THE SURFACE CONTROL AND RECLAMATION ACT OF 1977

Charles E. Sandberg'
USDI Office of Surface Mining
Alton, Illinois

Although we did not establish atheme for this forum, asl thought about what | might say it occurred to me that we
do indeed have atheme. When | finish my remarks | would hope that you would agree with me.

For those of us who were here in the beginning and for those who weren't at least some review of the history is
appropriate to the start of this forum.

The prime farmland provisions were different from mostother requirements of SMCRA, which became effective on
August 3, 1977. They created ahigh level of frustration for everyone with an interest in prime farmland mining and
reclamation. The delay was due to problemsrelated to the start up of anew Federal regulatory agency with acomplex
program that required a substantial amount of training for the technical staff. Otherdifficulties experienced during
the start up of SMCRA were:
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Most of the existing expertise on mining reclamation regulation was at the state level.

The first OSM inspectors did not reach the field until the summer of 1978.

A major enforcement problemfor field staff was that the interim program included performance standards
but not permitting standards. This meant that both State and Federal inspectors had to enforce performance
standards for prime farmland on permits that did not contain prime farmland restoration plans.

The lack of long-term experience with returning reclaimed mine lands to row crop agriculture.

It would take along timeto familiarize the operators, states, and OSM field staff with the new requirements.
Operators would have to acquire new equipment in order to salvage topsoil, minimize compaction, and
conduct the grading necessary to restore cropland. Some operators would be required to obtain specialized
equipment to break up compaction following reclamation.

Operators would be required to demonstrate that they had the capability to restore prime farmland to its
original capability before they could begin mining.

The lengthy amount of time necessary to devel op the implementing regulationsfor SMCRA. Interpretation
of many aspects of SMCRA was very difficult prior to the development of the regulations.

Delays were experienced because of the time it took for states to pass legislation necessary to implement
SMCRA. It took from 1977 until 1982 for most states to obtain approved regulatory programs.

Thenumber of legal challengesto SMCRA and itsregul ationswith theresulting regulatory revisionsordered
by the courts resulting in confusion over changing requirements.

Although existing operationshad the option of "grandfathering” some or al of their prime farmland soils,
states needed time to develop standards for the "grandfathered” prime farmland soils. Although the
applicationof the"grandfathering” regulation varied, it did allow the states and the operators some additional
time to acquire the necessary equipment and gain experience with prime farmland reclamation. Citizens
wanting immediate action on prime farmland restoration, however, were greatly concerned by the delays
resulting from the "grandfathering” process.

The Present

The basic requirements of SMCRA are now a part of all state approved programs including:

(L)
2
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A soil survey of al prime farmland soils.

A plan for soil reconstruction that separately removes the topsoil and adequate subsoil unless a plan for soil
mixing and substitution is approved.

Scientific data supporting the ability ofthe reclamation methods to achieve successful restoration of prime
farmland capability.

NRCS consultation concerning the reclamation plan and methods.

The acreage of prime fam7dand soils will not be decreased.
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(6) Crop production is to be monitored and measured for a period of three yearsin order to prove that the
soil capability has been fully restored.

What have been the surprises?

Q The"grandfathering" issuein many statesturned out to be much larger than originally visualized. Theprocess
has also had a much longer life span than anticipated.
2 Thebond release process has taken much longer than antici pated with some acreagefromtheinitial program

and large acreage of "grandfathered” prime farmland soils still under bond. In fact, no one knows yet when
many of these acreages will be ultimately released and what normal time for mining through bond release
should be expected. We can not provide landowners any certainty as to when they can expect to be able to
utilize their land for normal agricultural production.

3 Many soils experts both from the NRCS and universities have been the greatest advocates of soil mixing and
soil substitutes rather than replacement of the original soil horizons. This has resulted in soil mixing and
substitution plans being the rule rather than the exception.

4 The process of devel oping defensible standards and methods for measuring revegetation success has been
much more complex than anticipated. The result has been an increase in the amount of time necessary to
achieve bond release.

TheFuture
Trends that OSM expects to see continue into the future include:

(@D} Applicationsfor bond release for large amounts of prime farmland and other reclaimed areas are expected
to bereceived all at once. Thisisbeginning now and is expected to increasein the near future. It will place
aheavy burden on state regul atory staffs already operating with continually reduced resources and personnel.

2 Thereisincreasing pressure being brought by land owners on the NRCS and other state agenciesto provide
new soil descriptions with associated soils data on productivity and capability for reclaimed soils. This
information is necessary for accurate tax assessment and property values.

©)] Operators are desirous of new bond rel ease methods that would shorten the time to prove restoration of the
soil capability.

4 In some states, the continuing trend to high extraction underground mining methods with associated
subsidenceand impactsto prime farmland and other cropland areasis expected to becomeincreasingly more
important.

(5)€ I ncreasing competition from cheaper coal sources outside the region leave the industry with fewer resources
to conduct reclamation and increase the probability of bond forfeiture.

Whereis OSM going in the future and what are the implications on prime farmland mining and reclamation?

Thefirst areaof changeisin the manner in which OSM conducts oversight. In January of 1996, OSM released anew
version of its Directive entitled REG-8. This document was the product of a team composed of OSM and state

regulatory members and took several years to arrive at the initial version. Based on the first year's experience,
adjustmentswere made, and on September 30,1997, the current version was signed by Director Kathy Karpan whom

you will be hearing from today at lunch.

The changes brought about by the new oversight directive aresignificant in several ways. First it changes the focus
of our efforts to the two areas which have the greatest impact on people and resources in and adjacent to mining
operations.

Thefirst isin the requirement that during our inspections we document all off-site impacts and that we make an
assessment of the degree of impact on people, lands, water, and structures. Thisrepresentsachangein how we assess
the sucess of the state's program, the direction we take in identifying issues, and the resolution of thoseissues. First
we are now starting out with an identified problem an off-siteimpact. From that we then work backwardsto identify
the cause. In the past we have been accused of nitpicking and spending time on issues that had no real impact. |
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firmly believe that this approach will have major benefits for those people and resources that potentially can be
impacted by mining. Therearethosethat don't agree with the new approach, and | would be happy to discussthe pros
and cons of this approach with you during the breaks (See Overhead No. 1).

The second areawherewe have our oversight focus hasamuch stronger relationship to our forum on primefarmland.
We are now concentrating our efforts more towards reclamation success and end results. Once again our intent isto
address the issues that have the greatest "bang for the buck." Certainly the issues associated with end results and
reclamation success meet that criteria. In our oversight directive, we have further refined our definition of
reclamation success and end results as to include the following: land form/approximate original contour, land
capability, hydrol ogy reclamation, and contemporaneous reclamation. One cannot fault that these four areas define
the product of our effortsas miners, regulators, scientists, and landowners, and theintent of SMCRA. Probably there
isno area of reclamation where each of these factorsis more critical than prime farmland. By definition the slopes
of prime farmland are critical before and after mining; capability is the test that it must pass; the hydrology, both
surfaceand subsurface, are basi c to successful reclamation of primefarmland; and last, contemporaneousreclamation
definesour ability to return the reclaimed land to the landownerswithout the incumbrance of SMCRA. Each of these
have been around since the passage of the Act, but it is thisissue of contemporaneous reclamation | want to discuss
inmore detail, which will lead into the last issue | want to address. First let me say that not everyone agrees on how
to measure reclamation success and whether contemporaneousreclamationisreally apart of end results. Theacreage
of primefarmland is at the heart of thisissue because of the complexity of the reclamation, the timeinvolved in pre-
crop vegetation many believe to be critical to successful reclamation, and the number of years of testing required for
primefarmland. Theissuethat arose in our initial process through which reclamation success was to be measured
was that contemporaneous reclamation equated to successful reclamation and that bond rel ease was the measure of
our success. Many states made the argument that contemporaneous reclamation was measured by the adherence to
time and distance requirements for grading, topsoil replacement, and establishment of vegetation. 1n recognition of
the differences of opinion on thisissue, the states and OSM have the option to report both the results of completion
of thevarioustime and distance standards and vegetation establishment and the bond rel ease status. Aswe have seen,
the complexities of prime farmland reclamation have had an impact on bond rel ease time frames(See Overheads #2-
#5).

Thisbringsmeto thelast item on the horizon of OSM and SMCRA. The Government Performance and Results Act
of 1993. The purposes of the Act in part are stated as:

1) improvethe confidence of the American peopl ein the capability of the Federal Government by systematically
holding Federal agencies accountable for achieving program results; and
2) initiate program performance reform with a series of pilot projects in setting program goals, measuring

program performance against those goal's, and reporting publicly on their progress.

TheAct also stated in part "No later than Sept. 30, 1997 the head of each Federal agency shall submit to the Director
of the Office of management and Budget (OMB) and to Congress a strategic plan for program activities. Such plan
shall contain general goalsand objectives, including outcomes, for the major functionsand operations of theagency."

By now you are asking what does this have to do with prime farmland and our forum. To clarify we need to look at
OSM'sinitial performance goalsin just onearea. | had mentioned earlier our business line approach to budgeting.
Wehave al so adopted the businessline approach to our GPRA requirements. The businesslinewhich impactsprime
farmland is entitled Environmental Protection. The performance goals are listed in Overhead #6.

Asyou can see OSM will be measured by actions we (all of usin this room) control: the off-site impacts and the
number of acreswe can successfully move through the reclamation process. Our ability to successfully return prime
farmland back to private production isamajor component by which the public and Congress will assess our success
in many Midwestern coa states. In addition, our budgets both for OSM and for state grants are already tied toour
businessline. Itisonly asmall step to make the next connection between performance goals and budgets. Aswego
through this week and hear how we have progressed, let us be mindful that we are in this together and our
responsibilitiesto compl ete reclamation of the highest producing soilsin theworld in atimely manner must continue
as our highest priority.
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In closing | would like you to see a graph (Overhead #7) of where we may be in meeting our goal of successful
reclamation based upon permitted acres versus bond release acres. Notethat if the same graph was created for prime
farmland only, the gap would probably be wider.

During the remainder of the forum, we will have the opportunity to listen to the experts and discuss our success and
problemswith those most involved with prime farmland restoration. | would encourage you to take advantage of this
opportunity to learn and share so that we will all leave with a better understanding of mining and reclamation
processes that potentially impact the most productive soilsin the world.

'‘Charles Sandberg, Manager, Program Support Division, Mid-Continent Regional Coordinating Center, Office of
SurfaceMiningReclamationand Enforcement; B. S. Civil Engineering, University of I1linois; Registered Professional
Engineer in lllinois; 12 years as a county engineer, 4 years as a project engineer with the Illinois Department of
Transportation, and 19 years with OSM in avariety of positions and locations.
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TABLE 4

. OFF-SITE IMPACTS
RESOURCES AFFECTED People Land Water ____Structures
DEGREE OF IMPACT minor_| moderate | major | minor | moderate | major | minor | moderate | major | minor | moderate | major

TYPE OF Blasting

IMPACT Land Stability

AND TOTAL | Hydrology

NUMBER OF | Encroachment

EACH TYPE Other

Total
) OFF-SITE IMPACTS ON BOND FORFEITURE SITES 7
RESOURCES AFFECTED People Land Water I Structures
DEGREE OF IMPACT minor | moderate | major | minor | moderate | major minor | moderate | major | minor | moderate | major

“TYPE OF Blasting

IMPACT Land Stability

AND TOTAL | Hydrology

NUMBER OF | Encroachment

Total

The objective of this Table is to report all off-site impacts identified in a State regardless of the source of the information. Report the degree of impact under each resource that was
affected by each type of impact. Refer to guidelines in Directive REG-8 for determining degree of impact. More than one resource may be affected by each type of impact.
Therefore, the total number of impacts will likely be less than the total number of resources affected; i.e. the numbers under the resources columns will not necessarily add
horizontally to equal the total number for each type of impact. As provided by the Table, report impacts identified on bond forfeiture sites separately from impacts identified on other
sites. If bond forfeitures sites were not evaluated during the period, clearly note the table to indicate that fact. Impacts related to mirie subsidence or areas where impacts are
not prohibited are not included in this table, Refer to report narrative for complete explanation and evaluation of the information provided by {able.

OVERHEAD #1



the State considers to be remined; i.e. areas that were previously mined and not
properly reclaimed and will be re-affected by current mining and reclamation.

NUMBER OF ACRES WHERE BOND WAS FORFEITED DURING THIS
EVALUATION YEAR (also report this acreage on Table 7) - Enter the number of
acres on which the State forfeited bond during the evaluation year.

Table 6: Optional Data Tables

o |f agreed to in the PA, the collection and presentation of additional data for annual State
mining and reclamation results is permissible and encouraged in an effort to report the
reclamation performance of the State. Listed below are some suggestions, not intended
to be al inconclusive, for collection of data. FOs and States will need to develop
appropriate tables for the data. If optional tables are not included, Tables 7, 8, and 9
must be renumbered.

Table 6a

This table or a similar table may be used where a State provides data to OSM on the status of
reclamation in a State even though the State has made no final determination concerning site
conditions as they relate to meeting all performance standards necessary for bond rel ease.
Data reported in this table must not be included in Table 5. Note: Since there has been no
final determination on the acceptability of acres reported in this table for bond release
purposes, there should be no implication that any of the acreage reported in this table meets
any of the phase bond release performance standards.

ANNUAL STATE MINING AND RECLAMATION RESULTS

Reclamation Activity Applicable Performance Standard Acreage During This
Evaluation Period
Backfilled/Graded * Approximate original contour restoration
* Drainage reestablishment
Topsoil Replaced * Topsoil or approved aternative replacement
o Surface Stability
Revegetation o Egablishment of vegetation

The following tables or others developed by a FO or the State may be added to document
specific aspects of reclamation success that are important to the State. These tables can
document various aspects of reclamation in a State where bond release standards have been met
and where the State has made no final determination concerning site conditions as they relate to

[1-12
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meeting al performance standards necessary for bond release. However, if there has been no
fina determination on the acceptability of reclamation reported in these tables for bond release
purposes, there should be no implication that any of the reported reclamation meets the bond
release performance standards.

Table 6b:
LAND USE ACREAGE
Land Use Acreage

Cropland

Pasture/Hayland
Grazingland

Forest

Residential

Fish and Wildlife Habitat
Developed Water Resources
Public Utilities
Industrial/Commercial
Recreation

Remined

Table 6¢:

AVERAGE PRODUCTIVITY ACHIEVED
Crop Yield Percent of Original Yield

Corn (bu/ac)
Beans (bu/ac)
Wheat (bu/ac)
Hay (bu/ac)
Other

11-13
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Table 6d:
COVER RESTOREDe
Cover Type Percent Cover or Stems/Acreage

Forest

Fish and Wildlife Habitat
Grazingland

Residential
Industrial/Commercid
Recreation

Remined

Other

Table 6e
WATER QUALITY

Average Upstream Data  Average Downstream Data

PH
Fe

TSS
Mn
Set. Solids

Table 6f:
DISCHARGE POINTS

Percent of Complying Discharge Observations
NPDES Results

PH

Fe

TSS

Mn

Set. Solids

Table 7:  State Bond Forfeiture Activity

o Include only those sites for which the indicated action is complete. For example, the
“ Bonds forfeited” categories do not include sites for which bond forfeiture proceedings

11-14
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TABLE 5

ANNUAL STATE MINING AND RECLAMATION RESULTS

Bond release
phase

Phase I

Applicable performance standard

® Approximate original contour restored
®Topsoil or approved alternative replaced

Acreage released
during this_
evaluation period

Phase I

e Surface stability )
eEstablishment of vegetation

Phase II

®Post-mining land use/productivity restored
e Successful permanent vegetation

e Groundwater recharge, quality and quantity
restored ) )

e Surface water quality and quantity restored

Bonded Acreage Status*

Acres

Total number of bonded acres at end of last
review period

Total number of acres bonded during this
evaluation year

Number of acres bonded during this evaluation
year that are considered remining, if available

Number of acres where bond was forfeited during
this evaluation year (also report this acreage on
| Table 7) .

Bonded acreage is considered to approximate and represent the number of acres disturbed by
surface coal mining and reclamation operations.
Bonded acres in this category are those that have not received a Phase III or other final bond release
(State maintains jurisdiction).

OVERHEAD #5

17 T-5

[State/Date]



Potential Strategic Measures and FY 1999 1997 1998 1999 Annual
Measures Perf
Goals

By 2002, the SMP will minimize the number and

severity of off-site impacts while protecting the

environment and public from current mining. 88% 90% 92% 2.2

*In FY 1999, OSM will minimize the number and
severity of off-site impacts while protecting the
environment and public from current mining.
Example: In 1999, the SMP will strive for 50%?
of the sites to be free of off-site impacts.

By 2002, the SMP will report the number of acres | 60,000 2.3
released from Performance Bonding Phases I & II | Phase I;

in order to show the progression of permitted 58,000

acreage being reclaimed. Phase II

* The SMP will report the number of acres released
from Performance Bonding Phases I & II.

By 2002, the SMP will maintain the number of
reclaimed acres (250,000 acres?) which are
released from Phase III Performance Bonds, while
encouraging more timely Phase I1I bond release by
operators. 82,000 | 90,000 | 100,000 |2.4
» The SMP will maintain the number of reclaimed
acres (50,000) which meet the Phase III
Performance Bond release criteria, while
encouraging more timely Phase III bond release by
operators.

* SMP — Surface Mining Program

OVERHEAD #6 18



ACRES PERMITTED V.S. RELEASED

61

CUMULATIVE ACRES

1975 1980 1985 1990 1995
YEAR
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ILLINOISPROGRAM REQUIREMENTS, EXPERIENCE AND RESULTS

Dean R. Spindler’
Land Reclamation Division
Office of Mines and Minerals

Springfield, Illinois
Abstract

The prime farmland and high capability cropland reclamation program inllinoisis presented in terms of historic
issues. statisticsrelated to existing liability, current mining acreage, and theoretical impact. Monitoring procedures
are discussed concerning the removal,, storage, and replacement of soils during mining and reclamation. The
productivity standards of the Agricultural Land Productivity, Formulaand regulatory initiatives are also discussed.

Introduction

Thelast 20 plusyears have been very interesting in the areaof cropland reclamation. | usetheterm cropland because
not all cropland reclamation in Illinoisis primdéarmland. Prior to SMCRA, Illinois had its first soil replacement
regulationsin 1971. It established soil texture, thickness, and coarse fragment limitsin the root medium. A major
upgrade to this, known as Rule 1 104, was done in 1976 which added atopsoil requirement. Thisruleincluded all
Class 1, 11, 111, and some of the flatter Class IV soils. This is obviously more broad than the prime farmland
definition. These soilsare now known as"high capability lands" and include primefarmland that has been exempted
by grandfathering or historical use.

SMCRA came with many challenges of which prime farmland was a major issue, particularly in the early days.
[llinoishas a lot at stake with respect to prime farmland with 21 million of its 35 million acres being prime.
Approximately500,000 acres of prime and another 125, 000 acres of high capability land overlay theoretical surface
mineablecoal. Itisamost impossibleto open asurface mine without affecting prime or high capability land. One
must keep in mind that thisacreage reflects several hundred years of future mining, based on current mining activity.
Presently there arc only six active surface minesin the state.

Historical 1ssues

One of the advantages of being second on today's program is to address some of the issues raised by Sandy in the
previous talk. The first issue is grandfathering which was originally very contentious both with OSM and the
industry. About 18,000 of the estimated 26,000 acres of eligible prime farmland have been grandfathered to date.
Very few acres have been grandfathered in thelast few years dueto the closure of thelarger surface mines. Only one
of these operations which existed when SMCRA was passed is still in operation. Dueto the fact of the preexistence
of Rule 1 104 (High Capability) soil reconstruction standards, all grandfathered prime farmland defaulted to that
category, with its 90% productivity, two-year standard. Current permits have approximately 10,000 acres of prime
farmland liability. Of this 6,300 acres are proposed to incur overburden removal.

Another historically contentious issue, between OSM, the RA, and a few citizens groups has been the issuance of
permits and the approval of subsoil mixing in the highly productiveoils of western Illinois. Although onecaseis
still pending on amine, which has since closed, al other of the decisions of the department that have been contested
have been upheld in favor of the department.

A third major issue has been the establishment of productivity standardsto measurerestoration. Theprimary portion
of the regulations used today were adopted in 1986 after a multiyear rulemaking effort with many parties involved,
includingcitizensgroups, theindustry, IDOA, USDA Crop Reporting Service, NRCS, University of Illinois, and our
agency. | will defer my discussion on thistopic to my session later on in the forum.

Field monitoring for compliance with prime reconstruction plans has been relatively easy for most soil parameters.
Thiswas primarily due to the fact that we already had inspection and sampling proceduresin place when SMCRA
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was passed for monitoring soil removal and replacement to ensure soil quality and thickness. The most elusive
parameter to measure and evaluate has been compaction. Some of you in the audience will remember the original

proposals for using bulk density and the discussions on this at the 1979 prime farmland conference in St. Louis.
Althoughno specific numerical standard or procedure hasyet to be adopted there are specific testswhich can be done

to establish that some degree of compaction ispresent. One or more speakersintomorrow's sessionswill discussthis
in detail. It isencouraging to note that many companies have acknowledged that compaction is areality, at many

sites and have now incorporated alleviation (deep tillage) into their reclamation operations prior to initiating
productivity testing.

Statistics

The issue of the small numbers of acres of prime farmland final bond release has been raised. The issue of bond
release as the measure for prime farmland restoration success, will undoubtedly, be argued from several points of
view at thisconference. Somewill arguethethree-year standard istoo short, sometoo long, productivity targetstoo
low and targetstoo high, and otherswill argue that until the bond rel ease administrative procedure is compl eted the
results arc not measurable. | plan to discuss our state results on the acreage that has met current productivity
standards, regardlessif the bond release has been applied for or not.

The Department has recently reviewed productivity testing on approximately 15,200 acres of high capability land
and 4,700 acres of prime farmland. Most of these acres have permanent program liability. Testing is done using
the Agricultural Land Productivity Formula (ALPF) which uses field sampling of corn, soybeans, wheat, and hay.
Corn must be successful at least one year for all prime and high capability cropland. The 1997 crop success results
havenot been compl eted, but through the 1996 season, approximately 10,500 acres of high capahility land and 1,800
acres of prime farmland have already completed the required two and three year standards. The remainder is still
intesting and new fields are added each year (Figure 1). Anadditional estimate of several thousand acres of interim
program high capability lands have also met the productivity requirements; however, the data is not conveniently
retrievable for easy analysis.

Whileissues may beraised at this conference about the adequacy of the current regulations both pro and con', above
numbers do make a case that cropland is meeting the established standards. When one also keeps in mind that all
of the prime farmland and over 90 plus percent of the high capability acreage affected by surface mining since 1977
hashad topsoil and a suitable root medium replaced, agood argument can be made that the combination of SMCRA
and the high capability provisions of the Illinois Statute SCMLCRA have offered significant protection to the
agricultural base of Illinois.

Figure
1

Acreage in ALPF Program }

Bl Totalacreage tonted

0 Productivity testing com ploted
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Frima Farmland High € apubility
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'Dean Spindler, Supervisor of Operations/Soil Scientist, Illinois Office of Mines and Minerals, Land Reclamation
Division; M.S. Plant and Soil Science, Southern Illinois University; Registered Professional Geologist, Certified
Professional Soil Scientist; 22 years with the Land Reclamation Division.
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INDIANA’S PROGRAM REQUIREMENTS, EXPERIENCES AND RESULTS

Steven L. Wade'
David W. KiehP
Indiana Department of Natural Resources
Division of Reclamation
Jasonville, Indiana

Abstract

The prime farmland programin Indianais presented in terms of statisticsrelated to current mining acreage and future
impact of these lands. This presentation will discuss how Indiana identifies prime farmland soils through the
reconnaissance investigation,the Natural Resources Conservation Service involvement, and exemptions from prime
farmland standards. Prime farmland restoration plans will be discussed including the removal, storage, and
redistributionof soil materials. Discussion of proof of productivity and revegetation requirementswill include success
standards, liability period, cropping practices, and crop adjustmentsfor each phase of the bond rel ease process. Actual
experiencesof the programwill be presented. The presentation concludeswith adiscussion of the Overall Reclamation
SuccessTeam (ORST) and potential impactsto thecoal miningindustry, landowners, and the Division of Reclamation.

Introduction

The coal producing region of Indianais confined to a seventeen (17) county arealocated in the southwestern part of
the state ( Figure 1). The Indiana Coal Field occupies about 7,000 square miles (4,481,029 acres). Around 53.4% of
thoselands (2,392,078 acres) are classified by the Natural Resources Conservation Service (NRCS) as primefarmland.
SinceIndianareceived primacy on July 29, 1982, 273,271 acres have been permitted for the purpose of coal mining.
Underlyingthisareaof Indianatherestill remainsabout 34 billion tons of unmined coal, of which about 18 billion tons
is recoverable by current technology. Of the recoverable coal, about 16 hillion tons is recoverable by underground
mining and 2 billion tons is recoverable by surface mining.

Requirements and Experiences Reconnaissance Investigation

In March 1985, the Natural Resources Conservation Service (NRCS), formerly the Soil Conservation Service (SCS),
developedalisting of all prime farmland by soil map unitsin Indiana. These prime farmlands are those lands that the
NRCShasdetermined to havethebest combination of physical and chemical characteristics
for producing food, feed, and forage. Most of the primefarmland in Indiana has premining
slopes of 6% or less. No severely eroded map units are designated as prime farmland in
Indiana. Prime farmland soilsin Indiana have an estimated corn yield which ranges from
95 to 155 bushels per acre. In December 1986, I ndianabecame the first major agricultural
state and the first midwestern state to have a modern soil survey completed for every
county. Therefore, all soil surveys used in coal mine permitting were devel oped under the
standards of the National Cooperative Soil Survey.

After the NRCS determines that lands within the permit area are designated as prime
farmland, the applicant may obtain an exemption fromthe primefarmland standardsin one
of two waysunder existing law. First, theapplicant may request a“ negative determination.”
Thisrequiresademonstration that theland has not been historically used for cropland. The
exemption can be obtained if the lands have been used for cropland lessthan five (5) years
out of the ten (10) years prior to acquisition for surface coal mining and reclamation
operations. The most common requests for a “negative determination” in Indiana are for

WEF OF BOANA S NG

forested areas. The current use of theland may clearly indicatethat no cultivated cropshave ST IAGOICH Reil
been produced during the applicable five in ten year period. The age of the trees within a Figure 1

forested area provides the necessary demonstration. When the current use of the land does

not clearly indicate that cultivated crops have not been produced during the applicable five in ten year period, sworn
affidavitsarerequired fromthelandowner and adisinterested third party. Negativedeterminationisal so possibleunder
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law if the slope of theland is 10% or greater, the surfaceisvery rocky, or theland isflooded during agrowing season
more than oncein two (2) years. However, the NRCS does not consider any soil in Indianawith a premining slope of
10% or greater to be primefarmland so this has not been afactor. The very rocky surface option a so has not been used
successfully in Indiana.Flooding during the growing season has been used to successfully obtain an exemption on a
very limited basis.

The second means of obtaining an exemption from prime farmland reclamation standards is a demonstration that the
primefarmland areas are eligiblefor “grandfathering.” The exemption appliesto those operationsthat were operating
on August 3, 1977 and have held continuous permits since that date. In Indiana all “grandfathering” demonstrations
werecompletedin 1985. It isestimated that since 1982, atotal of 115,380 acreshave been grandfathered and permitted

by the permanent program, which is 42% of the 273,271 acres permitted throughout the life of the program.

Approximately 58,524 of those acres were actual prime farmland soils. At thistime, there are approximately 25,000

acres which have been grandfathered, but not yet permitted by a permanent program permit. Grandfathered prime
farmland has been reclaimed in avariety of waysthroughout thelife of the program. Many acres have been converted
to wildlife habitat andforest with replacement of 6 to 12 inches of topsoil on unsegregated mine spoil composed of a
heterogeneous mixtureof rock, shale, and soil rubble. The current requirement for land that was capabl e of supporting
cropland prior to mining is replacement of topsoil and subsoil to a total thickness of 18 inches. However, this
requirement is being challenged by two Indiana coal companieswho believe the 18-inch standard is overly stringent.

Prime Farmland Restoration Plans
Removal

The operator isrequired to describe the thickness of thetopsoil and subsoil to be removed for each prime farmland soil
map unit within the permit. Most of thetopsoil in the coal mining region of Indianawill vary from 8to 15 inches. The
subsoil usualy variesin thickness from 4 to 10 feet. Most operators use the soil depth information from the published
county soil survey. The operator isrequired to remove and replace aminimum of 48 inches of soil (topsoil and subsoil)
for al prime farmland soils (including those soils with a fragipan) within the permit. However, in the early to mid
1980s a few permits allowed removal and replacement to the depth of the fragipan (30 to 36 inches). In 1986, the
NRCS determined that in order for fragipans to qualify for exclusion from reconstruction, they must contribute little
or nothing to the productive capacity of the soil. This contribution must be less than 0.06 inches per inch of available
water capacity to qualify for such exclusion. The fragipansin Indiana contribute more than 0.06 inches of available
water per inch and, therefore, are no longer eligible for exclusion from the reconstruction standards.

Operators are allowed to mix non-prime farmland and prime farmland topsoils and subsoilsif the parent materialsare
the same. Any soil that has inferior qualities (i.e., severely eroded ) are not allowed to be mixed. In afew instances,

amixing of the A horizon with the BE horizon hasbeen approved. Approval to mix the A/BE hasbeen allowed because
thismixing has already occurred dueto tillage practices. There arefew (if any) plans approved that allow the mixing

of the A horizon with deeper soil horizons.

Several operators have received approval to mix the B horizon with the C horizon in recent years. These plans, which
allow the mixing of the horizons to a depth of generally 6 to 10 feet, have become more popular as the industry in
Indianahas converted from scrapersto truck/shovel operations. The operator is still required to demonstrate that the
soil materialsthat are created by mixing are equal to or more favorable for plant growth than the original B horizon.
At a minimum, this demonstration is based upon the analysis of the thickness of the soil horizons, pH, buffer pH,
texture, percent rock fragment (>2mm), percent organic matter, phosphorous, and potassium.

Prime farmland soils must be removed from the areas to be disturbed before drilling, blasting, or mining. Several
operators have obtained approval to leavethe B or C horizonsin placein areasthat will be affected but not mined (i.e.,
haulroads, mine management areas). In these areas alltopsoil is removed and the unremoved subsoil is protected by
ageotextilefabric or alayer of subsoil from a depth deeper than 48 inches. Where the B or C horizon is not removed,
but may have been compacted or otherwise damaged during the mining operation, the operator is required to engage
in deep tilling or use other appropriate means to restore premining capabilities.

Storage
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Topsoil and subsoil materials are stockpiled (stored) only when it isimpractical to replace the material immediately
onaregraded area. Stockpilesmust belocated on stabl eareas| ocated away from drai nagewaysand depressions, located
away from potential contamination sources, and out of the way of pit advancement. Stockpiles must be protected from
wind and water erosion through prompt establishment and maintenance of an effective, quick growing non-noxious
vegetative cover. Seeding and/or mulching isto be implemented within atime short enough to prevent erosion but in
no case longer than 30 days after becoming inactive.

Redistribution
The operator is required to remove and replace a minimum of 48 inches of soil (topsoil and subsoil) for all prime
farmland soils (includingthose soils with a fragipan) within the permit. As discussed in the removal section, in the

early to mid 1980s a few permits allowed removal and replacement to the depth of the fragipan (30 to 36 inches).

Relocation of Prime Farmland

Indianadoes not allow the aggregate total prime farmland acreage to be less than that which existed prior to mining.
Water bodies, if any, to be constructed during mining and reclamation operations must be located within the post-
reclamationnon-primefarmland portions of the permit area. Operatorswill often try to aggregate (rel ocate) the areas
of primefarmland to form larger blocks. Aswith water impoundments, the prime farmland must be rel ocated to areas
of post-reclamation non-prime areas of the permit. Indiana doesnot allow any surface owner to lose prime farmland
acreage except for the following example. There have been times when a surface owner wished to have a permanent
impoundment and his/her property isall prime farmland. In these cases, the DOR has allowed the affected portion of
the prime farmland to be relocated to a neighboring property. The consent of both parties is required prior to the
approval of thistype of relocation.

Proof of Productivity and Revegetation (Bond Release) Performance Bond and Liability Period

Prior to mining, the operator isrequired to put up a performance bond for the areawithin the permit area upon which
the operator will conduct mining and reclamation operations. The bond rate will range from a minimum of $3,000 to
amaximum of $10,000 per acre and is calculated upon the difficulty of reclamatiorshould the operator fail to fully
or properly restoretheland and the state must complete reclamation. Thisbond shall befor the duration of the surface
mi ningand reclamation operation plusaperiod of liability. The period of liability startsafter thelast year of augmented
seeding, fertilizing, irrigation, or other work, and continuesfor not lessthan five (5) years. The DOR may rel ease bond
in whole or in part (phases), when the operator demonstrates the reclamation covered by the bond has been
accomplished as required and public notice requirements have been met.

Phase | Release (Grading)

Anareaiseligiblefor Phasel release, upon completion of the backfilling, regrading, replacement of all soil materials
(topsoil and subsoil), and drainage control of a bonded area according to the reclamation plan. The soil is probed by
the DOR staff at an average of one (1) hole per three (3) acres to ensure the replacement of proper soil depths. The
replaced soil must be seeded and/or protected with mulch. When this stage of reclamation isachieved, 60% of the bond
may be released.

Phase || Release (Revegetation)

For an areato be eligible for Phase Il release, one (1) proof of productivity is required.The yield must meet
or exceed 100% of the success standard. M easurement of soil productivity must beinitiated within ten (10) years after
completion of the soil replacement. Upon completion of this stage of reclamation, 25% of the bond may be released
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Phase |11 Release (Final)

For Phase I11 release, two (2) additional proofs of productivity are required. These yields must meet or exceed 100%
of the success standard. The release of the remaining 15% of the bond occurs, when an operator has successfully
completed all remaining surface mining and reclamation requirements. This portion of the bond must be held for the
entire five (5) year period of liability.

Success Standards

Restoration of soil productivity isachieved when the crop yield during the measurement period equal sor exceeds 100%
of the success standard. The success standard must be met with a90% statistical confidencelevel (aone (1) sided test
witha0.10 alphaerror). The success standards are 1) an approved reference area, 2) aweighted average of the current
(at the time of permit issuance) NRCS predicted yields for the unmined soil map units, or 3) other success standards
approved by the director. Only one Indiana company hastried the reference area concept, but has since changed back
to the NRCS weighted average of soil map units. A reference area is a land unit maintained under appropriate
management for the purpose of measuring ground cover, productivity, and plant species diversity that are produced
naturally or by crop production methods. A reference area must be representative of the geology, soil, slope, and
vegetation in the permit area. Each reference areais to be located within 20 miles of the area represented.

Soil productivity of the mined and reclaimed prime farmland area must be measured by using one of the following
methods: 1) growing crops on all of the area which we call a whole field harvest, or 2) growing crops on a
representativeareacalled test plots. The DOR eval uatesthe soils, topography, age, management, locality, and any other
factor that effects production to determine whether atest plot is “representative.” Test plots collectively comprise at
least 10% of the area under evaluation for bond release. No test plots smaller than one acre in size are allowed.

Random sampling procedures are often used to estimateyieldsfor corn, soybeans, wheat, and hay. For corn, procedures
used by the NRCS in Indiana and developed by Purdue University are recognized. We have also used the sampling
techniquesin Appendix A of 62 Illinois Administrative Code Section 1816 to obtain estimates for these crops.

Acres of Prime Farmland Released for Phase 111

Sincetheend of 1994, DOR hasreleased 1,259.6 acres of primefarmland for Phasell1 (Final Phase- totally released).

Cropping Practices' Crops Used

All prime farmland must have a post-mining land use of cropland. One of the three proofs of productivity must be a
corn or soybean crop. Other crops may be wheat or hay. The DOR has accepted any crop for which the NRCS can and
will provide atarget yield. In the past, these crops have included canola, grain sorghum, and corn silage.

Crop Adjustments

Adjustmentsto predicted target crop yields may be made according to accepted agronomic practices. Adjustmentsare
requested through consultation with the Natural Resources Conservation Service or other sources approved by the
director (includes Purdue University) for factors,including disease, weather, tillage management, pests, and seed or
plant selection. The DOR has made adjustments for double cropped soybeans, freezing damage to winter wheat, and
most recently a soybean disease, charcoal rot. A few operators are currently using Purdue University Cooperative
Extension Servicebulletin ID-152 which is entitled “Influence of Production Practices on Yield Estimates for Corn,
Soybeans and Wheat” for adjusting yields. The DOR has on a limited basis a'so made adjustments to account for
weather variations with the use of the county averages as determined by the Indiana Agricultural Statistics Service.
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Results

In 1994, the Overall Reclamation Success Team (ORST) wasformed between the Office of Surface Mining (OSM) and
the Indiana Division of Reclamation. Three members from each agency met over a two-year time span to devise
innovative, on-the-ground techniques to measure program SUCCess.

Asaresult of those meetings, seven projectswere defined and studieswere conducted for each. Three of those studies,
Proof of Productivity, Post Mine Land Use, and Citizen Satisfaction Survey, have a direct relationshigo the results
of prime farmland reclamation in Indiana and will be further discussed in this presentation.

At thisyear’s annual Division of Reclamation meeting held in mid-February, a group of four landowners considered
to be good caretakers of their mined properties provided us apanel assessment of their reclaimed ground several years

after mining had taken place. These gentlemen also expressed their opinions of the adequacy of the reclamation laws
and their enforcement. Relevant portions of that panel discussion will be discussed at the forum.

Proof of Productivity

The ORST completed a study of the time required for operators to prove productivity on areas of prime farmland and
non-primecropland/pastureland. The study was conducted to determine (1) whether productivity standardsare being
met overal, (2) how long it is taking to accomplish thisin the field. The ORST devised the study using the best
available data.

Nearly 70% of the 504 acres of prime farmland included in the study achieved Phase Il bond release within four years
of initial seeding. An unexpected result of the study showed that only 40% of the 1,086 acres of non-prime cropland
and pastureland acres had received a Phase Il release and that it took at least seven years for nearly 50% of those
released acres to achieve Phase |1 release.

Figure 2: Yearsto obtain Phase |1 release from prime farmland
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Figure 3: Years to obtain Phase III release for prime farmland
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Figure 4. Years to obtain Phase III release for non-prime farmland
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Of the 1,086 acres of nonprime cropland/pastureland included in the studynone had achieved arelease of Phase ||
bond prior to six years after initial seeding; five yearsisthe minimum regulatory requirement. This, was unexpected
since nearly 100 acres of PFL had already received a Phase |11 release in the same time frame.

Thelargest block of NPFL to be Phase I11 released occurred 6.5 yearsfrominitial seeding compared to 10.0 yearsfor
PFL.

Post Mining Land Use

The ORST conducted astudy of pre- and post- mining land use bond release asan indicator of land capability following
the mining and reclamation process. Approved pre- and post-mining land use acreage information was gathered from
permit documents. Post-releaseinformation was gathered by field visits which examined the actual use of theland on
the ground following the completion of the phased bond release process. The most useful data was derived from 15
permit areas where the total affected areas had been 100% rel eased form reclamation bond.

No distinction was made for the cropland land use of the actual number of acres classified as prime farmland vs.
number of acres of non-prime farmland; four our study it was considered to be just cropland. Of the 3,391 acres of
preminingcropland land use, 3,005 werestill being managed ascropland, post-bond rel ease (87%). Of the 3,005 acres,
2,636 acreswerein arow crop rotation of either corn, wheat, or beans; the remaining 369 acres were being managed
ashayland. Thisshowsasubstantial continuing use of cropland and that the restored capability of reclaimed land has
been sustained.

Citizen Satisfaction

The ORST was charged with designing and implementing methods to measure the overall success of the
implementationof the I ndianaRegulatory program. One method used by theteamwasasurvey of 265 individualswho
owned property that had been mined and reclaimed. The purpose of the survey wasto gain, in general terms, a feel
for thelevel of citizen satisfaction with completed mining and reclamation. Thequestionscontainedinthesurvey were
not intended to gather technical or specific environmental information.

For the questionnaires sent out, the team received completed responses from 59 individuals. While the responses
showed ageneral level of satisfaction with the completed mining and reclamation activities, several general comments
were received which indicate that additional actions may be merited. For areas specific to this prime farmland
presentation, six respondents indicated that they could not achieve pre-mining production on the reclaimed sites.
Landowner estimates were generally in the range of 75% - 90% of pre-mining productivity. Two additional

respondents indicated that the post mining land was fragile and that it was difficult to make a profit from it.
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SURFACE MINING AND RESTORATION OF PRIME FARMLAND
SOILSIN KENTUCKY'S COAL INDUSTRY

Gary E. Welborn'
Kentucky Department of Surface Mining
Madisonville, Kentucky

Abstract

The Kentucky presentation takes the permittee from initiation of the permitting process through final bond release.
Permit reclamation plans, determination of pre-mining and post-mining land uses, and exemptions are discussed.
Informationwill be presented on methods utilized during the mining processfor theremoval, storage, and replacement
of soil horizons. The final segment exhibits program requirements for meeting crop production goals and achieving
final bond release.

The "Federal Surface MiningControl and Reclamation Act of 1977" (Public Law 95-87), " 1992 Kentucky Surface
MiningLaw" (KRS 350), and 405 KAR Chapter 7 through 24 regulate the surface mining and restoration of prime
farmlandsoilsin Kentucky. Surface mining of primefarmland sodsin Kentucky's coal industry are divided into three
processes. These processes are permitting, mining and reconstruction, and demonstration of productivity restoration.

Permitting

A valid permit must be obtained prior to surface coal mining in Kentucky as per 405KAR7:040(1). The permit
applicantmust, per 405K AR8:030(21), investigateto determineif landswithin the permit areamay beprimefarmland.
Prime farmland soils are defined as lands designated by the Secretary of Agriculture in 7 CFR 657 (also see
405KAR8:030(21)) and have been historically used as cropland. "Historically used for cropland” is defined by
405KAR7.001(64) as land used for cropland for any five (5) years or more of the last ten (10) years preceding an
applicationfor or acquisition of landsfor the purpose of surface coal mining. Generally, soilsarenot considered prime
farmland if (1) they have not historically been cropped; (2) the slope il0% or greater; (3) they exhibit avery rocky
surface; (4) they are subject to frequent flooding; or (5) they have not been designated by U.S. Soil Conservation
Service (SCS) as prime farmland. Additional lands exempted are lands encompassed by coal mining permits issued
prior to August 3, 1977, or areas that are part of a single continuous coal miningoperation begun on permits issued
prior to August 3, 1977.

The permit applicant isrequired to conduct an investigation to determineif prime farmland regulations apply. When
an applicant's investigation concludes prime farmland soils are not present or exempt, the permit application must
includeadetailed request for negative determination. The Kentucky Natural Resourcesand Environmental Protection
Cabinet (NREPC) shall approve or deny the negative determination based upon information provided by the applicant
aswell asany other pertinent information available. Other pertinent information may include cropping historiesand
records available from the Agriculture Stabilization and Conservation Service.

If the investigation indicates prime farmland is present, a plan in accordance with 405KAR8:050 Section 3 and
405K AR20:040mustbeincluded in the application. The plan must include asoil survey of the permit areaby the SCS
or to the standards of the National Cooperative Soil Survey (NCSC). The Survey shall provide a soils map, soil
mapping unit descriptions, and soil profile descriptions with horizon depths, textures, pH values, and bulk densities.
The plan shall also include details for the removal, storage, and replacement of soil horizons. "Soil Conservation
Service, Kentucky Standard and Specifications for Land Restoration, Currently MinedPrime Farmland" establishes
the guidelines for the removal, storage, and replacement of prime farmland soils. Adeguate soil material must be
removed to reconstruct 48 inches of soil. A lesser soil depth may be approved if the lesser depth isequal to the natural
soil depth. A greater depth may berequired if necessary to restore original soil productivity. Substitute soil materials
or acombination of soil materials, B horizon, and/or C horizon may be utilized if proven to meet requirements. The
proof must include an analysisby aqualified soil scientist of the physical and chemical parametersof theoriginal soils,
substitutes, and/or mixtures. The topsoil, B, and/or C horizons are to be removed separately. Regardless of the
material approved, it isimperative to devise aplan for the implementation of all actions feasible during soil removal
to minimize negative impacts during the reconstruction and proof of production phases.
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Maps and plans designating the final grade and post-mining location of restored soil units are to be included. This
plan must contain ademonstration of soil productivity restoration to equivalent or higher level sthan non-mined prime
farmland of the same type with equal levels of management. Revegetation plans, crop production plans, and yield
measurement methodol ogies must be provided to demonstrate restoration of productivity.

Mining and Reconstruction

Uponissuance of the permit, the removal, storage, and replacement of soils may begin. During the timeswhen prime
farmland soils are being disturbed or restored, NREPC personnel will conduct at |east weekly inspections. The plan's
soil surveyswill be used to locate andidentify the soils to be removed prior to any drilling, blasting, or mining, and
to flag the boundariesfor easy field identification, Actual field conditions of topography, drainage patterns, flooding,
soil descriptions, soil profile horizon thickness, and soil depth should be checked against permit plans. More detailed
observationsof soil color, texture, bulk densities, and fragment size may prove necessary. If discrepancies are found
between permit plansand actual field conditions, further documentation by aprofessional sod scientist or soil classifier
to meet standards of the NCSS and a permit revision may benecessary prior to disturbance. Consider soil moisture
conditions and fluctuations to plan removal duringdry conditionsto avoid compaction. Physical soil losswill occur
during removal, storage, and replacement; therefore, plan to remove sufficient quantities to replace horizons as per
permit plans. Use equipment to allow for effective segregation of soil layers and minimize compaction. Back-dump
trucks, low ground pressure dozers, and front-end loaders are currently the preferred equipment used. Taking up and
replacing soil with a minimum number of lifts and traffic passes minimizes material handling and compaction.

If the natural topsoil (A or E horizon) is less than six (6) inches thick, remove and segregate the top six inches as
topsoil. Separately remove the B and/or C horizon material or approved substitute material to a depth adequate for
soil replacement.

If not replaced immediately, stockpilethe soilsremoved in separate designated areas appropriately marked by horizon
type. Locate the stockpile m areas of adequate drainage that are not subject to flooding or slippage and are protected
from contamination, Remove all woody vegetation and other material that may interfere with placement or removal.
Construct the pile to avoid ponding, erosion, or contamination from other sources. ff stockpiles arein place for more
than thirty (30) days, erosion control measures are to be implemented to meet all requirements of 405K AR16:050.

The segregated B and/or C horizons and the topsoil are to be separately replaced upon removal or restored from
stockpilesasthe situation warrants. The replaced soils areto be restored to a uniform depth, typically to atotal depth
of 48 inches including a minimum of six (6) inches of topsoil. The reconstruction shall occur when moisture
conditions minimize compaction. The equipment and methodology used in reconstruction shall avoid excessive
compactionand preserveporosity. Thereconstructed soil shall bereplaced ontheoriginal landinthelocation specified
inthepermit plan. Thefinal grade of theareawill provide uniform slopesand adequate surface drainage. Theaverage
slope shall be within the slope range of the original soils mapping unit and not exceed 6%.

Appropriate erosion control measures shall be implemented immediately upon soil replacement. Mulching, or other
soil stabilizing practices, shall be used until the first period for favorable planting conditions. Then the areawill be
seeded and planted with species approved in the permit to provide a stableground cover of 90% until crop rotations
are begun.

Productivity Demonstration

Crops must be grown on the replaced soils and the yields measured to prove soil productivity has been restored as per
specificationsin”Kentucky Prime Farmland Revegetation and Crop Production Restoration After Mining" incorporated
byreferencein 405K AR20:040(6). Production studiesmay begin anytimeafter replacement; however, the studiesmust
begin within ten years. Target yields must be met for a minimum of three crop years. The crops grown must be
selected from those most commonly grown in the surrounding area. Generally in Kentucky this means corn, soybeans,
whest, or grass-legume hay, The row crop requiring the greatest rooting depth shall be chosen as one of the reference
crops, therefore, in Kentucky, corn shall be chosen as one of the reference crops. Corn may be grown for all three of
the
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measurement years or grown in rotation with other approved crops. The samelevels of management must be applied
to thetest cropsasthose on non-mined primefarmland. Fertilization, planting, tillage, and weed control records shall
be kept on file by the pemiittee and made available to NREPC upon request.

Target yieldsarecontained in"Estimated Crop Yieldson Prime Farmland Soilsin Western Kentucky Coalfields”, SCS,
1980, and in "Estimated Crop Yields on Prime Farmland Soilsin Eastern Kentucky Coalfields’, SCS, 1985. Yields
may be adjusted down by a maximum of 15% with the approval of SCS for damage by disease, pests, or weather.
Where authorization has been granted for the mixing of two or more soil mapping units, a weighted average based
upon acreage of the different soil mapping units prior to mining shall be calculated to determine the target yields.

Yield measurement techniques are taken from: (1) Technical Reclamation Memorandum # 19 "Field Sampling
Techniquesfor Determining Ground Cover, Productivity, and Stocking Success of Reclaimed Surface Mined Lands."
Kentucky DSMRE, 1991; (2) cropping the entire restored prime farmland area; or (3) any other sampling and
techniques for productivity determinations approved m advance by NREPC in consultation with SCS as per
405KAR16:200(9). All crop yields shall be corrected to the standard moisture content for that crop. The standards
are 15.5% for corn, 12.5% for wheat, and 15% for hay. All moisture levels are to be calculated on wet weight basis.

Notification of intention to measure productivity shall be provided to the NREPC regional office as per 405KAR
16:200(9). Thenotification shall beinwriting at least thirty (30) days prior to and again by phonewithin two (2) days
prior to the measurement dates. The NREPC may take measurement or other appropriate actions to verify
measurements made by the permittee.

Conclusion

Thousands of acres of prime farmland soils have been successfully surface named and restored to production in
Kentucky's coal fields. Prime farmland permits are eligible for Phase | release when the soil horizons have been
physicallyrestored and erosion control procedures have been implemented. A Phase 11 release is obtainable when
target yields have been met for three (3) years. Thefmal or Phase 11 bond rel ease requirements have been met when

the total five (5) year liability has expired. Careful planning during the permitting process, attention to detail in the
miningand restoration process, and valid demonstration of productivity restoration have made successful restoration

and bond release possible.

'Gary Welborn, Environmental Inspector/Bond Release Specialist, Kentucky Department for Sufface Nfining
Reclamationand Enforcement; B.S. Forestry, University of Kentucky; 20 yearswith Kentucky Department for Surface
Mining Reclamation and Enforcement.
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NORTH DAKOTA PRIME FARMLAND RECLAMATION PROGRAM

Dean Moos! and Jim Deutsch
Reclamation Division, ND Public Service Commission
Bismarck, North Dakota

Abstract

North Dakota adopted prime farmland regul ations with the passage of SMCRA in 1977. Many of the permitted areas
are grand-fathered or exempt from the prime farmland standards. The mine operator must submit an operations and
reclamation plan for the prime farmland areas that are subject to the prime farmland regulations. Full restoration of
production must be achieved before final bond release can be granted.

Setting and Conditions

Currently, there are four surface mines operating in North Dakota. These mines are located in central and western
North Dakota and produce approximately 30 million tons of lignite per year. The soilsfrom this areadeveloped from
glacial till and soft sedimentary bedrock. The pre-miningland use of the areaconsistsprimarily of cropland and native
grassland. Small grains, primarily spring wheat, are the dominant crops grown in the area. Average annua
precipation in this areais approximately 16 inches per year.

In central and western North Dakota, approximately 13 soils have been identified as prime farmland soils by the
Natural Resource Conservation Service (NRCS). Theseprime soilsoccur in small areason foot slopes, swales, or mild
depressions. They areusually 5to 30 acresin extent. Generally, the prime farmland soils receive run-on water from
higher surrounding upland areas that generally do not meet prime farmland criteria.

In many cases, the soils of the adjacent prime and nonprime areas are morphologically similar, oftentimes only
differingby thickness of the A and B horizons, presence of argillic horizons, depth to carbonates, etc. The prime soils
generallyhavethicker, darker topsoil layer, higher organic matter content, and thicker solum (A and B horizons) than
the adjacent nonprime soils.

The prime soils generally have a higher productive capacity than the adjacent nonprime soils. Numerous studies
(Richardson and Wollenhaupt 1983, Schroeder andDoll 1984, and Wollenhaupt and Richardson 1983) have shown
that the higher productivity of the prime soils is related to the more favorable moisture regime as a result of the
additional soil water contributed by the run-on water from the adjacent upland areas. The authorsdid not feel that the
higher productivity of the prime soils was the result of any inherent soil properties.

Omodt et.al. (1 975) reported that the following soil properties are of special importance to reclamation of mined land

inNorth Dakota: organic matter, soluble salts, exchangeable sodium freelime, soil texture, bulk density, soil structure,

soil depth, and pH. It should be noted that bulk density and soil structure of pre-mining soils are drastically altered
by the mining and reclamation activities. The remaining pre-mine soil properties tend to be little altered by mining
and reclamation activities.

Prime Farmland Deter mination

Miningcompaniesarerequired to identify primefarmland areas as part of the peanut application. Thisdetermination
is based on the NRCS county soil surveys that have been completed for each county in the state. The NRCS has
identifiedwhich map unitsin each county are considered primefarmland. The NRCS county soil surveysareprepared
at a scale of 1:20,000 and the minimum size delineation is approximately five acres.

The mining company also has a detailed soil survey prepared for each permit area. A professional soil classifier
prepares this detailed soil survey, and it is generally more detailed than the NRCS Soil Suney. The mining permit
survey is prepared at ascale of 1:4,800, and the minimum size delineation is approximately two acres. This detailed
soil survey is used to determine the soil salvage depths, the adequacy of the soil resources for reclamation, and

devel opment of the reclamation success standards.



Whenthe NRCS soil survey map (from which the primefarmland determination ismade) isenlarged to the samescale
and overlaid on the detailed permit soil survey map, thelocations of prime farmland as mapped by, the NRCS may not
correspond with the detailed soil survey map. Stomberg (1985) found that within the areas mapped as prime farmland
by the NRCS, about 35% of the acreage was actually comprised of nonprime soils-. for any particular landowner,
nonprimesoils comprised from 22 to 91% of mapped prime soils. The prime farmland section of Permit NAFK-9503
for the Falkirk Mine indicates nonprime components (based on the detailed soil survey) comprise from 7 to 93% of
the prime farmland delineationswithin this permit area. Oftentimes, the discrepancies may be minor such assimilar,
nonprime soils being included in the prime delineation; however, significantly contrasting soils may be within the
prime delineation. If significant differences exist between the two surveys, the NRCS and the professional soil
classifierwho prepared the permit soil survey may berequested to field review the questionableareasand, if necessary,
make the appropriate adjustments.

Severa exemptionsto the primefarmland success standardsexist. Landsthat the permittee had thelegal right to mine
before August 3, 1977 and are part of a continuous mining plan that was under permit before August 3, 1977 are
exempt from the prime farmland standards. Thisiscommonly referred to asthe "grandfather clause.” Areasthat are
not "historically used as cropland" arenot subject to the prime farmland standards. These include native grassland
areas, tame pastureland, trees, and native and industrial areas.

Of the 55,425 acres currently under permit at the four active mines, approximately 28,760 (52%) acres are subject to
the primefarmland handling requirements. Theremaining acreageisexempt based onthe"grandfather clause." There
are approximately 4,285 acres of prime farmland within the 28,760 acres that are subject to the prime farmland
standards.

Prime Farmland Operations and Reclamation Plans

Since 1975, North Dakota has required segregation of topsoil and subsoil fromall mined lands. Topsoil normally

consistsof the A horizon and the upper part of the B horizon, typically the dark colored organic-rich, noncal careous,

non-sodic. and non-saline upper horizons of the soil profile. Subsoil typically consistsof the cal careous, non-sodic and
non-salinematerial to a depth of 5 feet. The stark color change between topsoil and subsoil makesit afairly simple
task for trained equipment operators to successfully segregate topsoil and subsoil materials.

The actual handling of prime and nonprime soils is similar with the exception that the prime farmland soils are
removed, stockpiled and respread separately from nonprime soils. A total of 48 inches of topsoil and subsoil (if
available) must be removed andrespread from the prime farmland areas. Mine operators prefer to directly respread
soils when possible, but when suitable respread areas are not available, the soil materials must be stockpiled.

Reclaimed prime farmland areas must have topography similar to the pre-mine prime farmland areas, i.e., concave or
swale positions with gentle slopes (O-6%slopes) to ensure run-on water. Schroeder (1991) found that lower slope
positions(foot slope and toe slope positions) had a positive effect on available soil water at planting and wheat yields.
Post-miningtopography including prime farmland areas must be approved by the Commission prior to soil respread.
Soil is respread to a total depth of 48 inches on prime farmland areas. Typica cropland (prime and nonprime)
reclamation consists of planting a pre-crop mixture of grasses and legumes following soil respread. The purpose of
the pre-crop mixture is to stabilize the soil following reclamation and promote soil structure development. After
several years the pre-crop mixture is plowed down and cropping with small grains begins. Recently, the mining
companieshave gone directly into small grain production following soil respread rather than planting the reclaimed
areasto a pre-crop mixture of grasses and legumes.

The North Dakota prime farmland rules are similar to the Federal law and rules with one exception. North Dakota
allows for the mixing of prime topsoiland subsoil with nonprime topsoil and subsoil, respectively, provided that the
resultingmix is of equal or better quality, The permittee must demonstrate that the resulting mixture is of equal or
better quality. If thisdemonstration can not be made, the prime and nonprime materials must be handled separately.

Mixing of primeand nonprime subsoil has been routinely allowed in those instances where the resulting mixture is
of equal or better quality. The permittee must make a comparison in the permit application demonstrating that the
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resulting mixture will be of equal or better quality, i.e., that the prime and nonprimesubsoil materials are of similar
quality. In certain instances when the adjacent nonprime subsoil is of marginal quality, segregation of the prime
subsoil isrequired.

Historically, prime topsoil has been segregated from nonprime topsoil. Halvorson and Nathan (1993, 1995) and
Halvorson (1996) indicated that certain prime and nonprime soils could be mixed without affecting crop yields or
reclamation success. This research found that landscape position was the most important factor in determining
reclamation success of reclaimed prime farmland.

A comparison of the soil properties of atypical primeand nonprime soil isprovided ontables| and 2. Tablel compares
the soil series criteria, characteristics, and interpretations of the most common primeand nonprime soilsin the coal
miningregion. Soil laboratory datafor typical prime and nonprime soilsiscompared on Table 2. A weighted average
is provided for the topsoil and subsoil materials of the prime and nonprime soils. You will note that prime and
nonprime soils are similar in chemical and physical characteristics.

Recently, The Falkirk Mining Company submitted a proposal to mix prime and nonprime topsoil materials. Table 3
compares the soil laboratory data of the most common prime and nonprime soils occurring within this permit area.

These three soils make up approximately 80% of the entire permit area. This proposal is currently under review;

however, the Commission feels this proposal has merit for the following reasons:

The dominant prime and nonprime soils are very similar in chemical and physical characteristics.
A significant amount of mixing of prime and nonprime topsoil is already taking place as discussed above.

*  Therequired productivity standard for the reclaimed prime areas is generally not significantly higher than the
nonprime areas, usually less than a bushel per acre for spring wheat.

*  Thetopsoil respread thickness for prime and nonprime respread areasis not significantly different. Usually the
prime topsoil thickness is only dlightly thicker (oftentimes less than a 2-inch difference) than the adjacent
nonprime areas.

Eventhough segregation of the primeand nonprimetopsoil iscurrently being practiced, asignificant amount of mixing
of prime and nonprime topsoil is talking place due to the amount of nonprime "inclusions" within the prime areas.
These nonprime inclusions result in alower productivity standard for the prime areas and thinner topsoil respread
thickness. It should be noted that the permittee will still be required to meet the required standard for the prime areas

for three years prior to bond release.

The types and amount of nonprime topsoil that can be mixed must be restricted to similar prime and nonprime soils.
In this instance, we do not feel that the benefits gained by segregating prime and nonprime topsoil are worth the
additional cost. We feel the slightly elevated organic matter levels of the pre-mine prime farmland soils justify the
segregation of the prime and nonprime topsoil materials especially when one considers that mixing of prime and
nonprime topsoil is taking place with the current practice of segregating prime and nonprime topsoil.

Respread depths of nonprime areas are typically determined by the graded spoil quality. Total soil respread depths
range from 2 to 4 feet depending on graded spoil quality. If the graded spoil is non-sodic (SAR<12) and medium
textured (loam) or finer, then the total soil respread depth would be 24 inches, If the graded spoil is moderately sodic
(SAR = 12-20) or coarse textured (sandy loam or coarser), then the total soil respread depth would be 36 inches. If
thegraded spoil ishighly sodic (SAR >20), then thetotal soil respread depth would be 48 inches. Asmentioned above,
prime farmland areas are respread to a total depth of 48 inches regardless of the graded spoil quality. The Falkirk
Mining Company has also submitted a proposal to utilize the graded spoil as part of the subsoil respread requirement
provided that the graded spoil quality is of equal or better quality than the prime subsoil. Additional sampling of the
graded spoil will berequired. This proposal is currently under consideration by the Commission.

Determining Reclamation Success
North Dakota has a 10-year responsibility period, i.e., the reclaimed area must remain under bond a minimum of 10

yearsfromthelast augmented seeding. Productivity (crop yield) istheonly vegetation parameter that must be assessed
for final bond release. Reclamation successisachieved when the annual average crop productionfromtheareaisequal
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to or greater than that of the approved reference area or standard with 90% statistical confidence for a minimum of
three years for prime farmland areas and two years for the nonprime areas,

For assessment of revegetation success on surface mined land reclaimed to prime farmland, the permittee may use
either a reference area standard or a technical standard based on NRCS data. Each of these standards provides a
procedure for climatic correction of yields. If atract is owned by more than one landowner, production on each
landowner'sproperty must be assessed separately. A separateyield must be obtained and aseparate standard devel oped
for each landowner's property. A separate standard must be derived for prime farmland tracts. Spring wheat must be
used to determine reclamation success for at least two of the three years that productivity measurements are taken.
Barley and oats may be used for the remaining year.

The cropland reference area standard combines areference areawith SCS productivity indicesfor soil mapping units.
Thismethod iswell suited to reclaimed prime farmland tracts and reclaimed nonprime cropland tracts that subtend
only afew soil map units. A cropland reference areais established for soil mappinginits that were predominant in

thereclaimed tract prior to mining. Thereferenceareamust includeone or two reference soilswhich singly or together
occupy morethan 50% of thereclaimedtract. Thereferenceareamust betopographically similar to thereclaimed tract
and must be established in the vicinity of the mine area.

Theyield from each soil map unit in the reference area must be separately harvested or sampled. The crop yield of
one of the reference soils must be used along with the NRCS soil productivity indicesto calculate the expected yields
for the other premining mapping units not represented in the reference area. The current year's actual yield from the
reclaimed tract is then compared to the derived standard. The yield standard must be derivedfor each year that the
reclaimedtract is evaluated for bond release. Appropriate statistical tests must be applied as necessary to determine
if the yields are significantly different.

Under the technical standard based on the NRCS productivity indices method, productivity index values for all
premining soil map units which existed in the reclaimed cropland tract arebtained. Index values are converted to
yields using the assigned county yield for the Productivity Index of 100%. A yield valués determined for each soil
mappingm thetract and multiplied by the acreage each mapping unit occupied mthetract. Theseweighted yieldsare
summed and divided by the total acreage of the tract to obtain a weighted average yield per acre. Thisvalueisthe
unadjusted yield standard for the reclaimed cropland tract. NRCSyield ratings for productivity indices are based on
long-term average data and do not account for annual climatic variations. Therefore, the unadjusted yield standard
must be adjusted using the four approved methods.

To date, no final bond release applications have been received for prime farmland.
Summary

Significant portions of permitted areas in North Dakota are exempt or grand-fathered from the prime farmland
standards. Prime farmland soils in the coal mining region of North Dakota are morphologically similar to many
adjacent nonprime soils. By regulation, prime soils are to be salvaged, stockpiled, and respread separately from
nonprime soils. However, regulations allow for themixing of prime and nonprime topsoil and subsoil, respectively,
providedthat theresulting mixtureisof equal or better quality. In North Dakotamixing of primeand nonprime subsoil
has been routinely approved provided that the resulting mixture is of equal or better quality. Recent research has
indicated that certain prime and nonprime topsoil can be mixed without affecting reclamation success. Successful
reclamation consists of restoring 100% of the premine productive capacity for a minimum of three years.
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Table 1. Comparison of Williams, Bowbells, and Falkirk Soils (based on soil

series criteria, characteristics, interpretations, etc.)

Soil Property Williams Soil Bowbells Soil (prime) Falkirk Soil (prime)
(nonprime)
Classification Fine loamy, mixed Fine-loamy, mixed Fine-loamy, mixed
Typic Argiborolls Pachic Argiborolls Pachic Haploborolls
Drainage Class *! Well Well and moderately Well
well

Permeability *'

Parent material *'

Tlhickness of A horizon
*

A horizon texture *1
Thickness of mollic
epipedon *'

Thickness of non-
calcareous B horizon *'

B horizon texture *!
Bulk density (g/cm’)*'

Available Water
Capacity (in/in) *'

K factor *!

T factor *!

\Yind Erodibilty Group
*

Organic Matter (%) *!
Productivity Index

Moderately slow or
slow

Calcareous glacial till

5-15"

L, CL, SL, FSL, SiL
< 1611

5-20”

CL, L (24-35% clay)

1.2-1.6 (0-24")
1.3-1.6 (24-60™)

0.17-0.24 (0-6")
0.16-0.2 (6-24")
0.15-0.18 (24-60")

.28
4
6

2-7% (0-6")

85 (0-3% slopes)
80 (3-6% slopes)
60 (6-9% slopes)

Moderate to slow

Glacial till and alluvium

from glacial till
5-15”

L, SiL, CL
> ]6"

6-24"

CL,L

1.1-1.4 (0-6")
1.2 -1.5 (6-23")
60”)

0.17-0.24 (0-6")
0.16 - 0.22 (6-23")
0.14 -0.18 (23-60")

28
5

2-6% (0-6")
100 (0-3% slopes)
90 (3-6% slopes)

Moderate and
moderately slow

Glacio-fluvial
sediments underlain by
glacial till

5-15"

L, SiL
16 - 30”

5-22"

L (18-27%clay &
>15% fine & coarser
sand)
1.1-14(0-28"
1.3-1.7 (28-60")

0.2 - 0.22 (0-7)

0.17 - 0.19 (7-28")

0.13 - 0.17 (28-34")

0.14 - 0.16 (34-60")
28

5

2-6% (0-7")

95 (0-3% slopes)
85 (3-6% slopes)
75 (3-6% slopes)

*! Source - The official series description and Form 5 for Williams, Bowbells, and Falkirk soils.




Table 2. Comparison of Williams & Bowbells Topsoil & Subsoil Properties Based on NRCS Lab Data

Williams soil Bowbells soil
(nonprime) (prime)

Soil Property Topsoil Subsoil Topsoil Subsoil
n (# of pedons) 4 4 3 3
Average Topsoil Thickness 10.2 40 22.3" 37.7
Electrical Conductivity 0.57 0.71 0.71 0.43
(mmhos/cm)*'
Sodium Adsorption Ratio *' 0.12 1.9 Not available 1.33
Calcium Carbonate Equivalent *' <0.1 14.1 Not available 7.6
Organic Matter % *' 3.38% 0.5% 2.8% 0.96%
% Sand *' 27% 23.1 26.6% 29.3%
% Clay *! 28.4 29.2 29.3% 31.5%

*! Weighted average

Table 3. Comparison of Williams, Bowbells, and Falkirk Topsoil Properties Based on
Soil Lab Data Submitted with Permit NAFK-9503

Williams soil Bowbells soil Falkirk soil (prime)
Soil Property (nonprime) (prime) *2
N (# of pedons) 20 3 26
Average Topsoil Thickness 12.2” 17.1” 19.5
Ellectrical Conductivity (mmhos/cm) 0.33 0.46 0.41
Sodium Adsorption Ratio *! 0.41 0.35 0.39
Calcium Carbonate Equivalent *' 1.66 1.67 1.57
pH *! 6.7 7.1
Organic Matter % *' 2.77% 3.06% 3.13%
% Sand *! 31.5 28.5% 51.6%
% Clay *' 25.3% 23.8% 15.8%

*' Weighted average

"Dean Moos, Environmental Scientist, North Dakota Public Service Commission, Reclamation Division; B.S. Soil
Science, North Dakota State University; Registered Professional Soil Classifier; 10 years with the Reclamation
Division.
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KANSAS PRIME FARMLAND PROGRAM REQUIREMENTS
MEASUREMENT METHODSAND RESULTS

M. N. Spence
Kansas Department of Health and Environment
Surface Mining Section
Frontenac, Kansas

Abstract

Primefarmland restoration accountsfor morethan 40 percent of the current surface coal mining reclamation activities
in Kansas. Since 1991, Kansas has had formal revegetation guidelines in place to guide the coal mining industry
through acceptabl e revegetation sampling methods for final bond release of thiscritical land use. This paper presents
an overview of the Kansas program including permitting issues, reclamation plan requirements,. revegetation
standards, and sampling methods involved. Program achievements, along with a discussion of problems and
anticipated future modifications, completethisbrief overview of the bond release program for Kansas prime farmland.

Introduction

TheKansas Department of Health and Environment, Surface Mining Section (SMS), ischarged with theresponsibility
of administering all Title 5 Coal Mining and Title 4 Abandoned Mine Land Reclamation and Emergency Program
activitiesin Kansas, aminimum program state. Fifteen peoplemanageall three programsout of the Frontenac, Kansas

office.

Coal mining in Kansas has been regulated since May 3, 1969. The KansasLaw, asit wasknown, required the surface
mineoperatorsto strike the tops of the spoil ridges so the area could be traversed by farm equipment and to then seed
theareatwice. Soilswerenot salvaged and minimum emphasiswas placed on hydrol ogy or revegetation success. With
the passage of SMCRA, Kansas fell under the auspices of the interim law until primacy was achieved on January 26,
1981.

Kansashasacontinental climatewith warmto hot summers, generally mild winters, light to moderate winds, and low
annual snowfall. The average annual precipitation is 40 inches for the coal bearing regions. The precipitation
distribution,three-quartersbeing received from April through October, coincideswith favorable crop and grassgrowth
periods.

Located in the western region of theInterior Coal Province, Kansas coal resources have been mined for over acentury
by both surface and underground methods. The actively mined coal isclassified as highly volatile A bituminouswith
210 5% sulfur. The coal seamsaverage| to 3 feet thick and arelocated generally in the eastern third of the state. The
active coal fields areisolated in five southeast Kansas counties.

On anational scale, Kansas is estimated to have about 0.2% of the United States coal reserves. In financial terms,

agriculture plays a much more important role in the economy of Kansas than does coal mining. Since program
primacy, only thirty-one coa mining permits have been issued in Kansas. However, of these permits, nineteen
contained prime farmland resources. Within the current permit sites, excludingipples and haulroads, fully 45% of

the permitted acreage is prime farmland cropland.

Permitting
Permitting requirements for Kansas prime farmland cropland parallel the Federal Regulations at 30 CFR 785.17. At
thistime, Kansas has not adopted any more stringent regulations. Permitting focuses on the existing soils volume,
croppinghistory, proposed replacement depths, and productivity standards. Becausethe Kansas program has adopted
the Federal regulations, permits are broken into appropriate sections utilizing the federal numbering system.

The primary task in permitting is to identify, and inventory prime farmland soils with a history, of cropping. The
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process begins by utilizing the county Soil Survey to map the soils on site. The applicant conducts a field
reconnaissance to inventory thedepth and distribution of the soils and ascertain current cropping status. The depth
ismeasured by probing on 200 foot centersreported on an individual map in the permit and discussed in the applicable
permit sections, specifically Soils(779.2 1) and Reclamation Plan (780.18). Thisinformation. correl ated to asoilsmass
balance, is used to determine the reclamation soil and subsoil replacement depth. Kansas prime soils arc probably
considered thin by comparison to other mid-western coal region states. Many prime soils are documented at lessthan
12 inches thick in the premine condition. Replacement depths are stated as a range,. with the overall minimum
requirements being 6 inches topsoil and atotal 48 inches horizon replacement for topsoil and subsoil combined.

Thefield review conducted by the applicant often identifies areas where minor modificationsin soil boundaries need
to be made. All changes to pre-mine soil boundaries must be reviewed and verified in writing by the responsible
Natural Resource Conservation Service (NRCS) personnel. An administrativerecord of the processisincluded inthe
permit. Often the pre-mine soil boundaries include areas of previously mined land that must be more clearly and
precisely identified in order to obtain an accurate accounting of the soil resources on site.

Aerial photography is used to gain insight into cropping history, along with personal interviews and signed affidavits
bv landowners. Theresults arc presented in the permit under Prime Farmland (785.17). The staff of the SMS works
with the NRCS to maintain a valid listing of those soils that are currently classified as prime. This, combined with
aknowledge of the history of the area, providesthe SM S with the appropriate requirementsfor the area. Historically,
several of thelarge coal companiesqualified for exemption from primefarmland standardsthrough the grandfathering
process.

Occasional allowances are made on acase-by-case basisfor inclusion of somenon-primesoil areas. Thesearetypically
wherethe soil was classified asnon-prime dueto itsslope or position. Inclusionsare alowed only in conjunction with
NRCS approval and only on asmall scale wherethe area of inclusionistypically lessthan one acrein size. The soils
are reviewed to ascertain that they are of the same parent material as the prime soil. The overall standard for
revegetation for the siteis not lowered due to this inclusion.

During permitting, the productivity standards for bond release are addressed and incorporated into thepermit. The
operator has the option of setting a productivity standard based on the soil types for the area using NRCS soil
productivity database standards or by selecting areference areato use for comparison. The reference area method is
seldom used and is discouraged due to the difficulty in selecting and managing the reference area site.

When the productivity standard is devel oped based on soil types, it is based on the acreage of the prime farmland soil
mapping units being cropped premine. The acreages are used asweighting factorsto devel op the overall productivity
standards for bond release. Thepremine acreage of each soil unit is verified to the nearest 1/10th acre. Accuracy is
important as the productivity standard can vary substantially within different prime soil series.

Reclamation Plan

Whileseveral sections of each permit discuss prime farmland cropland reconstruction, the Reclamation Plan (780.18)
outlinesthe minimum and average depth of soil replacement, as well as the methods to be used for handling prime
farmlandsoils. During the active stages of mining, thisinformation provides the basis for compliance determination
during inspections.

Acceptable soil handling is outlined in NRCS Technical GuideKansas Standard and Specifications for Land
Reconstruction, Currently Mined Land-544. This document, first developed for use in Kansas in the mid 1980s,
appliesto the identification, removal, storage, replacement, and reconstruction of soils subject to coal mining.

Aswith any large construction job, the better the site conditions are studied and the more known about the site, the
better theend result. Because mining dealswith unknowns, thetypical permit will havevariations. Therewill beareas
that are not mined dueto poor coa quality, or the coal may dip and thus be uneconomical to recover. In amost every
permitin Kansas, afinal cut impoundment is part of the approved reclamation plan because landownersrecognizethe
valueof alargewater body. Dueto any of the variationsthat can occur, special attention must be taken to have atight
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control on acres so there, will be no net loss of prime farmland. Accurate land use mapping isimportant and all acres
must be accounted for to the nearest 1/10th acre.

Thereclamation plan aso includesthelist of equipment to be used. From thisthe SM'S determinesif the soils can be
suitablyhandled to insure adequate repl acement with minimum compaction or destruction of the soil resources. There
must be some demonstration that the operator has the technical expertise and sufficient experienced field personnel
to handle prime farmland soils.

Revegetation Standards

While theproductivity standard for revegetation success is set in the permit prior to theinitiation of mining. the use
of this standard does not apply until mining iscomplete. Accordingto 30 CFR 816.116(a)(1); Standardsfor success
and statistically valid sampling techniques for measuring success shall be selected by the regulatory authority and
included in an approved regulatory program.” Kansas devel oped extensive guidelines to meet this requirement.

The process of devel opingthe Kansas revegetation guidelines involved numerous hours by the SM'S Soil Scientist in
research, expert consultation, and consultation with the regulated industry. In 1991, the guidelines under the title
Revegetation Standardsfor Successand Statistically Valid Sampling Techniquesfor Measuring Revegetation Success,
became part of the approved program. It isimportant to note that the revegetation guidelines as written represent a
"cookbook" approach that deals with revegetation requirements for bond release of all land uses. The document
provides a clear step-by-step approach to the process that can be used by anyone.

The primefarmland cropland standardsfor revegetation success are based on therow crop productivity standardsfrom

the USDA-NRCS Technical Guide Notice KS-145 for each county by soil mapping unit. At the time of the
devel opment of the guidelines, thiswasthe best available information for setting productivity standards for reclaimed
prime farmland. There remains an allowance for adjustment to crop yields based on 30 CFR 823.15(b)(8).

The most common crops grown in the mined area of Kansas are soybeans, grain sorghum (milo), and wheat. During
the initial research for the approved revegetation guidelines, it was determined that the most common row crop
requiringthegreatest rooting depth could not be practically determined on astatewidebasis. Also, thesubsurfaceclays
can prohibit the penetration of roots and thus affect the productive capabilities of the soils. Overall it was determined
that the most common row crops, with the greatest rooting depths regardless of soil physical barriers are soybeansand
grain sorghum.

In Kansas,, the row crops of soybeans or milo must be used to achievefinal bond release on prime farmland cropland.
Row crops must be grown one out of the three required crop years. This required year of row crops must meet the
calcul ated success standard to obtain aPhase 11 release. Two additional successful growing season data sets must be
obtained for the Phase 111 release. The crops of wheat, milo, or soybeans may be used for the additional two years or
forage can be used. The Kansas program allowsaPhase 11 bond rel ease to occur with only one year of row crop data.

Sampling M ethods

The Revegetation Standards for SQuccess and Statistically Valid Sampling Techniques for Measuring Revegetation
Successdocument outlinesapproved sampling methodsin astep-by step manner. Theoperator maintainstheflexibility
to choose between productivity standards based on areference area or a productivity standard based on the technical
standard for the soil typesinvolved. The operator also determineswhether the areawill be put into aforage crop with
row crop test plots or if the entire field will be put into row crop production.

Test plots have always been considered advantageousfor soil conservation purposes. 1nmany instances, once aforage
crop isestablished on amined area, it may be kept in grassesfor yearsto come and actually put into apasturetypeland
usefollowing bond release. More recently however, operators, either based on landowner request or in an attempt to

offset costs, arereturning entire areasto row crop production. In either case, the reclaimed soils production capability
must still be proven based on cropsprior to release. All methods require random samplesto betaken from the cropped
area. Presently, there is no approved method for whole field harvest sampling. Either representative samples are
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collected from a field that is being cropped in its entirety or representative samples are taken from test plots that
represent thereclaimed area. When test plots are used the forage production and cover in the areaaround the test plot
must also be sampled and meet prime farmland forage productivity requirements for the same sampling year.

According to the Revegetation Standards for Success and Satistically Valid Sampling Techniques for Measuring
Revegetation Success, test plots are to be selected based on the replaced soil depth and the slope as the primary
determinants, with a secondary grouping of bulk density. topsoil texture, and color. Test plots must be a minimum of
two acresin size and in totality must belarge enough to represent 5% of the representative areain size. For al20 acre
field, three two-acre test plots or one six-acre test plot could be used. The maximum representative areais 200 acres.
For sampling datato be acceptable, each individual test plot in the representative field area must meet the production
successstandard for that season. Failure of any test plot to meet the success standard invalidates the data on the other
test plotsin that sample area.

Whether arow crop areaisin test plots or is a field from which representative random samples are being taken, a
mi nimumof 15 samplesisrequired. Samplesare checked on both awet and adry basisfor statistical sampleadequacy.
Up to 30 samples can be collected from an area if needed to meet sample adequacy. If greater than 30 samples are
required, then sampling has to be abandoned due to variability,

Asrequired by regulation, the goal of reclamation isto meet or exceed the premine production capability of the area.

The production databases used present yields in bushels per acre for wheat, milo, and soybeans, as well as forage
productionin animal unit month, or AUMs. Actual sampling can be tedious and labor intensive. The basic stepsare
summarized below:

For milo, the average row width is determined by measuring across five rows and dividing by four to calculate the
averagerow width for the particul ar planter that wasused. Thegrain headsin aten feet section of arandomly located

point are clipped about %2inch bel ow the grain and weighed to the nearest five grams. Thiswet weight isused to check

sample adequacy for field purposes. The grain heads are stored in an individual container, then dried, thrasher and
checked for moisture content. For milo, the moisture is adjusted to 13%, and the production is calculated on a 56

Ib/bushel basis.

For whest, the processis the same, except that a five foot section from each of five adjacent rowsisclipped, and the

production is calculated based on a 60 |b/bushel basis. Soybeans require the same five row/five foot section scenario,
and the podsfrom the plantsin the sample areto beremoved. However, practicality dictatesthat removal of theentire
plant is much easier for field adequacy determination.

Inall sampling scenarios, the permitteeisto mark the starting location of therandom grid and theindividual sampling
spots. Since the Kansas program is small,the opportunity for the SM S to accompany operators or consultants while
sampling or to review the area shortly thereafter is good. In order to minimize problems with verification of sample
results, Kansas has adopted additional regulationsthat require all productivity and ground cover datato be submitted
within 30 days of sampling. Raw field data is accepted for this requirement recognizing that drying and thrashing
times can vary.

Primefarmland areasin forage require the same 15 minimum samples. The basal vegetationin agiven samplecircle,
.96 ft> minimum to 2.4 f maximum,, is clipped between 1% to 3 inches from the surface. All unacceptable species,
asdefined by theland use, and litter are removed and the sample weighed to the nearest five grams. Sample adequacy
iscalculated in the field based on the wet forage weight. Final sample adequacy is based on dry weights. Sample
adequacy greater than 30 disqualifies the sampling. Once dry, the samples are reweighed and corrected to 12%

moisture. Should an operator utilize arow crop test plot for productivity, then they must also assess the productivity

and ground cover of the remaining prime farmland forage areas outside the row crop test plots according to the forage

sampling techniques.



Forage samplingisbased on therecognized Harvest Technique. All forageareasarestratified according to factorsthat
would account for production variability. Most often field area locations have been defined previously. and the
stratificationfactors used are vegetation types and planting dates. Sampling must be conducted during approved time
frames, which involves sampling during periods of optimum performance. Aswith any land usein Kansas. a bond
release can be denied based on active site erosion.

The standardsfor forage crops on prime farmland cropland have been set using the USDA-NRCS crop -yield database
from the published countysoil surveys and from technical guides of the NRCS. Both cool season and warm season
grasses are addressed. When composition of afield isacombination, then the standard is based on a combination of
the grasses. The production standards are derived from the AUM value from the databases. These are converted to
albg/acre of dry forage per growing season by afactor of 900 pounds of dry forage per AUM. Aswith row groups, the
soil productivity is given aweighted value based on the percentage of the permit it occupies.

Becauseeastern K ansas soil shave high production capabilitiesunder ahigh level of management, thetechnical success
standard for ground cover was set by the SMS at 100%. A lower value can be approved based on premine sampling
and demonstration by the operator why the site can not achieve the 100% standard. This justification must include
site specific physical or chemical characteristics that can not be modified under a high level of management.

Ground cover sampling is limited to the time period of April 1 to November 1. The forage sampled must be
representative of the speciesthat comprised the seeding mix with allowances for up to 10% of other acceptable plant
speciesas defined by theland use and up to 5% fitter to count asground cover. Diversity isbased oninitial seed mixes.

Program Achievements: Phase |1l Bond Release Results

Since Kansasachieved primacy in 1981, there have been atotal of 19 permitsissued that contained prime farmland
cropland disturbances. These permits represent over 11,000 acres containing about 41.500 acres of prime farmland
cropland. Of this, about 2,200 acres of prime farmland on ten permits have achieved final bond release. The
remaining2,300 acres are contained on the two active coal mine permits presently operating in Kansas and on seven
other specia case permit sites. The special casepermits have, in most instances, met liability time frames, but have
not achieved final bond release due to bankruptcies of the three companies involved.

The majority of the successfully restored prime farmland cropland areas have had productivity demonstrated through
forage sampling and row crop test plots. Recent permitsaretending to return entirefieldsto row crop production with
random sampling of thefields. Prior to the approval of the revegetation guidelines, wheat was accepted for both phase
I1 and Il bond release.

In Kansas, when a mining company declares bankruptcy and the reclamation responsibility shifts to the surety
company, the surety is required to meet the terms and conditions of the regulations including the revegetation
requirements and sampling methods as outlined in theRevegetation Standards for Success and Satistically Valid
Sampling Techniques for Measuring Revegetation Success. Bond forfeiture areas arereclaimed using available funds
accordingto theregul ationsand theapproved reclamation plan; however, productivity samplingisnot being conducted
at this point in time.

Problems and Future M odifications for the Revegetation Guidelines

Several aspects of the Kansas revegetation guideline document met with resistance from the regulated industry. The
nature of the concerns depended somewhat on the size of the company involved. The initial concern was that the
flexibilityto use the document as aguideline, and not as aregulation, was not clearly defined. 1n actuality, should an
operator wish to sample using a method not included in the document, a program amendment must be processed to
include the proposed methodol ogy.

Numerous technical aspects of thedocument have also been challenged. The bulk density measurement for test plot

location has met with resistance due to the increased cost and time involved. Industry representatives felt the results
were so broad based that they did not have substantial meaning.
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The requirement for all tests plotsin asample field to meet the productivity standards and sample adequacy during
agiven sampling has been challenged, as well as the requirement for a minimum number of 15 samplesfor any size
field. Thetest plots, being located to represent thefieldsvariety, will yield at different rates. Thustherequest hasbeen
made to alow for the production of the test plots to be averaged. The minimum sample size of 15 was selected to
protect against theloss of an entire year'sworth of sampling dueto variations between wet field adequacy weights and
dry weights. However, the industry indicates that they should have the option to sample at alowerlimit, such as 10
samples, as long as sample adequacy is achieved.

Stratification, while designed to define minimunsampling areas, came under appeal as the scale of reclamation for
some companies was considerably larger than others. The current forage sampling requirements place limitations on
the field size that-do not allow for reduced sampling on large contiguous tracts.

Other considerations needing attention are diversity and the AUM conversion factor. Diversity, according to
regulation, requiresthat adiverse cover that is permanent and effective be established. The current Kansas diversity
measurement requires percentage composition studiesbased on initial seed mixes. However, prime fanrdand does not
need to meet this requirement when areas are cropped or where a forage monoculture for hay production is being

established. The 900 Ibs. conversion factor for the AUM valueis, according to industry, artificially high and not based
onvalid technical and scientific data. The SMSis researching various sources, both county and state, to use the most
suitable conversion factor for prime farmland soils in the coal mining region.

Since the initial introduction of a guideline for determining revegetation success, severabxtensive modifications to
the approved document have been attempted. but none successfully completed. While some minor issues havéoeen
addressed through the program amendment process, the major issues dealing with prime farmland cropland are still
beingworked on. Futuremodificationsmay includeallowancesfor different sampling methodol ogy, especially awhole
field harvest. Dueto the perceived problems with test plots, thereis a possibility they will be eliminated entirely; if
not, a provision may be made to allow averaging of test plots within some minimum standard requirements. Kansas
maN, also add an allowance to use corn to prove productivity, but not make it the required crop for Phase I11.

Conclusion

Since primacy, the state of Kansas has released over 2,200 acres of prime farmland cropland. Approximately 1,950
acres of this has been maintained in forage production. The tendency on currently mined landss to return the area
to row crop production and prove productivity while enjoying the economic benefits of acrop. Asof January, 1998,
there was only one company actively mining in Kansas on two individual permit areas. Three coal company
bankruptcies have resulted in the remaining permitted sites being reclaimed either by sureties or through a bond
forfeiture proceeding.

The Kansas Surface Mining Section worked diligently to provide Kansas coal mine operatorswith amethodol ogy that

would allow for timely release of performance bonds from all permit areas. The revegetation guideline document

providesastep-by-step procedure that, when followed will be acceptablefor usein bond release. Both coal and prime

farmland are valuable resources. While coal existsin very, limited quantities in Kansas, with proper planning and
management, prime farmland soils can be an unlimited resource for generations to come.
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PRIME FARMLAND VARIABILITY IN MEETING POST-MINING YIELD TARGETS

Richard A. Stout!?
Knox College
Galesburg, lllinois

Abstract

The data collected by the Department of Agriculture (DOA) and Department of Natural Resources (DNR) in
[llinois on mining operations, soil replacement practices, and crop yields on post-mined soils is a rich source of
information for assessing the reclamation of mined soils. The data set includes over 700 fields; however, the most
complete data is for 448 fields in the Illinois Permanent Program.  The yidld testing data for fields in the
Permanent Program span the years 1985 to 1996 (latest available data). Although the fieldsin the data set fall into
three categories, this report focuses on fields designated as prime farmland (PF), which must pass the highest and
most difficult-to-reach target yields. The working hypotheses were that variation in the success of restoring crop
yields on mined farmland depends on the methods of sub-soil and top-soil replacement, soil compaction, the depth
of deep tillage, crop growing conditions, the presence of problem sub-soils, the number of attempts per field to pass
the yield tests, and whether the fidld is located in northern Illinois (young soil) or southern Illinois (old sail). At
least for the data collected for fields in the Permanent Program, the reclamation of prime farmland apparently does
not depend significantly on the index of growing conditions, the index of problem sub-soils, or the age of the soil
(location of thefield). However, the reclamation of prime farmland does depend statistically significantly on soil
compaction (and, thus, on the soil replacement equipment), the depth of deep tillage, and the effort per field to pass
the yield tedts.

Introduction: Citizen Concerns

As consumers and producers, we benefit from cheap dectricity-55% of our electricity comes from coal fired
generation (Darmstader, 1997). As citizens, we benefit from a safe, healthy, and aesthetically pleasing
environment. The environmental safeguards and benefits, of course, increase the cost of mining and burning coa
and, thereby, the cost of coal generated electricity. The members of the Citizens' Organizing Project (COP), Knox
County, Illinois and many other citizens from distant communities are genuinely concerned about how our society
measures and balances such benefits and costs.

Thus, not completely impaired by romantic delusions, we raise specific, practical questions. They include: Are
some property owners near the mines not receiving timely and adequate compensation for blasting damage? Are
the regulations for post-mining water tables and surface water drainage enforced fully? Have post-mined fields
that have passed the target yields really been restored to pre-mining productivity (as required by federal and Illinois
law), or are the target yields too low? If the post-mined fields pass target yields that are too low, the fields will not
be as productive as undisturbed fields, and the property tax base will not be restored to the pre-mining level. Even
if target yields are unbiased, is passing three yield tests in a ten year liability period enough? Should the standard
require five passes or six or some higher number? What constitutes a successful program of reclaiming and
restoring prime farmland? Should mining firms with limited success in restoring fields to pre-mining yields be
permitted to mine new areas? Are the standards for issuing mining permitstoo lenient?  After satisfying the
target yields, why do some mining firms wait so long to apply for bond release?

Data to Assess the Satisfaction of Yield Targets by Post-Mined Prime Farmland

My empirical results can help to answer some-but not all-of the questions raised.  Satisfactory answers to some
citizen concerns may require something beyond mine site inspection reports and peer-reviewed, scientificaly
controlled studies concluding that physical and chemical soil characteristics may be restored sufficiently that post-

The author gratefully acknowledges the following individuals and ingtitutions: Mr. Dean Spindler, Illinois DNR, for sending the DNR data. Dr.
John Lohse. DOA, for providing yield data by field and year. Ms. Anna Sophia Johnson for suggesting that OSM invite me to make thisreport.  And
Mr. Emmons, OSM, and others for accepting her suggestion.
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mined fidds may satisfy the targeted crop yields, e.g., that post-mining deep tillage reduces soil compaction. Many
of the public concerns require a broader assessment of the observed results of the farmland reclamation program in
placein lllinois.

This report, focusing on prime farmland (PF) reclamation in Illinois, illustrates an approach to assessment that

interested academics, citizens, mine operators, and regulators may wish to apply to assessing reclamation success
of fields in the post-mining farmland reclamation program in lllinois (maybe to programs in other states, too).
This approach to assessment is observational rather than experimental with several treatments and a control group.
This method looks at the observed results of the farmland reclamation program in Illinois for many fields over
many years and across numerous mine operators. It is data intensive. Fortunately, the Illinois Department of
Natural Resources (DNR) and the Illinois Department of Agriculture (DOA) in the course of performing regulatory

duties have collected most of the data needed to conduct such a study, and both departments supplied data.  The
data set consists of data on over 700 fields in the post-mining crop yield reclamation program in Illinois.  1llinois
started its Permanent Program of farmland reclamation in 1983, so the most complete data is for the 448 fields in
the Permanent Program. For most fields the data include entries for the acreage, the year of final grading, the year
of deep tillage, the years when yield testing occurred, the crop grown and tested the target yield and the average
yield for each season the field was tested for crop productivity. Fields are not tested each growing season and are
usudly tested only enough seasons to reach the required number of passes in the approved crops (Appendix 1
summarizes the standards). The yield testing data aggregated over all the fields ever in the Permanent Program
span the years 1985 to 1996 (latest available data).

| have chosen two measures of reclamation success. (1) the number of growing seasons before a PF field passes the
requisite yield tests and (2) whether the field has passed the requisite yield testsby aPF field.  Thefirgt, the
number of growing seasons, measures the growing seasons elapsed from the year after final grading of the field to
the year that the field satisfies the requisite crop yield targets or to the year 1996 if the field has not passed the
requisite yield tests.

| approached the data set with several hypotheses in mind. Briefly, my hypotheses were that variation in both
success measures depends on variation in and among the following factors: the compaction of the post-mined soils
which, in turn, depends on the methods of sub-soil and top-soil replacement, the depth of deep tillage (if the field
was deep tilled), the crop tested (beans, corn, hay, and wheat), growing conditions the year of yidld testing, and
whether the field is located in northern Illinois (young soil) or southern Illinois (old soil). | have not yet
investigated whether fields tested for corn yield, for example, pass less frequently than fields yield-tested for more
shallow rooted crops.  The data do indicate that mining and reclamation practices account for more than 75% of
the variation in reclamation success.  The practical choices include the eguipment for replacing the sub- and top-
soils, the depth of deep tillage, and the number of seasons the mine operator grew a crop and tested it.

Natural History and Age of Sail

The surface geology and soil age of Illinois soils is the result of several episodes of glaciation during the Ice Age
(Pleistocene).  After the last glaciation, the Wisconsinan, winds deposited silt (loess), sometimes on territory
beyond the reach of the glaciers. Loess, richin calcium and possessing a high capacity to absorb water, is naturally
fetile. Contemporary soils that developed from loess are extraordinarily productive and account for much of the
farmland designated as prime farmland (PF) by NRCS. One effect of the Wisconsinan glaciation is that older, less
fertile soils were replaced by soils that are younger (about 11,000 years old) and more fertile.  Since the
Wisconsinan glaciation did not reach as far south as the previous glaciation, the soils in southern Illinois are

generally older (over 100,000 years old) and less fertile, (For thisreport | count Brown, Coles, Edgar, Fulton,

Knox, Macoupin, McDonough, Peoria, and Schuyler as northern Illinois counties, and Gallatin, Jackson, Perry,

Randolph, St. Clair, White, and Williamson as southern Illinois counties.’) ~ Mine operators have worked
Pennsylvanian-age coa depositsin both northern and southern Illinois.  This natural history and the locations of
mines raise the related questions.  |sthere a North-South difference in reclamation success of post-mined sails? |s
reclamation success for prime farmland lower or higher than for the less fertile soils?

2 This geographical division of counties was suggested by Dr. John Lohse, DOA inaFAX dated Feb. 6, 1998.
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Table 1 shows the North-South distribution of fields in the Illinois Permanent Program by productive capability.
The classifications for capability or yield test liability for post-mining crop productivity are as follows: low
capability (LC), high capability (HC), and prime farmland (PF). The first row of data in each cell givesthe
percentage of fields that have passed the requisite target yields for the required number of growing seasons and
crops. The second row shows the average humber of growing seasons for fields that have and have not passed the
requisite yield tests. The third row counts the number of fieldsin each cdll of the cross tabulation.

Table 1. Farmland Reclamation (% Passing and Seasons Elapsed)
Northern and Southern Illinois Fields by Yield Test Liability

| Yield Test Liability
I LC HC PF Tot al
__________ +_.___________.._________....___._..._..-_—_._——————
North | 87.5 49.1 56. 2 56.1 <-% Passi ng
! 5.1 5.8 5.3 5.5 <-Avg. Seasons
| 24 110 80 214 <-Count
]
South | 20.0 45. 3 16. 3 37.6
| 6.7 6.0 6.7 6.2
| 15 170 49 234
........... e e e e e e e e e e e e e e e e e e e e e e e e e e e e m e e m i m— e —m =
Total | 61.5 46. 8 41.1 46. 4
| 5.7 5.9 5.8 5.9
39 280 129 448

The following example illustrates how to count the seasons elapsed while a field is in the testing program.

Suppose a mine operator contoured and graded Field 1 in 1988. then the field would have been eligible for crop
testing in the 1989 growing season, If Field 1 passed the final required yield test in 1994, then it ‘required’ six

seasons to pass the requisite tests and the reported average would reflect six seasons.  Continuing the example,
suppose that an otherwise similar field, Field 2, had not passed the requisite yield tests by 1996 (last year of data),

then that field would have been in the Permanent Program without passing for a total of eight seasons, which the
reported average would reflect.

Fi nal Field 1 Passes
Gr adi ng 3% Yield Test
{ {
1988 1989 1990 1994 1996 Year
I----- f-===- |-—--= |----- {-—=-= |-—==- |- |-—=== |-—-—-- I-->  Time Line
0 1 2 3 4 5 6 7 8 9 Season
T
First Season Last Available

Fields 1 & 2 are Eligible Dat a
for Yield Testing

Table 1 supports the notion that there is a North-South difference.  In northern Illinois 56% of the fields had
passed the requisite yield tests by 1996, better than the 37.6% pass rate for southern fields.  Further, 56% of prime
farmland fields in northern Illinois have passed, while only 16% in southern Illinois have passed. While these
results are interesting in themselves, they also require some additional investigation and explanation.  For
example, do the differences in the percentages depend upon the method of soil replacement, soil compaction, deep
tillage, and so forth? Do the data, adjusted and controlled for these additional factors, reveal which mining and
reclamation practices speed (or retard) reclamation? After adjusting for these factors, is there a North-South
difference? These are among the interesting investigations to which this report turns.
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Post-Mining Soil Compaction

Soil compaction in part depends upon the weight of the equipment used to replace and grade freshly replaced soil.
In the process of re-depositing soil, for example, scrapers with their weight carried by tires inevitably compact
much of the freshly deposited soil as the tires pass over it. Bulldozers, riding on tracks, spread their weight over a
greater surface area and generally compact the soil less in the process of distributing and grading the redeposited
soil. Table 2 indicates the method or equipment used to replace soil and the degree of compaction associated with
the combinations of equipment used in lllinois.

Table 2. Soil Replacement Equipment and Soil Compaction

Soil Replacement Equipment
Combination Sail

Sub-soil Top-sail (Sub-/Top-Sail) Compaction
AP Bédlt (Bdlt) ABC Mix Belt/ABC Low
AP Bdlt (Bdlt) Scraper (Scr) Belt/Scr High
Bucket Whedl Excavator (BW) BW & Bulldozer (BWDzr)  BW/BWDzr Low
Bucket Wheel Excavator (BW) Scraper (Scr) BW/Scr Medium
Dragline (DrgL) Scraper (Scr) DrgL/Scr High
Shovel (Shv) Scraper (Scr) Shv/Scr High
Shovel (Shv) Truck (Trk) Shvi/Trk Low
Truck (Trk) Scraper (Scr) Trk/Scr Medium-High
Truck (Trk) Truck (Trk) Trk/Trk Medium

The highly compacted soils slow the percolation of water through the soil and impede root growth. Consequently,
one expects that the percentage of fields passing the yield tests to be lower on fields with highly compacted soils
and that highly compacted fields spend more growing seasons in the yield testing program. The evidence is mixed.
Table 3 (previous page) shows in each cell the percentage of passing fields, the growing seasons elapsed in the
yield testing program, and the number of prime farmland fields.

A comparison across soil compaction categories shows that prime farmland fields have passed the requisite yield
tests less frequently than the non-prime fields (41.4% to 47.4% in the bottom rows labeled “Total”).  Also,
according to the middle (PF) column of Table 3 and confirming one hypothesis, only 15.8% of the high-
compaction prime farmland fields passed target yields the required three yearsin 10 with at least one passing corn
crop. The comparable pass rate for low-compaction PF fields is 84%. The difference in pass rates between the
medium-compaction and medium-high-compaction cells in the PF column, while not as dramatic, fits the expected
pattern.

Deep Tillage

Deep tillage is used to reduce soil compaction following soil replacement by heavy equipment. While mine
operators have deep tilled about 42% of all fields in the data set, they have deep tilled only about 30% of the fields
in the Permanent Program. According to Table 4, among the fields in the Permanent Program, operators have
deep tilled a smaller percentage of prime farmland (PF) fields (27%) than high capability (HC) fields (35%).

Mine operators with fields in the Permanent Program have not deep tilled low- and medium-high compaction
fields, and they have not deep tilled low capability (LC) fields, regardiess of the degree of compaction. It seems
reasonable that mine operators rarely deep till low-compaction fields. Table 4 does, however, contain a surprise.

A single mine operator accounts for most of the fields in the medium-high compaction group. This operator deep
tilled only a handful of high capability (HC) fields and no prime farmland (PF) fields after using a truck to replace
the sub-soil and a scraper to replace the topsoil.  Since scrapers usually compact the soil to a high degree, what is
surprising is that this operator has a high percentage of fields passing the requisite yield tests.  (This surprise
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raises questions for further research: |s the data set lacking important information about this mine operator and
the fields it mined? Is the medium-high compaction category flawed?)

Table 3. Prime Farmland Reclamation (% Passing and Seasons Elapsed)
by Soil Compaction and Yield Test Liahility

Conpacti on | not PF PF Tot al
__________ A
Low | 66. 7 84.8 80.0 <-% Passi ng
I 5.6 5.3 5.4 <-Avg. Seasons
| 12 33 45 <- Count
|
Med | 44. 4 50.0 44.8
6.7 9.5 6.9
27 2 29
Med- Hi gh | 61.6 41.7 55.0
4.1 5.3 4.5
73 36 109
Hi gh | 41.1 15.8 35.3
! 6.4 6.3 6.4
| 192 57 249
___________ Y
Total | 47. 4 41. 4 45. 6
\ 5.8 5.8 5.8
\ 304 128 432

As Table 5 shows, among the low-compaction fields that were not deep tilled one operator has passed 29 PF fields
out of 34 (85%) and another has passed 15 never deep-tilled, medium-high compaction PF fields out of 36
(41.7%). One clear lesson is that high pass rates have been achieved on PF soils after the use of low-compaction
soil replacement methods. As a result the pass rate is 42% for PF fields that were never deep tilled. By
comparison, the pass rate for PF fields that were deep tilled was only 24%. The last result may be due to high soil
compaction.  Among the high-compaction PF fields, as expected, only those that were deep tilled passed (23%) the
requisite yield tests, High-compaction fields account for 76 PF fields, dightly more than half of al PF fields. Of
those 76 high-compaction PF fields, only 13% have passed.

Citizensin Knox County, Illinois have expressed a specid interest in the restoration of crop yields on mined Ipava,
Sable, and Tama soils, which are prime farmland soils.  Investigating that specific issueisimportant and feasible;
| may have the time to addressit this summer. However, | can now report on restoration of yields in counties
where mining has frequently disturbed Ipava, Sable, and Tama soils. These counties include Fulton, Knox,

Peoria, and Schuyler. al north of the lllinocisRiver. Table 6 (next page) indicates that four mine
operators have mined 85 PF fields located in those counties.  Of the high-compaction PF fields, two out of 15
(13%) had passed by 1996. Mine operator 11 used high-compaction soil replacement equipment and deep tilling,
and had not passed a single PF field by 1996. On the other hand, operator 8 used low-compaction soil replacement
equipment, never deep tilled, and has passed 85% of its PF fields. These observations raise an important policy
question.  Since the data can reveal the practices and mine operators that have passed a high percentage of PF
fields and the practices and operators associated with failure to restore yields, should such results be used to deny
new surface mining permits to operators with poor track records?
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Table 4: Percentage of Fields Deep Tilled by Soil Compaction and Yield Test Liahility

| Liability
Conpactionl LC HC PF Tot a

___________ +.__.._____.____.__________.._...___._____._._+_____._._..-_-_

Low | 0 0 0 <-% Deep Tilled
0 12 33 | 45 <- Count

___________ +.._...._...__.____________________..___.._.+__________

Med | . 40. 74 50 ! 41. 38

I 0 27 2 | 29

___________ +____________.______...-._......__.._._______+__.._______

Med- Hi gh | 0 0 0 I 0

18 55 36 | 109

___________ +_______.._.._______..._.______________+__________

High 0 47. 67 59.65 } 46. 59

! 20 172 57 | 249

___________ +.._____________________._______—_.___..+________._..

Total | 0 34.96 27.34 | 29.63

I 38 266 128 | 432

Table 5 :Percentage of Passing Prime Farmland Fields by Soil Compaction and Deep Tillage

Conpaction | No Till Deep Till Tot al
—————————— +_____.—_—_____.—____._.___..._.__.___.
Low | 85.3 85.3 <-% Passing
5.4 5.4 <-Avg. Seasons
0.0 0.0 <-Median Till Deptht
34 34 <-Count
Med | 0.0 50.0 33.3
\ 11.0 7.5 8.7
0.0 30.0 30.0
\ 1 2 3
Med- Hi gh | 41.7 41.7
| 5.3 5.3
\ 0.0 0.0
\ 36 36
I
Hi gh | 0.0 23.3 13.2
6.8 6.5 6.6
0.0 48.0 30.0
33 43 76
__________ +___________..__._...___.__.___._.__.___
Total | 42.3 24. 4 36.9
5.8 6.6 6.0
0.0 48.0 0.0
104 45 149
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Table 6: Percentage of Passing Prime Farmland Fieldsin Fulton, Knox, McDonough, Peoria, and
Schuyler Counties, Illinois by Firm and Soil Compaction

[ Conpacti on
FirmiID| Low Med- Hi gh Hi gh Tot al
___________ +._________________________________+_..__.._.__-.._._—
31 66. 67 | 66. 67 <-% Passing
0 0 3| 3 <-Count
------------ +------------------------------------+----------_
5 | 41. 67 | 41. 67
I 0 36 01 36
____________ e
8 | 85. 29 o 85. 29
| 34 0 0| 34
11 | 0 | 0
\ 0 0 12 | 12
Total | 85. 29 41. 67 13.33 | 54.12
| 34 36 15 | 85

Variation in the Speed and Success of Mined PF Soils Satisfying Target Yields

The evidence presented in the cross tabulations indicate that soil compaction and deep tillage have an impact on
yield restoration. Such cross tabulations are fine for showing that two variables may affect athird, but when three
or more independent variables affect a dependent variable other methods may be less cumbersome and more
powerful (if not as easy to digest). Therefore, | turn to multivariate anaysis and the results from two multivariate
regressions and two multivariate logits.

| used regression analysis to estimate how the first dependent variable, seasons elapsed until the field passes the
yield tests or until 1996 (whichever came sooner), responds to severd independent variables.  Among them are
variation in (1) soil compaction, (2) location (North-South), (3) deep tillage, (4) number of attempts to pass the
field (which may measure in part the effort to pass the field), and (5) year or season the 10 year testing window
opened for a field. The complete list of independent variables appears in Appendix 2 in column 1. The

observations on each field were weighted for the acres actually cropped in that field; therefore, the regression

results must be interpreted as seasons elapsed for an acre of prime farmland. Columns 2 and 3 contain the

regression coefficients (t statistics in parentheses) and summary statistics, A blank cell indicates that the variable
in that row was omitted from the regression anaysis reported in that column.

In generd a regression equation, with estimated coefficients A, B,, B,, Bs, etc., is useful for estimating or
predicting the dependent variable (Y) given selected values for the independent variables (the Xs).  An example of
a regression equation in symbolic form follows:

estY=A +BXi+BX, +B3sXs +BsXs+ .. . .. + BmXm

Each regression slope coefficient (each B) is the estimated magnitude and direction of response of the dependent

variable to variations in the associated independent variable. Using the symbolic regression equation above, for
example, the second slope coefficient B, reveals the expected magnitude and direction of change in the estimated
dependent variable Y from a one unit change in the second independent variable X,. Designating the symbol A to
mean change, B, = AY/AX;.
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As indicated by the F statistics and the R’s near .79, the regressions reported in Appendix 2 in columns 2 and 3 fit

the data for the 132 prime farmland fields about equally well. The error terms turned out roughly normal, and the
coefficients have reasonable signs. For those interested in statistical significance, the coefficient t statistics appear
enclosed in parentheses below the coefficients in columns 2 and 3.  Using the estimated coefficients from column
3, | constructed the following regression equation:

Est.Seasons = 4.15 - .74*LowCompaction + .67*Med.Compaction
+ 1.08*HighCompaction - .59*North - .026*Depth + .37*Attempts
+ 109*DuetoDeepTill - .516*NewWindow

Theintercept coefficient suggests that the average acre of prime farmland would spend about four yearsin the
testing program were it not for the effects of soil compaction and the other variables. The results for the policy
relevant variables are highlighted next.

Low Compaction: Other things the same, an acre oflightly compacted prime soil has spent about nine
months (3/4 year) less in the testing program than more compacted acres.  This result does not necessarily mean
that low-compaction acres passed nine months earlier than more compacted acres. The resultsin Table 3 are
consistent with the results of the regression analysis.

High Compaction: Other things the same, an acre of highly compacted prime soil has spent about one
year longer in the testing program.

Northern Illinois Location: Table 1 implies that an average northern Illinois PF field has spent 5.3
seasons in the testing program and that its southern analogue has spent 6.7 seasons, a difference of 17 months.
This result is driven in part by the success achieved by operator 8 on low-compaction soils. The regression
andysis, adjusting for the effects of compaction, depth of tillage, and other independent variables, implies that an
acre of prime farmland spends about seven months less than its southern analogue in the testing program (one tail
P value = 0.07).

Depth of Deep Tillage: This coefficient may seem small (-.026). but it has important policy implications.
The coefficient indicates that PF acres deep tilled to a depth of 48 inches (a DM1 for example) have spent about
|-1/3 fewer seasons in the testing program ( -0.02655*48 = -1.27 years off the years spent in the testing program).
The other regression reported in column 2 indicates that deep tillage in genera reduces the seasons elapsed by
about 1.3 years.  Since the DNR does not allow yield testing the season following deep tillage, deep tillage adds
one full season to the dependent variable. So the net gain from deep tillage for an average acre of prime farmland
works out to about |/3 year or about four months.

Attempts: This variable (I hoped) would measure operator effort to pass afield. It is highly positively
correlated with the dependent variable, which rises by one each season a field is in the Permanent Program
whether or not it istested. A better measure of effort is needed. | have experimented with an ‘effort’ variable
constructed by dividing Attempts by the number of Seasons a field has been in the Permanent Program.  Although
not reported here, the estimated coefficient for the constructed variable is negative as expected.

Seasons Elapsed Due to Deep Tillage For adeep tilled field this variable accounts for and controls for
the seasons after final grading spent marking time in the testing program.  The time line illustrates the final
grading, deep tillage, and yield testing story for one hypothetica field. In the illustration, the field spends five
growing seasons in the Permanent Program without passing all the yield tests and is deep tilled at the end of the
fifth season; so the seasons elapsed before deep tillage is equal to live. The deep tillage triggers the start of a new
10 year testing window, and the DNR does not allow testing the first season after deep tillage (season 6). Suppose
the hypothetical field passes the three required yield tests during seasons 7 through 10. Deep tillage at the end of
season 5 actually means that six of the 10 seasons this field needed to pass were just marking time and pushing
upward the dependent variable, The estimated coefficient for this variable, therefore, should equal or be very close
to one, which at 1.09 it is.
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New Window: This varigble is the year the DNR opened the first 10 year testing window or opened a new
window if afield had been deep tilled. Prime farmland must pass three yield testsin a 10 year window. The closer
in time this opening was to 1996, the fewer the seasons available for a field to pass the three required yield tests.
The further back in time the 10 year testing window opened for afield, the greater the number of opportunities that
field had to passthree yield tests.  The negative estimated coefficient seems reasonable.

| used logit analysis to estimate the Pass/Fail response of PF fields to variation in (1) soil compaction, (2) the
location (North-South), (3) deep tillage, (4) the number of attempts to pass the field (which may measure in part

the effort to pass the field), and (5) the year or season the 10 year testing window opened for afield. The
observations on each field were weighted for the acres actually cropped in that field; so the logit results must be
interpreted in terms of the probability of an acre passing the yield tests.  Columns 5 and 6 in Appendix 2 contain

thelogit coefficients (t statistics in parentheses) and summary statistics.

In genera alogit equation, with estimated coefficients A, By, B,, Bs, €tc., is useful for estimating the probability of
an event, such as passing the three yidld tests in a 10 year window, given selected values for the independent
variables (the Xs). An example of alogit equation in symbolic form is:

estimated probability of passing al tests=P =2 (1+e-Z)= I/ (1+ exp(-Z)), e 2.7183 and
estimated |Og|t Z=A+BX;+B:X; +B3X; + BX4 + ..+ BpXu

Each logit coefficient (each B) is the estimated magnitude and direction of response of the logit variable Z to
variations in the associated independent variable. Using the symbolic logit equation above, for example, the third
coefficient B; reveals the expected magnitude and direction of change in the estimated Z from a one unit change in
the third independent variable X3. That is, Bs = AZ/AX3. However, the estimated probabilities (P) are non-linearly
related to the coefficients (Bs) and the independent variables (Xs).

As indicated by the high * statistics and the low rates of false negatives and false positives, the logit analyses
reported in Appendix 2 in columns 5 and 6 fit the data for the 132 prime farmland fields quite well.  The
coefficient t statistics appear enclosed in parentheses below the coefficientsin columns 5 and 6.  Using the
estimated coefficients from column 6, | constructed the logit Z equation below and the equation for predicting
changes in the probability of an acre passing:

est.logit Z = -2.54 + 1.27*LowCompaction - 2.93*Med.Compaction - 5.7*HighCompaction
- 1.87*North + .13*Depth + 54*Effort - .63* NewWindow
AP = (P-P)*B*AX = (p- P%)*AZ, where Pisthe average pass rate for PF acres = .3623

Thelogit and regression results are generally consistent in the sense that the variables associated with reductionsin
the number of seasons taken by an acre to pass the yield tests are also associated with higher probabilities of
passing the yield tests. Before concluding | highlight thelogit results for severa policy relevant variables.

Low Compaction: Other things equal, low soil compaction raises the probability that an otherwise typical
acre of prime farmland passes the yield tests from .3623 t0 .6557. AP = (.3623 - .3623%)*1.27*(1) = .29,
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Northern Illinois Location: Table 1 reports that the percentage of northern lllinois PF fields having
passed the yield tests is 56%, much higher than the 16% pass rate for southern PF fields. Thisimplies that
northern fields have a higher probability of passing. On the other hand the logit analysis, adjusting for the effects
of the other independent variables, implies that a northern PF acre has a lower probabilitv of passing the tests. AP
= (.3623 - .3623%)*(-1.87)*(1) = -432. The one tail P value is 0.11. This result reflects the impact of the other
independent variables as well as the poor showing by firm 11 (Table 6).

Depth of Deep Tillage: The estimated coefficient is statistically significant and implies that increasing
the depth one inch increases the probability of passing by 0.03 = (.3623 -.3623%)*(-. 13 1)*( 1).

Conclusons

| have reported on an observational study of what actually happened or, at least, of what was recorded by DNR and
DOA. The reported results summarize years of experience for PF fields in the Illinois Permanent Program.  When
| started, | expected to find that very few PF fields had passed the yield tests. | found, instead, that about 41% of
the PF fields had passed the three yield tests in the 10 year liability period. The 41% is still disappointingly low,
but the pass rate is higher than | expected. My results, based on observational data, confirm what other studies

using experimental data have shown. The policy relevant results include: Low compaction methods of soil
replacement and grading reduce the seasons elapsed by a PF acre in the testing program by about nine months and

increase the probability of passing the tests by .29. High compaction methods add at least one season elapsed in

the testing program. Deep tillage increases the probability of PF fields passing the yield tests and shortens the time
to passage by about oneyear.  Such results give state and federal regulators, concerned citizens, and mine
operators an opportunity to assess this important regulatory program in ways not possible without comprehensive
data. All parties may check the results of this observational study against what they expected based on their
experience and the results reported from, for example, controlled experiments done at agricultural research
stations, |s the response of PF fields to compaction more or less than expected? |s the response to deep tillage
more or less than expected? Which mine operators are least successful at passing fields? Why? Which are the
most successful? Why? Do the results suggest modifications to mine and regulatory practices?

Because | have not explored the entire data set (in particular the average yields per acre for each field) and because
parts of the data set are incomplete, | urge that the results reported here be treated as preliminary.  Much remains
to be done and can be done. | intend to ask the DNR and DOA for more information in order to complete the data
st before | re-edit it for accuracy. After completing the work started in this report, | intend to investigate how pass
rates varied by crop, compaction, and deep tillage as well as how yields varied with location, compaction, deep
tillage, and so on. When I'm done, | hope that the results of these future investigations, like the results reported
here, will provide useful information to mine operators and regulators-information that helps them to make better
decisionsin pursuing the goa of restoring mined farmland to pre-mining crop productivity.
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Appendix 1

Required Number of Passes in 10 Seasons and by Crop

Number of Required Seasons Passing Target Yields by Crop

Capability/Liability Total Required

of Soil in Mining Passes in 10

Permit Seasons Corn Beans Wheat Hay
Prime Farmland PF 3 1 or more at most 1 at most 1 at most 1
High Capability HC 2 1 or more no limit at most 1 at most 1
Low Capability LC 2 no limit no limit no limit 1 or more

Deep Tillers and Till Depths

Deep Tiller Till Depth Range
DM1 48”
DM?2 48” +
DM3 30”

DMI-TIGER2 18”7
-HDT 30” to 36”
MURAY 24 to 30”
RKP 24" to 30”
RM1 36”
STING 48”
TALON 30”
TLG12 30” to 36”
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Appendix 2

Regression and Logit Results
(1) (2) | (3) (4) (S) | (6)
Dependent Regression Dependent Logit
Variable Coefficients Variable Coaefficients
Seasons elapsed to Pass Indicator
or to 1996 variable for Pass
(1) (2) (3) (4) (5) (6)
Independent Independent
Variables Variables
intercept 3.5683 4.1483 same as in -2.871627 -2.54056
(t statistic) (11.100) (7.996) column 1 (-1.515) (-1.452)
indicator variable for -.73823 -.73993 1.203873 1.271279
low compaction (-2.772) (-2.798) (1.563) (1.775)
indicator variable for 1.7241 .672479 -5.622442 -2.93286
medium compaction (3.200) (0.939) (-2.872) (-1.335)
indicator variable for 1.66451 1.07737 ~7.445314 -5.705677
high compaction (5.862) (2.268) (-2.872) (-2.537)
indicator variable for -.58708 -3.303361 | -1.875454
northern Illinois field (~1.459) (-1.815) (-1.242)
indicator variable for ~-1.29222
deep tillage (-2.725)
depth of deep tillage in -.02655 .0940637 .1315627
inches (-2.281) (2.032) (3.302)
attempts by operator to .37125 .37337
pass field (4.552) (4.595)
attempts to pass divided 7.694291 5.396401
by seasons elapsed (3.465) (3.024)
years elapsed due to 1.09202 1.099067 1.073245
deep tillage (8.534) (8.583) {2.554)
season 10 year window -.51627 -.516093 -.7731305 | -.6282835
starts (-9.835) (-9.992) (~4.092) (~3.987)
Summary Regression Statistics Summary Logit Statistics
(1) (2) (3) (4) (5) (6)
number of observations 132 132 132 133
degrees of freedom 124 123
F statistic 71.11 63.35 ¥ 95 88.04
P value for F statistic 0.0000 0.0000 P value of X2 0.0000 0.0000
R® .8006 .8047
Adjusted R® .7893 .7920 Pseudo R® .5351 .4919
RMSE 1.0854 1.0785 specificity = 83.65% 85.15%
100 - $false neg.
sensitivity = 80.29% 81.4%
100 - $false pos.
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