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(AMENDED AND CORRECTED COPY, APRIL 8, 2021)

DANE SCHUMACHER

Thank you for the opportunity to provide comment on the “Proposed
Revisions to the National Handbook of Conservation Practices for the
Natural Resources Conservation Service [NRCS]” [Docket No.
NRCS-2020-0008]. My comments below relate to the current Conservation
Practice Standard (CPS), Code 527, “Karst Sinkhole Treatment”, which has
been revised as, Code 527, “Sinkhole Treatment”.

GENERAL COMMENTS

I would like to express my appreciation to the NRCS staff members who
provided timely and responsive communications related to my questions and
concerns in regard to the removal of language related to karst terminology and
karst-specific investigations and considerations from the current Conservation
Practice Standard (CPS), Code 527, entitled, “Karst Sinkhole Treatment”
(September 2015).

Based on these communications, I understand NRCS’s removal of karst
terminology from Code 527 is meant to be inclusive of sinkholes in other
environmental settings that can cause naturally occurring sinkholes, e.g.,
depressions at the land surface in glacial till caused by a decline in the water
table or collapsed lava tubes.

In regard to sinkholes in environmental settings other than karst, it is important
to note that the foundational basis for my comments rests on information
contained in the United States Geologic Service’s (USGS) Open-File Report
2014 report, entitled, “Karst in the United States: A Digital Map Compilation
and Database, and on information contained in “Title 430--National Soil
Survey Handbook, Part 629, Glossary of Landform and Geologic Terms”
(amended 2017), which, by the way, states,

The American Geologic Institute (AGI) granted the USDA Natural
Resources Conservation Service (formerly the Soil Conservation
Service) permission (in letters dated September 11, 1985, and
September 22, 1993) to use existing definitions.



Indents below are relevant and noteworthy excerpts, including maps, from the
USGS Open-File Report, 2014:

....about 25 percent of the United States is underlain by rocks and
sediments of all types having karst or pseudokarst features or a
potential for them. About 18 percent of the country is underlain by
soluble rocks; within this category, 16 percent of the nation is composed
of carbonate rocks and 2 percent is evaporite rocks. The area of the
country underlain by basins where evaporite rocks may be encountered
by deep drilling (up to 7,000 ft) was not included in the calculations for
figure 6 because, technically, these rocks at depth are not karst.
Moreover, these values underestimate the area of the United States
underlain by karst aquifers, a major source of potable water for the
nation. About 2 percent of the United States is underlain by sedimentary
rocks prone to development of pseudokarst features primarily by piping.
Approximately 3.6 percent of the country, restricted to Alaska, is
underlain by permafrost areas having potential for thermokarst. Areas in
the western part of the contiguous United States and in Alaska and
Hawaii are underlain by volcanic rocks having potential for lava tubes,
and represent about 1.5 percent of the total area of the nation.
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The distribution of karst and potential karst areas in soluble rocks in the
contiguous United States is shown in figure 1. Distribution of areas of
mature surface karst in the contiguous United States is primarily
dependent on the presence of soluble rocks at or near the land surface
and mean annual precipitation above approximately 30 inches (in.) (76
centimeters (cm)). In the humid parts of the United States, most karst
features such as caves and sinkholes (dolines) occur in carbonate
(limestone and dolomite) rocks;
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Two different units are portrayed on the map of pseudokarst-potential
areas in the contiguous United States (fig. 4). They are (1) areas of
poorly consolidated sedimentary rocks known, at least locally, to contain
piping features (tubes, caves, and subsidence features); and (2) areas
of volcanic rock that may contain lava tubes and (or) layered volcanic rocks
with integrated fast groundwater flow systems. Lava tube terrains are
sometimes termed vulcanokarst (U.S. Environmental Protection Agency,
2002).
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Because of their relatively recent and ongoing volcanism, both Alaska
and Hawaii contain abundant, relatively young (Miocene age or
younger) extrusive igneous rocks that may contain lava tubes and (or)
layered volcanic rocks with integrated fast groundwater flow systems.
(fig. 5A,B). Lava tubes form most readily and extensively in
low-viscosity lava flows, usually of basaltic composition. Lava tubes are
relatively short-lived geologic features because (1) they are either filled,
post-formation, by succeeding eruptive lavas, or (2) since they are near
the surface, they are susceptible to erosion and collapse of the
overlying rocks. Lava tubes generally are not found in rocks older than
Miocene age, and this age was used as a cutoff for selecting volcanic
flow units for this map. The cold climate of Alaska has resulted in
extensive regions of permafrost, or frozen ground (Brown and others,
2002) (fig. 5A). As the climate warms, however, these areas are
experiencing melting, resulting in landforms and hydrologic conditions
that are analogous to karst terrains, such as sinkholes and sinking
streams. Because this phenomenon is related to melting of ice rather
than to solution of bedrock, these permafrost features are considered a
category of pseudokarst (Halliday, 2007) and are termed thermokarst
(Sweeting, 1973, p. 308).
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For reference sake, below are relevant terms and definitions from “Title
430--National Soil Survey Handbook, Part 629, Glossary of Landform and
Geologic Terms” (amended 2017):

(442) glacial till.—(not recommended: use till). Till should only be used
for describing glacial sediments, therefore “glacial till” is redundant. GM

(449) glaciokarst.—Karst in glaciated terrain developed on bedrock
susceptible to dissolution (e.g., limestone), thinly mantled (e.g., < 5-30
m) with drift and characterized by surficial, closed depressions formed
by postglacial, subsurface karstic collapse (e.g., sinkholes) rather Title
430 – National Soil Survey Handbook (430-629-H, 1 st Ed., Amend. 25,
Nov. 2017) 629-A.40 than by glacial processes (e.g., ice-block meltout);
common in IN, MI. Compare – karst. SW and GG

(549) karst.—A kind of topography formed in limestone, gypsum,
or other soluble rocks by dissolution, and that is characterized by
closed depressions, sinkholes, caves, and underground
drainage. Various types of karst can be recognized depending
upon the dominant surface features: karst dominated by closed
depressions (sinkhole karst – temperate climates; cockpit karst –
humid tropical climates), closed depressions and large rivers
(fluviokarst), bare rock dominated by dissolution joints (pavement
karst), tropical cone-, tower- or domed-hills (kegel karst), or karst
thinly mantled with glacial drift (glaciokarst), etc. SW and WW

(551) karst drainage pattern.—A drainage pattern that lacks an
integrated drainage system associated with soluble rocks with
little or no surface drainage but a considerable underground,
internal drainage system; characteristic of karst landscapes
underlain by limestone, gypsum, or salt. SW

(557) karst valley.—A closed depression formed by the
coalescence of multiple sinkholes; an elongate, solutional valley.
Its drainage is subsurface, diameters range from several hundred
meters to a few kilometers, and it usually has a scalloped margin
inherited from the sinkholes. It may have nominal, local channel
flow (small streams), sequential sinkhole inlets (springs) and
outlets (swallow hole, etc.); also called compound sinkhole (not
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preferred), uvala (not preferred). Compare – sinkhole, interior
valley. SW and GG

(552) karstic.—(adjective) Having the attributes of karst. SW and
GG

(553) karstic marine terrace.—A relict, wave-cut terrace or
solution platform formed across soluble bedrock (e.g., limestone),
and subsequently subaerially weathered by solution resulting in
prominent karst features (e.g., sinkholes, karst valleys, solution
pipes, etc.); a type of marine terrace, extensive across the
Florida peninsula. Dunefields and sand sheets of reworked
coastal or fluviomarine sands are common capping materials.
SW

(554) karst lake.—A large area of standing water in an extensive
closed depression in soluble bedrock (e.g., limestone) and
commonly is directly connected to and controlled by the
subsurface karst drainage network. SW and GG

(555) karstland.—(not preferred – use karst) A landscape
dominated by dissolution features (e.g., sinkhole, blind valley,
closed depressions, underground drainage) formed in soluble
rocks. SW and GG

(556) karst tower.—An isolated, separate hill or ridge in a karst
region consisting of an erosional remnant of limestone or other
sedimentary rocks with vertical or near-vertical, convex side
slopes and commonly surrounded by an alluvial plain, lagoon, or
deep rugged ravines. Compare – karst cone, mogote. SW

(557) karst valley.—A closed depression formed by the
coalescence of multiple sinkholes; an elongate, solutional valley.
Its drainage is subsurface, diameters range from several hundred
meters to a few kilometers, and it usually has a scalloped margin
inherited from the sinkholes. It may have nominal, local channel
flow (small streams), sequential sinkhole inlets (springs) and
outlets (swallow hole, etc.); also called compound sinkhole (not
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preferred), uvala (not preferred). Compare – sinkhole, interior
valley. SW and GG

(599) lava tube.—A natural, hollow tunnel beneath the surface of
a solidified lava flow through which the lava flow was fed; the
tunnel was left empty when the molten lava drained out. MA and
GG

(923) sinkhole.—A closed, circular or elliptical depression, commonly
funnel-shaped, characterized by subsurface drainage and formed either
by dissolution of the surface of underlying bedrock (e.g., limestone,
gypsum, salt) (solution sinkhole) or by collapse of underlying caves
within bedrock (collapse sinkhole); diameters range from a few meters
to as much as 1000 m. Complexes of sinkholes in carbonate-rock
terrain are the main components of karst topography. Synonym (not
preferred) – doline. Compare – karst valley, interior valley, cockpit. SW
and WW

(924) sinkhole karst.—A landscape dominated by subsurface
drainage and sinkholes (dolines) that range widely in sizes and
density; the most common type of karst in upland areas of
temperate regions (e.g., Highland Rim of Tennessee, northern
Florida, southwestern Missouri, etc.); also called doline karst (not
preferred). Compare – fluviokarst, pavement karst, glaciokarst,
karst. SW, WW, and GG

(956) solution sinkhole.—The most common type of sinkhole,
caused by dissolution that forms fissures or a chimney and a
depression in the bedrock surface that grows when closely
spaced fissures underneath it enlarge and coalesce. Compare –
collapse sinkhole. SW, WW, and GG

(744) pavement karst.—Areas of bare limestone, usually sculpted
by solution erosion into karren of various types and where soils
have been stripped off, commonly by glaciation in
alpine areas (e.g., Rocky Mountains, United States) and high
latitudes, and by water erosion in arid karst areas. Compare –
fluviokarst, glaciokarst, sinkhole karst, karst. SW and WW
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(1055) thermokarst.—Karst-like topographic features produced in
a permafrost region by local melting of ground ice and
subsequent settling of the ground. GG

(1056) thermokarst depression.—A hollow in the ground resulting
from subsidence following the local melting of ground ice in a
permafrost region. GG

(1057) thermokarst drainage pattern.—Drainage patterns that
form polygonal and hexagonal shapes with streams that may
connect rounded depressions, exhibiting a beaded appearance;
developed in poorly drained, fine-grained sediments and in
organic materials in regions of permafrost. Freezing causes
many cracks to develop; thawing causes slumping, settlement,
and depressions. This type of drainage pattern with its
associated hexagons and beaded ponds indicates the existence
or previous presence of permafrost conditions. SW and WA

(1058) thermokarst lake.—Lake or pond produced in a
permafrost region by melting of ground ice. H

(1063) till.—[glacial] Dominantly unsorted and unstratified drift,
generally unconsolidated and deposited directly by a glacier
without subsequent reworking by meltwater, and consisting of a
heterogeneous mixture of clay, silt, sand, gravel, stones, and
boulders; rock fragments of various lithologies are imbedded
within a finer matrix that can range from clay to sandy loam.
Compare – supraglacial till, subglacial till, flow till, lodgment till,
melt-out till, drift, moraine. SW and GG

(1076) tower karst (i) A type of tropical karst topography
characterized by isolated, steep-sided, residual limestone hills or
ridges with vertical or near-vertical walls, and may be relatively
flat-topped; commonly surrounded by a flat alluvial plain or
lagoons. (Also called fenglin). (ii) A cluster of peaks or ridges with
vertical or near-vertical walls, and convex upper side slopes
where towers rise from a common base and are separated by
deep, rugged ravines or large sinkholes. (Also called fengcong,
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turmkarst). Compare – karst tower, cockpit karst, cone karst,
fluviokarst, kegel karst, sinkhole karst. SW and GG

The following map found on NRCS’s website under “Regional Conservation
Partnership Program (RCPP) depicts eight (8) “Critical Conservation Areas”
(CCAs) designated by the Secretary of Agriculture. All but one, the Prairie
Grassland Region, list water quality degradation as a “Priority Resource
Concern”. This map when juxtaposed with the above USGS karst map and
coupled with the geologic terms and definitions, illustrates the critical need to
include conservation practices specific to sinkholes in karst terrain.

To be clear, sinkholes in other environmental settings warrant attention and
consideration in regard to NRCS conservation practice standards, but not at
the exclusion of “karst sinkholes” in NRCS standards, especially since karst
aquifers are a major source of potable water for the United States.

NRCS’s proposed definition for Code 527, “Sinkhole Treatment” is “the
treatment of sinkholes and sinkhole area on agricultural lands.”  Agriculture
lands is a broad description.  My comments in this regard relate to animal
feeding operations (AFOs) and concentrated animal feeding operations
(CAFOs). The Environmental Protection Agency’s (EPAs) National Summary,
Endyear 2019, as reported by EPA regions, indicates there were 20,833
CAFOs, and 6,711 CAFOS with National Pollution Discharge Elimination
System (NPDES) permits.  My home state of Arkansas reported 776 CAFOs
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and 0 CAFOs with NPDES permits.  Poultry operations in Arkansas are
considered “dry litter” and are not required to obtain a waste permit from the
State’s Water Quality Division, which means site specific information, Nutrient
Management Plans (NMPs), etc., are not publicly available. In 2019, there
were a total of 12,235 houses (3,073 farms reporting) for a total bird capacity
of 271,492,894. These poultry operations generated 2,524,272 tons of waste.
(497,637 tons were applied; 136,051 tons were stored; and 1,614,100 tons
were transferred or sold; 78,448 tons were reported as “Other”.)

Based on the information listed above (and referenced below), I respectfully
urge NRCS to leave Code 527, “Karst Sinkhole Treatment”, including geologic
investigations and considerations contained therein, “as is” for the following
reasons:

1) almost all sinkholes are in karst terrain, which is a major source of potable
water in the United States
2) USGS reports that about 2 percent of the United States is underlain by
sedimentary rocks prone to development of pseudokarst features primarily by
piping. Approximately 3.6 percent of the country, restricted to Alaska, is
underlain by permafrost areas having potential for thermokarst. Areas in the
western part of the contiguous United States and in Alaska and Hawaii are
underlain by volcanic rocks having potential for lava tubes, and represent
about 1.5 percent of the total area of the nation.
3) pseudokarst features are analogous to karst in that risk of groundwater
quality and/or contamination is high;
4) sinkholes are indicators of complex hydrogeologic features, which warrant
preliminary surveys and investigations to identify underlying causes, not one
time “band-aid” treatments;
5) animal feeding operations, particularly CAFOs legally defined by size,
which includes liquid waste and ‘dry litter’ poultry operations, are often sited in
areas of the US where karst is the predominant hydrogeologic feature.
Nutrient run-off in karst, i.e.,sinkholes, poses a significant risk of groundwater
contamination.  More, not less, information in regard to geologic investigations
in the predominant geologic terrain, i.e., karst, is needed.
6) current and prospective animal agriculture operations need comprehensive
information and data to better guide siting and management decisions related
to water quality;
7) the USGS has indicated that as the climate warms certain areas are
experiencing melting, resulting in landforms and hydrologic conditions that are
analogous to karst terrains, such as sinkholes and sinking streams.  A recent
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paper indicates that, in general, it can be shown that for every 0.1 degree
Centigrade rise in temperature, the number of sinkholes increases by 1%-3%.
8) USDA’s stated goal is “for AFO/CAFO owners and operators to take
voluntary actions to minimize potential air and water pollutants from storage
facilities, confinement areas, and land application areas. NRCS can help
landowners achieve this goal by providing technical and in many cases
financial assistance, for the adoption of practices that will protect our
natural resources.” [BOLD EMPHASIS ADDED]

Alternatively, so as to be inclusive of the predominant karst sinkhole feature, I
urge NRCS to include sections from current CSP Code 527, “Karst Sinkholes”,
as outlined below:

SPECIFIC COMMENTS

The “DEFINITION” for proposed revision Code 527, “Sinkhole Treatment” is
listed as:

A treatment of sinkholes or sinkhole areas on agricultural land.

The “DEFINITION” for current Code 527, “Karst Sinkhole Treatment” is listed
as:

The treatment of sinkholes in karst areas to reduce contamination of
groundwater resources, and to improve farm safety.

COMMENT: The treatment of sinkholes in karst areas implies and/or
acknowledges a systemic quantitative hydrogeologic approach; one that
recognizes sinkholes as a feature and/or symptom of a complex geologic
process whereby transport of nutrients/contaminants to groundwater is high.
The proposed definition should include ‘karst’ and/or ‘pseudokarst’ so as to
convey sinkholes do not exist in a vacuum, but, rather, as defined in Part 629
of the Glossary of Landform and Geologic Terms, are “characterized by
subsurface drainage and formed either by dissolution of the surface of
underlying bedrock (e.g., limestone, gypsum, salt) (solution sinkhole) or by
collapse of underlying caves within bedrock (collapse sinkhole).”
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The “PURPOSE” for proposed revision Code 527 is listed as follows:

The practice supports one or more of the following purposes:
Improve ground and surface water quality
Improve farm safety

COMMENT: Please add the following text, which is listed in current version of
Code 527:

Conserve soil and surface water resource

The “CONDITIONS WHERE PRACTICE APPLIES” for proposed revision Code
527 is listed, in part,  as follows:

This practice may be applied as part of a conservation management
system on any land surface or existing practice where the soils and
geologic conditions have led to the development of sinkholes.

COMMENT: Please add the following text, which is listed in current version of
Code 527:

This practice may be applied as part of a conservation management
system in karst topography which is an area underlain by carbonate or
sulfate bedrock (e.g., limestone, dolomite, gypsum) which may form
solution depressions (e.g., sinkholes), caverns, or solution subsidence
(e.g., areas of non-soluble rocks that may collapse into underlying
solution cavities).

The “General Criteria Applicable to All Purposes” is listed in proposed revision
Code 527, in part, as follows:

Conduct a geologic investigation of the potential impact of the treatment
on groundwater, surface water influent, and geomorphology in
accordance with NRCS National Engineering Manual (Title 210), Part
531, “Geology.” If conditions are complex and uncertain, use additional
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expertise to evaluate and provide recommendations on the suitability of
the site for treatment.

If necessary for safety reasons, install a gate for a sinkhole that opens
into a cave. Design the gate so that it does not impede movement or
negatively impact wildlife species such as bats. Refer to “Agency Guide
to Cave and Mine Gates” (2009) for gate designs.

COMMENT: Please replace with the following text, which is listed in current
version of Code 527:

Conduct a geologic investigation of the potential impact of the treatment
on groundwater, surface water influent, and the karst and pseudokarst
features under the supervision of a qualified geologist as defined in the
NRCS National Engineering Manual, Part 531, Geology. The geologic
investigation may include information obtained from local experts, such
as other Federal agencies, State agencies, and academic institutions. If
conditions are complex and uncertain, use additional expertise to
conduct onsite evaluation and to provide professional recommendations
regarding the suitability of the site for treatment.

A sinkhole that opens into a cave shall not be filled under any
circumstances. A cave is defined as a naturally formed subterranean
open area or chamber or series of chambers that is a direct conduit into
rock devoid of sediment infilling. Gated openings may be used for safety
reasons. Design gates so that they do not impede movement or
negatively impact wildlife species such as bats.

Karst areas may provide habitat for a diversity of highly specialized and
sensitive fish and wildlife species such as bats, amphibians, fish,
insects, and crustaceans including federally listed threatened or
endangered species. NRCS shall follow all policies associated with the
Endangered Species Act.

The “Vegetative Treatment” is listed in proposed revision Code 527 as
follows:

If a sinkhole does not present a safety hazard and is not actively
eroding, use a vegetative buffer for treatment. Use NRCS Conservation
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Practice Standards (CPSs) Riparian Forest Buffer (Code 391), Riparian
Herbaceous Cover (Code 390), or Filter Strip (Code 393), or equivalent
for the buffer. If an exclusion fence is needed, use CPS Fence (Code
382).

Design the buffer at least 25-feet wide as measured from the estimated
point of collapse or estimated stable angle of repose for vertical slopes.
Do not apply nutrients, herbicides, pesticides, or animal waste within the
buIffer {sic} area. Use only mechanical treatments to control weeds in
the buffer area.

COMMENT: Please add the following text, which is listed in current version of
Code 527:

The minimum treatment of a sinkhole must include a fenced vegetated
buffer (e.g., filter strips, field borders, riparian forest buffers) that meets
the intent of the selected NRCS conservation practice standard(s). The
buffer will serve as a means to exclude people, animals, and equipment.
The buffer will also serve to increase the overland flow path for surface
water leading to the karst topography in an effort to minimize the
potential for direct contamination into the sinkhole.

The buffer will be a minimum of 25-feet wide as measured from the
farthest estimated point of collapse. (Note: This may represent an
interior portion of the feature, rather than measured from the surface rim
of the sinkhole). Extend the buffer area as needed to prevent
concentrated flow channels from occurring and entering the sinkhole.
The width of the vegetated buffer will be established and maintained in
accordance with the type of buffer chosen.

The “CONSIDERATIONS” are listed in the proposed revision Code 527 as
follows:

Consider current and planned land use so that the sinkhole does not
impact structures or vice versa. Consider establishing a conservation
easement for the sinkhole area.

The sinkhole treatment should not result in excessive surface water
ponding or high soil-moisture conditions over an extended period of
time.
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Consider mounding fill materials on top of the treatment for future
settlement. Additional fill may be required as treatment ages.

Fill treatments of sinkholes may impact the hydrology of the sinkhole
and surrounding area. Surface water may find other preferential
patways into the bedrock and reopen the fracture or adjacent fractures.

Comment: Please replace with the following text, which is listed in current
version of Code 527;

Current and planned land use should be considered. Document the
location of the sinkhole on a plan map so that structures, septic drain
fields, wells, feedlots, ponds, animal waste storage, and other systems
will not be located over a sinkhole site or within the impact area.
Establishing a conservation easement for the buffer and sinkhole area
should be considered.

Please add the following text:

For Animal Feeding Operations (AFOs) and Concentrated Animal
Feeding Operations (CAFOs), use NRCS Conservation Practice
Standards (CPSs) Waste Storage Facility (Code 313), -”Describe the
soil material encountered, location of any seeps, depth-to-high-water
table, depth to bedrock, and presence of sink holes in karst
topography.”, NRCS NEM, Part 531, Geology, Animal Waste
Management Field Handbook (AWMFH), Waste Treatment Lagoon
(Code 359), Waste Storage Lagoons (Code 590)-”Follow all applicable
State requirements and regulations when applying nutrients near areas
prone to contamination, such as designated water quality sensitive
areas, (e.g., lakes, ponds, rivers and streams, sinkholes, wellheads,
classic gullies, ditches, or surface inlets) that run unmitigated to surface
or groundwater.”

The “PLANS AND SPECIFICATIONS” in proposed revision Code 527 is listed
as follows:

Prepare plans and specifications that describe the requirements
for applying this practice to achieve its intended purpose.
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As a minimum the documentation must include—

A plan view delineating the sinkhole and sinkhole area, including
topographic information and photographs.

Factualgeologic {sic} information, including cross section or profile
drawings, as needed tosupport treatment design and facilitate
construction.

Details of planned treatment measures.

Special safety requirements, as appropriate.

Additional site-specific considerations.

Material and construction specifications.

COMMENT: Please replace with the following text, which is listed in current
version of Code 527:

Provide plans and specifications that describe the requirements for
applying the practice to achieve its intended purpose.

Plans and specifications shall include, but not limited to:

Plan view delineating the sinkhole and sinkhole area, including
topographic information and photographs.

A geologic investigation that includes a study of potential impacts on the
karst resource.

Depth to stable, competent bedrock, if applicable.

Details of planned treatment measures.
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The drainage area of sinkhole delineated on a topographic map.

Availability of safe outlet for surface water, if applicable.

Special safety requirements, as appropriate.

Additional site-specific considerations.

The “OPERATION AND MAINTENANCE” in proposed revision Code 527 is
listed as follows:

Provide an operation and maintenance plan that describes specific
instructions for maintaining the sinkhole and sinkhole area
treatment, including—

Periodic inspections of -

settlement of fill,
Eroison {sic}, and
new settlement areas.

Prompt repair and as needed, replacement of damaged
components.

COMMENT: Please replace with the following text, which is listed in current
version of Code 527:

Provide an operation and maintenance (O&M) plan that describes
specific instructions for maintaining the sinkhole and sinkhole area
treatment, including—

Reference to monitoring and periodic inspections.

Nutrient and pest management.
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Prompt repair and/or replacement of damaged components.
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