subsequent
use planned for the site (Fig. 4.1},

I increasing revegetation success, and

I providing diverse wildlife and fish habitat.

SUBSEQUENT USE Reclamation of a mine site, and thus its subsequent use, can be
driven by high land values, zoning, and/or environmental protection
and the state regulations that set minimum standards for reclamation

and water quality.

In urban areas, high land values motivate miners to reclaim for
intensive use. For example, in Portland, Oregon, gravel pits are typi -
cally backfilled with construction waste and developed as building
sites. Building sites can also be developed directly without back-
filling. Government-owned sites where the water table is high often
become parks with ponds. In rural areas, less intensive uses such as
wildlife habitat, agriculture, or timber production can also be prof-
itable. (See Agricultural and Forestry Subsequent Uses, p. 7.17.)

Imagination and careful planning can yield a wide variety of
landforms that make the site better for a specific use than it was prior
to mining. For example, wetlands and fishing ponds can be created
from rock quarries and gravel pits if proper water conditions exist.
Many agricultural sites have been enhanced by selective gravel re-
moval, making them easier to irrigate or till after gravel-rich knobs

0:0 slope 301 201 1041 a

ZONE OF HIGH-INTENSITY USE MODERATE- LOW- LIMITED-
INTENSITY USE INTENSITY USE INTENSITY USE

Figure 4.1. The steepness of the final siope strongly influences the intensity of proposed land use tor reclaimed
mine sites. Fewer options are avaitable on steeper slopes. (From Green and others, 1992.)
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Figure 4.2. A, profile of com-
mon slope types. B, plan view
of different stockpile designs.
Compilex slopes are preferred.

SLOPE TYPES

CREATING SLOPES
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have been selectively removed from the fields. Mining can level ar-
eas of hilly topography making them more suitable for agricultural
or industrial uses. In eastern Oregon and Washington, many of the
mine sites developed on rangeland are returned to their previous
condition by revegetation, generally with native species.

In Washington, RCW 78.44.031 identifies subsequent use as a cri-
terion for guiding the reclamation scheme, while RCW 78.44.141
sets forth reclamation standards that must be met for various uses.

In Oregon, the subsequent use of the mined land must be compatible
with the local comprehensive land-use plan.

Profiles of four basic slope types are shown in Figure 4.2. Convex
slopes erode rapidly and yield the most sediment. Concave slopes
are less affected by erosion and typically yield less sediment than
convex slopes. The steepness of the slope is a major factor influenc-
ing the amount of sediment production. Surface-water runoff veloci-
ties are higher on longer, steeper slopes, and more soil particles are
typically dislodged and transported. Sediment production on uni-
form slopes is intermediate between concave and convex slopes.
Long uniform slopes should be avoided because they can be se-
verely eroded in a single storm event.

@™ Complex slopes generally produce the least sediment and are
the most stable. Complex slopes are preferred for mine site
reclamation.

Where the goal of reclamation is to restore natural slopes that blend
with surrounding landforms, sinuous slopes that are curved in plan
and section and irregular in profile should be created (Fig. 4.3). Ir-
regular slopes will intercept more runoff and reduce its velocity,
trap seeds, and speed revegetation. Rectilinear slopes should be
avoided because they are prone to sheet erosion and gullying and
because they look unnatural.

Natural-looking topography can be achieved early on through a
well-planned extraction operation and equipment operators who
fully understand the post-mining use of the site. Sinuous slopes can
be formed by mining to the prescribed angles (generally the most
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Figure 4.3. A Kkey elementin
restoring topography is creat-
ing natural-looking slopes that
blend with the surrounding
landforms. Rectilinear slopes
{top) are inappropriate for rec-
lamation in unconsolidated
materials. Slopes should be
curved in plan and section and
irregular in profile (bottom).
{Redrawn from Green and oth-
ers, 1992.)

Figure 4.4. Slopes are ex-
pressed as the ratio of horizon-
tal run to vertical rise. This dia-
gram shows the percent slope
of several common ratios. (Re-
drawn from Green and others,
1992.)
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CREATING SLOPES

inexpensive means of reclamation) or by using the cut-and-fill
method, which requires a reclamation setback or material from over-
burden stockpiles. (See Reclamation Setbacks, p. 3.5.) Backfilling
to create appropriate slopes can be the most expensive reclamation
technique when it is done after mining.

A reclaimed site should consist entirely of stable slopes. A rule
of thumb is that slopes are unstable if pioneer plants cannot establish
themselves naturally, if the slopes ravel or show signs of soil creep
and tension cracks, or if landsliding is noted. (See Identifying Un-
stable Slope Conditions, p. 6.3.) In general, unconsolidated materi-
als are stable and can sustain vegetation at slopes of 3 feet horizontal
to 1 foot vertical (commonly expressed as 3H:1V) (Fig. 4.4} (Nor-
man and Lingley, 1992).

For variety, a few locally steeper areas (1.5H:1V to 2H:1V) may
be created (if stable), especially if they mimic locally steeper slopes
nearby. However, steep slopes greatly increase the potential for ero-
sion. Long, steep slopes produce more and faster runoff and allow
less infiltration than a series of short, gentle slopes separated by

Percent

slope Slope ratio (run to rise)

100% 1&
1
3
5

0% 1 . 2 r-gp @ ~ 10:1
1
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Figure 4.5, Dozer tracking can re-
duce runoff and enhance revegeta-
tion. Tracked eqguipment should be
run up and down a slope, not across,
to increase slope roughness. (Modi-
fied from Law, 1984.)

PRE-EXISTING

Dozer tracks create .
grooves perpendicular
to the direction of slope- :
and help glow runoff.

benches or terraces. New drainages or contour ditches should be es-

tablished within the reclaimed area to contain the expected surface

water runoff. Any water diverted during reclamation or land shaping
should be directed to the drainage it occupied before mining to pre-
vent drying up or flooding of areas downstream. This water should
have approximately the same velocity, volume, and quality as the
drainage it is entering.

Some guidelines for slope shaping are:

@@ Slopes steeper than 3H:1V should be kept shorter than
75 feet by creating breaks in slope, such as irregular terraces,
berms, or basins. (See Figs. 2.3 and 2.4.)

@ If the site is to be dry after mining, then pit floors should be
graded to a slope of 2 to 5 percent to promote drainage.

@@ Some mounds, hills, and depressions can be left on pit floors
to vary the topography for subsequent use (Norman and
Lingley, 1992).

@@ In the final grading, bulldozers or other tracked equipment
should be run up and down a slope, not across it, to increase

slope roughness (Fig. 4.5). (Older bulldozers are generally
unable to back up sand and gravel slopes steeper than 3H:1V.)

@@ Final slopes should be revegetated immediately to minimize
erosion.

REGRADING  After the land has been shaped, it should be regraded to produce a
rough, irregular surface, particularly on slopes (Fig. 4.5). This en-
sures that replaced soil is keyed into the substrate to slow erosion.

Roads, pit floors, and stockpile areas should be ripped at close
intervals to provide drainage prior to replacing the soil. Placing a
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loose, friable soil over a compacted base does not increase soil mois-
ture-holding capacity, drainage, or slope stability and will result in
inadequate root development and penetration. A good rule of thumb
is that ripper spacing should be less than or equal to the depth of

ripping.

Understanding the soil resources of a site and the post-mining land
use will lead to effective site development, using the best manage-
ment practices for soil replacement. The type of vegetation planned
for reclamation may dictate soil replacement depth. Deeper soils
will be needed for agricultural production or establishing trees, par-
ticularly for timber production. More important than the depth of the
replaced soil is how replacement is done. Soils should not be com-
pacted. The less equipment is run over soils, the better. The most
skilled and experienced equipment operators should be used for soil
replacement—their skill will pay off.

Topsoil should be replaced on slopes as soon as possible after
restoring topography. Soil horizons from stockpiles should be re-
placed separately in the proper order for best use of the resource.
After the topsoil is spread, it should be tilled to construct a proper
seed bed.

A minimum soil replacement depth of 12 inches of topsoil is
recommended for reclamation for most post-mine uses. Upland sites
may have soil depths, prior to mining, of 6 inches or less. On these
sites, reject soil fines and rock fines produced during rock process-
ing may be used to supplement pre-existing soil resources as a
growth medium. Generally fines would be mixed with organic ma-
terial and put in place before the topsoil is added.

The minimum recommended soil depth for timber production is
4 feet over rock and 2 feet over gravel or soft overburden to estab-
lish an effective rooting depth of 4 feet. Timber growth rates are
generally directly related to the depth of the soil available.

A common problem in reapplying topsoil and subsoil is spread-
ing them too thickly initially so that little is left for remaining areas.
If the volume of topsoil at the site is limited, its application should
be restricted to low areas or excavated depressions that will con-
serve soil, retain moisture, and catch wind-blown pioneer seeds.
These low areas are also ideal sites for planting trees.

Varied soil replacement depths mimic natural soil-forming
processes and should be incorporated into reclamation strategies
where possible. Thinner layers of soil on the upslope areas and
thicker layers on the lower slopes may naturally encourage different
vegetation types. These parts of the slopes should be planted differ-
ently to encourage post-mining vegetation diversity.

In Washington, topsoil is defined as the naturally occurring upper
part of a soil profile, including the soil horizon that is rich in humus
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and capable of supporting vegetation, together with other sediments
within 4 vertical feet of the ground surface [RCW 78.44].

. In Oregon, topsoil is not defined by law; however, sufficient soil
must be retained onsite for reclamation.

AMENDING OR Where little or no topsoil exists prior to mining, it may be necessary
MANUFACTURING to amend or even manufacture soils. Amending soil can signifi-
SOIL cantly reduce the time required for revegetation and performance

security release. (See The Soil Resource, p. 3.10.)

Reconstructed soils should have the same soil characteristic as
topsoil. Soil characteristics that have the greatest effect on plant
growth are the amount of organic matter, moisture-holding capacity,
drainage, and available nutrients.

Adding Organic matter improves both the fertility and physical condition of
Organic Matter ; 5oil. The chief problem with using subsoils for reclamation is usu-
ally a lack of organic matter. Subsoils can be used in place of top-
soils if they are combined with organic products, such as wood
chips, paper sludge, rice hulls, mushroom compost, mint clippings,
farm manure, processed municipal biosolids, straw, or native hay. In
some instances, trading loads of rock for manure and straw from
local dairies, farms, and ranches may be mutually beneficial. How-
ever, weeds should not imported with the manure or straw. Knowing
the quality of the hay can prevent this from happening.

Quarry sites are generally developed where mineable rock is at
or very near the surface. In these cases, reject fines, scalpings, or
other fine-grained materials can be used to replace topsoil, provided
they are amended with organic matter.

Biosolids and some other soil amendments may not be appropri-
ate at sites near sensitive aquifers or waterways.

_ - A solid waste permit from the local health district may be needed for
application of biosolids, paper mill sludge, manure, etc. In Washing-
ton, contact the Department of Ecology. In Oregon, contact the De-

partment of Environmental Quality or the local health department.

Improving In the arid regions of the Pacific Northwest, the moisture-holding
Moisture-Holding  capacity of a soil is often the factor limiting planting success. A
Capacity ik soil will hold more water than a thin one, and clay soils will
hold more water than sandy soils. Moisture-holding capacity can be
increased by adding large amounts clay or other fine-grained geo-
logic material or by increasing the thickness of the subsoil. A mulch
layer at the surface also helps conserve water by insulating the soil
against evaporation.

Improving In areas that are not being developed as wetlands, soils that do not
Drainage drain well can cause plants to rot. Adding organic matter, sand, or
other coarse materials improves drainage by modifying the struc-
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tural characteristics of a soil. Adding lime or gypsum neutralizes
acidic soils, which usually develop in wet areas.

Natural Fertilizers. Adding organic matter can improve both the
fertility and physical condition of a soil or fine-grained substitute.
However, it may not provide any short-term fertility benefits and
possibly no long-term benefits unless it is worked into the top
6 inches of soil. The smaller the particle size and the greater the
surface area of the fertilizer, the faster it will be broken down by soil

microbes.

The natural range of carbon to nitrogen in soils is 8:1 to 15:1.
Organic amendments that help reclaimed soil achieve this ratio pro-
vide significant benefits. For example, amendments high in carbon
and low in nitrogen, such as wood chips, may require additions of
nitrogen-rich fertilizers (Table 4.1). This is because when an or-
ganic amendment rich in carbon is added to the soil, all the nitrogen
available to plants will be tied up by soil microbes trying to consume
the carbon. Soil microbes need nitrogen to consume the carbon and
can preferentially absorb nitrogen before plant roots can use it. This
means that there will be no nitrogen available to plants until the
carbon: nitrogen ratio has dropped to 8:1-15:1. Therefore, adding
amendments high in nitrogen will help plants grow under these con-
ditions. Amendments in which carbon greatly exceeds nitrogen
should be used sparingly.

Table 4.1. Nitrogen and carbon content of common organic soil amendments.
The natural range of carbon to nitrogen in soils is 8:1 to 15:1. Organic amendments
that help rectaimed soil achieve this ratio provide significant benefits. {Modified
from FERTILIZERS AND SOIL AMENDMENTS by Follett, Murphy, and Donahue,
© 1981. Reprinted by permission of Prentice-Hall, Inc., Upper Saddle River, NJ.)

Organic Total Carbon:
Carbon (C) Nitregen (N) Nitrogen
Material (%} (%)} (C:N) Ratic
Sewage sludge (dry weight basis)
Aerobic 35 5.60 6:1
Anaerobic 30 1.90 16:1
Alfalfa hay 43 2.40 18:1
Grass clippings, fresh 43 2.20 20:1
Leaves, freshly fallen 20-8C .50-1.00 40:1-80:1
Peat moss 48 83 58:1
Corncobs 47 45 104:1
Red alder sawdust 50 .37 135:1
Paper, mostly newspaper 43 26 172:1
Hardwood sawdust 50 .20 250:1
Douglas fir
0Old bark 59 20 295:1
Sawdust 51 07 728:1
Wheat straw 45 A2 375:1
Pine sawdust 51 07 7291
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Chemical Fertilizers. If a quick cover of vegetation is needed to
provide erosion control or if the soil or manufactured soil substitute
is of poor quality, applying a fertilizer is recommended. Organic
matter should be added to achieve a long-term response before seed-
ing directly into soil substitutes. Avoid applying fertilizers in areas
where runoff into streams could occur.

Some research shows that native plants do not respond well to
chemical fertilization, and fertilizers are not generally needed for
the long-term survival of these species. Fertilization tends to depress
plant community diversity by indirectly decreasing desirable native
plant populations such as warm season grasses and legumes. Fertil-
izers tend to give a competitive advantage to opportunistic species
such as annual grasses and herbaceous plants, many of which are
weeds.

RESTORING Where the pit or quarry is mined below the water table or surface
DRAINAGE drainage collects on the mined property, productive ponds and wet-
lands can be formed with careful water management.

Where appropriate to the subsequent use, a pond creates addi-
tional plant and habitat diversity, even though it may contain water
only on a seasonal basis. Shallow process-water ponds, as well as
low places on excavation floors and in stockpile areas at upland
sites, can be developed as seasonal wetlands, even in arid areas east

of the Cascades.

Extraction ponds (ponds being mined for gravel) and some up-
land rock pits with a permanent water source make ideal sites for
constructing wetlands if the water table is shallow. Sediment from
washing and screening rock can be deposited to form shallow deltas
that, when combined with the permanent water supply, can easily be
revegetated with wetlands species.

CREATING PONDS Ponds for wildlife habitat should have irregular outlines (Fig. 4.6).
FOR WILDLIFE The bottom of the pond should also be irregular so as to offer a
variety of habitat possibilities for plants, bottom dwellers, and fish

(Fig. 4.7). Both water deeper than 10 feet and benches and bars with

water depths less than 2 feet should be provided. As a general rule,

25 percent of the pond should be less than 2 feet deep, 25 percent

2-6 feet deep, and 50 percent deeper than 10 feet. Water deeper than

Figure 4.6. The shoreline of
ponds used for wildlife habitat
should be irregular and planted
for cover with a mixture of open
meadows and shrubs in the
surrounding area. The shape of
the pond on the left is better
suited to supporting wildiife
than that of the pond on the
right. (Redrawn from Szafoni,
1982.)
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CROSS SECTION
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Figure 4.7, Plan view and cross section of a well-designed irregular wetland or pond shoreline. Note the large areas
of shallow water. Steep slopes along paris of the shore will discourage the growth of wetland plants and provide clear
access to the pond. Bird nesting sites are provided. The trench discourages predators, but the shallow water offers
sites for food for fish and cover plantings. Islands can be constructed from fill, unmined material, or sediments saved

from digging the trench.

15 feet can provide a cool summer refuge for fish (Norman and
Lingley, 1992).

In-Water Slopes  Slopes should be very gentle, SH:1V or flatter, to allow develop-
ment of wetland plant species (Fig. 4.8). In general, the more shal-
low areas, the better. Slope variations will enhance the plant diver-

sity in created wetlands.

Figure 4.8. Slope variations
will enhance the habitat diver-
sity of created wetlands. To
successfully establish wetland
vegetation, seeds and trans-
plants must be placed in sites
with the correct water depth.
(Modified from Green and oth-
ers, 1992))

water table
zone of fluctuation
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Special Considerations
Near Rivers

Figure 4.9. Islands can be
developed in undrained pits
during operations. They start
as peninsulas {1}, which are
then graded to provide the ap-
propriate final shapes and
slopes (2). Channels can then
be dredged to separate the tips
of the peninsulas from the
mainland (3). Step 3 shouid not
be undertaken until final water
levels are known. {4) Final con-
figuration of constructed island.
(Redrawn from Michalski and
others, 1987.)

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES
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The most economical means of shaping final pond slopes is to
create them as material is excavated (Fig. 4.9). In mines that are be-
ing dewatered while operations proceed, resloping must be done be-
fore allowing the pits to fill with water.

Windward pond shores can be protected from wave erosion by
placing boulders at the range of pond levels.

In Washington, slopes in unconsolidated materials (sand, gravel, or
soil) below the permanent water table should not be steeper than
1.5H:1V. Slopes at the water/land interface should be between
2H:1V to 3H:1V. Solid rock banks must be shaped so that a person
can escape from the water in those places.

Oregon statutes require a 3H:1V slope to 6 feet below the low-water
mark of a pond to provide a means of escape in the event that some-
one were to fall in.

Mining sand and gravel near a river can eliminate wetlands and fish
and wildlife habitat, cause channelization of the river, and may even
result in channel capture, if not planned properly. If mining is al-
lowed by local jurisdictions, leaving ponds and depressions can re-
place lost fish and wildlife habitat and wetlands. By locating mining
sites in relatively stable areas of the flood plain and not excavating
overly deep or large pits, reclamation of fish and wildlife habitat can
be done without extensive engineering to ensure river stability.

3

L4
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Figure 4.10. Plan view and
cross section of a reclaimed
gravel pit with pond shape that
mimics a natural river system.
Not to scale. (Modified from
Woodward-Clyde, 1980.)

BUILDING HABITAT
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CROSS SECTION

island shallow area

A desirable post-mining pond configuration for a gravel pit near
a river is long, narrow, and moderately deep, with irregular islands
and peninsulas. It should be connected to the river on the down-
stream side (Fig. 4.10) (Woodward-Clyde, 1980) to mimic a natural
river system on a flood plain.

Subsoils, mine waste rock, construction fill, or boulders can be used
to create rock reefs, islands, and other features to provide habitat.

Islands can be formed as part of the mining process or made after
the basic mine shape is in place (Fig. 4.9). If the mine itself consists
of individual cells separated by dikes, portions of the dikes can be
removed to create post-mining peninsulas or islands for use as habi-
tat. If the excavation is dewatered, silt and sand can be compacted
or boulders can be placed on the floor of the excavation to create
islands for bird and turtle loafing.

Many small islands are better than a few large islands. They
should range from 0.1 to 0.5 acres if they are meant to provide wa-
terfowl nesting sites. Smaller islands may provide only resting sites,
and larger islands may encourage predators to take up residence.
Adequate separation of the island from the mainland, with water
depths between them exceeding 30 inches, will discourage preda-
tors. Soil, logs, and rocks should be placed on the island to enhance
habitat diversity.
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Figure 4.11. Plan view and cross secticn of a horseshoe island. (Redrawn from ‘
Michalski and others, 1987.)

Irregular islands are better than round islands (Fig. 4.8). Horse-
shoe-shaped islands are ideal for waterfow! (Fig. 4.11). The opening
of the horseshoe should be in the lee of the prevailing wind to pro-
vide shelter for young birds. The banks between the prongs of the
horseshoe should be more gently sloped than the outer banks to in-
crease the sheltering effect.

Direction of prevailing wind
CROSS SECTION

A A’

Structures That To create cover for fish and habitat for aquatic insects, submerged
Enhance Habitat ,nd anchored tree crowns can be placed along steep banks (Fig.
4.12). Where possible, logs and stumps should be lashed together
and anchored to form reefs (Fig. 4.13). These lashed materials can
be either placed by helicopter or dragged into place by bulldozer.
Root wads with soil attached also provide ideal cover (Cederholm

and Scarlett, 1991; Cederholm and others, 1988).

Depending on the plan’s habitat objective, branches that stick
out of the water may be removed to minimize roosting by predatory
birds until a robust fishery is established. Alternatively, protruding
branches and logs just breaking the surface may be left to provide
sunning areas for turtles and other amphibians.

Structures that can be constructed in or near ponds to enhance
habitat for wildlife include:

I trees, logs, and root wads lashed together, submerged, and
anchored (Fig. 4.12),

Figure 4.12. A submerged tree crown, anchored top and botiom, provides cover
where the bank drops off steeply in some parts of the pit. {Modified from Michaiski
and cthers, 1987.)
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Figure 4.14. Piles of rock
provide homes for small mam-
mals. {From Green and others,
1992.)

Off-Channel Ponds
for Salmon
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Figure 4.13. A submerged crib structure provides habitat for aguatic insects and
cover for fish that feed on them. Rocks are used to anchor the crib in place. (Modii-

fied from Michalski and others, 1987.)

I submerged crib structures
(Fig. 4.13),

I piles of angular rock
(Fig. 4.14),

I nesting boxes (Fig. 4.15), and

I nesting poles and snags for
osprey and cavity-dwelling
birds (Fig. 4.16).

Groups interested in wildlife or
fish habitat enhancement, such as
Ducks Unlimited or Trout Unlimited,
the Boy Scouts (and similar groups), or
schools, can be invited to help in en-
hancing reclamation of a pond by con-
structing nesting boxes, planting wil-
lows, or other activities. U.S. Fish and
Wildlife staff may provide technical
assistance, and the agency may be a
source of potential grants.

Figure 4.15. Typical nesting
boxes.

At mine sites near rivers, off-channel ponds can be connected to
the river by a stable outlet channel that allows access for fish
(Fig. 4.10). The channel, excavated after mining, must be shown on
the reclamation plan. Ponds like these can provide valuable habitat
for salmon (Cederholm and Scarlett, 1991; Cederholm and others,

19838).

The following questions should be addressed in selecting sites

for creating off-channel salmon habitat:
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Figure 4.16. Snags make
good nesting sites for cavity-
dwelling birds. (From DeGraaf
and Shigo, 1985.)
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W Is the section of river or stream near a site used in any way by
salmon? Is any part of the whole river or stream used for
spawning, travel to spawning areas, or for rearing of fry?

m Will the depth of excavation be compatible with final
off-channel habitat (that is, not too deep for spawning, but deep
enough to provide cold-water habitat)?

B Is the potential mine site stable? Or is it prone to capture during
floods and by lateral migration of the river?

m Is the substrate of the excavation going to be suitable for the
habitat desired?

W Is there sufficient water circulation to provide oxygen and keep
the water cool?

® Can an outlet channel be connected to the river where it can be
easily found by migrating fish?

_ - The Oregon or Washington Department of Fish and Wildlife should
be consulted before undertaking any off-channel pond creation pro-

ject.

Outlet Channels Outlet channels allow fish to enter and leave the off-channel ponds.
They are integral parts of off-channel habitat and should mimic
natural river sloughs whenever possible. In some situations, a weir
is necessary to control the water level in the outlet channel and
ponds.

Outlet channels should join the river system where fish are
likely to notice them—for example, near a pool or eddy where fish
tend to rest. Riffles or fast water areas are less desirable outlet sites
because fish may not find the outlet, and it may be left high and dry
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during low water. Joining an outlet channel to an existing tributary
or slough instead of the river is a good strategy where feasible.

Natural wetlands can be defined in terms of three broad environ-

mental indicators: soils, hydrology, and vegetation, The viability of
created wetlands can be enhanced by addressing these three ele-
ments in the reclamation plan.

Soils are essential to vegetation, both above and below the water
surface. In creating wetlands, pond banks and bottoms should be
covered with at least 12 inches of fine materials that have a large
clay component to help seal the bottom of the pond. In some places,
process fines can be substituted for soils; however, they are less de-
sirable than native soil because they are less fertile. Material rou-
tinely removed from roadside ditches may be a good source of wet-
land soil and vegetation if it is not contaminated with oil and grease.
If any wetlands on the project are disturbed, that soil should be used
in new wetland creation.

In Washington, a solid waste permit from local jurisdictions may be
necessary for disposing of material acquired from ditch cleaning.

A wetland must have water present at least seasonally. A common
reclamation challenge at many mine sites is the seasonal fluctuation
of the water table. The highly permeable nature of sand and gravel
creates a situation where vegetation on pond banks is inundated dur
ing the wet season and high and dry during the summer. This results
in a zone, similar to that found along reservoirs, in which upland and
wetland plants will not readily grow. Here are some ways to reduce
water fluctuation and the related adverse effects:

@@ Seal the bottom of the pond and the downstream banks with
clay-rich material. This can happen naturally over time, but it

may take many years.

@™ Reduce bank slopes to SH: 1V or flatter to allow a more
gradual transition from the wetland to upland environment.

@@ Install a head-gate or weir at the outlet of the pond to retain
water.

@@ Anchor jute netting or some other organic mulch fabric over
the bank slopes to capture fines and retain soil moisture.

Wetlands are characterized by many plant species that do not grow
in upland areas. Most created wetlands in western Washington and
Oregon will develop a wetland community on their own if condi-
tions are hospitable and given enough time. Willows, cattails, and
other wetland plants will often volunteer on the site in a year or two.
To speed the reclamation process, however, suitable species can be
obtained from nearby sources or purchased for planting.

Propagating wetland species can be difficult and can, in some
places, produce a plant community composed of only a few species,
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that is, far less diverse than natural populations on undisturbed sites.
The best way to establish a diverse community is to transplant soils
and plants from an existing wetland, particularly one that is being
eliminated by mining. Care must be taken when planting nursery
stock to replicate as nearly as possible the plant community sur-
rounding the site being reclaimed.
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Reclamation Techniques

for Quarries

HIGHWALL Many quarry operations create benches and highwalls composed of

AND BENCH
RECLAMATION

Open File Report 96-2

solid rock. Shaping the tall rock faces and engineered benches cre-
ated during production blasting can be difficult. Vertical cliffs may
be incorporated in the reclamation landscape if natural cliffs exist in
the area of the mine. The extent and types of cliffs present should be
shown on maps and cross-sections submitted in the permit applica-
tion.

Primary reclamation concerns for these areas are stability and
aesthetics. Some post-production blasting may be necessary to
break up linear features. The effects of blasting the highwall should
be carefully considered when preparing both the operating and rec-
lamation plans. If blasting is contemplated, seek the help of a quali-
fied professional before proceeding. A poorly designed blasting
plan can result in unsafe conditions that are difficult and expensive
to fix.

Public access and safety should also be addressed as part of the
reclamation plan wherever steep cliffs are to be left. After mining,
a bench or berm may be needed at the base or top of steep highwalls
to catch falling rock. Placing a berm at the top of the quarry or a
10-foot-high by 15-foot-wide bench near the top will improve safety
by discouraging access and reducing the likelihood of injury due to
falling.

Where adequate moisture is present (west of the Cascade
Range), wide benches may be revegetated. Benches to be revege-
tated should stope toward the highwall to trap moisture and soil.
(See Fig. 2.4.) They should also slope gently to the side to promote
drainage. Enough soil should be placed on the bench to support the
proposed vegetation.

West of the Cascades, trees planted on benches may eventually
break up the line of the face, although it may take years before
benches are screened from view, even in smaller quarries. Revege-
tation may not be a viable reclamation technique in dry areas, larger
quarries, and open pits unless combined with other methods dis-
cussed in this chapter. In arid areas east of the Cascades, bench
revegetation will probably not obscure linear features.

Several methods of reclaiming quarry walls are effective in
achieving stable slopes and preparing the site for the proposed sub-
sequent land use. Excavated quarry slopes are generally more stable
than fill slopes. However, once a material is blasted, it is no longer
considered consolidated and must be reclaimed to a shallower angle,
depending on the nature of the rock.
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Figure 5.1. Blasting at the shot holes for blasting overburden or soil To be
holes shown in the left sketch straight quarry face pushed onto soree slopes
can create scree slopes (right), berm
which may then be stabilized !
by plantings.

RECLAMATION Reclamation blasting is a fairly new technique. The amount of frac-
BLASTING ture desired often differs from that for production blasting. Chutes,
spurs, scree slopes, and rough cliff faces can be intentionally created
by strategically placed blast holes (Fig. 5.1) (Norman, 1992; Coppin
and Bradshaw, 1982). Because few people have the field experience
necessary for this type of blasting, the use of a contractor familiar

with this technique is recommended.

Highwalls Selective blasting produces a natural appearance and stabilizes a
site. Selective blasting can be used to modify benches, break up lin-
ear features, and blend highwalls with their natural surroundings.
Proper blasting of highwalls leaves rough surfaces that can provide
nesting and perching habitat for birds (Fig. 5.2). However, the rough
surface should be free of loose rock.

Reclamation blasting that reduces the entire highwall to a scree
or overburden slope is essentially a cut-and-fill method, This tech-
nique can be used only where there is sufficient material remaining
in a setback behind the quarry face to create the desired slope. Blast-
ing for this purpose will not be possible if the operator has mined to
the permit boundaries.

The highwall profiles of Figure 5.3 show two conceptual blast-
ing patterns for reclamation. In 5.3A, vertical holes are drilled
across the bench floor. The outermost row of holes is only lightly
charged to minimize flyrock and keep the blasted material on the
slope. Most of the rock fracturing is done by the explosives in the

Figure 5.2, Proper blasting
of highwalls ieaves rough sur-
faces that can provide nesting
and perching habitat for birds.
(From Grreen and others, 1982.)
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Figure 5.3. Conceptual blast-
ing patterns for obliterating
quarry benches.

Benches

MINIMIZING
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Causes of
Damage
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rows farther back from the face. The blasthole design of Figure 5.38
uses horizontal blast holes. PVC pipe can be inserted into the drilled
holes to keep them open and serve as a water drain. The final pit
configuration must allow for access to the drilled holes for loading
with explosives.

The final choice of blast pattern, delays, stemming depth, eic.
depends upon the rock type, structural geology, blasting agent, and
other highly variable conditions that cannot be addressed in this
manual. Although this method can be less expensive than back
filling (Thorne, 1991; Petrunyak, 1986), the operator has only cns
chance to get it done right. Doing proper research and consuliing
appropriate experts before starting reclamation blasting cannot b
stressed enough.

After the blasting is completed, topsoil and overburden store:
above the final slope can be pushed onto the blasted rubble to pro-
mote revegetation. For quarries in which there are multiple benches,
the final slope will approximate the overall slope of the benches.
Proper setback must be accounted for from the lowermost bench
the uppermost one.

If selective blasting of benches is impractical or dangerous, other
reclamation methods may be necessary, such as leaving wide
benches that can be revegetated or pushing rock over the side of the
pit to hide the benches (Fig. 5.4).

Minimizing offsite impacts from blasting is in the best interest of
both neighboring landowners and mine operators. It can reduce liti-
gation and negative publicity for a project. All blasting should be
done by professionally trained and certified experts. Blasting tech-
niques have improved dramatically since the days of black powder
fuses and dynamite. Vibrations, noise, and fly rock can be greatly
reduced when proper techniques are employed.

Vibrations from the blast may damage nearby structures and resi-
dences. A blast creates a wave that travels through rock and uncon-
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benches

Figure 5.4. Topsoil piaced
on benches and on a fractured
quarry floor will prepare the site
for revegetation.

fractured
quarry floor

solidated materials. When the wave arrives at nearby structures, it
can cause them to vibrate. Sound waves from the blast, transmitted
through the air, are usually more detectable by humans, but it is the
back and forth movement of the ground wave that causes the dam-
age, not the accompanying sound. The amplitude and intensity of
the ground wave are determined by the number of pounds of explo-
sive detonated at one time. Most problems can be aveided when the
amount of explosive is minimized and the blast is properly timed.

Vibration Effects Unconsolidated material will vibrate more strongly in response to
Under Various  the ground wave than will competent rock. All other factors being
Conditions .., the potential for vibration damage is greater if a structure is
built on fill, sand, dirt, or other unconsolidated material than if it is
built on compacted material or competent rock. The more competent

the material, the less movement will occur.

The way the structure is built can also have an effect on the kind
and amount of damage. A structure with a concrete slab floor usu-
ally develops more cracks than one with a perimeter foundation built

on solid rock.

Pre-Blast In order to establish pre-blast conditions at nearby residences, a pre-
Survey  blast survey should be performed by an outside specialist rather than
by a member of the organization doing the blasting. Typically, after
a blast has taken place, owners of nearby structures will find cracks,
settlement, and displacement, all of which were pre-existing, but
never noticed. All structures within any possible damage range must

be thoroughly surveyed before any blasting is done.

The importance of a pre-blast survey of all surrounding struc-
tures cannot be overstated. The lack of a proper survey by a quali-
fied specialist is an open invitation to lawsuits. Without a survey,
the damage could be real or imagined, but an expensive lawsuit will
be required to establish liability.

Use and Placement of The blast contractor should monitor the blasting with vibration-
Vibration-Measuring measuring equipment, but the equipment should be placed and the
Equipment  ...ults read by a qualified independent third party. Monitoring
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Blasting Plans
and Logs

BACKFILLING

Fill Materials

Figure 5.5. Quarry slopes
that are backfilled should be
compacted so that the final
sfope is stable; a 3H:1V angle
(with terraces, if it is long) gen-
erally results in a stable slope.
Topsoil should be spread over
the compacted slope to make
revegetation possible.
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equipment that provides an immediate printout is generally better
than equipment requiring post-blast data manipulation and interpre-
tation because the results are available immediately and cannot be

changed once recorded.

The mine operator should require a blasting plan and blasting logs.
Blasting plans are prepared before the blast. Blasting logs are made
on the site as each hole is primed, loaded, stemmed, wired, and con-
nected to the circuit. Blasting logs must accurately describe the
work on each hole and must be kept for 2 years after the work is
completed in case they need to be referred to later.

Quarries located in populated areas should consider total or partial
backfilling when it is economically feasible (Fig. 5.5). Advantages
of backfilling include reducing slopes, increasing post-mining prop-
erty values, and reducing safety hazards. (See Chapter 4.) In urban
areas, many quarry sites are backfilled. If buildings or other struc-
tural improvements are to be placed on top of the old excavation, the
backfill material must be structurally sound and stable. Dumping fill
material over the highwall can also help disguise the linear benches.
If overburden or waste rock is strategically placed, backfilling may
be done with a short push or haul.

In some quarries, operators will decide to rebuild slopes after all
rock is removed by:
I concurrent backfilling using overburden mined elsewhere on
the site,
1 bringing in fill material from construction projects offsite,
and
I retaining enough overburden or mine waste for resloping
after completion of mining.

Overburden should be stored where it can be readily and economi-
cally moved into position during reclamation. Mining plans should
take the backfill process into account. Operators need to be sure
there is enough onsite material or identify a likely source.

If fill is accepted from construction sites, a monitoring plan
should be established by the operator to prevent disposing of

terraces

compacted
backfill material
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Fill Slopes

DRAINING
PIT FLOORS

Blasting

Figure 5.6. Ripping or de-
compaction of pit floors is typi-
cally accomplished with rippers
mounted on heavy equipment.

hazardous or unapproved material on the site. Local permits from
health departments may be necessary before importing fill.

Stability and erosion control are primary concerns for slopes created
by backfilling. Backfilled slopes may be prone to erosion and gully-
ing if they are smooth, planar, and long. (See Creating Slopes,
p. 4.2.) As slope length and steepness increase, runoff velocity and
soil erosion also increase, and infiltration decreases. Careful loca-
tion of drainages and water-control features enhances slope stability
and revegetation potential (Banks and others, 1981; Washington De-
partment of Ecology, 1992). (See Chapter 2.)

Temporary protection of bare slopes from rain or snow-melt
runoff may be necessary if backfilling occurs over a long period and
if establishing permanent vegetation must be delayed. Temporary
protection can include covering the slope with plastic sheeting or
mulches or matting and seeding with grasses. (See Chapter 2.)

A final slope angle of 2H:1V to 3H:1V is recommended. The
gentler the slope, the easier soil application will be and the more
quickly vegetation will establish. Backfilled slopes may require
compaction to ensure stability.

If wetland creation is not part of the reclamation plan, pit floors can
present special drainage problems. There are two basic ways to im-
prove drainage in quarry floors: blasting and ripping.

Impermeable pit floors of solid rock can be blasted to fracture the
rock so that water can drain slowly from the site and roots can pene-
trate (Fig. 5.4). The least expensive way to blast the pit floor is to
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drill an extra 10 feet on the last production shot and leave some of
the fractured material in place.

Ripping or decompaction is typically accomplished with rippers
mounted on heavy equipment (Fig. 5.6). Rippers consist of a vertical
shank or shanks that can shatter compacted or hard areas to depths
of 7 feet. Before ripping or tilling compacted mine wastes or soils,
at least one backhoe pit should be dug on the site to determine the
thickness of the compacted zone, thus the depth of tilling. As a rule
of thumb, ripper spacing should be less than the depth of ripping.

If soil is replaced using equipment with rubber tires, discing,
plowing, or shallow ripping may be necessary to loosen the soil to
create seedbeds and suitable substrate for ground cover or trees.

In locations where topsoil is minimal or absent and ripping is
not possible, selective drilling and blasting may improve revegeta-
tion success. A basalt quarry in Australia achieved 85 percent sur-
vival of tree seedlings after four years by blasting 7-foot-deep holes
into the pit floor (Rock Products, 1995). This technique fractures the
rock, provides a moisture trap where roots are able to penetrate, and,
if ammonium nitrate explosives are used, may provide some residual
nitrate to stimulate plant growth.

Banks, P. T.: Nickel, R. B.; Blome, D. A., 1981, Reclamation and pollution con-
trol—Planning guide for small sand and gravel mines: U.S. Bureau of Mines
Minerals Research Contract Report, 143 p.

Coppin, N. I.; Bradshaw, A. D., 1982, Quarry reclamation——The establishment of
vegetation in quarries and open pit non-metal mines: Mining Journal Books
[on behalf of the Mineral Industry Research Organization] [l.ondon], 112 p.

Green, J. E.; Van Egmond, T. D.; Wylie, Carolyn; Jones, lan; Knapik, Len; Pater-
son, L. R., 1992, A user guide to pit & guarry reclamation in Alberta: Alberta
Land Conservation and Reclamation Council Reclamation Research Technical

Advisory Committee, 135 p.

Norman, D. K., 1992, Reclamation of quarries: Washington Geology, v. 20, no. 4,
p- 3-9.

Petrunyak, Jim, 1986, Blast casting reduces cost of removing quarry overburden:
Atlas Blasting News, v. 12, no. 4, p. 3.

Rock Products, 1995, Drill, blast, and plant—Growing trees in rock: Rock Prod-
ucts, v. 98, no. &, p. 82.
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no. 1, p. 11.
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the Puget Sound Basin: Washington Department of Ecology Publication #90-
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Rockfalls
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Slides

m Landslides and Slope Failures

Many upland mining sites are situated in terrain that has potentially
unstable slopes or is already unstable. Construction of spoil dumps,
stockpiles, and mine cuts can destabilize areas that were stable priox
to mining. If mines are located in potentially unstable areas, such
areas should be identified before mining, and the mine plan should
be developed so as to minimize risk to the environment. Common
mining-related causes of landsliding are:

I removing the toe (support) of the slope,

1 saturation of unstable slopes due to poor water management
(such as constructing a pond on a slope),

I placing waste rock over vegetation on steep slopes causing
failure as the vegetation rots,

I adding weight to an unstable slope, and
B placing weight (generally overburden) on an unstable area.

Landslides do not recognize property lines. Conditions on adja-
cent property may be ‘causing’ the slide on the mine site, and slides
occurring on the mine site may damage adjacent properties. If sta-
bility is a concern or major faulting is encountered, a geotechnical
consultant should be involved in mine planning.

The movement of soil and rock under
the influence of gravity is called mass
movement or mass wasting. Rockfalls,
slides, earthflows, slumps, soil creep,
raveling, and (more commonly) combi-
nations of flow types are all forms of
mass movement that can occur at mine
sites.

Rockfalls travel most of the distance
through the air (Fig. 6.1). Movement is
extremely rapid and includes free fall,
tumbling, and rolling of fragments of
bedrock or soil. Rockfalls may occur in

a mine as pressure is released on the figure 6.1. Rockfall on a
free face. steep or overhanging face.
(Redrawn fram Chatwin and
others, 1981.)

Slides move along one or more zones
of weakness. Movement along the fail-
ure surface may be rotational, as in a slump, or translational along a

more or less planar surface (Fig. 6.2).

Live tree roots contribute to holding the soil together and help
tie the upper soil horizon to the subsoil. Runoff and surface erosion,
when combined with a decrease in tree-root tensile strength caused
by stripping vegetation and soil, have contributed to many land-
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Figure 6.2. A complex slide
called a siump-earthflow.
(Modified from Chaiwin and
others, 1881.)

weathered bedrock,
5oi{, ete.

slides by removing the slope support. Scars from debris slides (shal-
low soil slips) may commonly be seen on steep slopes that have been
stripped of vegetation. Removing the toes from steep slopes such as
on talus, sand and gravel, or clay deposits can result in a landslide.

Earthflows Earthflows, composed of soil and rock, move slowly downslope as
a viscous fluid, The amount and rate of movement vary according to
the particle size and water content of the earthflow. Clay-rich zones
are especially vulnerable to plastic flow when saturated. If enough
water is present, the material can ‘liquefy’, causing an earthflow.

Slumps In a slump, the movement is rotational, producing a bowl-shaped
failure surface. Slumps and slump-earthflows typically leave behind
a steep scarp that is itself vulnerable to further slumping. Slumps
also commonly occur in areas underlain by till and/or glacial lake
deposits, both of which are vuinerable to failure when they are satu-

rated.

Soil Creep  Soil creep is the very slow (inches per year) downslope movement
of surface materials (Fig. 6.3).

Raveling Raveling is downslope movement of particles and commonly occurs
on sand and gravel slopes that are too steep. Reclaimed slopes of
2H:1V to 3H:1V usually do not ravel.

ANATOMY OF Most landslides are combinations of several kinds of slope failure.
A LANDSLIDE The method of failure may be different in different parts of the
slope. A landslide, in this case a slump-earthflow (Fig. 6.4), has the

following parts (Varnes, 1978):
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Figure 6.3. Conditions that
lead to and indications of soil
creep. (Medified from Chatwin
and others, 1991.)

IDENTIFYING
UNSTABLE SLOPE
CONDITIONS

Tension Cracks
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IDENTIFYING UNSTABLE SLOPE CONDITIONS - 6.3

weathered bedrock,
soil, ete.

spring

displaced
fenceling

hummocky
ground

Main scarp — A steep surface separating the undisturbed ground
from the slide mass, caused by the movement of slide material away
from undisturbed ground. The projection of the scarp surface under
the displaced material becomes the surface of the rupture.

Minor scarp — A steep surface in the displaced material produced by
differential movements within the sliding mass.

Head — The upper part(s) of the slide material along the contact be-
tween the displaced material and the main scarp.

Toe — The lower margin of displaced material most distant from the
main scarp.

Crown — The material that is practically undisplaced and adjacent to
the highest parts of the main scarp.

Regardless of the cause, instability can often be identified in the
field through careful observation. Tension cracks, hummocky to-
pography, springs and seeps, bowed trees, abrupt scarps, and toe
bulges are all readily observable indicators.

Tension cracks, also known as transverse cracks, are openings that
can extend deep below the ground surface (Fig. 6.4). Tension cracks
near the crest of an embankment or hillside can indicate mass move-
ment. However, cracks may occur anywhere on the slide. They are
perpendicular to the direction of movement and are typically con-
tinuous in a pattern across the width of the landslide. Tension cracks
can fill with water, which lubricates the slide mass and may cause
additional movement. Correction of slope failures must include pre-
venting surface water from reaching tension cracks.
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Figure 6.4, Structural fea-
tures of slumps and the effect
of cutting and filling on the sta-
bility of short slopes. (Redrawn
from Burroughs and others,
1976.}
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Hummocky ground can indicate past or active slide movement. A
slide mass has an irregular, undulating surface (Figs. 6.2 and 6.3).

Vegetation, particularly trees, records the downslope movement of
soil. Trees may be uprooted and may lean in a variety of directions
(jackstrawed trees) as their roots are broken or moved in a rapid
slide movement (Fig. 6.5). Bowed tree trunks may indicate soil
creep; trees attempt to remain upright as the soil moves slowly
downsiope (Figs. 6.2 and 6.3).

Ground water that collects at the contact between permeable layers
that overlie relatively impermeable layers or rock strata dipping
with the slope can cause instability. Carefully investigate springs,
seeps, and areas of lush vegetation. Alder, horsetail, devils club,
cow parsnip, and skunk cabbage typically grow in wet sites.

Fresh scarps are a clear sign of recent slope failure (Fig. 6.4). Older
scarps may be covered by vegetation and hard to identify. The pres-
ence of several scarps can indicate several active failure surfaces or
movement downslope along a larger failure surface.
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Toe Bulge The toe of a slide commonly bulges out onto the more stable ground
surface below the slide (Fig. 6.4). A toe bulge often gives the ap-
pearance of a mud wave displacing trees and vegetation in its path
The bulged toe should be noted in the site inventory along with the
other slide features to define the size of the failed area. Removing
the toe may reactivate the slide mass.

SURFACE The quantity and distribution of water in a slope, whether it is a slide
DRAINAGE mass, overburden, or soil stockpile, greatly influences its stability.
CONTROL IN Water saturation builds up pore pressure, which causes an increase
UNSTABLE AREAS in downhill-directed forces (Fig. 6.5). This increases the weight (in-
creases driving force) and particle lubrication (decreases resisting
forces). Slope failure can occur when more water is present in the

soil than the pore spaces can accommodate.

If motion on a slide at the mine site responds directly to rainfall,
surface drainage improvements may decrease slide activity. Control
of surface drainage, by itself, is seldom sufficient to stop landslides,
because rainfall from outside the site can eventually show up as
ground water in the slide. Surface drainage improvements are typi-
cally combined with other abatement techniques. (See Chapter 2.)

When soils, subsoils, and geologic material are excavated.
drainage paths through the pore spaces are disrupted. Therefore,
drainage control may be needed for constructed permanent and tem-
porary storage or disposal piles and reclaimed slopes that are created
by backfilling.

Listed below are techniques for improving slope drainage. (See
Chapter 2 for specifics.) These techniques may not stop landsliding
altogether, but they may prevent a slide from becoming worse:

@™ To improve slope stability, lower the water table by
providing more drainage. Adequate drainage prevents water
saturation and the build up of pore pressure.

increased increased
lubrication friction
Figure 6.5, Forces acting on slide weight
decreased

masses and large stockpiles. A rep-
resents a slide mass saturated with
water. It has both low resisting force
and high driving forces (weight). B A
represents a stabilized slope after

the water table has been lowered or )
the water has been removed using resistive forces low resistive forces high

drainage methods. driving forces high driving forces low
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Figure 6.6. Details of tog,
blanket, and chimney drain
construction shown in cross
section. (See also p. 2.19.)

SLOPE
STABILIZATION

BEST MANAGEMENT PRACTICES FOR RECLAIMING SURFACE MINES

W@ Berms and ditches should be built above and along the
unstable slope to intercept and divert overland flow. They
should be lined or sealed to prevent infiltration.

@@ Slopes adjacent to the slide mass should be graded to direct
overland flow away from the slide area.

@@ The area above a slide should be crowned or sloped so that
surface water is directed away from the slide and graded so
water does not pond.

@@ Where drainage must cross an unstable slope, using a pipe
should be considered.

@™ Avoid concentrating water on spoil dumps or natural slopes,
thereby reducing their stability. Concentrated surface flows
near slides should be handled in ditches lined with
impermeable fabric, if necessary. (See Fig. 2.16.)

@@ If a slide area is to be regraded, the regrading should not
produce a depression in the slope that could pond or
concentrate water.

@@ If a slide is triggered, benches or cross-slope ditches should
be used. They should be sloped and lined to move water
away from the slide area.

@@ As part of grading operations, any exposed tension cracks
should be sealed and compacted to prevent infiltration, then
seeded to prevent erosion.

Toe, blanket, chimney, and other types of permanent drains
(Fig. 6.6) can help prevent saturation of a constructed slope. The
minimum thickness of an underdrain or rock blanket should be
3 feet, because fines will eventually migrate into this zone. The
drains should be thick enough to keep running freely for a long time.
In some cases, a geotextile liner should be used to insure that the
integrity of the drain is not compromised by soil movement.

Slope length and height may require construction of cross-slope
drains to intercept runoff without creating gullies and erosion. Grad-
ing to break up long slopes and creating berms, furrows, and terraces
will compartmentalize the runoff. The more landscape diversity that
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is incorporated into the final grading, the less a site will need cross-
slope drains to ensure stability.

Overburden failures above mine cuts can be a problem if proper
slope angles are not maintained above the rock face. If the contact
between the overburden and the rock dips toward the highwall or
open face and the overburden slope is near vertical or steep (1V:1H),
a fajlure is likely. To prevent this from occurring, operators should
make sure the overburden cut has a gentle slope and is well drained.

Burroughs, E. R., Jr.; Chalfant, G, R.; Townsend, M. A., 1976, Slope stability in
road construction—A guide to the construction of stable roads in western Ore-
gon and northern California: U.S. Bureau of Land Management, 102 p.

Chatwin, S. C.; Howes, D, E.; Schwab, J. W.; Swanston, D. N., 1991, A guide for
management of landslide-prone terrain in the Pacific Northwest: British Co-
lumbia Ministry of Forests Land Management Handbook 18, 212 p.

Varnes, D. J., 1978, Slope movement types and processes. In Schuster, R. L.;
Krizek, R. J., editors, Landslides—Analysis and control: National Academy of
Sciences Special Report 176, p. 11-33. m
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Revegetation

Mines west of the Cascades in Washington and Oregon are fairly
easy to reclaim because they typically have deeper soil horizons due
to abundant precipitation. Mined areas east of the Cascades are more
difficult to reclaim because soils are thinner, the region is drier, and
temperatures are more extreme. Therefore, successful revegetation
in the eastern part of the state is more dependent on proper plant
selection, appropriate timing of planting, adequate fertilization,
presence of organic matter in the soil, and irrigation.

West of the Cascades, even though revegetation can be accom-
plished without separately salvaging and replacing the soil because
of the abundant moisture, species diversity will be limited until a
soil horizon rebuilds, and this may take decades. Additionally, plant
vigor may quickly decline after the first planting if ample amounts
of organic matter are not provided or supplemental chemical fertil-
izers are not added to initiate the cycle of plant growth, decomposi-
tion, and nutrient recycling. Amounts of fertilizer should be based
on site-specific needs determined by soil tests. (See Amending or
Manufacturing Soil, p. 4.6.)

Natural plant communities develop through a succession from
pioneer species to climax species (Fig. 7.1). Pioneer species are ag-
gressive and tend to grow rapidly to fill disturbed areas, whereas
climax plant communities develop over longer periods and tend to
be slower growing. Each phase in the plant succession prepares the
ground for the next. Nitrogen-fixing legumes, shrubs, and trees may
play a crucial role in soil reconstruction.

It is tempting, particularly with trees, to plant only climax spe-

cies (for example, Douglas fir) even if the ground is not fully pre-
pared. However, natural communities develop slowly in a succes-

Rivcl 1% k.

closed canopy — old growth forest

open cahopy —

grase—fory large saw timber
sapling, pole timber sapling, pole {over 21" in diameter with dead and
and saw timber at breast height) down timber
(2+ layers)
PIONEER CLIMAX
Approximate stand age {years):
0 5 % 30 &0 200 TO0
Estimated time {years} in each stand condition:
+ 5 to 1% » 41010 20 —P +— 107020 —»
< 10 to 20 » A—— 40 10 100 ———» e B0

Figure 7.1. Sequence from pioneer to climax vegetation for a Douglas fir forest after clear cutting. The same recov-
ery process occcurs naturally in mined areas. (From Brown, 1985.)
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sion. Mimicking this progression during reclamation is impractical,
but planning a phased succession for both ground cover and trees
will establish a good climax mix (Norman and Lingley, 1992).

Grasses may be appropriate as either quick pioneer soil builders
under developing woodland or as climax species for rangeland. Pio-
neer trees will act as fast-growing nurse trees for slowly maturing
forest trees that find it difficult to establish in disturbed ground or

in areas with no canopy.
Revegetation is important because it:
I reduces erosion,
I reduces storm-water runoff,
1 provides habitat and forage for animals,
I reduces visual and noise impacts,
B reduces reclamation liability, and

I increases the value of property by returning it to agriculture,
forestry, or other beneficial use.

Note: While vegetation significantly reduces erosion, it cannot pre-
vent slippage of a soil that is not stable due to improper placement
techniques. For example, soil placed on steep slopes requires addi-
tional stabilization techniques to ensure revegetation success. (See

Chapter 6.)

SPECIAL Plants need fertile soil, sunlight or protection from the sun, and
PROBLEMS AT water to thrive. Mining often removes fertile soil. (Salvaging and
MINE SITES replacing soil is discussed in The Soil Resource, p. 3.10.) Even in
the best of conditions, plant growth cannot be guaranteed immedi-
ately after mining. Mine sites generally offer harsh conditions that
make it difficult to establish vegetation. Some common problems

affecting revegetation are:

¥ high surface temperature (especially on south-facing slopes),

I steep slopes,

1 poor water retention,

B lack of adequate soil,

B erosion before seedlings establish,

¥ only limited periods during the year suitable for seeding,

1 lack of water

B poor conditions for germination,

B slopes inaccessible to equipment, and

B grazing impacts.

By being aware of these potential problems, an operator can im-

prove the quality of reclamation and save money by being successful

on the first attempt. Revegetation early in the reclamation process is
critical because it may take several seasons to establish widespread
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healthy vegetation. For example, by planning ahead and choosing
appropriate techniques, an operator can place young trees in strate-
gic locations to provide a significant visual screen within a few

years.

Trial-and-error revegetation that relies on natural precipitation and
hardier natural pioneer species (such as alder) is generally less ex-
pensive, uses less labor, and is more effective than waiting until
mining is complete to plant the entire site with commercial plants.
Segmental mining results in fairly small areas on which to begin this
process. Test plots can be used to determine which species will be
successful. Areas in which plants fail to establish can be reseeded
with more appropriate vegetation (Norman and Lingley, 1992).

Steps to successful revegetation of mined land can be summa-

rized as follows:

@™ Plan before you start. Know in advance what has to be done,
but allow for modification if necessary.

W@ Strip and store the topsoil, subsoil, and overburden
separately. Minimize handling and storage.

W Strip a small area at a time. Strip only the area that can be
revegetated within a reasonable time to minimize erosion.

W Move soil materials under dry conditions (June—September ).
Wet soils are easily damaged.

W@ Carefully calculate volumes of soils necessary for
reclamation to ensure that sufficient amounts are retained.

@@ Reclaim the mine in segments. Segmental reclamation allows
for ‘live topsoil’ replacement, which often enhances
revegetation.

W@ Shape slopes for subsequent use. Slopes between 40H: 1V
and 20H:1V are desirable for agriculture purposes. For
forestry, the slopes can be steeper.

@™ Replace overburden (if any), subsoil, and topsoil in the
correct sequence.

@ Eliminate compacted soil. Where compaction has occurred,
rip the mine floor as deeply as possible before reapplication
of stored overburden, subsoil, and topsoil.

@ Develop a post-reclamation management program. Choose
plants that increase soil fertility and improve soil structure,
such as deep-rooted nitrogen-fixing legumes, for the first
plantings. Monitor progress and determine why plants did not

thrive.

@@ Get good advice from the experts. Take advantage of the
expertise available in various government agencies and
though local farmers.

@ Be patient. Successful revegetation may be a slow process
taking several seasons or years.
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CLASSES OF Four basic classes of vegetation—grasses, forbs, shrubs, and trees-—
VEGETATION  are important for reclamation. Forbs, which include legumes such as
alfalfa, clover, and lupines, are any herbaceous plant that is not grass
or grasslike. Forbs and shrubs have many similarities but differ in
that shrubs have a woody stem. They will be considered together in
this discussion. Many sites naturally support a mixture of two, three,

or all four types of vegetation.

Grasses Grasses are either perennial or annual. Annual grasses start from
seed every year, whereas perennial grasses die back but start from
the same root mass each year. Annual grasses green up and establish
quickly, but put most of their energy into seed production. Perennial
grasses put significant energy into root development and foliage;
individual plants persist for many years.

Grasses typically are shallow rooted (6 inches to 2 feet) but,
because of their ability to provide complete ground cover, are effec-
tive for erosion control. Grasses provide significant nutrition to both
livestock and wildlife and provide cover for small animals and birds.
Newly established grasses, freshly fertilized, are a favorite food for
grazing animals. Therefore, such areas should be fenced for opti-
mum revegetation success.,

Forbs and Shrubs Forbs and shrubs include everything from small wildflowers (forbs)
to sagebrush plants (shrubs} that may reach 6 feet in height. They
are nutritious and provide significant cover. Many plants of this
class have a single taproot with a shallow fibrous root system around
it. Although mature forbs and shrubs can establish significant root
wads, they typically provide only minimal erosion protection for
several years.

Trees Trees are generally the slowest of the three classes to establish them-
selves and mature. They typically have a deep, extensive root sys-
tem. Evergreens or conifers (except larch) keep their Jeaves or nee-
dles all year long. Deciduous trees lose their leaves every fall and,
compared to conifers, grow faster and add leaf litter to the ground.

SELECTING Wherever possible, native species should be used in revegetation.
PLANTS FOR Native plants often out-compete introduced (exotic) species over
A SITE time and are the most useful to wildlife, although some introduced
species can out-compete some native species, especially in arid en-
vironments. The vegetation surrounding a mine site can be used as
a guide when selecting native species. Re-establishing native spe-
cies can be greatly accelerated by using native seed mixes and lo-

cally transplanted species.

If sufficient preplanning is done, soil and native vegetation can
be transferred from areas being stripped for new mining to areas in
the final stage of reclamation. This approach is less expensive and
often more successful than long-term soil storage. Soil hauled di-
rectly from a new mining area to a reclamation area carries with it
viable seeds of native vegetation that can rapidly establish on the
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reclaimed area. This typically reduces the need for added seed and
plant material.

Commercial sources typically sell native and non-native bare-
root and container plant stock, as well as native grass seed mixtures.
Bareroot stock should be planted during the winter and is typically
less expensive than plants sold in containers. Generally, plants in
containers have a better survival rate than bareroot plants. A plant-
selection guide is given in Tables 7.1 through 7.4.

The best source of native shrubs and trees is in or near the site
to be revegetated. Avoid transplanting native species from an eleva-
tion significantly higher or lower than the area in which they will be
planted.

Weeds (imported or local) can render reclamation ineffective.
Local extension agents can provide lists of noxious weeds and sug-
gest methods for their control.

Information on plant availability and nurseries carrying suitable
plants can be obtained from Hortus Northwest, PO Box 955, Canby.
OR 97013, Phone: 503-570-0859, Fax: 503-399-6173.

Grasses and legumes are very effective at stabilizing disturbed areas
because of their extensive root systems. They also increase water
infiltration, contribute organic matter to the soil, and, in the case of
legumes, fix atmospheric nitrogen into the soil.

In determining what mix of grasses and legumes is best for «
given site, the climate, soil conditions, sun exposure, and objective
of the seeding must be considered. The Oregon Department of Ge
ology and Mineral Industries (DOGAMI), The Washington Depart
ment of Natural Resources (DNR), and the local Natural Resource:
Conservation Service (NRCS) offices can provide valuable informa
tion about seed mixes that are suited to various site conditions. The
Washington or Oregon Interagency Guide for Conservation and
Forage Plantings is also a useful resource for determining seed
mixes. Tables 7.1 through 7.4 contain descriptions of some of the
most common grasses, legumes, and woody plants.

Some grasses, such as annual rye, grow quickly, while others,
such as many of the perennial bunch grasses or sod-formers, grow
rather slowly. Cereal grains, the same as those cultivated for food,
can be very effective in establishing a rapid vegetative cover that
will still allow native species to establish. Cereal grains help protect
against soil erosion because they possess 50 percent more below-
ground biomass (roots) than grasses.

The success of legume plantings can be greatly improved by
treating the seeds with legume inoculant, available from many seed
suppliers.

Many forbs establish easily from seed and can be just as important
as grasses and trees for reclamation. Some shrubs do well from seed,
many do not. Bareroot plants, which can often be purchased inex-
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pensively and easily from nurseries, are an effective way to establish
shrubs. Young plants in containers are generally easiest to establish
but are the most expensive to purchase.

Trees A variety of species suitable for revegetation projects are available
in containers at nurseries. Tublings (plants grown in narrow, deep
containers) may be useful on rocky areas and steep slopes. Bareroot
transplants are successful for many species and are more economical
to purchase than containerized plants. Nurseries can provide both
tublings and bareroot stock.

Native Plants for For the high desert areas of Washington and Oregon, a selection of
Arid Regions  the following species are recommended when native plants are

specified in the reclamation plan:
I basin big sagebrush (Artemisia tridentata tridentata)
1 Wyoming big sagebrush (Artemisia tridentata wyomingensis)
1 mountain sagebrush (Artemisia tridentata vayseyana)
B fourwing saltbush (Atriplex canescens)
I antelope bitterbrush (Pershia tridentata)
B Lewis flax (Linium lewisii)
R white yarrow (Achillea millefolium)
I annual sunflower (Helianthus annuus)

In the higher areas of eastern Washington and Oregon where
sites will be reforested, the following seed mix of non-pervasive ex-
otics has been used to control erosion and noxious weed invasion in
the short term. These plants die out as long-term native plants take
over from nearby natural areas when the sites are relatively small
(less than 15 acres or long, narrow sites):

Sheep fescue 4 pounds/acre
Kentucky bluegrass 4 pounds/acre
Dutch white clover 2 pounds/acre

(the clover should be inoculated)

SOWING SEEDS Grasses and cover crops such as legumes are relatively easy to es-
tablish from seed. In most places, grass and legume seeds should be
planted no deeper than Y4 inch. For the best chance at revegetation
success, topsoil should be spread between September 15 and Octo-
ber 15, Seeding with grasses and legumes should be done within 3
days after final shaping (R. Shinbo, personal commun., 1995). How-
ever, if proper conditions of soil moisture and temperature are pre-
sent, revegetation can also be successful at other times of the year.
Proper conditions for reclamation and revegetation exist between
March 1 and November 1 for sites west of the Cascades in some
years. During the winter, bare slopes should be protected with mulch
or other erosion-control technigues until the next seeding period.
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Summer plantings should be avoided unless irrigation is
planned. Fall plantings may be preferable in areas with long grow-
ing seasons, winter rains, or summer drought; they allow plants to
establish themselves over the winter. Optimal planting dates will
vary slightly from year to year and with weather conditions. The
local county extension service can provide information on planting

dates,

Seed drills are used extensively in agricultural applications where
soil has been tilled and is free of rocks. Range drills are used in
irregular terrain or on rocky soils. In arid areas with coarse-textured
soils, improved success with drilling may be obtained by placing the
seeds 1 inch deep.

Range drills may be available for use from some federal agen-
cies, such as the NRCS and the Bureau of Land Management. Agri-
cultural seed drills are commonly not suited for reclamation seeding
because of the rocky soil. Neither type of drill is suitable for the
rough and steep terrain found on many mine sites.

Seeds can be broadcast using many different methods. Spreading
handfuls of seed by hand is quick and easy but produces incomplete
coverage in many cases. The use of hand-operated mechanical
spreaders is a far more effective way to spread adequate amounts of
seed evenly. Hand-operated mechanical spreaders come in many
different sizes and styles, but most are relatively cheap. In many
cases, they can be rented from a local shop. Regardless of the
method of broadcast, the seeds must be covered with mulch and/or
soil to germinate successfully. Broadcast seeding in arid environ-
ments should be followed by dragging a meadow or flex harrow (a
bar or chains in rocky areas) over the seeded area to insure adequate

seed/soil contact.

Hydroseeding can effectively convey, in one application, seed, fer-
tilizer, and mulch onto steep slopes and other areas inaccessible to
other seeding equipment. The mulch blanket retains moisture; a
tackifier or binder added to the hydromulch slurry can prevent it
from eroding away. Revegetation success can often be increased by
using a two-step hydromulching process in which seed, mulch, and
fertilizer are applied with the first application. Then the entire area
is remulched with another application of mulch only. The two-step
technique is especially useful in arid areas where the seed germinat-
ing in the mulch may dry out before roots become established

enough to provide water.

Seedbed preparation establishes conditions conducive to seed ger-
mination and seedling growth. Seedbed preparation on mining sites
is especially important because the heavy equipment commonly
compacts the soil, which inhibits seed germination. In order for a
seed to germinate and thrive, there must be contact between seed
and soil, adequate moisture, and moderate soil temperature. The soil
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Figure 7.2. Cross section of seed germination.

must be loose enough to allow root penetration once the seed has
germinated (Fig. 7.2). A soil or mulch covering of /4 inch moderates
ot acted un temperature and prevents seed loss to birds. Mulching also con-
serves the much-needed moisture for continued seedling develop-
ment.

Depressions, small pits, and irregularities in the seedbed can
greatly enhance the ability of seeds to germinate and thrive. A
sheepsfoot roller, land imprinter, or bulldozer can be used to create
micro-depressions. Bulldozer tracks parallel to the contours can en-
hance seed germination and reduce runoff (see Fig. 4.5).

Mulching The primary purposes of mulch are to retain moisture, prevent ero-
sion, and moderate soil temperature fluctuations. Among materials

that can be used as mulch are:

I hay or straw,

I processed mint clippings,
1 wood chips,

1 grass clippings, and

I wood fiber.

Mulches can be applied with blowers, hydromulching equip-
ment, or manually. Mulch may be anchored to prevent water or wind
erosion by crimping it, adding tackifiers or binders, or by covering
it with natural or synthetic netting.

Hay or straw mulch can be anchored using a modified agricul-
tural disc implement that crimps the hay into the soil.

Logs and other woody debris, placed perpendicular to the slope
in seeded areas, will help stabilize mulch and can provide valuable
shade and microhabitat for the emerging seedlings.

Cattle as a Using cattle to control erosion and enhance revegetation of tailings
Reclamation Tool  dams and waste rock dumps is now a relatively widespread activity
in Arizona and Nevada. Judging by the success in these states, cattle
can be a valuable reclamation alternative for some hard-to-reclaim
sites in Washington and Oregon, especially those in arid areas with

steep slopes.

Carefully monitored and controlled cattle grazing can dramati-
cally reduce wind and water erosion on slopes and accomplish many
of the tasks required for successful revegetation. The hooves of the
cattle compact and blend soil materials and, at the same time, create
abundant depressions that catch moisture and prevent erosion. Cat-
tle urine and excrement provide fertilizer that is generally well dis-
tributed and mixed into the slope by grazing activity, and the mi-
crobes in the manure are an important ingredient in building a
healthy soil.

In order for cattle to be used for reclamation, they must be re-
stricted to relatively small areas using easily moveable fences, such
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as an electric tape fence. Cattle must be moved from one area to
another regularly to prevent overgrazing. Salt blocks, water, and
feed must also be periodically moved to insure that the entire slope
being treated is covered. A pilot project was started in Lake County,
Oregon, in 1997. The results are not yet available. Contact
DOGAMI-MLR for the latest information on this technique.

Transplanting is the technique used for relocating containerized
stock, bareroot stock, or plants from elsewhere on site and planting
them in another.

Containerized plants have an advantage over bareroot stock in that
they can be successfully transplanted almost any time of year. How
ever, transplanting should not be done during the summer unless
irrigation is provided.

Trees and shrubs should be planted while they are dormant, gen-
erally from November 1 through March 1. Bareroot stock and trans-
plants are usually planted in the spring because the plants have to be
dormant before they can be dug. Bareroot plants may not be shipped
from the nursery until late fall or mid-winter. Spring planting may
be appropriate for bareroot stock if the site is subject to frost heav-
ing in the late fall or winter.

Spring plantings should be done as soon as site conditions al-
low. Typically plants should be placed in the ground just before or
just after shrubs at the site break dormancy. That can be determined
by looking at buds. Buds begin to swell when the plants are ‘break-
ing’ their dormant condition.

Plants should be adequately acclimatized. This is particularly
critical when the environment of the growing nursery or location is
different from the planting site. Plants can be acclimatized by mov-
ing them to the site before the planting date. Bareroot materials
should be kept under refrigeration or the roots should be buried in a
shallow trench and kept moist until planting.

If moisture conservation is important, planting should be done im-
mediately after digging the planting holes to reduce drying of the
backfill.

When transplanting, keep the majority of the root mass intact
(Fig 7.3). Even if care is taken in transplanting, some roots will
break. Often the damage is to the fine roots that are essential for
providing nutrients and moisture. Pruning the above-ground stem(s)
reduces evapotranspiration and increases the likelihood of surviva!
by reducing the plant’s demand for nutrients and moisture.

It may be helpful to construct berms 2 to 6 inches high around
the planting holes to concentrate rainfall and runoff. On sloping
ground, leaving the berm open on the uphill side of a planting can
be beneficial {Fig. 7.4).
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Eight Steps Correct Planting
in Tree Planting

1. Insert hoe 2. Loosen soil

3. Pull toward you #. Insert tree Turned up roots

Y
7

5. Cover roots 6. Cover to base Rock Air pocket

4
¢

7. Pack soil with foot 8. Check planting Too shaliow

Figure 7.3. Steps in transplanting bareroot or container plants.

 Mulch will help retain moisture. However, it must be anchored
to prevent erosion by water or wind. Mulch is of little use on sites
that flood since the mulch washes away.
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Figure 7.4. Transpianted seed-
lings on a slope. Small berms on
the downsiope side of the planting
holes help retain runoff. (Redrawn

from Banks, 1981.)
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[ runoff collected in depression

Choice of planting tools will depend upon the revegetation plan, the
size of plant materials, and planting conditions. Shovels, picks, pry
bars, posthole diggers, hand or power augers, front-end loaders, or
backhoes may be needed to develop the planting site. For gathering
plant materials from the site, chainsaws, lopping and pruning shears,
buck saws, mechanical tree spades, and backhoes or front-end load-
ers are useful. Straw or hay for mulch for moisture retention, fencing
and wire for plant protection, and cages and stakes for support may
also be required. Fencing or cages are highly recommended if deer,
beavers, or other plant ‘predators’ are in the area. They appear (¢
seek out recently established trees and shrubs.

The easiest and most economical method for propagation of some
species of woody plants is the use of cuttings. Willows and cotton-
woods are the two most common plants propagated from cuttings
(Fig. 7.5). The best time to collect cuttings is while the plants arc
dormant, typically between November 1 and March 1. Cuttings
taken near or at the planting site or from a similar elevation zone
will have a good chance of surviving on the site.

Cuttings should be at least 3 feet long, but the length of the cutting
depends on the planting depth required. At least two-thirds of the
cutting length should be placed in the ground. The planting depth
depends on the mid-summer water table and the potential for erosion
in the planting area. Where erosion potential is high or the water
table is deep, planting depth and cutting length should be increased.
The above-ground stem should have at least three buds exposed. The
minimum stem diameter for cuttings should be ¥4 inch.

Healthy-looking plants should be used. Willows are particularly
susceptible to willow bore—avoid plants with burls, lumps, or scabs
surrounded by smooth bark. Several years of drought conditions or
other plant stresses will diminish the reserves in the plant and may
affect the survival rate. Transplant stock should be selected from
wetter areas. Avoid suckers (the current year's growth) because they
may not contain adequate stored energy reserves. Trim off all side
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Storing
Cuttings

Planting
Cuttings

Figure 7.5. Steps in propa-
gation by cuttings.
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branches and remove the apical (top) bud; the apical bud draws too
much energy and may affect survival.

If cuttings need to be stored longer than several days, they shouid
be kept in a cooler at 24° to 32°F. A mixture of 50 percent latex paint
and 50 percent water can be used to mark and seal the top of the
cuttings and reduce moisture loss. All cuttings should be soaked
prior to planting for at least 24 hours to initiate root growth. At a
minimum, the bottom third of the cutting should be submerged. The
entire cutting may be soaked once the paint has dried. Rooting hor-
mone added to the water may improve the survival rate. A diagonal
cut should be made on the bottom for ease of planting and a straight

cut on the top.

Cuttings can be placed either in the spring or fall, preferably when
the plants are dormant. If cuttings are taken in the fall before

Cut
branches
6-8" in
length;
remove
twigs and
leaves.

Store cuttings in water until
Elantcd. Rooting hormore may
e used to enhance root growth.

Use pry bar in a
C back and forth motion D
to make planting hole.

> 2 feet
3
Remove branches .
and leaves. <5
™ .
L I 2 feet
™ °
™
® [ ]
™
. °

Space plants 2’ apartin a
staggered pattern.
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dormancy, the leaves should be stripped. (A general rule of thumb
is that cuttings should be taken in the late fall or early winter and
that rooted plants should be taken in the spring.)

Cuttings must be planted with the buds facing up. Be sure to keep
track of which end of the cutting is the top—a cutting planted upside
down is not likely to survive,

For successful plantings, the following guidelines are sug-
gested:

I Select cutting stock from a nearby plant source.

I Cut when plant is dormant (usually late fall or winter).

I Use cutting of proper diameter and length.

I Properly store and maintain the cuttings before planting.
I Add root hormones to storage water.

1 Use good planting techniques.

Optimum spacing of the cuttings will depend on the site and the
purpose of the planting. To achieve good density, plant cuttings
2 feet apart in rows offset by 1 foot (Fig. 7.5D). Cuttings can be
planted wiggling a pry bar or a piece of rebar back and forth to de-
velop the planting hole (Fig. 7.5C). Critical factors are preventing
damage to the bark and ensuring good contact between the cutting
and the soil. Pack the soil around the cutting; air pockets around the
cuttings will kill the roots. Driving the cutting directly into the
ground with a hammer is not recommended because it causes the
cutting to split.

The term ‘biotechnical stabilization’ refers to the use of plants to
revegetate and stabilize slopes and stream banks instead of engi-
neered structures, such as gabions, retaining walls, or riprap. The
planting techniques discussed above may also be used as compc:-
nents of a system where biotechnical methods are employed. Rock
or other structures can be incorporated in the design where planting
alone is not enough to stabilize an eroding bank. For a comprehen-
sive review of this subject, the Soil Conservation Service Engineer
ing Field Book, Chapter 18, Soil Bioengineering for Upland Slope
Protection and Erosion Reduction, is recommended.

In brush layering, live woody plant materials, such as willow, cot-
tonwood, and dogwood, are placed in layers on a slope to reinforce
the soil and prevent shallow slope failures (Figs. 7.6 and 7.7). The
layers also act as a living fence to trap sediment and debris. Brush
Jayering has been successfully used to repair partial fill-slope fail-
ures, increase streambank stability, and enhance riparian vegetation.
However, brush layering will not correct a deep unstable slope con-
dition where mechanical methods of control are needed. If brush
layering is used to stabilize an eroded bank, place a blanket of large
rock from just above the ordinary high-water mark to just below the
ordinary low-water mark.
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live branches

Figure 7.6. Details of brush PLAN VIEW SECTION YIEW
layering in irenches. Start this
process from the top down,
{Modified from Bellevue Storm
and Surface Water Utility,
1989.)

Starting at the top of a slope, brush layering is installed by
trenching along the contour and then placing the live plant materials
prior to backfilling the trench (Fig. 7.6). It may be appropriate to
mix species of brush in the trench. Generally the brush-layer
branches should be 6 to 8 feet in length, but they can be longer. The
number of contour trenches opened at any one time should be lim-
ited to prevent destabilization of the slope.

Trenches should be excavated so that three-fourths of the live
plant material can be buried in the trench, leaving one-fourth of the
plant above the ground surface. Once the materials are placed, the
excavated soil is then pulled down into the trench to reshape the
slope.

Brush Jayering can also be used on fill slopes. In this situation,
live plant materials can be placed on successive lifts of backfill. If
this method is used, grading equipment can be used for hauling and

live branches placed
on successive litts of fill

-

backfill lifts

Figure 7.7. Brush layering of
live plant materials on succes-

sive lifts of fill. Grading equip-
ment can move and place the /<&\__

vegetation. (Modified from grade -
Bellevue Storm and Surface TN
Water Utility, 1989.) e
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Figure 7.8. Wattle construc-
tion and placement. Wattles
are bundles of live piant mate-
rial, 6-8 inches thick, tied with
twine. The butt ends and the
{ops are alternated and tied to-
gether, repeating this process
untit the necessary length is
created. The bundles are then
placed in shallow trenches
along the coniour and partially
covered with soil so that about
10-20 percent of the bundie is
exposed. (Modified from U.S.
Soil Conservation Service,
1992.)

Contour Wattling
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mulching between

fascine rows CROSS SECTION

OF CONTOUR WATTLING
(not to scale)

slightly exposed
after installation
protrudes
2—3" above

moist ol
backfiil

prepared,
trench

slope surface

live fascine
bundle

Note the root and leaf
development of this bundle a
year or two after Instailation

live stake
(23" spacing
between stakes)

live branches
(alternate ends
throughout)

PLAN VIEW

burdle i OF BUNDLE

(6-8" in diameter)

placing the vegetation (Fig. 7.7). Brush layering is less labor inten-
sive than wattling.

The first recognized use of contour wattling was in the 1930s. Wat-
tling controls erosion by stabilizing surface soils, reducing erosive
runoff velocities, increasing infiltration, and trapping sediments. It
can be very effective in stabilizing gullies. The bundles are placed
across the gully.

Wattles are cigar-shaped bundles of live plant material, some-
times called ‘live fascines’. The bundles are 8 to 10 inches thick and
are compressed by tying with twine. The butt ends and the tops of
plants are alternated and tied together, repeating this process until
the necessary length is created (Fig. 7.8).

Wattles are placed in shallow trenches along the contour. On
riparian sites, they can be placed diagonally to the water flow or

“wave action. After placement, the wattles are partially covered with

soil so that approximately 10 to 20 percent of the bundle is exposed.
Either live or dead stakes will secure the wattles on the slope.

Woody plants that work well with this technique are willow,
red-osier dogwood, and snowberry. Over time, the planted wattles
may be crowded out by more dominant species.
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RIPARIAN AND Riparian areas are those on or near the banks of streams or other
WETLAND AREAS bodies of water. They are the zone of direct interaction between ter-
restrial and aquatic environments. Wetlands are areas that are per-
manently wet or intermittently water covered. (See Forming Wet-
lands, p. 4.14.) Vegetation in both areas requires water in the rooting
zone on a permanent or seasonal basis. Classification of an area as
riparian or wetland is based on factors such as vegetation type, sur-
face and subsurface hydrology, topography, and ecosystem func-
tion. ‘

Ecological Restoring or creating vegetated riparian areas or wetlands can:

Functions
I increase plant species diversity for habitat reconstruction,

1 enhance erosion control and stream bank and/or slope
stabilization,

I help to moderate water temperatures,

) improve water quality by filtering sediments and other

contaminants,

I provide food for wildlife,

I provide leaf litter for worms and insects,

I slow floodwater, and

I disperse floodwater.

Alluvial mining operations or those with intermittent or peren-
nial streams in the disturbed area should plan to revegetate wetlands
and riparian areas. The woody and herbaceous vegetation that grows
in the riparian zone is important in maintaining the health of
streams, lakes, and wetlands.

Plant Knowing which riparian species are best suited for a particular
Selection planting technique is essential for successful revegetation. Species
such as willow, cottonwood, and red-osier dogwood can be propa-

gated by cuttings, while others, such as red alder, salmonberry,

snowberry, thimbleberry, Douglas’ spiraea, vine maple, and Pacific

ninebark, can only be propagated by transplanting the root mass

with the above-ground stem. Those species that have a fibrous,

spreading root system can generally be propagated by root division.

Planting riparian areas with native trees (cottonwoods, poplar,
alders, willows, fir, pines, maples), grasses, legumes (lupine), and
forbs can provide nesting cover and accelerate the restoration of pro-
ductive habitat. Planting willow, poplar, and cottonwood cuttings is
an effective method of building a root matrix and slowing erosion.
(See Chapter 2.) In ponds, aquatic grasses, sedges, rushes, and tu-
bers should be planted to provide cover and food for insects and fish.
Generally, non-native species should be avoided unless rapid stabi-
lization is required. Aggressive native species such as common cat-
tail and Douglas’ spiraea should be used cautiously, because they
may crowd out other plants.

To insure good growth and survival, species should be planted
in environments they are adapted to. Some species are more tolerant
of constant inundation than others. For example, big leaf maple and
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Oregon ash should be planted high enough up the bank so that the
roots are above the water table. Table 7.1 is a plant selection guide
listing plant growth characteristics, requirements, and planting con-
ditions necessary for propagation. (For more information on wet-
lands vegetation selection, see Vegetation, p. 4.15.)

Often the post-mining use calls for commercial agriculture or refor-
estation. For those situations, the operator may want to plan recla-
mation with a professional forester or an extension service agent.
The Oregon Departments of Forestry or Agriculture and the Wash-
ington Department of Natural Resources are other good sources of

information,

For a mine site to be reclaimed for agriculture or forestry, topsoil
must be replaced. Operators who have not saved topsoil and subsos!
for reclamation will generally not be able to use the site for agricul-
ture or forestry because topsoil replacement would be too costly.

Other conditions to avoid are excessively stony soils resulting
from mixing soils and subsoils with the sand and gravel deposit,
compacted pit floors, and inadequate treatment of applied topsoil
and subsoil to ameliorate compaction problems. In addition, slopes
steeper than 3H:1V will not be as productive for agriculture or for-
estry.

Segmental reclamation and live topsoiling increase the chance:
of productive agricultural and forestry land after mining. Detailec
knowledge of the sand and gravel deposit is also necessary. The
composition of the pit floor is an important component in develop
ing a reclamation plan. For example, if the pit floor is on imperme
able or compressible silty and clayey material, severe soil compact-
ion will occur, soil drainage will be impeded, and a perched watey
table causing excessive wetness will result.

From an agricuitural standpoint, at least 8 inches of topsoil with
suitable subsoils or a minimum of 3 feet of combined topsoil and
subsoil overlying a zone saturated with water is needed for most
plants during the growing season. Therefore mineral extraction
should not occur below the water table. Knowledge of the hydro-
logic conditions of the site is necessary for reclamation to be suc-

cessful.

Banks, P. T.; Nickel, R. B.; Blome, D. A., 1981, Reclamation and pollution con-
trol—Planning guide for small sand and gravel mines: U.S. Bureau of Mines
Minerals Research Contract Report, 143 p.

Bellevue Storm and Surface Water Utility, 1989, Bioengineering construction
techniques: Bellevue Storm and Surface Water Utility, 15 p.

Brown, E. R., editor, 1985, Management of wildlife and fish habitats in forests of
western Oregon and Washington: U.S. Forest Service Pacific Northwest Re-
gion, [R6-F&WL-192-1985], 2 v.

Grassland West, 1994, Grassland West reclamation products catalog: Grassland
West [Clarkston, Wash.], 24 p.
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7.24 REVEGETATION

Table 7.4. Plants for special-use situations. PLS, pure live seed. (Modified from Grassland West, 1994. Copyright
©1994 by Grassland West. Used by permission of the publisher)

DROUGHT-TOLERANT BUNCHGRASSES

Scientific name Coolfwarm Minimum Bunch/sod Native/ PLS Ib/acre | Planting dat
Common name season precip. (inJ/yr) former introduced £ dates
Agropyron inerme .
beardless biuebunch wheatgrass ¢ 8 B N T8 spring or fall
Agropyron desertorum .
standard crested wheatgrass C 10 B 1 618 spring or fall
Agropyron elongatum
taél,l w‘?heatgrass § C 8 B I 6t08 spring or fall
Agropyron sibiricum
Siberian wheatgrass c 6 B I 6to8 fall
Agropyron spicatum ]
bluebunch wheatgrass ¢ 8 B N 6108 spring or fall
Bouteloua curtipendula _
sideoats grama W 8 B N 3106 spring or fall
Elymus cinereus .
Great Basin wildrye ¢ 12 B N 9 spring or fall
Elymus elymoides )
bottlebrush squirreltail < 6 B N 8w G spring or fali
Elymus junceus .
Russian wildrye > 12 B I 810 10 spring or fall
Eragrostis curvula April to
weeping lovegrass w 16 B I 2 August 15
Festuca longifolia
hard fescueg c 16 B I 10 spring or fall
Festuca oving )
sheep fescue c 10 B N 10 spring or fail
Oryzopsis hymenoides
Inéanpricegyrass C 9 B N 608 spring or fall
Poa nevadensis .
Nevada bluegrass ¢ 10 B N 3 spring or fall
Sporobolus cryptandrus )
sand dropseed W 10 B N ! April to May 31
Stipa comaia

C 10 B N 8 spring or fall

needle and thread

DROUGHT-TOLERANT SOD-FORMING GRASSES

Agropyron dasystachyum . )
thickspike wheatgrass c 8 s N 6108 spring or fall
Agropyron riparium .
streambank wheatgrass ¢ g S N 6108 spring or fall
Agropyron smithii
wgesigr}l)l wheatgrass ¢ 10 3 N 10 spring or fall
Bouteloua gracilis .
blue grama w 12 5 N 2103 spring or fall
Buchloe dactyloides June 1o
buffalograss w 12 5 N 4to8 August 15
Cynodon dactylon
Birmuda grasgJ w 10 S 1 i5 April to August
Elyirigia intermedia intermedia .
intermediate wheatgrass C 14 § I 15 spring or fall
Elyrrigia imermedia trichophorum
pubescent wheatgrass c 14 5 1 1010 12 fail
Festuca rubra )
red fescue C 18 S 1 10 spring or fall
Poa compressa .
Canada bluegrass C i8 S I lto2 spring or fall
Schizachyrium scoparium

4 F W 4 S N 3104 spring or fail

little bluestem
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TABLES 7.25

ACID-TOLERANT GRASSES

Scientific name Cool/warm M.i“im.um Bunch/sod . Native/ PLS Ib/acre Planting dates |
common name SEason precip. (inJ/yr} former introduced

Agrostis alba .

redtop C 20 S 1 1 spring or fall
Agrostis palusiris C 20 S I Stol spring or fall

creeping bentgrass

Agrostis tenuis -
colonial bentgrass ¢ 18 5 I 2 spring or fall

f::g;;tgtfts;;;ndinaceus c 25 3 1 34 spring or fall
gl:f;;:fgxf;ﬁwmis c 25 B i 4105 spring or fall
gi:-ﬁig’; gf:;ilon W 10 S I 15 April to August
weeping ovegrass w 16 B i 2 spring or fal
i::{;:g::z:grfolia C 16 B I 10 spring or fall
ﬁ;??;ziur: bra C i8 3 I 10 spring or fali
Eii’;‘,fjg’s”f;;'u‘;“ Commutata c 18 B 1 4105 spring or fal:
ﬁ::iﬁ?ige:;zgfass C 12 B I 25 w0 35 spring or fali
:;ﬁicl;‘;;a‘;irgaIum w 18 5 N 518 June to August
Foa compresse c 18 5 I lto2 spring or fall

Canada bluegrass

ALKALINE-TOLERANT GRASSES

Agropyron desertorum .
standard crested wheaigrass ¢ 10 B I 71010 spring or fall

Agropyron elongarum .
1all wheatgrass ¢ 8 B I 610 20 spring

Agropyron riparium .
streambank wheatgrass ¢ 8 3 N 6108 spring or fall

Agropyron smithii .
western wheatgrass ¢ 10 5 N 10 spring or fall
Agropyron trachycanlum
slender wheatgrass C 16 B N 6108 fall
Cynodon dactylon .
Bermuda grass W 10 5 1 15 April to August
Distichlis stricta
inland saltgrass W 8 5 N 10 June to August
Elymus canadensis 1 B N . corine or fal
Canada wildrye c pring
Elymus cinereus .

1
Great Basin wildrye ¢ 8 B N 9 spring or fall
Elymus junceus
Russian wildrye C 12 B ] 81tc 10 fall
Lolium perenne .
perennial ryegrass C 12 B I 251035 spring or fall
Puccinellia distans _
alkatigrass C 15 B N 2t03 spring or fall
Shorabolus ioides W 6 B N 2t03 July to October

alkali sacaton
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7.26 REVEGETATION

GRASSES AND LEGUMES TOLERANT OF OCCASIONALLY SATURATED SOILS

e e Coolfwarm prxii;‘i‘gg‘yr) Bunch/sod  Native/ | PLSIb/acre | Planting dates
ig;r{c;.;zis alba C 20 ) 1 1 spring or fall

fiz;;g; i‘;ﬁgﬁ; C 20 5 1 Stol spring or fall

‘;‘r’;’;’;;,‘j‘;j;‘,;‘;;’ dinaceus C 25 S I 3104 spring or fall

nexdon fora c 25 B [ 405 | springorfan

ii:::;: efieitész C 25 B I 6 spring or fall

[];g:iﬁ:igle;;:;:agg C 12 B I 251035 spring or fall

i};‘fﬂ[i;faf;?::::am ¢ 16 s N 5to 10 spring or fall

ig: ;t::ﬁ: C 25 S I 4 spring or fall

Trifolium hybridum ¢ 35 B " 108 pring

alsike clover

COLD-TOLERANT GRASSES

Deschampia caespir
tufted hr:i,t;:mssespx % C 20 B N 1102 spring or fall
&

Elymus cinereus .
Great Basin wildrye > 12 B N 9 spring or fall
Elymus elymoides .
bottichrush squirreltail c 6 B N 8 to 10 spring or fall
Fest. lati
meadow fescue c 25 B 1 6 spring or fali
F longifoli
h:f;“fi‘;cjzg‘f olia c 16 B 1 10 spring or fall
Fest }
S;;e;c;:cvtiza c 10 B N 10 spring or falt
Festuca rubra .
red fescue C 18 5 i 10 spring or fall
F . . .
cﬁﬁf&?ﬁ;&;f commuaia C 18 B [ 4105 spring or fali
Poa alpi i
alpine ’éiﬁ’é';ass C 20 B N ; spring or fall
» ;

oa presensts c 18 s N 2103 spring or fall

Kentucky bluegrass

GRASSES PROVIDING TEMPORARY COVER

(These grasses are generally planted in the spring for temporary cover.
They should not be used for permanent revegetation.)

Arrhenatherum elatius Hordeum vulgare Secale cereale

tall oatgrass barley winter rye

Avena sativa Lolium multifiorum Sorghum vulgare, var. sudanense
oats annual ryegrass Sudangrass

Bromus arvensis
field brome
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