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1. Introduction

Reclamation and closure have always
been significant aspects of any successful
mine development; but now more than
ever, a thoughtful, well-crafted Reclama-
tion and Closure Plan can mean as much
to a mine’s bottom-line and ultimate
success as grade or tonnage. Reclamation
and closure considerationsin the modern
mine start during the earliest stages of the
project lifecycle and include everything
from gathering comprehensive baseline
environmental data and developing ro-
bust cost of closure estimates to the actual
implementation of the Reclamation Plan
and ultimate bond release.

This concept of “Planning for Closure”
from mine planning through permit-
ting and implementation was explored
in-depth during the two-day Modern
Mine Reclamation Short Course held in
conjunction with the Alaska Miner’s As-
sociation 2009 Annual Convention. This
article summarizes some of the key points
that should be considered when “Plan-
ning for Closure;” however, the reader
is encouraged to review all of the Short
Course materials (available on DVD) for
a comprehensive study of the topic.
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2. Planning to Design for Closure
By: Nick Enos, MS, CPG, Donlin Creek LLC;
(907) 279-0383; renos@donlincreek.com

The concept of “design for closure” has
been considered abest practice within the
mining industry for the past two decades.
Complete closure plans and associated fi-
nancial security are now requirements for
successful permitting of a modern mine
project. However, successful outcomes
require more than simply developing a
closure plan; successful outcomes require
integrated closure planning throughout
the mining lifecycle.

Why plan for closure? For a company
considering a significant investment of
capital, planningand designing for closure
is a means to manage financial risk and
limit liability. For stakeholders and the
communities involved, closure planning
is also a means to enhance benefits and
promote sustainable outcomes.

Fundamental to the closure planning
process is the mining lifecycle itself. To
be successful, closure planning must begin
during exploration, and continuously
evolve throughout the feasibility, permit-
ting, construction, operations, closure,
and post-closure periods. Obviously, most
exploration projects do not culminate in
operating mines. However, developing
simple best practices during exploration
providesafoundation fora feasibility stage
closure plan. An example is the mannerin
which drill holesare plugged and drill pads

are reclaimed during exploration.

The primary elements that must be
considered during closure planning in-
clude the regulatory framework, corporate
standards, baseline environmental charac-
terization, stakeholder participation, risk
assessment, post-closure monitoring, and
cost estimation.

Having sufficient environmental
baseline information to support feasi-
bility-stage closure planning is essential.
Most critical are water quality, hydrol-
ogy, and geochemical data. Challenged
closure scenarios always involve either an
insufficient understanding of the water
balance or an insufficient understanding
of the waste rock geochemistry, or in
some cases both.

Effective closure planning also involves
bringing together the views, concerns,
aspirations, efforts and knowledge of
stakeholders to achieve outcomes that
are beneficial to the project and to the
host communities. A challenging part of
closure planning, stakeholder engagement
is all about balancing expectations and
viewpoints about what can and cannot
be achieved in closure.

The earlier thatrisks and opportunities
are identified and addressed, the greater
the potential for meeting closure objec-
tives. For closure planning, the goal of
risk assessment is simply to minimize
the negative consequences of closure
and maximize the positive benefits of
closure. The types of risk assessed dur-
ing closure planning typically include
financial, legal, environmental, social,
and reputational. The likelihood of a
risk occurring is weighed against the
consequences. The risk of insufficient
baseline hydrology data, for example,
must consider the consequence of an
incorrect water balance.

Of all the lifecycle phases, the post-
closure period can be difficult to
conceptualize during planning. The
period of time between the closure of mine
operations and the ultimate relinquish-
ment of the property may be substantial.
If post-closure water treatment is required,
then this period may be measured in tens
of decades, or longer. However, there are
some important post-closure activities
that can have a profound influence on the
project, including the re-establishment
of natural vegetation, long-term water
treatment, tailings compaction and de-
watering, formation of a pit lake, and a
long-term monitoring plan.

Finally, reclamation and closure cost
estimation is a key component of plan-
ning. A detailed and thorough closure
cost estimate is a fundamental part of a
realistic feasibility or due diligence study.
All cost estimates must continuously be
reviewed and refined throughout the
mining lifecycle.

The success of any closure plan de-
pends on an integrated planning process.
Although every plan will be unique,
all successful planning efforts will in-
clude these elements: Consideration
of regulatory and corporate standards;
incorporation of sufficient baseline envi-
ronmental information; early stakeholder
participation; a risk and opportunity as-
sessment; engineering design for closure;
a well thought out plan for post-closure
monitoringand treatment; and a rigorous
cost estimate.
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3. Environmental Baseline
Program Design

By: Charlotte MacCay, BS, Pebble Partner-

ship; (907) 339-2608; charlottemaccay@

pebblepartmership.com

Restoration, replacement, and or
compensation for impacts all require an
understanding of the pre-existing biologi-
cal and physical nature of the site, as well
as human placed value on the site. The
designated post-mining land use, com-
pliance with environmental standards,
wetlands impactassessment, and fish and
wildlife impact mitigation requirements
all mustbe considered in setting the scope
of baseline studies necessary to support a
reclamation plan.

Often we getsidetracked into designing
sampling programs for one specific pur-
pose and forget to incorporate sampling
design for all the baseline data uses. Be
sure to consider NEPA characterization,
permitting, operational monitoring, miti-
gation planning, and litigation defense as
well as reclamation in developing your
baseline study programs.

Baseline studies cover a wide variety of
disciplines and the amount and scope of
the data required will be project specific.
There are no set agency guidelines that set
thebaseline requirements. Projects mustrely
on the experience of their permitting staff,
the scientific opinion of their consultants,
precedent at similar projects, public con-
cerns, and ongoing discussion with agency
staff. Document the rationale behind your
baseline study program to help convey to
agencies, public, and courts why these stud-
ies are appropriate for your project.

In general, mine projects will need to
rely heavily on baseline studies for surface
and groundwater quality and hydrol-
ogy, geochemistry, wetland delineation
and functional analysis, meteorology,
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fish and wildlife including threatened
or endangered species, as well as subsis-
tence, cultural resources, and land use
of the area.

Documenting natural conditions is
one very important aspect of baseline
studies. In mineral rich areas where min-
ing occurs, there are often naturally high
levels of certain elements in the surface
and groundwater. Groundwater regula-
tions allow for a narrative compliance of
no significant increase over background
levels making it important to have a solid
representative record of baseline conditions
forlater comparison. Surface water quality
must meet specific surface water quality
numeric regulations. In order to resolve
the difference between the regulationsand
the natural conditionsitis usually necessary
to either reclassify a waterbody where the
waterbody was originally over classified for
uses that were never attainable at that site,
or to create a site specific criteria. Both
of these solutions require a significant
baseline dataset developed in close coor-
dination with ADEC. And while the state
statutes provide for natural water quality
to supercede the regulations, the means
allowable for calculating that “natural
water quality” are extremely conservative.
Permittees should be aware that they may
well be held to water quality standards at
closure that are more stringent than the
pre-existing natural condition.

It is also important to provide strong,
scientifically based assurance that stable
suitable conditions can be reestablished
at closure. Scientific models are a com-
mon way to bring that assurance into
the reclamation plan. Whether it is a
model for thewater balance, geochemistry
predictions, air quality dispersion, fish
habitat under different flow regimes, or
one of the many other possible issues of
concern; the strength of the model will
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rest on its assumptions and the baseline
data. If baseline data is not available, you
can be certain that the model defaults
will be very conservative to meet agency
approval; assuch they could unnecessarily
limit your reclamation options.

Keep this thought in mind: While
projecteconomics, schedule, and logistics
all play a partin determining the scope of
baselinestudies, itis important to remem-
ber that the acquisition of baseline data
comes with a now or never ultimatum,
once development has begun the op-
portunity to document the pre-existing
environment is over.

4. Water & Load Balance
By: Pete McGee, MS, PE, ADEC; (907)
451-2141; william.mcgee@alaska. gov

Understanding water and load balances
are critical to the permitting, operation,
closure, and post closure phasesata mine.
The basic formula for computing water
and load balances is:

in — out = change in storage

Water balances can be created using
spreadsheets or other commercially
available software. They can range from
relatively simple to very complex, but
they must balance.

Water balances are site specific. They
are used to predict how much water must
be treated, and to size pipes, ditches,
ponds, dams and other facilities at a
mine. To make them accurate, they must
account for all of the water entering and
leaving the facility, which is not an easy
task and requires accurate, complete, and
long term baseline data collection.

Water balances are time specific. They

represent thesituation atan instantaneous
pointin time so they mustbe recomputed
for a range of seasons, flows, and devel-
opmental phases of the mine.

If more water comes in than goes out, the
storage increases. Thewater balanceisakey
element in designing dams and treatment
facilities. Accurately predictingtheamount
of water that comes in based on historical
precipitation, stream flows, groundwater,
and other inflows is difficult and usually
requires conservative assumptions.

If more water goes out than comes
in, the storage decreases. Seepage to
groundwater, prolonged dry conditions,
and otherssituations can resultinaserious
shortage of water at the mine.

After the facility is designed, itis usually
the increase or decrease in storage that is
critical for operation, and the water bal-
ance is the tool that is used to predictand
track those changes. During operation
of the mine, continual data collection
is used to update, adjust, and refine the
water balance. The water balance can be
calibrated over time to account for inac-
curacies in inflows and outflows based on
measured changes in storage.

Data from the water balance can be
presented in various ways. The example
on the next page from the Rock Creek
Mine, presented in a technical memo
prepared by Tory Thompson, Ecological
Resource Consultants, Inc, dated Octo-
ber 3, 2009, shows the change in storage
over time with each data point being a
recalculation of the water predicted to be
stored at that particular time.

The example on the next page for the
Red Dog Mine presented in Supporting
Document SD E1 to the Red Dog Mine
Closure and Reclamation Plan by Kath-
leen Willman, SRK Consulting, dated
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March 15,2007, shows a predicted water
balance at a specific time in the future. It
presents the data for the inflows, outflows,
and water that is re-circulated.

A load balance can be calculated from
the water balance by multiplying the flow
from the water balance times the concen-
tration of a particular parameter in that
flow. That gives the mass, or load, of that
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Figure 6: 2019 Annual Tailings Impoundment Flows (MGals/year) for 2031 Closure Scenario

particular parameter in the desired units
of mass per time. From the load balance,
it is easy to identify and focus efforts on
the major sources of potential contamina-
tion. For example, it may reveal that the
greatest pollutant load comes from a pit
or waste rock pile, rather than from tail-
ings, and a more cost effective treatment
process can be designed. The presentation
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of the load balance can look the same as
a water balance, just in mass units rather
than flow units.

Water and load balances are critical
to the permitting, operation, closure,
and post-closure phases at a mine. To
remain useful and accurate, they must
be updated and maintained during the
life of the mine.

5. State of Alaska Permitting,
Reclamation & Closure

By: Jack DiMarchi, BS, CPG, ADNR; (907)

374-3708; john.dimarchi@alaska.gov

Minesare encouraged to “design for clo-
sure”. Thisisaconceptwherein the mining
companies incorporate their approved
closure plansinto their mine operating plan
to reduce disturbance throughout the life
of the mine. By incorporating the “design
for closure” concept, surface disturbances
are minimized; closure is accomplished
more quickly and efficiently, and at less
cost and risk to the company.

The State of Alaska has the authority
and responsibility to regulate most mine
wastes and require reclamation and stable
mine closure. The discharge of treated
mine water is currently regulated by the
Environmental Protection Agency, and
disturbance to wetlands is regulated by
the Army Corp of Engineers.

Typical mine wastes that are regulated
by the State include waste rock, tailings,
and storm water. The State regulates mines
through the departments of Environ-
mental Conservation (ADEC), Natural
Resources (ADNR) and Fish & Game
(ADF&G). The State authority to regu-
late mines resides in both State statutes
and regulations (primarily AS27.19, 11
AAC 97 and 18 AAC 60).

Typically, most mine wastes are regu-
lated by ADEC through an Integrated
Waste Management Permit. Whereas
mine reclamation and closureactivities are
regulated by ADNR through a Reclama-
tion Plan Approval oraPlan of Operations
Approval. Theseauthorizationsare gener-
ally all linked to an approved Monitoring
Plan which includes stipulations for
monitoring surface and ground water
quality, waste rock geochemistry and the
effectiveness of reclamation-revegetation
following mine closure. Typically there
are quarterly reporting requirements as
part of the approved Monitoring Plan.
ADF&G’s principle role in mine per-
mitting is to insure that fish habitar is
protected during the life of the mine.

All mines are required to provide proof
of financial assurance sufficient to pay the
reasonable and probable cost to close and
reclaim the mine, including the cost for
post closure monitoring and water treat-
ment for as long as it may be required.

Mines are required to be reclaimed as
contemporaneously as practicable. This s
known as concurrent reclamation. Land
reclamation performance standards in-
clude stabilization against erosion within
1 year of mine closure and achieving
stable revegetation within 5 years of mine
closure. Mines with heap leach facilities
must neutralize the heap pads and ponds
before reclaiming them. Underground
mines must seal the openings of shafts,
adits tunnels and air vents as part of their
reclamation and closure.

Itisimportant to remember that mines
are subject to third party audits every 5
years as part of the State permit renewal
process. In addition to an audit of a
mine’s performance with regard to its
permit stipulations, the audit includes
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a review of the reclamation and closure
costs. Modifications are made to the
financial assurance if it is indicated by
the audit. Current financial assurances
foroperating metal minesin Alaska range
from $27.6M to $305M.

The State works closely with other
Federal and local agencies to coordinate
the permitting process to the greatest
extent possible.

6. Reclamation & Closure Cost
Estimation

By: Steve McGroarty, MS, PE, ADNR; (907)

451-2795; steve.mcgroarty@alaska.gov

Mine reclamation and closure in Alaska
is regulated by the Alaska Department of
Natural Resources (DNR). Statelaw requires
that mining companies obtain approval of
theirreclamation plansand provide financial
assurance sufficient to ensure completion
thereof. Costestimates for theapproved plan
must be approved by the DNR. Microsoft
Excel must be used to perform the plan cost
estimation. Standard sources/practices used
in the construction and mining industries
should be used in performing the estimate.
All basic elements of the plan must be in-
cluded in the cost estimate.

The costestimate should be based on the
following fundamental assumptions:
*Reclamation is performed by a third-

party contractor hired by the State.

¢ Existing mine equipment is unavail-
able and earth moving costs should be
estimated using equipment typically
available to construction contractors.

* Minesite conditionsareanticipated to rep-
resent the point of maximum reclamation
obligations for the current permit term.

*The mine operator adheres to the ap-
proved mine reclamation plan.

o Salvage values cannot act as a credit in
closure cost estimates.
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Direct Costs

Direct reclamation cost estimate
spreadsheets should be developed for each
facility. Estimating the costs of earth-
moving related activities, demolition of
constructed mine facilities, stormwater
management, erosion and sediment
control, water treatment, and monitor-
ing should be considered in each plan/
estimate. Sources of equipment rates and
material costs should be identified and
supported by published rates or vendor
quotes. Every reclamation task associated
with each facility should be included in
the estimate. All direct cost spreadsheets
should be linked back to detailed equip-
ment productivity estimates. Material
handling schedules for each facility should
be referenced to a single spreadsheet that
containsall fuel, labor, and material costs.
Appropriate linking of calculations will
assure that changes in assumed equipment
productivity correction factors and costs
for labor, equipment, fuel, and materials
will automatically “adjust” the estimated
costs for each reclamation task for every
facility and the overall total closure cost
summary. All assumptions used in every
spreadsheet should be clearly identified.

Labor rates should be obtained from the
most current issue of the “Laborers’ and
Mechanics’ Minimum Rates of Pay” pub-
lished by the Department of Labor. The
rates can be found at http://www.labor.
state.ak.us/lss/pamp600.htm. Overtime
wages should be calculated in accordance
with Statelaw. Burden costs for labor must
beincluded and are approximately 21% of
the base and overtime wage. Benefit costs
must also be considered.

Indirect Costs

Indirect costs must be added to the pre-
liminary total direct cost estimate. Indirect
costs are usually expressed as a percentage

Modern Mine Reclamation, continued

of the direct cost sub-total or total contract

cost and typically include:

* Profitand Overhead. Mostlarge mine
reclamation cost estimates should as-
sume a combined profit and overhead
equal to 15% of the total direct costs.

* Performance and Payment Bonds.
These instruments are required for
construction of projects administered
by the State. Each of these bonds is
usually estimated at 1.5% of the total
direct costs including mobilization and
demobilization, profit, and overhead.

* Contractor Liability Insurance. This
should be included and supported by
vendor quotes.

* Contract Administration Fee. This
item includes the cost of hiring a proj-
ect management firm to inspect and
supervise the work performed by the
reclamation contractor and the costs
incurred by the State to seize the bond,
administer reclamation contracts, verify
sampling and analyses, and conductsite
inspections. Reclamation management
costsare calculated asa percentage of the
total direct costs and range from 2% to
7% of total direct costs.

* Engineering Redesign. The reclama-
tion plan may notbe sufficiently detailed
to serve as contract plans and specifica-
tions and a new design may need to be
developed or the existing one may need
to be modified. Engineering redesign
costs are calculated as a percentage of
the total contract costs and range from
3% to 6% of total direct costs.

* Contingency. The financial assurance
for the closure of the project must in-
cludea contingency allowance to cover
unanticipated costs. Contingency costs
typically range from 15% to 20% of
the total estimated contract cost.

Other Costs
Other costs associated with mine rec-

lamation must also be considered in the

mine closure cost estimate:

* Interim Care. The State of Alaska as-
sumes there will be a one-year period
between the time the State assumes
responsibility for the site and the time
active reclamation can begin. Costs
associated with this period should be
included in the closure cost estimate.

¢ Care & Maintenance During Active
Reclamation. Costs associated with
the management, maintenance, water
treatment, and monitoring of the site
during the time period of active mine
reclamation must be accounted for in
the closure cost estimate.

e Inflation. An inflation factor should
be applied to all costs to assure that
the bond remains reasonably accurate.
The inflation adjustment for the first
permit-year should be the average
consumer price index for Anchorage
over the previous three years.

* Long Term Water Treatment. The
cost estimate for projects that require
long-term active water treatment must
include capital and annual operating
and maintenance costs.

¢ Post-Closure Monitoring. Thirty (30)
years of post-closure monitoring is
typically required after the completion
of physical mine reclamation and the
cessation of any active water treatment;
monitoring wells must be closed upon
completion of thisactivity. Costs must
be adjusted for inflation.
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Total Closure Financial Assurance

The estimate for the total project clo- A costestimate Summary Table isshown
surefinancial assurance represents the sum below to illustrate the relationships be-
of all direct, indirect and other costs. tween direct and various indirect costs.

SUMMARY OF ESTIMATED RECLAMATION AND CLOSURE COSTS - EXAMPLE

Reclamation &
Demolition After
Termination of | Post-Closure
% of 1-Year Holding | Initial Reclamation & | Active Water | Active Water | Monitoring &
Subtotal Cost Demolition Treatment Treatment Maintenance Total

Direct Cost $2,000,000 510,000,000 56,000,000 53,500,000 5$150,000| 521,650,000
Site Management Cost $1,000,000 $2,275,000 516,000,000 52,000,000 50| 521,275,000
Mobilization/D S0 $500,000 S0 5250,000 50| §750,000
Subtotal Direct Cost $3,000,000 §12,775,000( 522,000,000 $5,750,000 $150,000| 543,675,000
Indirect Costs
[Contractor Overhead and Profit 15.0% 5450,000 $1,916,250 $3,300,000 5862,500 522,500| 56,551,250
Subtotal $3,450,000 514,691,250| 525,300,000 56,612,500 5$172,500| 550,226,250
Performance Bond 3.0% $103,500 5440738 5759,000 5198,375 §5,175| 51,506,788
Insurance 15% $51,750 §220,365 537,500 $99,188 52,588 5753,354
Subtotal 53,605,250 515,352,356 526,438,500 56,910,063 5180,263| 552,486,431
Contract Administration 3.0% 5144210 5614,034 51,057,540 5276,403 §7,211] 52,099,457
Engineering Re-Design 3.0% S0 5460,571 5793,155 50 50| 51,253,726
C. ¥ 15.0% 5540,788 $2,302,853 53,965,775 51,036,509 527,039| 57,872,965
Total Indirects $1,290,248 55,954,875 510,254,970 52,472,974 564,512| 520,037,579
Total (prior to inflation) 54,290,248 518,729,875| 532,254,570 58,222 974 $214,512| 563,712,579|

Inflation

(Anchorage CP1

averaged for

previous 3-years) 3.33%| 52,121,629

Total Closure Costs) $65,834,208|

Draft Mine Closure and Reclama-
Basis of Estimate Report should be tion Cost Estimation Guidelines

drafted that covers the full reclamation DRAFT Mine Closure and Reclama-

and closure plan. The report should pro- tion Cost Estimation Guidelines can be

vide the agencies with a ‘bridge’ between found on the Division of Mining, Land

the Reclamation and Closure Plan and and Water’s web site at http://dnr.alaska.

the EXCEL cost estimate and explain gov/mlw/mining/index.htm

how the cost estimate was developed.

This report will expedite agency review

of the closure cost estimate.

Basis of Estimate Report
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7. Implementation — Getting The
Mix Right for Reclamation Suc-
cess in Alaska

By: Bartly Coiley; Environmental Manager,

Usibelli Coal Mine; (907) 452-2625;

beoiley@usibelli.com
With contributions by Dr. Dot Helm,

Agricultural & Forestry Experiment Sta-

tion, Palmer, AK

Successful mine reclamation — and
ultimately bond release — depend upon
several key factors: a corporate mindset
that places value on reclamation success,
recognition of the unique physical and
biological characteristics of mine sites in
Alaska, conservative reclamation design
criteria that recognizes the lack of baseline
data available in Alaska, and selection of
theappropriate species for site-specificseed
mixes which will ensure successful long-

term re-vegetation of reclaimed areas.
Mine reclamation programs in Alaska
must incorporate diverse environmental
aspects ranging from varied climate and
short growing season to permafrost and

earthquakes. The lack of good baseline
data often hinders the ability to confi-
dently predictelementslike the adequacy
ofearthquake design parameters for slope
stability or storm size estimations for
erosion control in a given area. The
examination of “type locals” where past
reclamation of disturbed areas has had
varied levels of success, and site-specific
data collection on native cover and woody
species are often the best inputs when
designing a successful reclamation pro-
gram. Ultimately, however, initiating
and sustaining long-term plant cover,
appropriate for the mined area’s final land
use, rests in the critical step of developing
suitable, area-specific seed blends.

The short-term goal of any reclama-
tion program is to seed grasses that will
hold the soil in place and build nutrients

which will later support and maintain a
self-sustaining plant cover. Working in
conjunction with Usibelli Coal Mine on
the selection of appropriate species for a
seed blend to be applied at the Wishbone
Hill Project area, Dr. Dot Helm of the

(Successful Regrade and Reclamation in Area of Discontinuous Permafrost)
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Agricultural & Forestry Experiment
Station in Palmer, Alaska, studied the
local grasses and woody species over the
course of several growing seasons. With
theintentofestablishing moose browse as
the final land use at Wishbone Hill, Dr.
Helm’s work was instrumental in helping
Usibelli develop a reclamation program
that has successfully re-established moose
habitat.

While seeded grasses are often believed
to interfere with natural colonization, in
the proposed Wishbone Coal Projectarea
near Palmer, it was discovered thatalocal
colonizing grass species (Calamagrostis
canadensis) may also compete with the
more desired moose browse species and
suppress other colonizing plant species.
In 1989, trials were implemented to
evaluate four growth media (three topsoils
and one overburden) and seven woody
species to establish moose habitat. Seven
grass species were also evaluated on one
growth medium for short-term erosion
control, suppressing Calamagrostis but
not interfering as much with woody
regeneration, and increasing plant di-
versity. Phenology observations during
the first year suggest that seeded cover is
needed to help stabilize the surface dur-
ing breakup, especially on slopes. After
10 growing seasons, Norcoast Bering
hairgrass alone or combined with Arct-
ared red fescue were the most persistent
grasses and suitable for erosion control
and suppressing Calamagrostis. Other
tested species resulted in communities
thatvisually resembled the unseeded con-
trols. However, where the woody cuttings
and seedlings were planted, woody plants
had a head start over the grass colonizers,
created ashaded understory with different
species composition, and thusaltered the
successional pathway to achieve diverse
plant communities.
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In addition to understanding the
succession of native plant species that
will achieve the short and long term
reclamation goals, on-going evaluation
and comparison of in-field program
results with the reclamation standards
required for bond release is crucial. Cur-
rent standards for bond release focus on
erosion control at both the gross and
ground cover levels, woody plant density
and diversity, and long-term plant com-
munity development and patchiness. In
areas where the surrounding vegetation
is woody, the current standards place
a greater emphasis on the importance
of woody plant species. A monitoring
program organized on a systematic grid
placed over the reclaimed area will avoid
biases inherent in area selection, will be
easier to implementand incorporate into
existing GIS databases, and will allow for
better visual observation of the spatial
patterns of colonization. This system-
atic approach also encourages the overall
reclamation program to “learn from its
own experience” which will ultimately
lead to a better reclamation design, more
successfully reclaimed lands, and predict-
able bond release.




