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EXECUTIVE SUMMARY 

Introduction 

Fort McPherson National Cemetery is about four miles south of Maxwell, Nebraska in Lincoln 
County.  The cemetery, administered by the United States Department of Veterans Affairs (VA), 
encompasses 20 acres of gently-rolling landscape and has over 10,000 interments.  The Fort 
McPherson National Cemetery is one of two national cemeteries in the State of Nebraska. 

The Fort McPherson National Cemetery was established in 1873 and include the remains interred 
from 23 post cemeteries in Wyoming, Colorado, South Dakota, and Nebraska.  The last of these 
was moved from Fort Robinson when it was closed in 1947. 

The VA proposes to expand the Fort McPherson National Cemetery capacity of burial sites by 
acquiring the north adjoining property consisting of approximately 18 acres.  The purpose of the 
Proposed Action is to comply with the VA mission to accommodate the needs of the armed forces 
and their families for acceptable burial options in the future.  The need is to ensure a sufficient 
capacity of interment sites. 

Proposed Action 

The Proposed Action is to construct and maintain additional interment areas and roadways on 
approximately 18 acres of undeveloped land north of and adjacent to the existing Fort McPherson 
National Cemetery in accordance with VA national cemetery guidelines.  Development of the 
Proposed Action would occur in a phased manner over the next 50+ years, with the initial phase 
of development planned to be initiated in approximately 3 years.  The Proposed Action site would 
remain as agricultural land until development. 

No Action Alternative 

Under the No Action Alternative, the property acquisition and future cemetery expansion would not 
be implemented.  Once the remaining available space for burial sites on the existing cemetery 
property are utilized, the veteran population would no longer have reasonable access to burial 
options at the Fort McPherson National Cemetery. 

Environmental Consequences 

Implementation of the Proposed Action would have negligible adverse impacts on the natural and 
human environments.  All applicable state and Federal permits would be obtained prior to site 
preparation activities.  Best Management Practices would be utilized during construction to prevent 
fugitive dust and erosion.  All clearing of vegetation would be done outside of the nesting season, 
or nesting bird surveys would be carried out prior to site preparation and any active nests would 
be protected until the young have fledged.  When design and construction plans for the parcel are 
developed, additional evaluation and consultation are anticipated. 
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Draft Environmental Assessment 
Fort McPherson National Cemetery Expansion ■ Maxwell, Nebraska 
November 9, 2018 ■ Terracon Project No. 05187118

 INTRODUCTION 

This Environmental Assessment (EA) has been prepared in accordance with the requirements 
of the National Environmental Policy Act (NEPA) of 1969 (PL 91-190), Council on Environmental 
Quality (CEQ) regulations, and the United States Department of Veterans Affairs (VA) NEPA 
implementation regulations, as promulgated at 38 Code of Federal Regulations (CFR) Part 26. 
NEPA is a Federal environmental law establishing procedural requirements for all Federal 
agency actions and directs the VA to disclose the environmental effects of its proposed activities 
to the public and to the officials who must make decisions regarding the Proposed Action. 

The VA has the responsibility to provide programs for veterans’ health and medical needs, 
disability compensation, insurance for service persons and veterans, vocational rehabilitation for 
disabled veterans, and burial benefits.  In 1973, the operation/maintenance of the National 
Cemetery Administration (NCA) (formerly known as National Cemetery System) was transferred 
to the VA from the Department of the Army (except for Arlington National Cemetery and Soldier’s 
Home National Cemetery).  The NCA maintains approximately 3.3 million gravesites at 136 
national cemeteries, one national veterans’ burial ground, and 33 soldiers’ lots and monument 
sites in 40 states and Puerto Rico.  The VA is also charged with marking of graves of all persons 
in national and state cemeteries (and the graves of veterans in private cemeteries, upon request), 
as well as administering the State Cemetery Grants Program. 

The Fort McPherson National Cemetery is administered by the VA, and the VA proposes to 
expand the capacity of cemetery by acquiring and developing the north adjoining property, which 
consists of approximately 18 acres, and is the subject of the Draft Environmental Assessment. 

1.1 Background 

Fort McPherson was built in 1863 and a cemetery was associated with the post.  The post 
cemetery and about 50 interred remains were later moved from the original to the current 
cemetery location.  The Fort McPherson National Cemetery was established in 1873.  Other 
remains interred from 23 post cemeteries in Wyoming, Colorado, South Dakota, and Nebraska 
were also moved to the Fort McPherson National Cemetery.  The last of these was moved from 
Fort Robinson when it was closed in 1947. 

Fort McPherson National Cemetery is about four miles south of Maxwell, Nebraska in Lincoln 
County (Exhibit 1, Appendix A).  The cemetery, administered by the VA, encompasses 20 acres 
of gently-rolling landscape and has over 10,000 interments.  The Fort McPherson National 
Cemetery is one of two national cemeteries in the State of Nebraska.  The other VA cemetery in 
Nebraska is Omaha National Cemetery, which was dedicated on August 5, 2016. 
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1.2 Proposed Action 

Under current conditions, the Fort McPherson National Cemetery is nearing its capacity for burial 
requests for eligible individuals and sufficient on-site parking to support the needs of staff and 
Veterans.  The Proposed Action is to acquire approximately 18 acres of undeveloped land 
directly adjacent to Ft McPherson National Cemetery as needed for future construction and 
perpetual maintenance of additional interment areas and roadways 

Development of the Proposed Action would occur in a phased manner over the next 50+ years, 
with the initial phase of development planned to be initiated in approximately 3 years.  The 
Proposed Action site would remain as agricultural land until development. 

1.3 Purpose and Need 

The purpose of the Proposed Action is to comply with the VA’s mission to provide interment 
services to U.S. veterans and their families.  The need is to ensure a sufficient capacity of various 
types of interment sites including inground cremations, casket crypts, and columbaria. 
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 ALTERNATIVES 

Alternative actions discussed in this Draft EA are based on their potential to satisfy the purpose 
and need, specifically to provide expanded capacity for interment services at Fort McPherson 
National Cemetery.  As viewed by the CEQ, an alternative is considered reasonable if it is 
deemed to be “practical or feasible” from a technical and economic standpoint.  The draft EA 
includes the No Action and Preferred Alternatives. 

2.1 No Action Alternative 

The No Action Alternative typically describes the baseline of current operations that will be used 
to compare against the Proposed Action.  Under the No Action Alternative, none of the 
development or cemetery expansion would be implemented.  Fort McPherson National 
Cemetery currently has about two acres of land for burial sites and columbaria.  Once this land 
or space is used, the Fort McPherson veteran population would no longer have burial options 
within the Fort McPherson National Cemetery. 

2.2 Preferred Alternative: Cemetery Expansion 

The Preferred Alternative is to acquire approximately 18 acres of undeveloped land directly 
adjacent to Ft McPherson National Cemetery as needed for future construction and perpetual 
maintenance of additional interment areas and roadways on approximately 18 acres of 
undeveloped land north of and adjacent to the existing Fort McPherson National Cemetery in 
accordance with VA national cemetery guidelines.  Development of the Preferred Alternative 
would occur in a phased manner over the next 50+ years, with the initial phase of development 
planned to be initiated in approximately 3 years.  The Proposed Action site would remain as 
agricultural land until development. 
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AFFECTED ENVIRONMENT AND ENVIRONMENTAL 
CONSEQUENCES OF ALTERNATIVES 

This section of the draft EA describes the natural and human environments that exist within the 
project area and the potential impacts of the Proposed Action.  The effects of the Proposed 
Action include impacts associated with the cemetery expansion.  Per CEQ guidance (40 CFR, 
Part 1502.7[3]), only those resources that have the potential to be impacted by the Proposed 
Action or any of the alternatives considered are analyzed in this EA. 

Impacts (consequence or effect) can be either beneficial or adverse and can be either directly 
related to the action or indirectly caused by the action.  Direct impacts are those effects that are 
caused by the action and occur at the same time and place (40 CFR, Part 1508.8[a]).  Indirect 
impacts are those effects that are caused by the action and are later in time or further removed 
in distance, but that are still reasonably foreseeable (40 CFR, Part 1508.8[b]).  The Proposed 
Action may create temporary (lasting the duration of construction), short-term (up to 3 years), 
long-term (greater than 3 years), or permanent impacts or effects. 

Impacts on each resource can vary in degree or magnitude from a slightly noticeable change to 
a substantial change in the environment.  The intensities of impacts are classified as negligible, 
minor, moderate, or major.  The intensity thresholds are defined as follows: 

• Negligible: A resource would not be affected or the effects would be at or below the 
level of detection, and changes would not result in any measurable or perceptible 
consequences. 

• Minor: Effects on a resource would be detectable, although the effects would be 
localized, small, and of little consequence to the sustainability of the resource. 
Mitigation measures, if needed to offset adverse effects, would be simple and 
achievable. 

• Moderate: Effects on a resource would be readily detectable, long-term, localized, and 
measurable.  Mitigation measures, if needed to offset adverse effects, would be 
extensive and likely achievable. 

• Major: Effects on a resource would be obvious, long-term, and would have substantial 
consequences on a regional scale.  Extensive mitigation measures to offset the 
adverse effects would be required and success of the mitigation measures would not 
be guaranteed. 

The following resources would not be affected by the Proposed Action and are not addressed in 
this EA: 

• Aesthetics: The Proposed Action would not change the aesthetics of the area.  The area 
consists of agricultural cropland, wetlands and undeveloped fallow land, scattered 
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farmsteads, and the Fort McPherson National Cemetery.  The proposed cemetery 
expansion would retain the same aesthetic values that currently exist. 

• Air Quality: Currently, all areas in Nebraska are in attainment or are unclassifiable 
indicating that each of the priority pollutants are below the levels established by the 
National Ambient Air Quality Standards (NAAQS).  A temporary increase in fugitive dust 
from soil disturbance and a temporary increase in emissions from construction equipment 
and private vehicles used during the construction of the Proposed Action would occur; 
however, the levels would be expected to be below de minimis thresholds.  After 
completion, the cemetery expansion area would be converted from agricultural land to 
maintained and grass covered lawns further reducing fugitive dust. 

• Floodplains and Coastal Zone Management: There are no designated coastal zones 
within the proposed construction areas.  No portion of Preferred Action is within the 100-
year floodplain as shown on the Nebraska Department of Natural Resources (NDNR) 
floodplain map (Exhibit 2a, Appendix A) and the Federal Emergency Management 
Agency (FEMA) Flood Insurance Map (Exhibit 2b, Appendix A). 

• Wetlands: Terracon prepared a Wetlands and Waters of the United States (WOUS) 
Delineation Report dated August 23, 2018.  No wetlands or WOUS were delineated on 
the site.  In a letter dated October 11, 2018 (Appendix B), the United States Army Corps 
of Engineers (USACE) indicated that an approved jurisdictional determination has been 
completed and documents that the site is comprised wholly of dry land.  Additionally, the 
activity is not subject to the USACE regulatory authorities and no permit pursuant to 
Section 404 is required. 

• Noise: There would be a temporary and minor increase in the ambient noise levels 
resulting from the heavy machinery, vehicles, and tools used during the construction of 
the Proposed Action.  This noise would be intermittent, temporary, and limited to daylight 
hours.  This construction noise is not expected to effect the surrounding land uses. 

• Community Services: There would be no impact from the Proposed Action on existing 
police, fire, and other agencies serving Fort McPherson National Cemetery.  The 
cemetery expansion would be conducted in areas outside the State Highway right-of-
way. 

• Solid and Hazardous Materials: There would be no impact on solid and hazardous 
materials.  No hazardous materials would be generated by the Proposed Action.  All 
waste associated with construction would be disposed of in accordance with policies of 
the cemetery. 
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Terracon’s Phase 1 Environmental Site Assessment (ESA) dated September 25, 2018 
concluded that no Recognized Environmental Conditions (RECs) were associated with 
the Proposed Action.  The Phase 1 ESA discussed previous environmental concerns 
including a gasoline underground storage tank site closed with “No Further Action” in 
1990, and a January 2006 Pre-CERCLIS Site Screening Assessment report noting that 
arsenic, lead, copper, and zinc were used in embalming fluids at historical cemeteries, 
but the likelihood of a metals release is low.  Additionally, the existing cemetery was 
delisted from hazardous waste databases that are maintained by the USACE and 
Department of Defense (DOD). 

• Transportation and Parking: There would be no anticipated impact on the 
transportation infrastructure providing access to Fort McPherson National Cemetery. 
The Proposed Action is not anticipated to increase the daily use of Fort McPherson 
National Cemetery.  The current use is approximately 285 to 300 services per year. 
Parking and drives within the cemetery expansion would be planned prior to construction. 

• Utilities: The Proposed Action will use the same utilities that currently service the Fort 
McPherson National Cemetery.  As such, there would be no impact from the Proposed 
Action on the use of potable water (provided by an on-site well), propane, electric, septic 
tank for sewer, or communications infrastructure serving Fort McPherson National 
Cemetery.  Natural gas service is not available at the cemetery.  It is anticipated that the 
Proposed Action would decrease the amount of irrigation water used on agricultural land 
compared to the irrigation water used for croplands. 

• Environmental Justice: The Preferred Action is on land used as agricultural cropland 
and is surrounded by agricultural cropland, pastures, fallow land, the Fort McPherson 
National Cemetery, and a State Highway 56A.  There are no minorities or low-income 
population groups living adjacent to the cemetery, and the Proposed Action would have 
no impacts on environmental justice. 

3.1 Cultural Resources 

Affected Environment 
Section 106 of the National Historic Preservation Act (16 U.S.C. 470(f)) requires a Federal 
agency to consider the effects of the agency’s undertakings on properties included on or eligible 
for the National Register of Historic Places (NRHP) and prior to approval of an undertaking, to 
afford the Advisory Council on Historic Preservation a reasonable opportunity to comment on the 
undertaking. 

The Fort McPherson National Cemetery which is adjacent to and south of the Proposed Action 
was listed in the NRHP in 2012 (NR #1200075) for its significance as a post-Civil War era national 
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cemetery.  The contributing resources to the cemetery include grave markers, superintendent’s 
lodge, support buildings, and section of the surrounding walls. 

Environmental Consequences 

3.1.2.1 No Action Alternative 
There would be no change to the site and no adverse impact on cultural resources. 

3.1.2.2 Preferred Alternative: Cemetery Expansion 
The July 2018 Initial Cultural Resource Impact Study conducted by Row 10 concluded that there 
would be no adverse impact on historic properties including NHL-listed or NRHP-listed 
properties, archaeological sites, and historic landmarks from acquisition of this parcel. 
Information was submitted by the VA to the Nebraska State Historical Preservation Office 
(NeSHPO). 

In a letter dated August 28, 2018 (Appendix B), the NeSHPO indicated that a determination of 
No Historic Properties Affected is appropriate, and the project should continue as planned.  The 
letter further stated that the proposed property to be acquired by the VA and the NCA does not 
contain currently identified cultural resources, and it is unlikely that the action will directly impact 
prehistoric or historic cultural resources listed on the National Register of Historic Places, or 
eligible for such a listing.  The NeSHPO requested to be notified for comment and review before 
any ground disturbing activities are slated to occur within the property boundary. 

If archaeological features or human remains are inadvertently discovered during construction 
activities, all work would be halted in that area and the State Historic Preservation Officer would 
be contacted, and appropriate measures would be implemented to mitigate an adverse impact. 

3.2 Land Use and Zoning 

Affected Environment 
The proposed cemetery expansion parcel (Parcel No. 0071845) is currently owned by Ms. Donna 
Sundstrom and used for agricultural cropland.  This parcel is zoned as TA-1 Transitional 
Agricultural by the Lincoln County Zoning Department. 

Environmental Consequences 

3.2.2.1 No Action Alternative 
The site would continue to be farmed, and there would be no change in the land use under the 
No Action Alternative. 
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3.2.2.2 Preferred Alternative: Cemetery Expansion 
The Lincoln County Planning Department has zoning jurisdiction for the proposed cemetery 
expansion site.  Because the parcel is currently zoned as agriculture and the Proposed Action is 
to use the property as a cemetery, a request to change the zoning is needed.  To change the 
zoning of the site from agricultural land to a cemetery, the applicant must complete and submit 
a Conditional-Use Permit (which is attached in Appendix B) to the Lincoln County Planning 
Department.  The application includes providing information requested on the attached Forms 
A, B, C, and D. 

The parcel would continue to be used for cropland or hayfield until development of the parcel. 

In a letter dated October 16, 2018 (Appendix B), the Nebraska Game and Parks Commission 
(NGPC) also stated that the project will not impact any NGPC State Park, State Recreation Area, 
or State Wildlife Management Areas.  Additionally, in a letter dated October 17, 2018 (Appendix 
B), the NGPC also stated that there are no properties associated with Land and Water 
Conservation Fund (LWCF) Act, 54 U.S.C. 200305(f)(3) (formerly LWCF Section 106(f)(3)). 

3.3 Soils 

Affected Environment 
Based on the site boundaries and the Natural Resource Commission Services (NRCS) Web Soil 
Survey website, the on-site surface soils include about 90 percent Lawet silt loam, drained, 
occasionally flooded; about 8 percent Cozad silt loam, 0 to 1 percent slopes soils; and 2 percent 
Platte-Alda complex, occasionally flooded.  The soil map for the Proposed Action is provided as 
Exhibit 3, Appendix A.  The Lawet silt loam and the Platte-Alda Complex are typically found in or 
near floodplains, are somewhat poorly drained, and are not considered prime farmland.  The 
Cozad silt loam is typically well drained and considered prime farmland. 

Additional information regarding subsurface soils were obtained from the Terracon Geotechnical 
Report dated August 29, 2018.  A boring location diagram and a graphical representation of the 
general characterization of the subsurface soils and groundwater conditions encountered while 
drilling is provided as Exhibit 4, Appendix A.  Three borings (B-1, B-2, and B-3) were advanced 
in the northern half of the site.  The soils encountered in the three borings were clays and silts 
to depths of 5 to 8 feet below the ground surface, underlain by loose, medium to the bottom of 
the borings, and the depth to groundwater ranged from 3.5 to 4.5 feet below the ground surface. 

Two borings (B-4 and B-5) were advanced near the southern property boundary.  The soils 
encountered include clays and silts to at least 13 feet below the ground surface.  Sand was 
encountered in one boring at 13 feet.  The depth to groundwater in the two boings ranged from 
8 to 9 feet below the ground surface. 
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Environmental Consequences 

3.3.2.1 No Action Alternative 
The site would continue to be farmed, and there would be no appreciable change on soils under 
the No Action Alternative. 

3.3.2.2 Preferred Alternative: Cemetery Expansion 
The Proposed Action would disturb soils on the site.  Temporary and negligible impacts on soils 
may consist of possible erosion during construction activities and earthwork activities.  Best 
Management Practices (BMPs) would be utilized to control soil movement.  The BMPs would 
include, but are not limited to: watering, silt fences, waddles, and covering soil stockpiles.  After 
earthwork activities, the disturbed soil would be seeded with grasses to develop a permanent 
ground cover.  These BMPs would also control fugitive dust.  All appropriate permits, including 
a National Pollution Discharge Elimination System (NPDES) General Construction Permit 
(GCP), would be obtained prior to construction. 

The Farmland Protection Policy Act (FPPA) of 1981 (7 U.S.C. § 9601) attempts to limit Federal 
actions that diminish, reduce, or convert farmland from agricultural use to non-agricultural use. 
Based on the NRCS determination, the Proposed Action would not adversely affect prime or 
unique farmland.  (See NRCS email dated October 31, 2018, Appendix B and USDA Farmland 
Conversion Impact Rating dated October 24, 2018, Appendix B) 

The VA should consider which areas have unsaturated soils at appropriate depths for burials 
and which areas burials should be avoided. 

3.4 Hydrology and Water Quality 

Affected Environment 
Groundwater wells are used for drinking water and irrigation in the areas around the Proposed 
Action.  The water bearing aquifers are the Platte River alluvium and the Dakota Aquifer. 
Registered water wells in the vicinity report a static water level of 10 to 15 feet and a pumping 
rate of about 700 gallons per minute. 

Environmental Consequences 

3.4.2.1 No Action Alternative 
There would be no adverse impacts on the hydrology or water quality under the No Action 
Alternative. 
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3.4.2.2 Preferred Alternative: Cemetery Expansion 
Adverse impacts to the hydrology and water quality are not anticipated; however, because the 
depth to groundwater on the site is relatively shallow (3.5 to 9 feet below the ground surface), 
burials should occur in appropriate areas.  The groundwater has the potential for interaction with 
buried cadavers and embalming fluids, and chemicals released may migrate to the potable 
groundwater.  The burials that occur in unsaturated soils, would minimize the potential for water 
interaction with buried cadavers and embalming fluids, and any chemicals released would not 
migrate to the potable aquifer. 

All appropriate permits, including a NPDES GCP, would be obtained prior to construction. 
Appropriate BMPs would be utilized to prevent surface water runoff during construction activities. 
These include, but are not limited to, watering, silt fences, waddles, and covering soil stockpiles. 
Additionally, soil would be seeded with native grasses to develop a permanent ground cover. 

3.5 Wildlife and Habitat 

Affected Environment 
In a letter dated October 16, 2018 (Appendix B), the NGPC stated, the project site appears to 
have been previously disturbed and lacking native vegetation.  Therefore, the project does not 
appear that it would have any major impacts of fish or wildlife resources.  Additionally, the project 
lacks suitable habitat and is not likely to have adverse impacts on the state-listed endangered 
and threatened species. 

3.5.1.1 Vegetation 
When design and construction plans for the Preferred Alternative are developed, considerations 
should be given to selecting a plant community for the local climate.  Common plants include, 
but not limited to, native grasses, rough cocklebur (Xanthium srumarium), blackeyed Susan 
(Rudbeckia hirta), western ragweed (Ambrosia psilostachya), blazing star (Liatris sp.), and 
goldenrod (Solidago altissima).  Common trees and shrubs include privet (Ligustrum sp.), osage 
orange (Maclura pomifera), honey locust (Gleditsis triacanthos), honey mesquite (Prosopis 
glandulosa), sugarberry (Celtis laevigata), cedar elm (Ulmus crassifolia), and juniper. 

3.5.1.2 Wildlife 
Common wildlife found near the Proposed Action includes whitetail deer (Odocoileus 
virginianus), fox (Vulpes vulpes), turkey (Meleagris gallopavo), pheasant (Phasianus colchicus), 
coyote (Canis latrans), squirrel (Sciurus sp.), and eastern cottontail rabbit (Sylvilagus floridanus). 
The Proposed Action could also be utilized by bird species, such as raptors, songbirds, and 
waterfowl, which are protected from harm or harassment under the Migratory Bird Treaty Act 
(MBTA) of 1918 (16 U.S.C. § 703). 
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3.5.1.3 Threatened and Endangered Species 
The Endangered Species Act (ESA) of 1973 (16 U.S.C. §1531 et seq.) requires that a 
discretionary Federal action not put into jeopardy the continued existence of a listed species, 
and not destroy or adversely modify their critical habitat.  The NGPC and the U.S. Fish and 
Wildlife Survey (USFWS) maintain lists of state and Federal species considered to be threatened 
with extinction or in danger of becoming extinct, as well as species’ critical habitat designations. 
Correspondences from the NGPC (dated October 16, 2018) and USWFS (dated October 18, 
2018) are provided in Appendix B.  Table 3-1 shows the Federally and state listed species in 
Lincoln County, Nebraska, and their potential to inhabit Fort McPherson National Cemetery 
property. 

Table 3-1.  Federal and State Listed Threatened and Endangered Species Known to 
Occur in Lincoln County, Nebraska 

Species 
Federal 
Status 

State 
Status Potential to Inhabit the Project Area 

American burying beetle 
(Nicrophorus 
americanus) 

Endangered Endangered 

Yes, but unlikely.  Current information suggests 
that this species lives in many types of habitat, 
with a slight preference for grasslands, 
scrubland, and open understory oak hickory 
forests. 

Blowout Penstemon 
(Penstemon hydenii) Endangered 

No. Habitat not present.  Occurs only in open 
sand habitats, called blowouts, in the Sandhills 
of north-central Nebraska and the Great Divide 
Basin in Wyoming 

Interior least tern 
(Sterna antillarum) Endangered 

No. Habitat not present.  Nests along sand 
and gravel bars within braided streams and 
rivers.  Also known to nest on man-made 
structures. 

Piping plover 
(Charadrius melodus) Threatened No. Habitat not present.  Prefers beaches and 

bayside mud or salt flats. 

River Otter 
(Lontra cadadensis) Threatened No. Habitat not present.  Prefers lakes or 

rivers. 
Western prairie fringed 
orchid 
Platanthera praeclara) 

Threatened 
No. Occur in wet, unplowed, tall-grass prairies 
or meadows, but have nee found in old fields 
and roadside ditches. 

Whooping crane (Grus 
Americana) Endangered Endangered Yes, but unlikely.  Potential migrant throughout 

most of the state.  Winters in coastal marshes. 

Additional information, referred to as an Information for Planning and Consultation (IPaC) report, 
dated October 15, 2018 (Appendix B) provides lists of endangered species, critical habitat, 
migratory birds, wildlife refuges, and wetlands under the USFWS jurisdiction that are known or 
expected to be on or near the project area. 

Environmental Consequences 
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3.5.2.1 No Action Alternative 
Under the No Action Alternative, there would be no additional impacts on vegetation, wildlife, 
migratory birds, or threatened and endangered species or their habitat. 

3.5.2.2 Preferred Alternative: Cemetery Expansion 
The USFWS stated that it would be unlikely that the Proposed Action would results in adverse 
impact to federally protected, threatened or endangered species, or to any critical habitat 
designated for such species. 

The bald eagle and the whooping crane could potentially be found on Fort McPherson National 
Cemetery property during migration.  These are migratory species and unlikely visitors to the 
cemetery.  There are no known bald eagle nests within the cemetery. 

To avoid adverse effects on migratory birds from the Proposed Action, site preparation activities 
within the native vegetated areas would occur outside of the nesting season (typically mid-
February through September) or the area would be surveyed for nesting birds prior to site 
preparation activities.  If active nests are encountered, the nests would be protected until the 
young have fledged. 

3.6 Socioeconomics 

Affected Environment 
Until 2016, the Fort McPherson National Cemetery was the only National Cemetery in Nebraska, 
and the cemetery served veterans throughout the state and surrounding areas.  The cemetery 
still anticipates servicing the needs of veterans throughout the state especially in the western 
portion of the Nebraska and surrounding states.  The U.S. Census estimates shows that in 2016, 
there are 127,340 veterans living in Nebraska.  In addition to these veterans, eligible dependents 
could be buried at the cemetery. 

Environmental Consequences 

3.6.2.1 No Action Alternative 
Under the No Action Alternative, after the remaining burial sites are utilized at the Fort 
McPherson National Cemetery, veterans and their eligible dependents would seek other options. 
The closest national cemetery, Omaha National Cemetery, is approximately 286 miles away. 
Veterans and their families would be required to travel substantial distances, resulting in minor 
to moderate adverse impacts on veterans and their families. 

3.6.2.2 Preferred Alternative: Implement Expansion 
Under the Preferred Alternative, there would be temporary, minor, beneficial impacts associated 
with the planned construction and repairs.  Temporary, minor, beneficial impacts in the form of 
jobs and income for area residents, revenues to local businesses, and sales taxes to the State 
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of Nebraska and local municipalities could be realized if construction materials are purchased 
locally or local construction workers are hired for land preparation and construction.  Additional 
employees could be hired for maintaining or working at the proposed cemetery expansion 
property. 

3.7 Cumulative Impacts 

Cumulative impacts are defined as the impacts on the environment or resources that result from 
the incremental impact of the Proposed Action when added to other past, present, and 
reasonably foreseeable future actions.  The primary cumulative impacts include those associated 
with the increased development of land used for agricultural purposes.  Development of the 
Proposed Action would occur in a phased manner over the next 50+ years, with the initial phase 
of development planned to be initiated in approximately 3 years.  The Proposed Action site would 
remain as agricultural land until development.  Other reasonably foreseeable impacts are not 
anticipated. 

3.8 Potential for Generating Substantial Controversy 

Controversy from implementation of the Proposed Action is not anticipated.  The landowner is 
willing to provide for land for the cemetery expansion.  The cemetery expansion would fit 
harmoniously with the existing aesthetics.  Additionally, the veteran community would continue 
to be served for the future generations. 

There could be controversy if the Proposed Action is not undertaken.   Once the cemetery is 
filled, veterans and their families would be required to travel substantial distances to other VA 
cemeteries if they wish to utilize a VA national cemetery. 
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COMMENTS AND COORDINATION 

The VA invites public participation in the NEPA process.  Consideration of the views and 
information of all interested persons promotes open communication and enables better decision 
making.  Public participation opportunities with respect to the EA, as well as decision making on 
the Proposed Action, are guided by 38 CFR Part 26. 

Coordination letters were sent to the following agencies, and the responses received are 
provided in Appendix B: 

• U.S. Fish and Wildlife Service (USFWS) 
• U.S. Environmental Protection Agency (USEPA) 
• U.S. National Park Service (NPS) 
• Nebraska Natural Resource Conservation Service (NRCS) 
• Nebraska Department of Environmental Quality NDEQ) 
• Nebraska Game and Parks Commission (NGPC) 
• Nebraska State Historical Preservation Office (NeSHPO) 
• Native American Tribes 

4.1 Native America Tribes 

The VA contacted the following 12 Native American Tribes to describe the proposed project and 
provide the opportunity for comments.  Responses from the Tribes are attached in Appendix B. 

• Apache Tribe of Oklahoma, 
• Arapaho Tribe of the Wind River Reservation, Wyoming 
• Cheyenne and Arapaho Tribes 
• Cheyenne River Sioux Tribe of the Cheyenne River Reservation, South Dakota 
• Crow and Creek Sioux Tribe of the Crow Creek Reservation, South Dakota 
• Lower Brule Sioux Tribe of the Lower Brule Reservation, South Dakota 
• Northern Cheyenne Tribe of the Northern Cheyenne Indian Reservation, Montana 
• Ogala Sioux Tribe 
• Pawnee Nation of Oklahoma 
• Rosebud Sioux Tribe of the Rosebud Indian Reservation, South Dakota 
• Santee Sioux Nation, Nebraska 
• Standing Rock Sioux Tribe of North & South Dakota 

The Apache Tribe of Oklahoma responded by email dated September 19, 2018 that Bob 
Komardley is the chairman and has been for over two years (Appendix B). 
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The Crow Creek Sioux Tribe responded by email dated September 4, 2018 indicating that they 
would like to be notified in the event of an inadvertent discovery of remains and artifacts 
associated with the find (Appendix B). 

The Cheyenne and Arapaho Tribes responded by email dated August 23, 2018 and requested 
to have a mailing address on the project information/letters sent to the Tribe and to update the 
VA records to include Max Bear as the current THPO for the Tribe.  As requested and on the 
same day, August 23, 2018, the VA’s records were updated to include Max Bear, and the mailing 
address was provided to the Tribe and Max Bear (Appendix B). 

The Northern Cheyenne Tribe (Kristina Quaempts) responded by email dated September 13, 
2018 with a Consultation Request, which included a request for survey and a copy of draft EA. 
The Consultation Request also requested documents for future projects, if possible, to include 
the SHPO letter of determination with a file search, any reports (Class I, II, and III, a minimum of 
a Class I with JPEG pictures and maps), a legal description (UTMs, Townships, Address), 
project-reference name and number, and contact person.  Additional correspondence was not 
conducted (Appendix B). 

The Northern Cheyenne Tribe (Teanna Limpy) also responded by email dated September 26, 
2018 and requested survey reports previously conducted in areas associated with the land 
acquisition and cemetery (Appendix B).  Additional correspondence was not conducted. 

05187118 mcpherson draft ea draft6.docx 
15 



 

Draft Environmental Assessment 
Fort McPherson National Cemetery Expansion ■ Maxwell, Nebraska 
November 9, 2018 ■ Terracon Project No. 05187118 

5.0 CONCLUSIONS 

Implementation of the Proposed Action would have negligible adverse impacts on the natural 
and human environments.  The Proposed Action would result in beneficial impacts on the human 
environment by allowing Fort McPherson National Cemetery to continue to serve the Fort 
McPherson veteran community for many more years. 

Potential environmental impacts of the Preferred Alternative and the No Action Alternative would 
be those primarily associated with the ground disturbance required to construct the pre-placed 
crypts, ossuary, columbaria, memorial wall, and parking lot. 

Per CEQ guidance (40 CFR, Part 1502.7[3]), only those resources that have the potential to be 
impacted by the Proposed Action or any of the alternatives considered are analyzed in this EA. 
The resources that have no potential for impact are the following: Aesthetics, Air Quality, 
Floodplains and Coastal Zone Management, Noise, Community Services, Solid and Hazardous 
Materials, Transportation and Parking, Utilities, Wetlands, and Environmental Justice. 

Table 5-1 presents a summary of the impacts expected to occur under each alternative. 

Table 5.1.  Summary of Impacts Analyzed 

Resource No Action Alternative Preferred Alternative 

Cultural 
Resource 

No change or adverse effects on 
cultural resources would occur. 

No adverse impact on historic properties and a 
determination of No Historic Properties 
Affected. 
NeSHPO requested to be notified for comment 
and review before any ground disturbing 
activities are slated to occur. 

Land Use and 
Zoning 

No change or adverse effects on 
land use would occur. 

A Conditional-Use Permit request would be 
required to change the zoning; however, no 
adverse effects on land use would occur. 

Soils No adverse effects on soils would 
occur. 

Temporary and negligible effects on soils would 
occur during development.  BMPs would be 
used to control soil erosion. Permits would be 
needed for construction. 

Hydrology and 
Water Quality 

No adverse effects on hydrology or 
water quality would occur. 

No adverse effects on hydrology or water 
quality are anticipated for burials in unsaturated 
soils.  Minor effects may be possible if 
groundwater would interact with interment 
sites.  BMP s would be used to control soil 
erosion during construction.  Permits would be 
obtained prior to construction 

Wildlife and 
Habitat 

No adverse effects on vegetation, 
wildlife, or threatened and 
endangered species would occur. 

No adverse effects on vegetation, wildlife, or 
threatened and endangered species would 
occur.  Appropriate mitigation would be taken to 
avoid adverse effect on migratory birds. 
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Resource No Action Alternative Preferred Alternative 

Socio-
economics 

Minor to moderate adverse effects 
would occur because interment 
services would be eliminated.  This 
would require that veterans and their 
families travel long distances if they 
wished to be services by a VA 
cemetery. 

No adverse effects on socioeconomics would 
occur.  Services to veterans and their families 
would continue.  Temporary, minor, beneficial 
effects would occur during construction and 
maintenance as local expenditures on labor, 
fuel, and food would occur. 

Cumulative 
Effects 

No adverse cumulative effects 
would occur. No adverse cumulative effects would occur. 

Potential for 
generating 
substantial 
controversy 

There is a potential for controversy 
when the existing cemetery has no 
room.  The veterans and their 
families be required to travel 
substantial distances to other VA 
cemeteries. 

Property owner are in favor of providing land for 
the cemetery expansion. 
Additional information was requested by The 
Northern Cheyenne Tribe before they would 
provide comment: 

05187118 mcpherson draft ea draft6.docx 
17 



 

Draft Environmental Assessment 
Fort McPherson National Cemetery Expansion ■ Maxwell, Nebraska 
November 9, 2018 ■ Terracon Project No. 05187118 

6.0 LIST OF PREPARERS 

The following people were primarily responsible for the preparation of this EA. 

Table 6.1.  List of Preparers 

Name 
Agency /

Organization 
Discipline /
Expertise Experience Role in Preparing

EA 

David 
Jordan 

Terracon 
Consultants 

Geology, 
Hydrogeology 
and NEPA 
Studies 

24 years of NEPA and 
Environmental 
Studies 

Project Manager 
and EA 
Preparation 

Ginger Horn Terracon 
Consultants 

NEPA/Natural 
Resource 
Management 

30 years of EA 
and EIS 
preparation and 
review 

Senior Project 
Manager and EA 
review 

Jessica 
Engelbart 

Terracon 
Consultants 

NEPA 
Specialist 

6 years of 
Natural Resources 
and NEPA studies 

EA preparation 
and analysis 

Phil Lind Terracon 
Consultants Biology 3 years of 

Wetland Delineation Wetlands 

Ed Brodnicki Terracon 
Consultants 

Cultural Resources 
Archaeology 

35 years of 
Archaeology 
Surveys and 
Management 

Cultural 
resources 
review 

Patti Iske Terracon 
Consultants 

AutoCAD and GIS 
Graphics 

20 years of 
GIS/graphics 
experience 

GIS analysis and 
graphics 
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7.0 LIST OF ACRONYMS AND ABBREVIATIONS 

Table 7.1.  List of Acronyms and Abbreviations 
Abbreviation /

Acronym Description 
BMP Best Management Practice 
CEQ Council on Environmental Quality 
CFR Code of Federal Regulations 

CERCLIS Comprehensive Environmental Response, Compensation, and Labiality 
Information System 

CGP Construction General Permit 
DOD Department of Defense 
DC District of Columbia 
EA Environmental Assessment 
EIS Environmental Impact Statement 
ESA Endangered Species Act of 1973 
ESA Phase 1 Environmental Site Assessment 

FEMA Federal Emergency Management Agency 
FPPA Farmland Protection Policy Act of 1981 
GIS Geographic Information System 
IPaC Information for Planning and Consultation 

LWCF Land and Water Conservation Funds 
MBTA Migratory Bird Treaty Act 

NAAQS National Ambient Air Quality Standards 
NCA National Cemetery Administration 

NEPA National Environmental Policy Act of 1969 
NHL National Historic Listing 

NPDES National Pollution Discharge Elimination System 
NPS National Park Service 

NRHP National Register of Historic Places 
NRCS Natural Resource Conservation Service 
NDEQ Nebraska Department of Environmental Quality 
NDNR Nebraska Department of Natural Resources 
NGPC Nebraska Game and Parks Commission 

NeSHPO Nebraska State Historic Preservation Office 
RECs Recognized Environmental Conditions 
SHPO State Historic Preservation Office 
THPO Tribal Historic Preservation Officer 

USACE United States Army Corps of Engineers 
USC United States Code 

USDA United States Department of Agriculture 
USEPA United States Environmental Protection Agency 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 

VA United States Department of Veterans’ Affairs 
WOUS Waters of the United States 
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APPENDIX A - EXHIBITS 
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APPENDIX B - CORRESPONDENCE 
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Soil Map—Lincoln County, Nebraska Fort McPherson National Cemetery 
Expansion 

Map Unit Legend 

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI 

6337 Lawet silt loam, drained, 
occasionally flooded 

22.6 66.8% 

8567 Platte-Alda complex, 
occasionally flooded 

7.7 22.8% 

8815 Cozad silt loam, 0 to 1 percent 
slopes 

3.5 10.5% 

Totals for Area of Interest 33.8 100.0% 
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EXPLORATION PLAN with WATER LEVELS 

Fort McPherson National Cemetery Expansion ■ Maxwell, Nebraska 
August 29, 2018 ■ Terracon Project No. A3185048 
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GEOMODEL 
Fort McPherson National Cemetery Expansion Maxwell, NE 
8/29/2018 Terracon Project No. A3185048 
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Model Layer Description General Description 

Lean Clay Soft, trace sand to sandy1 

Silt Soft to stiff, trace sand2 

Lean to Fat Clay Soft, trace sand3 

Sand Loose, medium to coarse grained4 

LEGEND 

USCS Soil Classification 

Lean Clay Silt 

Poorly-graded Sand Lean Clay/Fat Clay 

Sandy Lean Clay 

 First Water Observation NOTES:
 Second Water Observation Layering shown on this figure has been developed by the geotechnical
 Final Water Observation engineer for purposes of modeling the subsurface conditions as 

required for the subsequent geotechnical engineering for this project. 
Groundwater levels are temporal. The levels shown are representative of the date Numbers adjacent to soil column indicate depth below ground surface. 
and time of our exploration. Significant changes are possible over time. 
Water levels shown are as measured during and/or after drilling. In some cases, 
boring advancement methods mask the presence/absence of groundwater. See 
individual logs for details. 







































 

 

 

 
 

 
  

 
 

   
 

    
 

 
 

   
 

 
 

  
      

     
 

 
 

   
   

         
   

 

  
  

 
 

  
 

 
 

 
 

  
 

  

October 16, 2018 

Dave Jordan 
Terracon 
15080 A Circle 
Omaha, NE 68144 

RE: Expansion of Fort McPherson National Cemetery, Lincoln County 

Dear Mr. Jordan: 

Nebraska Game and Parks Commission (NGPC) staff members have reviewed the information for the proposal 
identified above. This review was requested pursuant to the National Environmental Policy Act (NEPA).  

The proposed project will not impact any NGPC State Park, State Recreation Area, or State Wildlife Management 
Areas, as none are located in the immediate project area. 

The project site looks to be located in an area that has been previously disturbed and lacking native vegetation. 
The information provided states that the project site is currently agricultural cropland and that no grassland, 
drainages, or wetlands will be disturbed by the project. Therefore, the project does not appear that it would have 
any major impacts on fish and wildlife resources. 

Based on our review of the information provided, aerial photographs, and the Nebraska Natural Heritage 
database, the project is located within the range of the state-listed endangered whooping crane (Grus americana) 
and American burying beetle (Nicrophorus americanus), and state-listed threatened river otter (Lontra 
canadensis). However, the project area lacks suitable habitat for these species. Therefore, the project is not likely 
to have adverse impacts on state-listed endangered or threatened species. 

For an assessment of potential impacts to habitats and species protected under federal wildlife laws, including 
federally listed, candidate or proposed endangered or threatened species, please contact Eliza Hines 
(eliza_hines@fws.gov), Nebraska Field Office, U.S. Fish and Wildlife Service, 9325 South Alda Road, Wood River, 
Nebraska 68883. 

Thank you for opportunity to review this proposal.  Please contact me if you have any questions regarding these 
comments at 402-471-5423 or carey.grell@nebraska.gov. 

Sincerely, 

Carey Grell 
Environmental Analyst Supervisor 
Planning and Programming Division 

mailto:carey.grell@nebraska.gov
mailto:eliza_hines@fws.gov


 

 
        

 
 

 

 
 

  
 

 
 

 
 

    
 

  
 

 
  

 
     

     
    

      
  

 
   

  
 

 

 

 
 

  
 

 

2200 N. 33rd St. • P.O. Box 30370 • Lincoln, NE 68503-0370 • Phone: 402-471-0641 

October 17, 2018 

David Jordan 
Project geologist 
Terracon 
10841 S. Ridgeview Road 
Olathe, KS 66061 

RE: LWCF 200305(f)(3) Request for Fort McPherson National Cemetery Expansion, Terracon Project 
Number: 05187118 
NO IMPACT 

Mr. David Jordan: 

I have reviewed the project plans associated with LWCF 200305(f)(3) Request for Fort McPherson National 
Cemetery Expansion, Terracon Project Number: 05187118. There does not appear to be any properties 
associated with LWCF Act, 54 U.S.C. 200305(f)(3) (formerly LWCF Section 6(f)(3)), within the vicinity of the 
project area. No further action is needed to proceed under LWCF Act, 54 U.S.C. 200305(f)(3).  Consider 
this letter as your permission to continue with the project as outlined in the project plan(s). 

Please contact me if you need any additional information or you have any further questions regarding this 
review.  Thank you for the opportunity to review this project. 

Recreation Planner/ASLO 
Phone:  402.471.5283 
schuyler.sampson@nebraska.gov 

Sincerely, 

Schuyler Sampson 

TIME OUTDOORS IS TIME WELL SPENT 

OutdoorNebraska.org 

https://OutdoorNebraska.org
mailto:schuyler.sampson@nebraska.gov


Jordan, Dave 

From: Dominy, Neil - NRCS, Lincoln, NE <Neil.Dominy@ne.usda.gov> 
Sent: Wednesday, October 31, 2018 1:07 PM 
To: Jordan, Dave 
Subject: Fort McPherson - FPPA Request 
Attachments: McPherson_Cemetery_farmland conversion AD-1006.pdf 

Subject: FPPA response for:  Fort McPherson National Cemetery Expansion Project 

Date:  10/31/2018

 ATTENTION:  Dave Jordan  - Terracon 

I have reviewed the project information regarding the Fort McPherson National Cemetery 
Expansion Project in Lincoln County, Nebraska for which you requested 
review of impacts to prime and important farmlands as per the Farmland Protection Policy Act 
(FPPA).  This review only covers FPPA concerns and does not include any other environmental 
concerns such as wetlands or endangered species.  For general conservation concerns or 
questions relating to wetlands under the jurisdiction of the Food Security Act, contact your 
county Natural Resources Conservation Service office. 

The AD-1006 which you submitted to our office shows that your Part VI section assessment 
point total is 95 .  The AD-1006 Farmland Conversion Impact Rating form is based on a point 
system that has 160 points set as the minimum number of “Total Points” that triggers 
additional in-depth site reviews.  The NRCS evaluation portion Part V is on a scale of 0 to 100 
points.  In the case with this project, the “Total Points” equate to 145. Thus, NRCS has 
determined that your project was found to be cleared of FPPA significant concerns.  We 
encourage you to continue to be aware of prime and important farmlands in general and the 
role they play in current and future projects.  I am returning the AD-1006 form to you for your 
records. 

Neil Dominy 
USDA 
State Soil Scientist 
402-437-4113 

1 



U.S. Department of Agriculture 

FARMLAND CONVERSION IMPACT RATING 
PART I (To be completed by Federal Agency) Date Of Land Evaluation Request 

Name of Project Federal Agency Involved 

Proposed Land Use County and State 

PART II (To be completed by NRCS) Date Request Received By 
NRCS 

Person Completing Form: 

   Does the site contain Prime, Unique, Statewide or Local Important Farmland? 

(If no, the FPPA does not apply - do not complete additional parts of this form) 

YES  NO Acres Irrigated Average Farm Size 

   Major Crop(s) Farmable Land In Govt. Jurisdiction 

Acres: % 

Amount of Farmland As Defined in FPPA 

Acres: % 

Name of Land Evaluation System Used Name of State or Local Site Assessment System Date Land Evaluation Returned by NRCS 

PART III (To be completed by Federal Agency) Alternative Site Rating 
Site A Site B Site C Site D 

   A. Total Acres To Be Converted Directly 18    
   B. Total Acres To Be Converted Indirectly 0   
   C. Total Acres In Site 18   
PART IV (To be completed by NRCS)  Land Evaluation Information  
   A. Total Acres Prime And Unique Farmland 1.3  
   B. Total Acres Statewide Important or Local Important Farmland  0
   C. Percentage Of Farmland in County Or Local Govt. Unit To Be Converted  
   D. Percentage Of Farmland in Govt. Jurisdiction With Same Or Higher Relative Value  

             

            

            

        
                    

    

   
                         

                            

                  

  

                         

                         

                        

     

                        

                        

                         

                        

                          

  
 

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

                        

     

                        

                        

                          

 

      

 

                         

      

      

      

      

           

 
 Ft McPherson Cemetery Expansion  Dept of Veterans Affairs

 Cemetery Expansion  Lincoln County, Nebraska

 10/29/2018 Dominy

✔  239819  1219

Corn      

 National Commodity Crop Productivity Index   10/31/2018

See attachment  August 2018 ✔

  The site was selected for continuity with the adjacent Fort McPherson National Cemetery, and was 
agreeable with the existing property owner. 

 David Jordan, Terracon Consultants  10-24-18

PART V (To be completed by NRCS)  Land Evaluation Criterion
              Relative Value of Farmland To Be Converted (Scale of 0 to 100 Points) 50
PART VI (To be completed by Federal Agency)  Site Assessment Criteria 
(Criteria are explained in 7 CFR 658.5 b. For Corridor project use form NRCS-CPA-106) 

Maximum 
Points 

Site A Site B Site C Site D 

1. Area In Non-urban Use (15) 15
2. Perimeter In Non-urban Use (10) 10
3. Percent Of Site Being Farmed (20) 20
4. Protection Provided By State and Local Government (20) 0
5. Distance From Urban Built-up Area (15) 15
6. Distance To Urban Support Services (15) 15
7. Size Of Present Farm Unit Compared To Average (10) 5
8. Creation Of Non-farmable Farmland (10) 0
9. Availability Of Farm Support Services (5) 5

   10. On-Farm Investments (20) 10
   11. Effects Of Conversion On Farm Support Services (10) 0
   12. Compatibility With Existing Agricultural Use (10) 0
   TOTAL SITE ASSESSMENT POINTS 160 95 0 0 0
PART VII (To be completed by Federal Agency) 
   Relative Value Of Farmland (From Part V) 100 50 0 0 0

Total Site Assessment (From Part VI above or local site assessment) 160 95 0 0 0
   TOTAL POINTS (Total of above 2 lines) 260 145 0 0 0

Site Selected: Date Of Selection 

Was A Local Site Assessment Used? 

YES  NO 

Reason For Selection: 

Name of Federal agency representative completing this form: Date: 
(See Instructions on reverse side) Form AD-1006 (03-02) 



  
 

 

 
  

 
   

 

 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 

 
 

  

 
 

 

 
 
 

 
 
 
 

  
 

 

  
  

STEPS IN THE PROCESSING THE FARMLAND AND CONVERSION IMPACT RATING FORM 

Step 1 - Federal agencies (or Federally funded projects) involved in proposed projects that may convert farmland, as defined in the Farmland Protection Policy Act (FPPA) 
to nonagricultural uses, will initially complete Parts I and III of the form. For Corridor type projects, the Federal agency shall use form NRCS-CPA-106 in place 
of form AD-1006. The Land Evaluation and Site Assessment (LESA) process may also be accessed by visiting the FPPA website, http://fppa.nrcs.usda.gov/lesa/. 

Step 2 - Originator (Federal Agency) will send one original copy of the form together with appropriate scaled maps indicating location(s)of project site(s), to the Natural 
Resources Conservation Service (NRCS) local Field Office or USDA Service Center and retain a copy for their files. (NRCS has offices in most counties in the 
U.S. The USDA Office Information Locator may be found at http://offices.usda.gov/scripts/ndISAPI.dll/oip_public/USA_map, or the offices can usually be 
found in the Phone Book under U.S. Government, Department of Agriculture. A list of field offices is available from the NRCS State Conservationist and State 
Office in each State.) 

Step 3 - NRCS will, within 10 working days after receipt of the completed form, make a determination as to whether the site(s) of the proposed project contains prime, 
unique, statewide or local important farmland. (When a site visit or land evaluation system design is needed, NRCS will respond within 30 working days. 

Step 4 - For sites where farmland covered by the FPPA will be converted by the proposed project, NRCS will complete Parts II, IV and V of the form. 

Step 5 - NRCS will return the original copy of the form to the Federal agency involved in the project, and retain a file copy for NRCS records. 

Step 6 - The Federal agency involved in the proposed project will complete Parts VI and VII of the form and return the form with the final selected site to the servicing 
NRCS office. 

Step 7 - The Federal agency providing financial or technical assistance to the proposed project will make a determination as to whether the proposed conversion is consistent 
with the FPPA. 

INSTRUCTIONS FOR COMPLETING THE FARMLAND CONVERSION IMPACT RATING FORM 
(For Federal Agency) 

Part I: When completing the "County and State" questions, list all the local governments that are responsible for local land 
use controls where site(s) are to be evaluated. 

Part III: When completing item B (Total Acres To Be Converted Indirectly), include the following: 

1. Acres not being directly converted but that would no longer be capable of being farmed after the conversion, because the 
conversion would restrict access to them or other major change in the ability to use the land for agriculture. 

2. Acres planned to receive services from an infrastructure project as indicated in the project justification (e.g. highways, 
utilities planned build out capacity) that will cause a direct conversion. 

Part VI: Do not complete Part VI using the standard format if a State or Local site assessment is used. With local and NRCS    
assistance, use the local Land Evaluation and Site Assessment (LESA). 

1. Assign the maximum points for each site assessment criterion as shown in § 658.5(b) of CFR. In cases of corridor-type 
project such as transportation, power line and flood control, criteria #5 and #6 will not apply and will, be weighted zero, 
however, criterion #8 will be weighed a maximum of 25 points and criterion #11 a maximum of 25 points. 

2. Federal agencies may assign relative weights among the 12 site assessment criteria other than those shown on the 
FPPA rule after submitting individual agency FPPA policy for review and comment to NRCS. In all cases where other 
weights are assigned, relative adjustments must be made to maintain the maximum total points at 160. For project sites 
where the total points equal or exceed 160, consider alternative actions, as appropriate, that could reduce adverse 
impacts (e.g. Alternative Sites, Modifications or Mitigation). 

Part VII: In computing the "Total Site Assessment Points" where a State or local site assessment is used and the total 
maximum number of points is other than 160, convert the site assessment points to a base of 160.  
Example: if the Site Assessment maximum is 200 points, and the alternative Site "A" is rated 180 points: 

Total points assigned Site A 180 X 160  = 144 points for Site AMaximum points possible = 200 

For assistance in completing this form or FPPA process, contact the local NRCS Field Office or USDA Service Center. 

NRCS employees, consult the FPPA Manual and/or policy for additional instructions to complete the AD-1006 form. 

http://offices.usda.gov/scripts/ndISAPI.dll/oip_public/USA_map
http://fppa.nrcs.usda.gov/lesa
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Information for Planning and Consultation (IPaC) Report
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≡♥≥♠↔∂°± ←∂″∂≥↑ ↔°  ⇑∂°≥°÷∂…≥ ⇒←←≡←←″≡±↔ ≡ ↓↑≡↓↑≡≈ ↔° ≈≡↔≡↑″∂±≡ ♦•≡↔•≡↑ ↔•≡ ↓↑°∝≡…↔ ″ƒ 

≠≠≡…↔ ≥∂←↔≡≈ °↑ ↓↑°↓°←≡≈ ←↓≡…∂≡← ±≈ñ°↑ ≈≡←∂÷±↔≡≈ °↑ ↓↑°↓°←≡≈ …↑∂↔∂…≥ •∂↔↔ò ⊆≡…°″″≡±≈≡≈ 

…°±↔≡±↔← °≠  ⇑∂°≥°÷∂…≥ ⇒←←≡←←″≡±↔ ↑≡ ≈≡←…↑∂≡≈ ↔ ð ⇐∧⊆ ðòò 

√≠  ∧≡≈≡↑≥ ÷≡±…ƒ ≈≡↔≡↑″∂±≡←ô ←≡≈ °± ↔•≡ ⇑∂°≥°÷∂…≥ ⇒←←≡←←″≡±↔ °↑ ∂°≥°÷∂…≥ ≡♥≥♠↔∂°±ô ↔•↔ 

≥∂←↔≡≈ ←↓≡…∂≡← ±≈ñ°↑ ≈≡←∂÷±↔≡≈ …↑∂↔∂…≥ •∂↔↔ ″ƒ ≡ ≠≠≡…↔≡≈ ƒ ↔•≡ ↓↑°↓°←≡≈ ↓↑°∝≡…↔ô ↔•≡ 

÷≡±…ƒ ∂← ↑≡→♠∂↑≡≈ ↔° …°±←♠≥↔ ♦∂↔• ↔•≡ ⊂≡↑♥∂…≡ ↓♠↑←♠±↔ ↔° ð ⇐∧⊆ ðò √± ≈≈∂↔∂°±ô ↔•≡ ⊂≡↑♥∂…≡ 

↑≡…°″″≡±≈← ↔•↔ …±≈∂≈↔≡ ←↓≡…∂≡←ô ↓↑°↓°←≡≈ ←↓≡…∂≡← ±≈ ↓↑°↓°←≡≈ …↑∂↔∂…≥ •∂↔↔ ≡ ≈≈↑≡←←≡≈ 

♦∂↔•∂± ↔•≡ …°±←♠≥↔↔∂°±ò °↑≡ ∂±≠°↑″↔∂°± °± ↔•≡ ↑≡÷♠≥↔∂°±← ±≈ ↓↑°…≡≈♠↑≡← ≠°↑ ←≡…↔∂°±  

…°±←♠≥↔↔∂°±ô ∂±…≥♠≈∂±÷ ↔•≡ ↑°≥≡ °≠ ↓≡↑″∂↔ °↑ ≥∂…≡±←≡ ↓↓≥∂…±↔←ô …± ≡ ≠°♠±≈ ∂± ↔•≡ þ∨±≈±÷≡↑≡≈ 

⊂↓≡…∂≡← ⇐°±←♠≥↔↔∂°± ⋅±≈°°×þ ↔∑ 

•↔↔↓∑ññ♦♦♦ò≠♦←ò÷°♥ñ≡±≈±÷≡↑≡≈ñ≡←ó≥∂↑↑ƒñ↓≈≠ñ⊄∠⇐ó¬∠⊂ò∉⇔∧ 

∉≥≡←≡ ≡ ♦↑≡ ↔•↔ ≥≈ ±≈ ÷°≥≈≡± ≡÷≥≡← ↑≡ ↓↑°↔≡…↔≡≈ ♠±≈≡↑ ↔•≡ ⇑≥≈ ±≈ ¬°≥≈≡± ∨÷≥≡ 

∉↑°↔≡…↔∂°± ⇒…↔ ø ⊇ò⊂ò⇐ò  ≡↔ ←≡→ò÷ô ±≈ ↓↑°∝≡…↔← ≠≠≡…↔∂±÷ ↔•≡←≡ ←↓≡…∂≡← ″ƒ ↑≡→♠∂↑≡ 

≈≡♥≡≥°↓″≡±↔ °≠ ± ≡÷≥≡ …°±←≡↑♥↔∂°± ↓≥± ø•↔↔↓∑ññ♦♦♦ò≠♦←ò÷°♥ñ♦∂±≈≡±≡↑÷ƒñ 

≡÷≥≡ℵ÷♠∂≈±…≡ò•↔″≥÷ò ⇒≈≈∂↔∂°±≥≥ƒô ♦∂±≈ ≡±≡↑÷ƒ ↓↑°∝≡…↔← ←•°♠≥≈ ≠°≥≥°♦ ↔•≡ ♦∂±≈ ≡±≡↑÷ƒ 

÷♠∂≈≡≥∂±≡← ø•↔↔↓∑ññ♦♦♦ò≠♦←ò÷°♥ñ♦∂±≈≡±≡↑÷ƒñ÷ ≠°↑ ″∂±∂″∂∞∂±÷ ∂″↓…↔← ↔° ″∂÷↑↔°↑ƒ ∂↑≈← ±≈ 

↔←ò 

¬♠∂≈±…≡ ≠°↑ ″∂±∂″∂∞∂±÷ ∂″↓…↔← ↔° ″∂÷↑↔°↑ƒ ∂↑≈← ≠°↑ ↓↑°∝≡…↔← ∂±…≥♠≈∂±÷ …°″″♠±∂…↔∂°±← 

↔°♦≡↑← ø≡ò÷òô …≡≥≥♠≥↑ô ≈∂÷∂↔≥ ↔≡≥≡♥∂←∂°±ô ↑≈∂°ô ±≈ ≡″≡↑÷≡±…ƒ ↑°≈…←↔÷ …± ≡ ≠°♠±≈ ↔∑ •↔↔↓∑ññ 

♦♦♦ò≠♦←ò÷°♥ñ″∂÷↑↔°↑ƒ∂↑≈←ñ⇐♠↑↑≡±↔⇑∂↑≈√←←♠≡←ñ⋅∞↑≈←ñ↔°♦≡↑←ñ↔°♦≡↑←ò•↔″ •↔↔↓∑ññ 

♦♦♦ò↔°♦≡↑×∂≥≥ò…°″ ±≈ •↔↔↓∑ññ♦♦♦ò≠♦←ò÷°♥ñ″∂÷↑↔°↑ƒ∂↑≈←ñ⇐♠↑↑≡±↔⇑∂↑≈√←←♠≡←ñ⋅∞↑≈←ñ↔°♦≡↑←ñ 

…°″↔°♦ò•↔″≥ò 

∪≡ ↓↓↑≡…∂↔≡ ƒ°♠↑ …°±…≡↑± ≠°↑ ↔•↑≡↔≡±≡≈ ±≈ ≡±≈±÷≡↑≡≈ ←↓≡…∂≡←ò ⊄•≡ ⊂≡↑♥∂…≡ ≡±…°♠↑÷≡← 

∧≡≈≡↑≥ ÷≡±…∂≡← ↔° ∂±…≥♠≈≡ …°±←≡↑♥↔∂°± °≠ ↔•↑≡↔≡±≡≈ ±≈ ≡±≈±÷≡↑≡≈ ←↓≡…∂≡← ∂±↔° ↔•≡∂↑ ↓↑°∝≡…↔ 

↓≥±±∂±÷ ↔° ≠♠↑↔•≡↑ ↔•≡ ↓♠↑↓°←≡← °≠ ↔•≡ ⇒…↔ò ∉≥≡←≡ ∂±…≥♠≈≡ ↔•≡ ⇐°±←♠≥↔↔∂°± ⊄↑…×∂±÷ ∇♠″≡↑ ∂± 

↔•≡ •≡≈≡↑ °≠ ↔•∂← ≥≡↔↔≡↑ ♦∂↔• ±ƒ ↑≡→♠≡←↔ ≠°↑ …°±←♠≥↔↔∂°± °↑ …°↑↑≡←↓°±≈≡±…≡ °♠↔ ƒ°♠↑ ↓↑°∝≡…↔ 

↔•↔ ƒ°♠ ←♠″∂↔ ↔° °♠↑ °≠≠∂…≡ò 

⇒↔↔…•″≡±↔ø←÷∑ 

∠≠≠∂…∂≥ ⊂↓≡…∂≡← ∂←↔ 

∂÷↑↔°↑ƒ ⇑∂↑≈← 

∪≡↔≥±≈← 



ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

∠≠≠∂…∂≥ ⊂↓≡…∂≡← ∂←↔ 

⊄•∂← ≥∂←↔ ∂← ↓↑°♥∂≈≡≈ ↓♠↑←♠±↔ ↔° ⊂≡…↔∂°±  °≠ ↔•≡ ∨±≈±÷≡↑≡≈ ⊂↓≡…∂≡← ⇒…↔ô ±≈ ≠♠≥≠∂≥≥← ↔•≡ 

↑≡→♠∂↑≡″≡±↔ ≠°↑ ∧≡≈≡↑≥ ÷≡±…∂≡← ↔° þ↑≡→♠≡←↔ °≠ ↔•≡ ⊂≡…↑≡↔↑ƒ °≠ ↔•≡ √±↔≡↑∂°↑ ∂±≠°↑″↔∂°± ♦•≡↔•≡↑ 

±ƒ ←↓≡…∂≡← ♦•∂…• ∂← ≥∂←↔≡≈ °↑ ↓↑°↓°←≡≈ ↔° ≡ ≥∂←↔≡≈ ″ƒ ≡ ↓↑≡←≡±↔ ∂± ↔•≡ ↑≡ °≠  ↓↑°↓°←≡≈ 

…↔∂°±þò 

⊄•∂← ←↓≡…∂≡← ≥∂←↔ ∂← ↓↑°♥∂≈≡≈ ƒ∑ 

∇≡↑←× ∨…°≥°÷∂…≥ ⊂≡↑♥∂…≡← ∧∂≡≥≈ ∠≠≠∂…≡ 

 ⇑ ⊂°♠↔• ⇒≥≈ ⊆≈ò 

∪°°≈ ⊆∂♥≡↑ô ∇∨ ó 

øð÷ ó 



 

ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

∉↑°∝≡…↔ ⊂♠″″↑ƒ 

⇐°±←♠≥↔↔∂°± ⇐°≈≡∑ ð∨ðððóðó⊂√óððð 

∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð 

∉↑°∝≡…↔ ∇″≡∑ ∧°↑↔ …∉•≡↑←°± ∇↔∂°±≥ ⇐≡″≡↔≡↑ƒ ∨♣↓±←∂°± 

∉↑°∝≡…↔ ⊄ƒ↓≡∑ ⇒∇⇔ ó ⇒⇐∈⊇√⊂√⊄√∠∇ 

∉↑°∝≡…↔ ⇔≡←…↑∂↓↔∂°±∑ ⊄•≡ ←∂↔≡ ∂±…≥♠≈≡← °≠ ↓↓↑°♣∂″↔≡≥ƒ ð …↑≡← °≠ ÷↑∂…♠≥↔♠↑≥ …↑°↓≥±≈ ↔•↔ ∂← 

∂± ∂±…°≥± ⇐°♠±↔ƒô ←°♠↔• °≠ ♣♦≡≥≥ô ∇≡↑←×ò ⊄•≡ ←∂↔≡ ∂← ≥°…↔≡≈ 

↓↓↑°♣∂″↔≡≥ƒ ò ″∂≥≡← ←°♠↔• °≠ √±↔≡↑←↔↔≡ √óð °± ⋅∂÷•♦ƒ ⇒ ♦∂↔•∂± 

⊂≡…↔∂°± ô ⊄°♦±←•∂↓  ∇°↑↔•ô ⊆±÷≡  ∪≡←↔ ±≈ ∂±…≥♠≈≡← ≥↔∂↔♠≈≡ó 

≥°±÷∂↔♠≈≡ …°°↑≈∂±↔≡← °≠ òðοô óððòοò ⊄•≡ ∉≥↔↔≡ ⊆∂♥≡↑ ∂← ≥°…↔≡≈ 

↓↓↑°♣∂″↔≡≥ƒ ôðð ≠≡≡↔ ±°↑↔•≡←↔ °≠ ↔•≡ ←∂↔≡ °♠±≈↑ƒò ⊄•≡↑≡ ±° 

♦≡↔≥±≈← ↔ ↔•∂← ←∂↔≡ò 

∉↑°∝≡…↔ °…↔∂°±∑ 

⇒↓↓↑°♣∂″↔≡ ≥°…↔∂°± °≠ ↔•≡ ↓↑°∝≡…↔ …± ≡ ♥∂≡♦≡≈ ∂± ¬°°÷≥≡ ↓←∑ •↔↔↓←∑ññ 

♦♦♦ò÷°°÷≥≡ò…°″ñ″↓←ñ↓≥…≡ñòð∇ððòðð∪ 

⇐°♠±↔∂≡←∑ ∂±…°≥±ô ∇∨ 



ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

∨±≈±÷≡↑≡≈ ⊂↓≡…∂≡← ⇒…↔ ⊂↓≡…∂≡← 

⊄•≡↑≡ ∂←  ↔°↔≥ °≠  ↔•↑≡↔≡±≡≈ô ≡±≈±÷≡↑≡≈ô °↑ …±≈∂≈↔≡ ←↓≡…∂≡← °± ↔•∂← ←↓≡…∂≡← ≥∂←↔ò 

⊂↓≡…∂≡← °± ↔•∂← ≥∂←↔ ←•°♠≥≈ ≡ …°±←∂≈≡↑≡≈ ∂± ± ≡≠≠≡…↔← ±≥ƒ←∂← ≠°↑ ƒ°♠↑ ↓↑°∝≡…↔ ±≈ …°♠≥≈ ∂±…≥♠≈≡ 

←↓≡…∂≡← ↔•↔ ≡♣∂←↔ ∂± ±°↔•≡↑ ÷≡°÷↑↓•∂… ↑≡ò ∧°↑ ≡♣″↓≥≡ô …≡↑↔∂± ≠∂←• ″ƒ ↓↓≡↑ °± ↔•≡ ←↓≡…∂≡← 

≥∂←↔ ≡…♠←≡  ↓↑°∝≡…↔ …°♠≥≈ ≠≠≡…↔ ≈°♦±←↔↑≡″ ←↓≡…∂≡←ò 

√∉⇐ ≈°≡← ±°↔ ≈∂←↓≥ƒ ≥∂←↔≡≈ ←↓≡…∂≡← °↑ …↑∂↔∂…≥ •∂↔↔← ♠±≈≡↑ ↔•≡ ←°≥≡ ∝♠↑∂←≈∂…↔∂°± °≠ ∇∠⇒⇒ 
∧∂←•≡↑∂≡← ô ← ⊇⊂∧∪⊂ ≈°≡← ±°↔ •♥≡ ↔•≡ ♠↔•°↑∂↔ƒ ↔° ←↓≡× °± ≡•≥≠ °≠ ∇∠⇒⇒ ±≈ ↔•≡ 

⇔≡↓↑↔″≡±↔ °≠ ⇐°″″≡↑…≡ò 

⊂≡≡ ↔•≡ þ⇐↑∂↔∂…≥ •∂↔↔←þ ←≡…↔∂°± ≡≥°♦ ≠°↑ ↔•°←≡ …↑∂↔∂…≥ •∂↔↔← ↔•↔ ≥∂≡ ♦•°≥≥ƒ °↑ ↓↑↔∂≥≥ƒ 

♦∂↔•∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ ♠±≈≡↑ ↔•∂← °≠≠∂…≡ù← ∝♠↑∂←≈∂…↔∂°±ò ∉≥≡←≡ …°±↔…↔ ↔•≡ ≈≡←∂÷±↔≡≈ ∧∪⊂ °≠≠∂…≡ 

∂≠ ƒ°♠ •♥≡ →♠≡←↔∂°±←ò 

ò ∇∠⇒⇒ ∧∂←•≡↑∂≡←ô ≥←° ×±°♦± ← ↔•≡ ∇↔∂°±≥ ↑∂±≡ ∧∂←•≡↑∂≡← ⊂≡↑♥∂…≡ ø∇∧⊂÷ô ∂← ± 

°≠≠∂…≡ °≠ ↔•≡ ∇↔∂°±≥ ∠…≡±∂… ±≈ ⇒↔″°←↓•≡↑∂… ⇒≈″∂±∂←↔↑↔∂°± ♦∂↔•∂± ↔•≡ ⇔≡↓↑↔″≡±↔ °≠ 

⇐°″″≡↑…≡ò 

⇑∂↑≈← 

∇⇒∨ ⊂⊄⇒⊄⊇⊂ 

≡←↔ ⊄≡↑± ⊂↔≡↑± ±↔∂≥≥↑♠″ 
∉°↓♠≥↔∂°±∑ ∂±↔≡↑∂°↑ ↓°↓ò 

∇° …↑∂↔∂…≥ •∂↔↔ •← ≡≡± ≈≡←∂÷±↔≡≈ ≠°↑ ↔•∂← ←↓≡…∂≡←ò 

⊂↓≡…∂≡← ↓↑°≠∂≥≡∑ •↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñð 

∨±≈±÷≡↑≡≈ 

∉∂↓∂±÷ ∉≥°♥≡↑ ⇐•↑≈↑∂♠← ″≡≥°≈♠← 
∉°↓♠≥↔∂°±∑ ⊗⇒↔≥±↔∂… ⇐°←↔ ±≈ ∇°↑↔•≡↑± ¬↑≡↔ ∉≥∂±← ↓°↓♠≥↔∂°±←ℜ ó ∪•≡↑≡♥≡↑ ≠°♠±≈ô ≡♣…≡↓↔ 

↔•°←≡ ↑≡← ♦•≡↑≡ ≥∂←↔≡≈ ← ≡±≈±÷≡↑≡≈ò 

⊄•≡↑≡ ∂← ≠∂±≥ …↑∂↔∂…≥ •∂↔↔ ≠°↑ ↔•∂← ←↓≡…∂≡←ò ∅°♠↑ ≥°…↔∂°± ∂← °♠↔←∂≈≡ ↔•≡ …↑∂↔∂…≥ •∂↔↔ò 

⊂↓≡…∂≡← ↓↑°≠∂≥≡∑ •↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñð 

⊄•↑≡↔≡±≡≈ 

∪•°°↓∂±÷ ⇐↑±≡ ¬↑♠← ″≡↑∂…± 
∉°↓♠≥↔∂°±∑ ∪•≡↑≡♥≡↑ ≠°♠±≈ô ≡♣…≡↓↔ ♦•≡↑≡ ≥∂←↔≡≈ ← ± ≡♣↓≡↑∂″≡±↔≥ ↓°↓♠≥↔∂°± 

⊄•≡↑≡ ∂← ≠∂±≥ …↑∂↔∂…≥ •∂↔↔ ≠°↑ ↔•∂← ←↓≡…∂≡←ò ∅°♠↑ ≥°…↔∂°± ∂← °♠↔←∂≈≡ ↔•≡ …↑∂↔∂…≥ •∂↔↔ò 

⊂↓≡…∂≡← ↓↑°≠∂≥≡∑ •↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 

∨±≈±÷≡↑≡≈ 

∧∂←•≡← 

∇⇒∨ ⊂⊄⇒⊄⊇⊂ 

∉≥≥∂≈ ⊂↔♠↑÷≡°± ⊂…↓•∂↑•ƒ±…•♠← ≥♠← ∨±≈±÷≡↑≡≈ 
∇° …↑∂↔∂…≥ •∂↔↔ •← ≡≡± ≈≡←∂÷±↔≡≈ ≠°↑ ↔•∂← ←↓≡…∂≡←ò 

⊂↓≡…∂≡← ↓↑°≠∂≥≡∑ •↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 
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√±←≡…↔← 

∇⇒∨ ⊂⊄⇒⊄⊇⊂ 

⇒″≡↑∂…± ⇑♠↑ƒ∂±÷ ⇑≡≡↔≥≡ ∇∂…↑°↓•°↑♠← ″≡↑∂…±♠← 
∉°↓♠≥↔∂°±∑ ∪•≡↑≡♥≡↑ ≠°♠±≈ô ≡♣…≡↓↔ ♦•≡↑≡ ≥∂←↔≡≈ ← ± ≡♣↓≡↑∂″≡±↔≥ ↓°↓♠≥↔∂°± 

∇° …↑∂↔∂…≥ •∂↔↔ •← ≡≡± ≈≡←∂÷±↔≡≈ ≠°↑ ↔•∂← ←↓≡…∂≡←ò 

⊂↓≡…∂≡← ↓↑°≠∂≥≡∑ •↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 

∨±≈±÷≡↑≡≈ 

∧≥°♦≡↑∂±÷ ∉≥±↔← 

∇⇒∨ ⊂⊄⇒⊄⊇⊂ 

⇑≥°♦°♠↔ ∉≡±←↔≡″°± ∉≡±←↔≡″°± •ƒ≈≡±∂∂ 
∇° …↑∂↔∂…≥ •∂↔↔ •← ≡≡± ≈≡←∂÷±↔≡≈ ≠°↑ ↔•∂← ←↓≡…∂≡←ò 

⊂↓≡…∂≡← ↓↑°≠∂≥≡∑ •↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 

∨±≈±÷≡↑≡≈ 

∪≡←↔≡↑± ∉↑∂↑∂≡ ∧↑∂±÷≡≈ ∠↑…•∂≈ ∉≥↔±↔•≡↑ ↓↑≡…≥↑ 
∇° …↑∂↔∂…≥ •∂↔↔ •← ≡≡± ≈≡←∂÷±↔≡≈ ≠°↑ ↔•∂← ←↓≡…∂≡←ò 

⊂↓≡…∂≡← ↓↑°≠∂≥≡∑ •↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 

⊄•↑≡↔≡±≡≈ 

⇐↑∂↔∂…≥ •∂↔↔← 

⊄⋅∨⊆∨ ⇒⊆∨ ∇∠ ⇐⊆√⊄√⇐⇒ ⋅⇒⇑√⊄⇒⊄⊂ ∪√⊄⋅√∇ ∅∠⊇⊆ ∉⊆∠∏∨⇐⊄ ⇒⊆∨⇒ ⊇∇⇔∨⊆ ⊄⋅√⊂ ∠∧∧√⇐∨ù⊂ 

∏⊇⊆√⊂⇔√⇐⊄√∠∇ò 
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∂÷↑↔°↑ƒ ⇑∂↑≈← 
⇐≡↑↔∂± ∂↑≈← ↑≡ ↓↑°↔≡…↔≡≈ ♠±≈≡↑ ↔•≡ ∂÷↑↔°↑ƒ ⇑∂↑≈ ⊄↑≡↔ƒ ⇒…↔ ±≈ ↔•≡ ⇑≥≈ ±≈ ¬°≥≈≡± ∨÷≥≡ 

∉↑°↔≡…↔∂°± ⇒…↔ ò 

⇒±ƒ ↓≡↑←°± °↑ °↑÷±∂∞↔∂°± ♦•° ↓≥±← °↑ …°±≈♠…↔← …↔∂♥∂↔∂≡← ↔•↔ ″ƒ ↑≡←♠≥↔ ∂± ∂″↓…↔← ↔° 

″∂÷↑↔°↑ƒ ∂↑≈←ô ≡÷≥≡←ô ±≈ ↔•≡∂↑ •∂↔↔← ←•°♠≥≈ ≠°≥≥°♦ ↓↓↑°↓↑∂↔≡ ↑≡÷♠≥↔∂°±← ±≈ …°±←∂≈≡↑ 

∂″↓≥≡″≡±↔∂±÷ ↓↓↑°↓↑∂↔≡ …°±←≡↑♥↔∂°± ″≡←♠↑≡←ô ← ≈≡←…↑∂≡≈ ≡≥°♦ò 

ò ⊄•≡ ∂÷↑↔°↑ƒ ⇑∂↑≈← ⊄↑≡↔ƒ ⇒…↔ °≠ ò 

ò ⊄•≡ ⇑≥≈ ±≈ ¬°≥≈≡± ∨÷≥≡ ∉↑°↔≡…↔∂°± ⇒…↔ °≠ ðò 

ò ð ⇐ò∧ò⊆ò ⊂≡…ò ðò ±≈  ⊇ò⊂ò⇐ò ⊂≡…ò ø÷ 

⊄•≡ ∂↑≈← ≥∂←↔≡≈ ≡≥°♦ ↑≡ ∂↑≈← °≠ ↓↑↔∂…♠≥↑ …°±…≡↑± ≡∂↔•≡↑ ≡…♠←≡ ↔•≡ƒ °……♠↑ °± ↔•≡ ⊇⊂∧∪⊂ 

⇑∂↑≈← °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ≥∂←↔ °↑ ♦↑↑±↔ ←↓≡…∂≥ ↔↔≡±↔∂°± ∂± ƒ°♠↑ ↓↑°∝≡…↔ ≥°…↔∂°±ò 

⊄° ≥≡↑± ″°↑≡ °♠↔ ↔•≡ ≥≡♥≡≥← °≠ …°±…≡↑± ≠°↑ ∂↑≈← °± ƒ°♠↑ ≥∂←↔ ±≈ •°♦ ↔•∂← ≥∂←↔ ∂← ÷≡±≡↑↔≡≈ô ←≡≡ 

↔•≡ ∧⇒∈ ≡≥°♦ò ⊄•∂← ∂← ±°↔  ≥∂←↔ °≠ ≡♥≡↑ƒ ∂↑≈ ƒ°♠ ″ƒ ≠∂±≈ ∂± ↔•∂← ≥°…↔∂°±ô ±°↑  ÷♠↑±↔≡≡ ↔•↔ 

≡♥≡↑ƒ ∂↑≈ °± ↔•∂← ≥∂←↔ ♦∂≥≥ ≡ ≠°♠±≈ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ò ⊄° ←≡≡ ≡♣…↔ ≥°…↔∂°±← °≠ ♦•≡↑≡ ∂↑≈≡↑← 

±≈ ↔•≡ ÷≡±≡↑≥ ↓♠≥∂… •♥≡ ←∂÷•↔≡≈ ∂↑≈← ∂± ±≈ ↑°♠±≈ ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ô ♥∂←∂↔ ↔•≡ ∨ó∂↑≈ ≈↔ 

″↓↓∂±÷ ↔°°≥ ø⊄∂↓∑ ≡±↔≡↑ ƒ°♠↑ ≥°…↔∂°±ô ≈≡←∂↑≡≈ ≈↔≡ ↑±÷≡ ±≈  ←↓≡…∂≡← °± ƒ°♠↑ ≥∂←↔÷ò ∧°↑ 

↓↑°∝≡…↔← ↔•↔ °……♠↑ °≠≠ ↔•≡ ⇒↔≥±↔∂… ⇐°←↔ô ≈≈∂↔∂°±≥ ″↓← ±≈ ″°≈≡≥← ≈≡↔∂≥∂±÷ ↔•≡ ↑≡≥↔∂♥≡ 

°……♠↑↑≡±…≡ ±≈ ♠±≈±…≡ °≠ ∂↑≈ ←↓≡…∂≡← °± ƒ°♠↑ ≥∂←↔ ↑≡ ♥∂≥≥≡ò ∂±×← ↔° ≈≈∂↔∂°±≥ 

∂±≠°↑″↔∂°± °♠↔ ⇒↔≥±↔∂… ⇐°←↔ ∂↑≈←ô ±≈ °↔•≡↑ ∂″↓°↑↔±↔ ∂±≠°↑″↔∂°± °♠↔ ƒ°♠↑ ″∂÷↑↔°↑ƒ 

∂↑≈ ≥∂←↔ô ∂±…≥♠≈∂±÷ •°♦ ↔° ↓↑°↓≡↑≥ƒ ∂±↔≡↑↓↑≡↔ ±≈ ♠←≡ ƒ°♠↑ ″∂÷↑↔°↑ƒ ∂↑≈ ↑≡↓°↑↔ô …± ≡ ≠°♠±≈ 

≡≥°♦ò 

∧°↑ ÷♠∂≈±…≡ °± ♦•≡± ↔° ←…•≡≈♠≥≡ …↔∂♥∂↔∂≡← °↑ ∂″↓≥≡″≡±↔ ♥°∂≈±…≡ ±≈ ″∂±∂″∂∞↔∂°± ″≡←♠↑≡← 

↔° ↑≡≈♠…≡ ∂″↓…↔← ↔° ″∂÷↑↔°↑ƒ ∂↑≈← °± ƒ°♠↑ ≥∂←↔ô …≥∂…× °± ↔•≡ ∉⊆∠⇑⇒⇑√√⊄∅ ∠∧ ∉⊆∨⊂∨∇⇐∨ 

⊂⊇⇒⊆∅ ↔ ↔•≡ ↔°↓ °≠ ƒ°♠↑ ≥∂←↔ ↔° ←≡≡ ♦•≡± ↔•≡←≡ ∂↑≈← ↑≡ ″°←↔ ≥∂×≡≥ƒ ↔° ≡ ↓↑≡←≡±↔ ±≈ 

↑≡≡≈∂±÷ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ò 

⇑⊆∨∨⇔√∇¬ 

∇⇒∨ ⊂∨⇒⊂∠∇ 

⇑≥≈ ∨÷≥≡ ⋅≥∂≡≡↔♠← ≥≡♠…°…≡↓•≥♠← ⇑↑≡≡≈← ∠…↔  
⊄•∂← ∂← ±°↔  ⇑∂↑≈ °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ∂± ↔•∂← ↑≡ô ♠↔ ♦↑↑±↔← ↔↔≡±↔∂°± ↔° ∏♠≥  
≡…♠←≡ °≠ ↔•≡ ∨÷≥≡ ⇒…↔ °↑ ≠°↑ ↓°↔≡±↔∂≥ ←♠←…≡↓↔∂∂≥∂↔∂≡← ∂± °≠≠←•°↑≡ ↑≡← ≠↑°″ …≡↑↔∂± ↔ƒ↓≡← 

°≠ ≈≡♥≡≥°↓″≡±↔ °↑ …↔∂♥∂↔∂≡←ò 

•↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 
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∇⇒∨ 

¬°≥≈≡± ∨÷≥≡ ⇒→♠∂≥ …•↑ƒ←≡↔°← 
⊄•∂← ∂← ±°↔  ⇑∂↑≈ °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ∂± ↔•∂← ↑≡ô ♠↔ ♦↑↑±↔← ↔↔≡±↔∂°± 

≡…♠←≡ °≠ ↔•≡ ∨÷≥≡ ⇒…↔ °↑ ≠°↑ ↓°↔≡±↔∂≥ ←♠←…≡↓↔∂∂≥∂↔∂≡← ∂± °≠≠←•°↑≡ ↑≡← ≠↑°″ …≡↑↔∂± ↔ƒ↓≡← 

°≠ ≈≡♥≡≥°↓″≡±↔ °↑ …↔∂♥∂↔∂≡←ò 

•↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñð 

⋅↑↑∂←ù← ⊂↓↑↑°♦ ⊕°±°↔↑∂…•∂ →♠≡↑♠≥ 
⊄•∂← ∂←  ⇑∂↑≈ °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ↔•↑°♠÷•°♠↔ ∂↔← ↑±÷≡ ∂± ↔•≡ …°±↔∂±≡±↔≥ ⊇⊂⇒ 

±≈ ⇒≥←×ò 

≡←←≡↑ ∅≡≥≥°♦≥≡÷← ⊄↑∂±÷ ≠≥♥∂↓≡← 
⊄•∂← ∂←  ⇑∂↑≈ °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ↔•↑°♠÷•°♠↔ ∂↔← ↑±÷≡ ∂± ↔•≡ …°±↔∂±≡±↔≥ ⊇⊂⇒ 

±≈ ⇒≥←×ò 

•↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 

°±÷ó∂≥≥≡≈ ⇐♠↑≥≡♦ ∇♠″≡±∂♠← ″≡↑∂…±♠← 
⊄•∂← ∂←  ⇑∂↑≈ °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ↔•↑°♠÷•°♠↔ ∂↔← ↑±÷≡ ∂± ↔•≡ …°±↔∂±≡±↔≥ ⊇⊂⇒ 

±≈ ⇒≥←×ò 

•↔↔↓←∑ññ≡…°←ò≠♦←ò÷°♥ñ≡…↓ñ←↓≡…∂≡←ñ 

⊆≡≈ó•≡≈≡≈ ∪°°≈↓≡…×≡↑ ≡≥±≡↑↓≡← ≡↑ƒ↔•↑°…≡↓•≥♠← 
⊄•∂← ∂←  ⇑∂↑≈ °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ↔•↑°♠÷•°♠↔ ∂↔← ↑±÷≡ ∂± ↔•≡ …°±↔∂±≡±↔≥ ⊇⊂⇒ 

±≈ ⇒≥←×ò 

∪∂≥≥≡↔ ⊄↑∂±÷ ←≡″∂↓≥″↔ 
⊄•∂← ∂←  ⇑∂↑≈ °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ↔•↑°♠÷•°♠↔ ∂↔← ↑±÷≡ ∂± ↔•≡ …°±↔∂±≡±↔≥ ⊇⊂⇒ 

±≈ ⇒≥←×ò 

∉↑°∂≥∂↔ƒ ∠≠ ∉↑≡←≡±…≡ ⊂♠″″↑ƒ 

⇑⊆∨∨⇔√∇¬ 

⊂∨⇒⊂∠∇ 

⇑↑≡≡≈← ∏±  ↔° 

⇒♠÷  

⇑↑≡≡≈← 

≡≥←≡♦•≡↑≡ 

⇑↑≡≡≈← 

≡≥←≡♦•≡↑≡ 

⇑↑≡≡≈← ⇒↓↑  ↔° 

∏♠≥  

⇑↑≡≡≈← ƒ ð 

↔° ⊂≡↓ ð 

⇑↑≡≡≈← ⇒↓↑ ð 

↔° ⇒♠÷  

⊄•≡ ÷↑↓•← ≡≥°♦ ↓↑°♥∂≈≡ °♠↑ ≡←↔ ♠±≈≡↑←↔±≈∂±÷ °≠ ♦•≡± ∂↑≈← °≠ …°±…≡↑± ↑≡ ″°←↔ ≥∂×≡≥ƒ ↔° ≡ 

↓↑≡←≡±↔ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ò ⊄•∂← ∂±≠°↑″↔∂°± …± ≡ ♠←≡≈ ↔° ↔∂≥°↑ ±≈ ←…•≡≈♠≥≡ ƒ°♠↑ ↓↑°∝≡…↔ 

…↔∂♥∂↔∂≡← ↔° ♥°∂≈ °↑ ″∂±∂″∂∞≡ ∂″↓…↔← ↔° ∂↑≈←ò ∉≥≡←≡ ″×≡ ←♠↑≡ ƒ°♠ ↑≡≈ ±≈ ♠±≈≡↑←↔±≈ ↔•≡ 

↔° ∂±↔≡↑↓↑≡↔ ↔•∂← ↑≡↓°↑↔ò 

∉↑°∂≥∂↔ƒ °≠ ∉↑≡←≡±…≡ ø ÷ 

∨…• ÷↑≡≡± ↑ ↑≡↓↑≡←≡±↔← ↔•≡ ∂↑≈ù← ↑≡≥↔∂♥≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ∂± ↔•≡ ð×″ ÷↑∂≈ …≡≥≥ø←÷ ƒ°♠↑ 

↓↑°∝≡…↔ °♥≡↑≥↓← ≈♠↑∂±÷  ↓↑↔∂…♠≥↑ ♦≡≡× °≠ ↔•≡ ƒ≡↑ò ø⇒ ƒ≡↑ ∂← ↑≡↓↑≡←≡±↔≡≈ ←  ó♦≡≡× 

″°±↔•←ò÷ ⇒ ↔≥≥≡↑ ↑ ∂±≈∂…↔≡←  •∂÷•≡↑ ↓↑°∂≥∂↔ƒ °≠ ←↓≡…∂≡← ↓↑≡←≡±…≡ò ⊄•≡ ←♠↑♥≡ƒ ≡≠≠°↑↔ ø←≡≡ 

≡≥°♦÷ …± ≡ ♠←≡≈ ↔° ≡←↔≥∂←•  ≥≡♥≡≥ °≠ …°±≠∂≈≡±…≡ ∂± ↔•≡ ↓↑≡←≡±…≡ ←…°↑≡ò ∠±≡ …± •♥≡ •∂÷•≡↑ 

…°±≠∂≈≡±…≡ ∂± ↔•≡ ↓↑≡←≡±…≡ ←…°↑≡ ∂≠ ↔•≡ …°↑↑≡←↓°±≈∂±÷ ←♠↑♥≡ƒ ≡≠≠°↑↔ ∂← ≥←° •∂÷•ò 



ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

⋅°♦ ∂← ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ←…°↑≡ …≥…♠≥↔≡≈◊ ⊄•≡ …≥…♠≥↔∂°± ∂← ≈°±≡ ∂± ↔•↑≡≡ ←↔≡↓←∑ 

ò ⊄•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ≠°↑ ≡…• ♦≡≡× ∂← …≥…♠≥↔≡≈ ← ↔•≡ ±♠″≡↑ °≠ ←♠↑♥≡ƒ ≡♥≡±↔← ∂± 

↔•≡ ♦≡≡× ♦•≡↑≡ ↔•≡ ←↓≡…∂≡← ♦← ≈≡↔≡…↔≡≈ ≈∂♥∂≈≡≈ ƒ ↔•≡ ↔°↔≥ ±♠″≡↑ °≠ ←♠↑♥≡ƒ ≡♥≡±↔← ≠°↑ 

↔•↔ ♦≡≡×ò ∧°↑ ≡♣″↓≥≡ô ∂≠ ∂± ♦≡≡×  ↔•≡↑≡ ♦≡↑≡ ð ←♠↑♥≡ƒ ≡♥≡±↔← ±≈ ↔•≡ ⊂↓°↔↔≡≈ ⊄°♦•≡≡ 

♦← ≠°♠±≈ ∂±  °≠ ↔•≡″ô ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ °≠ ↔•≡ ⊂↓°↔↔≡≈ ⊄°♦•≡≡ ∂± ♦≡≡×  ∂← 

ðòò 

ò ⊄° ↓↑°↓≡↑≥ƒ ↓↑≡←≡±↔ ↔•≡ ↓↔↔≡↑± °≠ ↓↑≡←≡±…≡ …↑°←← ↔•≡ ƒ≡↑ô ↔•≡ ↑≡≥↔∂♥≡ ↓↑°∂≥∂↔ƒ °≠ 

↓↑≡←≡±…≡ ∂← …≥…♠≥↔≡≈ò ⊄•∂← ∂← ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ≈∂♥∂≈≡≈ ƒ ↔•≡ ″♣∂″♠″ 

↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ …↑°←← ≥≥ ♦≡≡×←ò ∧°↑ ≡♣″↓≥≡ô ∂″÷∂±≡ ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ 

∂± ♦≡≡× ð ≠°↑ ↔•≡ ⊂↓°↔↔≡≈ ⊄°♦•≡≡ ∂← ðòðô ±≈ ↔•↔ ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ↔ ♦≡≡×  

øðò÷ ∂← ↔•≡ ″♣∂″♠″ °≠ ±ƒ ♦≡≡× °≠ ↔•≡ ƒ≡↑ò ⊄•≡ ↑≡≥↔∂♥≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ °± 

♦≡≡×  ∂← ðòñðò   ↔ ♦≡≡× ð ∂↔ ∂← ðòðñðò  ðòò 

ò ⊄•≡ ↑≡≥↔∂♥≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ …≥…♠≥↔≡≈ ∂± ↔•≡ ↓↑≡♥∂°♠← ←↔≡↓ ♠±≈≡↑÷°≡←  ←↔↔∂←↔∂…≥ 

…°±♥≡↑←∂°± ←° ↔•↔ ≥≥ ↓°←←∂≥≡ ♥≥♠≡← ≠≥≥ ≡↔♦≡≡± ð ±≈ ðô ∂±…≥♠←∂♥≡ò ⊄•∂← ∂← ↔•≡ 

↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ←…°↑≡ò 

⇑↑≡≡≈∂±÷ ⊂≡←°± ø ÷ 

∅≡≥≥°♦ ↑← ≈≡±°↔≡  ♥≡↑ƒ ≥∂≡↑≥ ≡←↔∂″↔≡ °≠ ↔•≡ ↔∂″≡ó≠↑″≡ ∂±←∂≈≡ ♦•∂…• ↔•≡ ∂↑≈ ↑≡≡≈← …↑°←← 

∂↔← ≡±↔∂↑≡ ↑±÷≡ò √≠ ↔•≡↑≡ ↑≡ ±° ƒ≡≥≥°♦ ↑← ←•°♦± ≠°↑  ∂↑≈ô ∂↔ ≈°≡← ±°↔ ↑≡≡≈ ∂± ƒ°♠↑ ↓↑°∝≡…↔ 

↑≡ò 

⊂♠↑♥≡ƒ ∨≠≠°↑↔ ø ÷ 

⊃≡↑↔∂…≥ ≥…× ≥∂±≡← ←♠↓≡↑∂″↓°←≡≈ °± ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ↑← ∂±≈∂…↔≡ ↔•≡ ±♠″≡↑ °≠ ←♠↑♥≡ƒ← 

↓≡↑≠°↑″≡≈ ≠°↑ ↔•↔ ←↓≡…∂≡← ∂± ↔•≡ ð×″ ÷↑∂≈ …≡≥≥ø←÷ ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ °♥≡↑≥↓←ò ⊄•≡ ±♠″≡↑ °≠ 

←♠↑♥≡ƒ← ∂← ≡♣↓↑≡←←≡≈ ←  ↑±÷≡ô ≠°↑ ≡♣″↓≥≡ô  ↔°  ←♠↑♥≡ƒ←ò 

∇° ⇔↔ ø ÷ 

⇒ ♦≡≡× ∂← ″↑×≡≈ ← •♥∂±÷ ±° ≈↔ ∂≠ ↔•≡↑≡ ♦≡↑≡ ±° ←♠↑♥≡ƒ ≡♥≡±↔← ≠°↑ ↔•↔ ♦≡≡×ò 

⊂♠↑♥≡ƒ ⊄∂″≡≠↑″≡ 

⊂♠↑♥≡ƒ← ≠↑°″ °±≥ƒ ↔•≡ ≥←↔ ð ƒ≡↑← ↑≡ ♠←≡≈ ∂± °↑≈≡↑ ↔° ≡±←♠↑≡ ≈≡≥∂♥≡↑ƒ °≠ …♠↑↑≡±↔≥ƒ ↑≡≥≡♥±↔ 

∂±≠°↑″↔∂°±ò ⊄•≡ ≡♣…≡↓↔∂°± ↔° ↔•∂← ∂← ↑≡← °≠≠ ↔•≡ ⇒↔≥±↔∂… …°←↔ô ♦•≡↑≡ ∂↑≈ ↑≡↔♠↑±← ↑≡ ←≡≈ °± 

≥≥ ƒ≡↑← °≠ ♥∂≥≥≡ ≈↔ô ←∂±…≡ ≈↔ ∂± ↔•≡←≡ ↑≡← ∂← …♠↑↑≡±↔≥ƒ ″♠…• ″°↑≡ ←↓↑←≡ò 

⊂∉∨⇐√∨⊂ ∏⇒∇ ∧∨⇑ ⇒⊆ ⇒∉⊆ ⇒∅ ∏⊇∇ ∏⊇ ⇒⊇¬ ⊂∨∉ ∠⇐⊄ ∇∠⊃ ⇔∨⇐ 

⇑≥≈ ∨÷≥≡ 
∇°±ó⇑⇐⇐ ⊃♠≥±≡↑≥≡ 

¬°≥≈≡± ∨÷≥≡ 
∇°±ó⇑⇐⇐ ⊃♠≥±≡↑≥≡ 



 

 

 

 

 

 

ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

⊂∉∨⇐√∨⊂ ∏⇒∇ ∧∨⇑ ⇒⊆ ⇒∉⊆ ⇒∅ ∏⊇∇ ∏⊇ ⇒⊇¬ ⊂∨∉ ∠⇐⊄ ∇∠⊃ ⇔∨⇐ 

⋅↑↑∂←ù← ⊂↓↑↑°♦ 
⇑⇐⇐ ⊆±÷≡♦∂≈≡ ø⇐∠∇÷ 

≡←←≡↑ ∅≡≥≥°♦≥≡÷← 
⇑⇐⇐ ⊆±÷≡♦∂≈≡ ø⇐∠∇÷ 

°±÷ó∂≥≥≡≈ ⇐♠↑≥≡♦ 
⇑⇐⇐ ⊆±÷≡♦∂≈≡ ø⇐∠∇÷ 

⊆≡≈ó•≡≈≡≈ 

∪°°≈↓≡…×≡↑ 
⇑⇐⇐ ⊆±÷≡♦∂≈≡ ø⇐∠∇÷ 

∪∂≥≥≡↔ 
⇑⇐⇐ ⊆±÷≡♦∂≈≡ ø⇐∠∇÷ 

⇒≈≈∂↔∂°±≥ ∂±≠°↑″↔∂°± …± ≡ ≠°♠±≈ ♠←∂±÷ ↔•≡ ≠°≥≥°♦∂±÷ ≥∂±×←∑ 

⇑∂↑≈← °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± •↔↔↓∑ññ♦♦♦ò≠♦←ò÷°♥ñ∂↑≈←ñ″±÷≡″≡±↔ñ″±÷≡≈ó←↓≡…∂≡←ñ 

∂↑≈←ó°≠ó…°±←≡↑♥↔∂°±ó…°±…≡↑±ò↓•↓ 

≡←♠↑≡← ≠°↑ ♥°∂≈∂±÷ ±≈ ″∂±∂″∂∞∂±÷ ∂″↓…↔← ↔° ∂↑≈← •↔↔↓∑ññ♦♦♦ò≠♦←ò÷°♥ñ∂↑≈←ñ 

″±÷≡″≡±↔ñ↓↑°∝≡…↔ó←←≡←←″≡±↔ó↔°°≥←ó±≈ó÷♠∂≈±…≡ñ 

…°±←≡↑♥↔∂°±ó″≡←♠↑≡←ò↓•↓ 

∇↔∂°±♦∂≈≡ …°±←≡↑♥↔∂°± ″≡←♠↑≡← ≠°↑ ∂↑≈← •↔↔↓∑ññ♦♦♦ò≠♦←ò÷°♥ñ″∂÷↑↔°↑ƒ∂↑≈←ñ↓≈≠ñ 

″±÷≡″≡±↔ñ±↔∂°±♦∂≈≡←↔±≈↑≈…°±←≡↑♥↔∂°±″≡←♠↑≡←ò↓≈≠ 

∂÷↑↔°↑ƒ ⇑∂↑≈← ∧⇒∈ 

⊄≡≥≥ ″≡ ″°↑≡ °♠↔ …°±←≡↑♥↔∂°± ″≡←♠↑≡← √ …± ∂″↓≥≡″≡±↔ ↔° ♥°∂≈ °↑ ″∂±∂″∂∞≡ ∂″↓…↔← 

↔° ″∂÷↑↔°↑ƒ ∂↑≈←ò 

∇↔∂°±♦∂≈≡ ⇐°±←≡↑♥↔∂°± ≡←♠↑≡← ≈≡←…↑∂≡← ″≡←♠↑≡← ↔•↔ …± •≡≥↓ ♥°∂≈ ±≈ ″∂±∂″∂∞≡ 

∂″↓…↔← ↔° ≥≥ ∂↑≈← ↔ ±ƒ ≥°…↔∂°± ƒ≡↑ ↑°♠±≈ò √″↓≥≡″≡±↔↔∂°± °≠ ↔•≡←≡ ″≡←♠↑≡← ∂← ↓↑↔∂…♠≥↑≥ƒ 

∂″↓°↑↔±↔ ♦•≡± ∂↑≈← ↑≡ ″°←↔ ≥∂×≡≥ƒ ↔° °……♠↑ ∂± ↔•≡ ↓↑°∝≡…↔ ↑≡ò ∪•≡± ∂↑≈← ″ƒ ≡ ↑≡≡≈∂±÷ ∂± 

↔•≡ ↑≡ô ∂≈≡±↔∂≠ƒ∂±÷ ↔•≡ ≥°…↔∂°±← °≠ ±ƒ …↔∂♥≡ ±≡←↔← ±≈ ♥°∂≈∂±÷ ↔•≡∂↑ ≈≡←↔↑♠…↔∂°± ∂←  ♥≡↑ƒ 

•≡≥↓≠♠≥ ∂″↓…↔ ″∂±∂″∂∞↔∂°± ″≡←♠↑≡ò ⊄° ←≡≡ ♦•≡± ∂↑≈← ↑≡ ″°←↔ ≥∂×≡≥ƒ ↔° °……♠↑ ±≈ ≡ ↑≡≡≈∂±÷ 

∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ô ♥∂≡♦ ↔•≡ ∉↑°∂≥∂↔ƒ °≠ ∉↑≡←≡±…≡ ⊂♠″″↑ƒò ⇒≈≈∂↔∂°±≥ ″≡←♠↑≡← ±≈ñ°↑ 

↓≡↑″∂↔← ″ƒ ≡ ≈♥∂←≥≡ ≈≡↓≡±≈∂±÷ °± ↔•≡ ↔ƒ↓≡ °≠ …↔∂♥∂↔ƒ ƒ°♠ ↑≡ …°±≈♠…↔∂±÷ ±≈ ↔•≡ ↔ƒ↓≡ °≠ 

∂±≠↑←↔↑♠…↔♠↑≡ °↑ ∂↑≈ ←↓≡…∂≡← ↓↑≡←≡±↔ °± ƒ°♠↑ ↓↑°∝≡…↔ ←∂↔≡ò 

∪•↔ ≈°≡← √∉⇐ ♠←≡ ↔° ÷≡±≡↑↔≡ ↔•≡ ″∂÷↑↔°↑ƒ ∂↑≈← ↓°↔≡±↔∂≥≥ƒ °……♠↑↑∂±÷ ∂± ″ƒ ←↓≡…∂≠∂≡≈ 

≥°…↔∂°±◊ 

⊄•≡ ∂÷↑↔°↑ƒ ⇑∂↑≈ ⊆≡←°♠↑…≡ ∂←↔ ∂← …°″↓↑∂←≡≈ °≠ ⊇⊂∧∪⊂ ⇑∂↑≈← °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± 

ø⇑⇐⇐÷ ±≈ °↔•≡↑ ←↓≡…∂≡← ↔•↔ ″ƒ ♦↑↑±↔ ←↓≡…∂≥ ↔↔≡±↔∂°± ∂± ƒ°♠↑ ↓↑°∝≡…↔ ≥°…↔∂°±ò 

⊄•≡ ″∂÷↑↔°↑ƒ ∂↑≈ ≥∂←↔ ÷≡±≡↑↔≡≈ ≠°↑ ƒ°♠↑ ↓↑°∝≡…↔ ∂← ≈≡↑∂♥≡≈ ≠↑°″ ≈↔ ↓↑°♥∂≈≡≈ ƒ ↔•≡ ⇒♥∂± 

±°♦≥≡≈÷≡ ∇≡↔♦°↑× ø⇒∇÷ò ⊄•≡ ⇒∇ ≈↔ ∂← ←≡≈ °±  ÷↑°♦∂±÷ …°≥≥≡…↔∂°± °≠ ←♠↑♥≡ƒô ±≈∂±÷ô 

±≈ …∂↔∂∞≡± ←…∂≡±…≡ ≈↔←≡↔← ±≈ ∂← →♠≡↑∂≡≈ ±≈ ≠∂≥↔≡↑≡≈ ↔° ↑≡↔♠↑±  ≥∂←↔ °≠ ↔•°←≡ ∂↑≈← ↑≡↓°↑↔≡≈ ← 

°……♠↑↑∂±÷ ∂± ↔•≡ ð×″ ÷↑∂≈ …≡≥≥ø←÷ ♦•∂…• ƒ°♠↑ ↓↑°∝≡…↔ ∂±↔≡↑←≡…↔←ô ±≈ ↔•↔ •♥≡ ≡≡± ∂≈≡±↔∂≠∂≡≈ ← 



 

 

 

 

ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

♦↑↑±↔∂±÷ ←↓≡…∂≥ ↔↔≡±↔∂°± ≡…♠←≡ ↔•≡ƒ ↑≡  ⇑⇐⇐ ←↓≡…∂≡← ∂± ↔•↔ ↑≡ô ± ≡÷≥≡ ø∨÷≥≡ ⇒…↔ 

↑≡→♠∂↑≡″≡±↔← ″ƒ ↓↓≥ƒ÷ô °↑  ←↓≡…∂≡← ↔•↔ •←  ↓↑↔∂…♠≥↑ ♥♠≥±≡↑∂≥∂↔ƒ ↔° °≠≠←•°↑≡ …↔∂♥∂↔∂≡← °↑ 

≈≡♥≡≥°↓″≡±↔ò 

⇒÷∂±ô ↔•≡ ∂÷↑↔°↑ƒ ⇑∂↑≈ ⊆≡←°♠↑…≡ ≥∂←↔ ∂±…≥♠≈≡← °±≥ƒ  ←♠←≡↔ °≠ ∂↑≈← ↔•↔ ″ƒ °……♠↑ ∂± ƒ°♠↑ 

↓↑°∝≡…↔ ↑≡ò √↔ ∂← ±°↔ ↑≡↓↑≡←≡±↔↔∂♥≡ °≠ ≥≥ ∂↑≈← ↔•↔ ″ƒ °……♠↑ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ò ⊄° ÷≡↔  ≥∂←↔ 

°≠ ≥≥ ∂↑≈← ↓°↔≡±↔∂≥≥ƒ ↓↑≡←≡±↔ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ô ↓≥≡←≡ ♥∂←∂↔ ↔•≡ ∨ó∂↑≈ ∨♣↓≥°↑≡ ⇔↔ ⊄°°≥ò 

∪•↔ ≈°≡← √∉⇐ ♠←≡ ↔° ÷≡±≡↑↔≡ ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ÷↑↓•← ≠°↑ ↔•≡ ″∂÷↑↔°↑ƒ ∂↑≈← 

↓°↔≡±↔∂≥≥ƒ °……♠↑↑∂±÷ ∂± ″ƒ ←↓≡…∂≠∂≡≈ ≥°…↔∂°±◊ 

⊄•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ÷↑↓•← ←←°…∂↔≡≈ ♦∂↔• ƒ°♠↑ ″∂÷↑↔°↑ƒ ∂↑≈ ≥∂←↔ ↑≡ ←≡≈ °± ≈↔ 

↓↑°♥∂≈≡≈ ƒ ↔•≡ ⇒♥∂± ±°♦≥≡≈÷≡ ∇≡↔♦°↑× ø⇒∇÷ò ⊄•∂← ≈↔ ∂← ≈≡↑∂♥≡≈ ≠↑°″  ÷↑°♦∂±÷ 

…°≥≥≡…↔∂°± °≠ ←♠↑♥≡ƒô ±≈∂±÷ô ±≈ …∂↔∂∞≡± ←…∂≡±…≡ ≈↔←≡↔← ò 

∉↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ≈↔ ∂← …°±↔∂±♠°♠←≥ƒ ≡∂±÷ ♠↓≈↔≡≈ ← ±≡♦ ±≈ ≡↔↔≡↑ ∂±≠°↑″↔∂°± 

≡…°″≡← ♥∂≥≥≡ò ⊄° ≥≡↑± ″°↑≡ °♠↔ •°♦ ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ÷↑↓•← ↑≡ ↓↑°≈♠…≡≈ ±≈ 

•°♦ ↔° ∂±↔≡↑↓↑≡↔ ↔•≡″ô ÷° ↔•≡ ∉↑°∂≥∂↔ƒ °≠ ∉↑≡←≡±…≡ ⊂♠″″↑ƒ ±≈ ↔•≡± …≥∂…× °± ↔•≡ þ⊄≡≥≥ ″≡ 

°♠↔ ↔•≡←≡ ÷↑↓•←þ ≥∂±×ò 

⋅°♦ ≈° √ ×±°♦ ∂≠  ∂↑≈ ∂← ↑≡≡≈∂±÷ô ♦∂±↔≡↑∂±÷ô ″∂÷↑↔∂±÷ °↑ ↓↑≡←≡±↔ ƒ≡↑ó↑°♠±≈ ∂± ″ƒ 

↓↑°∝≡…↔ ↑≡◊ 

⊄° ←≡≡ ♦•↔ ↓↑↔ °≠  ↓↑↔∂…♠≥↑ ∂↑≈ù← ↑±÷≡ ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ ≠≥≥← ♦∂↔•∂± ø∂ò≡ò ↑≡≡≈∂±÷ô 

♦∂±↔≡↑∂±÷ô ″∂÷↑↔∂±÷ °↑ ƒ≡↑ó↑°♠±≈÷ô ƒ°♠ ″ƒ ↑≡≠≡↑ ↔° ↔•≡ ≠°≥≥°♦∂±÷ ↑≡←°♠↑…≡←∑ ⊄•≡ ⇐°↑±≡≥≥  

°≠ ∠↑±∂↔•°≥°÷ƒ ⇒≥≥ ⇒°♠↔ ⇑∂↑≈← ⇑∂↑≈ ¬♠∂≈≡ô °↑ ø∂≠ ƒ°♠ ↑≡ ♠±←♠……≡←←≠♠≥ ∂± ≥°…↔∂±÷ ↔•≡ ∂↑≈ °≠ 

∂±↔≡↑≡←↔ ↔•≡↑≡÷ô ↔•≡ ⇐°↑±≡≥≥  °≠ ∠↑±∂↔•°≥°÷ƒ ∇≡°↔↑°↓∂…≥ ⇑∂↑≈← ÷♠∂≈≡ò √≠  ∂↑≈ °± ƒ°♠↑

″∂÷↑↔°↑ƒ ∂↑≈ ←↓≡…∂≡← ≥∂←↔ •←  ↑≡≡≈∂±÷ ←≡←°± ←←°…∂↔≡≈ ♦∂↔• ∂↔ô ∂≠ ↔•↔ ∂↑≈ ≈°≡← °……♠↑ ∂± ƒ°♠↑ 

↓↑°∝≡…↔ ↑≡ô ↔•≡↑≡ ″ƒ ≡ ±≡←↔← ↓↑≡←≡±↔ ↔ ←°″≡ ↓°∂±↔ ♦∂↔•∂± ↔•≡ ↔∂″≡≠↑″≡ ←↓≡…∂≠∂≡≈ò √≠ þ⇑↑≡≡≈← 

≡≥←≡♦•≡↑≡þ ∂← ∂±≈∂…↔≡≈ô ↔•≡± ↔•≡ ∂↑≈ ≥∂×≡≥ƒ ≈°≡← ±°↔ ↑≡≡≈ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ò 

∪•↔ ↑≡ ↔•≡ ≥≡♥≡≥← °≠ …°±…≡↑± ≠°↑ ″∂÷↑↔°↑ƒ ∂↑≈←◊ 

∂÷↑↔°↑ƒ ∂↑≈← ≈≡≥∂♥≡↑≡≈ ↔•↑°♠÷• √∉⇐ ≠≥≥ ∂±↔° ↔•≡ ≠°≥≥°♦∂±÷ ≈∂←↔∂±…↔ …↔≡÷°↑∂≡← °≠ …°±…≡↑±∑ 

ò þ⇑⇐⇐ ⊆±÷≡♦∂≈≡þ ∂↑≈← ↑≡ ⇑∂↑≈← °≠ ⇐°±←≡↑♥↔∂°± ⇐°±…≡↑± ø⇑⇐⇐÷ ↔•↔ ↑≡ °≠ …°±…≡↑± 

↔•↑°♠÷•°♠↔ ↔•≡∂↑ ↑±÷≡ ±ƒ♦•≡↑≡ ♦∂↔•∂± ↔•≡ ⊇⊂⇒ ø∂±…≥♠≈∂±÷ ⋅♦∂∂ô ↔•≡ ∉…∂≠∂… √←≥±≈←ô 

∉♠≡↑↔° ⊆∂…°ô ±≈ ↔•≡ ⊃∂↑÷∂± √←≥±≈←÷ 

ò þ⇑⇐⇐ ó ⇑⇐⊆þ ∂↑≈← ↑≡ ⇑⇐⇐← ↔•↔ ↑≡ °≠ …°±…≡↑± °±≥ƒ ∂± ↓↑↔∂…♠≥↑ ⇑∂↑≈ ⇐°±←≡↑♥↔∂°± 

⊆≡÷∂°±← ø⇑⇐⊆←÷ ∂± ↔•≡ …°±↔∂±≡±↔≥ ⊇⊂⇒ ±≈ 

ò þ∇°±ó⇑⇐⇐ ó ⊃♠≥±≡↑≥≡þ ∂↑≈← ↑≡ ±°↔ ⇑⇐⇐ ←↓≡…∂≡← ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ô ♠↔ ↓↓≡↑ °± 

ƒ°♠↑ ≥∂←↔ ≡∂↔•≡↑ ≡…♠←≡ °≠ ↔•≡ ∨÷≥≡ ⇒…↔ ↑≡→♠∂↑≡″≡±↔← ø≠°↑ ≡÷≥≡←÷ °↑ ø≠°↑ ±°±ó≡÷≥≡←÷ 

↓°↔≡±↔∂≥ ←♠←…≡↓↔∂∂≥∂↔∂≡← ∂± °≠≠←•°↑≡ ↑≡← ≠↑°″ …≡↑↔∂± ↔ƒ↓≡← °≠ ≈≡♥≡≥°↓″≡±↔ °↑ …↔∂♥∂↔∂≡← 

ø≡ò÷ò °≠≠←•°↑≡ ≡±≡↑÷ƒ ≈≡♥≡≥°↓″≡±↔ °↑ ≥°±÷≥∂±≡ ≠∂←•∂±÷÷ò 

⇒≥↔•°♠÷• ∂↔ ∂← ∂″↓°↑↔±↔ ↔° ↔↑ƒ ↔° ♥°∂≈ ±≈ ″∂±∂″∂∞≡ ∂″↓…↔← ↔° ≥≥ ∂↑≈←ô ≡≠≠°↑↔← ←•°♠≥≈ ≡ ″≈≡ô 

∂± ↓↑↔∂…♠≥↑ô ↔° ♥°∂≈ ±≈ ″∂±∂″∂∞≡ ∂″↓…↔← ↔° ↔•≡ ∂↑≈← °± ↔•∂← ≥∂←↔ô ≡←↓≡…∂≥≥ƒ ≡÷≥≡← ±≈ ⇑⇐⇐ 

←↓≡…∂≡← °≠ ↑±÷≡♦∂≈≡ …°±…≡↑±ò ∧°↑ ″°↑≡ ∂±≠°↑″↔∂°± °± …°±←≡↑♥↔∂°± ″≡←♠↑≡← ƒ°♠ …± 



 

 

 

 

 

 

 

 

 

 

ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

∂″↓≥≡″≡±↔ ↔° •≡≥↓ ♥°∂≈ ±≈ ″∂±∂″∂∞≡ ″∂÷↑↔°↑ƒ ∂↑≈ ∂″↓…↔← ±≈ ↑≡→♠∂↑≡″≡±↔← ≠°↑ ≡÷≥≡←ô 

↓≥≡←≡ ←≡≡ ↔•≡ ∧⇒∈← ≠°↑ ↔•≡←≡ ↔°↓∂…←ò 

⇔≡↔∂≥← °♠↔ ∂↑≈← ↔•↔ ↑≡ ↓°↔≡±↔∂≥≥ƒ ≠≠≡…↔≡≈ ƒ °≠≠←•°↑≡ ↓↑°∝≡…↔← 

∧°↑ ≈≈∂↔∂°±≥ ≈≡↔∂≥← °♠↔ ↔•≡ ↑≡≥↔∂♥≡ °……♠↑↑≡±…≡ ±≈ ♠±≈±…≡ °≠ °↔• ∂±≈∂♥∂≈♠≥ ∂↑≈ ←↓≡…∂≡← 

±≈ ÷↑°♠↓← °≠ ∂↑≈ ←↓≡…∂≡← ♦∂↔•∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ °≠≠ ↔•≡ ⇒↔≥±↔∂… ⇐°←↔ô ↓≥≡←≡ ♥∂←∂↔ ↔•≡ 

∇°↑↔•≡←↔ ∠…≡± ⇔↔ ∉°↑↔≥ò ⊄•≡ ∉°↑↔≥ ≥←° °≠≠≡↑← ≈↔ ±≈ ∂±≠°↑″↔∂°± °♠↔ °↔•≡↑ ↔♣ ≡←∂≈≡← 

∂↑≈← ↔•↔ ″ƒ ≡ •≡≥↓≠♠≥ ↔° ƒ°♠ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡♥∂≡♦ò ⇒≥↔≡↑±↔≡≥ƒô ƒ°♠ ″ƒ ≈°♦±≥°≈ ↔•≡ ∂↑≈ 

″°≈≡≥ ↑≡←♠≥↔← ≠∂≥≡← ♠±≈≡↑≥ƒ∂±÷ ↔•≡ ↓°↑↔≥ ″↓← ↔•↑°♠÷• ↔•≡ ∇∠⇒⇒ ∇⇐⇐∠⊂ √±↔≡÷↑↔∂♥≡ ⊂↔↔∂←↔∂…≥ 

°≈≡≥∂±÷ ±≈ ∉↑≡≈∂…↔∂♥≡ ↓↓∂±÷ °≠ ↑∂±≡ ⇑∂↑≈ ⇔∂←↔↑∂♠↔∂°±← ±≈ ⇒♠±≈±…≡ °± ↔•≡ ⇒↔≥±↔∂… 

∠♠↔≡↑ ⇐°±↔∂±≡±↔≥ ⊂•≡≥≠ ↓↑°∝≡…↔ ♦≡↓÷≡ò 

⇑∂↑≈ ↔↑…×∂±÷ ≈↔ …± ≥←° ↓↑°♥∂≈≡ ≈≈∂↔∂°±≥ ≈≡↔∂≥← °♠↔ °……♠↑↑≡±…≡ ±≈ •∂↔↔ ♠←≡ 

↔•↑°♠÷•°♠↔ ↔•≡ ƒ≡↑ô ∂±…≥♠≈∂±÷ ″∂÷↑↔∂°±ò °≈≡≥← ↑≡≥ƒ∂±÷ °± ←♠↑♥≡ƒ ≈↔ ″ƒ ±°↔ ∂±…≥♠≈≡ ↔•∂← 

∂±≠°↑″↔∂°±ò ∧°↑ ≈≈∂↔∂°±≥ ∂±≠°↑″↔∂°± °± ″↑∂±≡ ∂↑≈ ↔↑…×∂±÷ ≈↔ô ←≡≡ ↔•≡ ⇔∂♥∂±÷ ⇑∂↑≈ ⊂↔♠≈ƒ 

±≈ ↔•≡ ±±°↔÷ ←↔♠≈∂≡← °↑ …°±↔…↔ ⇐≥≡ ⊂↓∂≡÷≡≥ °↑ ∉″ °↑∂±÷ò 

∪•↔ ∂≠ √ •♥≡ ≡÷≥≡← °± ″ƒ ≥∂←↔◊ 

√≠ ƒ°♠↑ ↓↑°∝≡…↔ •← ↔•≡ ↓°↔≡±↔∂≥ ↔° ≈∂←↔♠↑ °↑ ×∂≥≥ ≡÷≥≡←ô ƒ°♠ ″ƒ ±≡≡≈ ↔° °↔∂±  ↓≡↑″∂↔ ↔° ♥°∂≈ 

♥∂°≥↔∂±÷ ↔•≡ ∨÷≥≡ ⇒…↔ ←•°♠≥≈ ←♠…• ∂″↓…↔← °……♠↑ò 

∉↑°↓≡↑ √±↔≡↑↓↑≡↔↔∂°± ±≈ ⊇←≡ °≠ ∅°♠↑ ∂÷↑↔°↑ƒ ⇑∂↑≈ ⊆≡↓°↑↔ 

⊄•≡ ″∂÷↑↔°↑ƒ ∂↑≈ ≥∂←↔ ÷≡±≡↑↔≡≈ ∂← ±°↔  ≥∂←↔ °≠ ≥≥ ∂↑≈← ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ô °±≥ƒ  ←♠←≡↔ °≠

∂↑≈← °≠ ↓↑∂°↑∂↔ƒ …°±…≡↑±ò ⊄° ≥≡↑± ″°↑≡ °♠↔ •°♦ ƒ°♠↑ ≥∂←↔ ∂← ÷≡±≡↑↔≡≈ô ±≈ ←≡≡ °↓↔∂°±← ≠°↑ 

°♥≡↑≥↓ ƒ°♠↑ ↓↑°∝≡…↔ ±°↔ ƒ°♠↑ ≡♣…↔ ↓↑°∝≡…↔ ≠°°↔↓↑∂±↔ò ∠± ↔•≡ ÷↑↓•← ↓↑°♥∂≈≡≈ô ↓≥≡←≡ ≥←° ≥°°× 

≡≠≠°↑↔ ∂← •∂÷•ô ↔•≡± ↔•≡ ↓↑°∂≥∂↔ƒ °≠ ↓↑≡←≡±…≡ ←…°↑≡ …± ≡ ♥∂≡♦≡≈ ← ″°↑≡ ≈≡↓≡±≈≥≡ò √± 

…°±↔↑←↔ô  ≥°♦ ←♠↑♥≡ƒ ≡≠≠°↑↔ ↑ °↑ ±° ≈↔ ↑ ″≡±←  ≥…× °≠ ≈↔ ±≈ô ↔•≡↑≡≠°↑≡ô  ≥…× °≠ 

…≡↑↔∂±↔ƒ °♠↔ ↓↑≡←≡±…≡ °≠ ↔•≡ ←↓≡…∂≡←ò ⊄•∂← ≥∂←↔ ∂← ±°↔ ↓≡↑≠≡…↔ ∂↔ ∂← ←∂″↓≥ƒ  ←↔↑↔∂±÷ ↓°∂±↔ ≠°↑ 

∂≈≡±↔∂≠ƒ∂±÷ ♦•↔ ∂↑≈← °≠ …°±…≡↑± •♥≡ ↔•≡ ↓°↔≡±↔∂≥ ↔° ≡ ∂± ƒ°♠↑ ↓↑°∝≡…↔ ↑≡ô ♦•≡± ↔•≡ƒ ″∂÷•↔ 

≡ ↔•≡↑≡ô ±≈ ∂≠ ↔•≡ƒ ″∂÷•↔ ≡ ↑≡≡≈∂±÷ ø♦•∂…• ″≡±← ±≡←↔← ″∂÷•↔ ≡ ↓↑≡←≡±↔÷ò ⊄•≡ ≥∂←↔ •≡≥↓← ƒ°♠ 

×±°♦ ♦•↔ ↔° ≥°°× ≠°↑ ↔° …°±≠∂↑″ ↓↑≡←≡±…≡ô ±≈ •≡≥↓← ÷♠∂≈≡ ƒ°♠ ∂± ×±°♦∂±÷ ♦•≡± ↔° ∂″↓≥≡″≡±↔

…°±←≡↑♥↔∂°± ″≡←♠↑≡← ↔° ♥°∂≈ °↑ ″∂±∂″∂∞≡ ↓°↔≡±↔∂≥ ∂″↓…↔← ≠↑°″ ƒ°♠↑ ↓↑°∝≡…↔ …↔∂♥∂↔∂≡←ô 

″≡ °♠↔ …°±←≡↑♥↔∂°± ″≡←♠↑≡← √ …± ∂″↓≥≡″≡±↔ ↔° ♥°∂≈ °↑ ″∂±∂″∂∞≡ ∂″↓…↔← ↔° ″∂÷↑↔°↑ƒ 



ðññð ∨♥≡±↔ ⇐°≈≡∑ ð∨ðððóðó∨óððð  

∪≡↔≥±≈← 

√″↓…↔← ↔° ∇∪√ ♦≡↔≥±≈← ±≈ °↔•≡↑ →♠↔∂… •∂↔↔← ″ƒ ≡ ←♠∝≡…↔ ↔° ↑≡÷♠≥↔∂°± ♠±≈≡↑ ⊂≡…↔∂°± 

ð °≠ ↔•≡ ⇐≥≡± ∪↔≡↑ ⇒…↔ô °↑ °↔•≡↑ ⊂↔↔≡ñ∧≡≈≡↑≥ ←↔↔♠↔≡←ò 

∧°↑ ″°↑≡ ∂±≠°↑″↔∂°± ↓≥≡←≡ …°±↔…↔ ↔•≡ ⊆≡÷♠≥↔°↑ƒ ∉↑°÷↑″ °≠ ↔•≡ ≥°…≥ ⊇ò⊂ò ⇒↑″ƒ ⇐°↑↓← °≠ 

∨±÷∂±≡≡↑← ⇔∂←↔↑∂…↔ò 

∉≥≡←≡ ±°↔≡ ↔•↔ ↔•≡ ∇∪√ ≈↔ ≡∂±÷ ←•°♦± ″ƒ ≡ °♠↔ °≠ ≈↔≡ò ∪≡ ↑≡ …♠↑↑≡±↔≥ƒ ♦°↑×∂±÷ ↔° 

♠↓≈↔≡ °♠↑ ∇∪√ ≈↔ ←≡↔ò ∪≡ ↑≡…°″″≡±≈ ƒ°♠ ♥≡↑∂≠ƒ ↔•≡←≡ ↑≡←♠≥↔← ♦∂↔•  ←∂↔≡ ♥∂←∂↔ ↔° ≈≡↔≡↑″∂±≡ 

↔•≡ …↔♠≥ ≡♣↔≡±↔ °≠ ♦≡↔≥±≈← °± ←∂↔≡ò 

∧⊆∨⊂⋅∪⇒⊄∨⊆ ∨∨⊆¬∨∇⊄ ∪∨⊄⇒∇⇔ 

∉∨⇐ 
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