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1 DESCRIPTION

1.1 Purpose

Data collected, analyzed and described hare used to inform the site design activities for NEON
project TeamsEHS (permitting), FCC, ENG and FBiis report was made based on actual site vsit
the 3 NEON sites in DomaidO. This document presents all the supporting data for FIU site
characterizatiorat D09

1.2 Scope

FIU site characterization dagand analysisesults presented intis document are for th three M9

tower locationsMWoodworth (Advance(, Dakota Coteau Field Schdttlocatable sit¢DCFS;

Relocatable 1), andorthern Great Plains Research LaboraRejocatablesite (NGPRLRelocatable 2).
Issuesand concerns for each site that netalbe in focusare also addressed in this document according
to our best knowledge.

Disclaimerall latitude and longitude points arsulject to the tolerances of our measurement system,
i.e., GPS.
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2 RELATED DOCUMEMND ACRONYMS

2.1 Applicable Documents

AD[01] | NEON.DOC.011008FIU Tower Design Science Requirements

AD[02] | NEON.DOC.011000FIU Technical and Operation Requirements

AD[03]

AD[04] | NEON.DOC.0110291U Precipitation Collector Site Design Requirements

2.2 Reference Documents

ROO01] NEON.DOC.000008 NEONAcronym List

RO02] NEON.DOC.000243 NEON Glossary of Terms

RO03]

RO04]

2.3 Acronyms

2.4 Verb Convention

"Shall" is used whenever a specification expresses a provision that is bindingerbse'should" and
bYlFébh SELINB&aa y2ynYlyRIFEI2NE LINRPOAAAR2YAD h2Afftbh A&
of the design activity.
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3 WOODWORTKADVANCED TOWIESRIE)
3.1 Site description

NEONWoodworth candidateadvanced tower sit¢47.127612, -99.240108) waslocatedwithin
Woodworth Field Station propert§Figure 1)After FIU site characterization, we microsited the tower
location for ~100 m toward west at 47.1280299.24133° to maximize the tower fetch area within the
property boundary andame management unit.

A Wbodworth Candidate Location
D Whoodworth Property Boundary

Domain 9 - Woodworth Field Station
Figurel. NEON candidate site tower location and boundary map

The Woodworth Field Station is located ab66tkm 40 mileg NW of Jamestown, just east of

Woodworth, ND, in the heart of the Missouri Coteau, on a 2s&&%E Waterfowl Production Area
dedicated to research by the U.S. Fish and Wildlife Service. The Station has a ddabdaatory, a

storage building, and a gasilding. The land is owned by the U.S. Fish and Wildlife Service; while these
buildings are owned by the U.S. Geological Survey. The Station is maintained throughout the year but
only used from spring to fall. The Station has aatfe enclosure with anlservation tower which has

been used for research of carnivore behayiofo source:

http://www.npwrc.usgs.gov/about/facility.htr

Info below is from USGS web http://www.npwrc.usgs.gov/resource/birds/wpwood/study.htm

Management:Since 1969, the station has been used for studying the response of wildlife to applied
treatments of grazing, burning, idling, and annual cropping.

Soil: The major soil association of the area is BBagnes (Omodt et al. 1968; Patterson et al. 1968 Thi
association occurs on hilly to rolling and undulating topography with pothole depressions common

Page3 of 120
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between hills, knobs, and ridges. This association has no major stream drainage. Surface runoff flows
into many pothole depressions that are usually inundbfer several weeks or longer in spring and
summer. Svea, Renshaw, Fordville, Sioux, Parnell, Colvin, and Tetonka soils also occur in this association.
Svea soils occur on the concave side slopes and foot slopes of the knolls and hills. Renshaw, Fordville,
and Sioux soils occur on small areas of outwash. Renshaw soils are moderately deep and Sioux soils are
shallow over a gravel substratum. Parnell, Colvin, and Tetonka are the main soils found in wetland
basins on the area.

Climate:The continental climatef this areais characteristic of much of the northern Great Plains,

having a low precipitatiomigh evaporation ratio and cold wintergarm summers. The average number

of clear days between sunrise and sunset is 112 per year. Average depth of frosatiends 1.5 m

and the extreme is 2 nAverage relative humidity is 68%. Several studies have shown that for the past
few hundred years, the northern grasslands have occupied their present areas with rather arid weather
conditions.

Precipitation: Preciptation recordsindicate thattotal annual precipitation varied from a low of 23 cm in
1967 to a high of 58 cm in 1965. Mean annual precipitation for the years8B&¢as 41 cm and the
longterm (>50 years) mean annual for the vicinity was 44 Rracipitdion is nearly always in the form

of snow during winter. The first substantial rains of spring usually occur in early April, but sometimes in
late March. Precipitation is greatest during summer, usually peaking in June. Precipitation amounts
decrease rapily throughout the fall, and the first significant snowfall usually occurs in late November.
Average mean annual snowfall is 86 cm for the study area. Mean date of first 2.5 cm or more of snow
depth is 5 December and the mean date of last 2.5 cm of snoer@espring is 25 March.
Temperature:Mean annual temperature for the vicinity is 4°C. January is the coldest month and July is
the warmest. The extreme high temperature for the vicinity was 48°C and the extrem&36@. Mean
length of freezeree dayss 120 and usually occurs between 20 May and 15 September. Local
topography of the area affects temapature in two ways. First, this arean the eastern edge of the

Missouri Coteau, is higher than surrounding physiographic nsgibemperatures on thiseaare

usually from 1 to 3°C colder for this reason. Second, colder air accumulates in pothole depressions,
often causing temperatures there to be several degrees colder than nearby uplands.

Wind: The prevailing wind flow is from the northwest with an eage daily speed of 16 km/h. Winds are
usually sustained strong breezes rather than occasional gales. Wind speeds are usually highest during
the afternoon and lowest at night. At wetland sites, winds o#80km/h often last for 6 h and have

been known tdast for as long as 15 h. Winds of more than 48 km/h have been observed to last longer
than 6 h. Wind is an important factor affecting evapotranspiration rates on wetlands as well as on
uplands.

dimate infobelowis for Jamestown frorttp://weather -
warehouse.com/WeatherHistory/PastWeatherData JamestownStateHospital_Jamestown ND_January.
html , we assume this info is also similar ke tweather at ouNEONite.

Lowest| Highest Warmest Coldest Average Average Mean | Total | Total Max | Max
Year min max min max 24hr | 24hr

temp temp temp temp temp temp temp | ppt | snowfal ppt | snowfall

(F) (F) (F) (F) (F) (F) (F) | (n) | (n) | (n) | (In)

2010| -30 42 29 -11 0.6 155 8.1 | 0.73 13 0.4 7
2009| NR NR NR NR NR NR NR NR NR NR NR
2008 | -23 41 17 -9 -2.7 17.5 7.4 | 0.08 0.5 0.03 0.5
2007 | -23 50 33 -8 0.6 21.7 11.2 | 0.05 1.5 0.04 1
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2006 2 42 32 21 19.7 31.1 | 254 | 0.13 1 0.04 1
2005| -23 41 24 -8 -4.7 14.8 51 | 0.75 7.8 0.37 3
2004| -28 38 16 21 5.5 12.4 3.5 | 0.58 11 0.23 5
2003 | -23 42 34 2 0.1 20.2 | 10.1 | 0.35 8.2 0.13 3
2002 | -12 48 33 5 8 25,5 | 16.8 | 0.21 2 0.11 1
2001| -25 44 25 4 6.7 265 | 16.6 | 0.12 3 0.12 3
2000| -14 40 24 5 3.9 22.3 | 13.1 | 0.06 4 0.03 15
1999| -23 42 26 -7 0.7 14.7 7 111 199 | 042 5
1998 | -17 43 25 -6 4.9 184 | 11.6 | 0.49 4.9 0.2 1.5
1997 | -28 41 28 -15 6.2 11 24 | 094 | 108 |0.52 4
1996 | -27 43 32 -15 7.3 10 14 | 064| 141 | 0.2 6
1995| -15 40 29 3 35 17.4 | 10.5 | 0.28 5.5 0.13 2
1994| -32 31 10 -18 -10.3 4.3 -3 | 118 195 | 0.3 7
1993| -22 41 34 5 -0.8 18.2 8.7 | 0.81 11 0.3 5
1992 | -16 45 33 6 10 305 | 20.2 | 0.32 8.5 0.16 4
1991| -20 43 21 -4 0.5 19.4 95 | 0.2 2 0.15 2
1990| -8 52 33 4 15.4 328 | 24.1 | 0.15 1.2 0.1 1.2
1989| -23 44 27 -11 3.3 25.9 | 146 | 1.53 22 0.5 6
1988 | -26 42 28 5 -3.2 18.4 7.6 | 0.93 14 0.25 3
1987 | -22 47 31 0 10.6 264 | 185 | 0.1 4 0.08 2
1986 | -23 43 32 0 9.4 234 | 164 | 0.2 3 0.08 1
1985| -34 33 18 -10 5.5 15.3 49 | 0.22 3 0.12 2
3.2 Ecosystem

Vegetationand land coveinformation atsurrounding regiorare presented below
¥ Woodworth Candidate Location

D Woodworth Property Boundary
EVT_NAME

\:l Agriculture-Cultivated Crops and Irrigated Agriculture

\:l Agriculture-General

\:l Agriculture-Pasture and Hay

‘:l Barren

- Developed-High Intensity

- Developed-Low Intensity

- Developed-Medium Intensity

- Developed-Open Space

\:l Eastern Great Plains Wet Meadow-Prairie-Marsh
‘:l Great Plains Prairie Pothole

‘:l Northwestern Great Plains Mixedgrass Prairie
\:| Northwestern Great Plains Shrubland

- Open Water

\:l Western Great Plains Depressional Wetland Systems
Domain 9 - Woodworth Field Station - Western Great Plains Floodplain Systems
l_l Western Great Plains Wooded Draw and Ravine

Figure2. Vegetative cover map of Woodworth and surrounding areas
(information is from USGS8itp://landfire.cr.usgs.gov/viewer/viewer.htn
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Table 1 Percent Land cover type Woodworthsite
(information is from USGS8ttp://landfire.cr.usgs.gov/viewer/viewer.htin

Area
Vegetation Type (km?) Percent
No Data 5.77 54.31
AgricultureCultivated Crops and Irrigated Agricultur 0.45 4.26
AgricultureGeneral 0.15 1.41
AgriculturePasture and Hay 0.38 3.59
DevelopedLow Intensity 0.01 0.11
DevelopedOpen Space 0.20 1.85
Eastern Great Plains Wet MeaddwairieMarsh 0.34 3.24
Great Plains Prairie Pothole 0.18 1.70
Northwestern Great Plains Mixedgrass Prairie 0.15 1.43
Open Water 1.43 13.47
Western Great Plains Depressional Wetl&ystems 0.72 6.76
Western Great Plains Floodplain Systems 0.10 0.97
Western Great Plains Wooded Draw and Ravine 0.73 6.90
Total Area sq km 10.63| 100.00

According to the previous studyhe area was about 85% grasslands and 15% croplands and Upland
Sandpipers nested mainly on the grasslafid®e unplowed grassland is mixgcass prairie with native
dominants ofAgropyron trachycaulum, Koeleria cristata, Stipa conaatdS. viriddaThis grassland is
heavily infested with two shrub§ymphoricarpus occidentatind Elaeagnus argenteand invaded by
exotic coolseason grasses suchR@a pratensis, Bromus inernaisd Agropyron repensThe plowed
grassland has been seeded with variguasses such asgropyron intermedium, A. elongatum, A.
cristatum, plus alfalfalfledicago sativaand sweet cloveieGlotus sp. Vegetation commonly used as
nesting cover by Upland Sandpipers in this area was reported by Higgins et al. (info source:
http://elibrary.unm.edu/sora/Wilson/v087n01/p009490102.pdf)

The ecosystem around and in thEEONower airshedat this siteis an old field being restored to native
prairie. It has ben reseededwith native plant speciesnce,and thismay be done again in the near
future. Roundup herbicide was applied the onset of the restoratiomctivities Evidence of plowing,
piles rocks in the fieldand the application of roundup herbicidal indicate this field was previously
cultivated. Bare ground counts for 60%0%ground coverage at this fieldBut the bare ground could
dramatically reduce after NEON construction at this site due tseeding.Many forbs and grass
seedlings are presentwhich are probably native species germinating followingseeding. This
ecosystem is not a wildland Pothole Prairie, but instead a regenerating pridiie.Shook said that
unplowednative prairiedoes exist at Woodworthyei Lin explained that thosetss were not chosen
because they were too close to treesoil contains a lot of rocks (€2n in diameter). Some large
cobbles are also preserferescribed burns and grazing management types may apply in the future. Re
seeding and roundup treatment maylused again as part of tiste management.
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Therestored native prairigs the representative ecosystethat NEON design is focused at this site
(Figure3). Further investigation is needed to determine the specieéanopy height was0.4 m by the
time of FIU site characterizatipbut expectsup to ~ 0.81m in summer LAl is estimated to be 1.

e |

Pl

Figure3. The restored prairie is the representtive ecosystem at WoodwaAdbancedsite

Table 2 Ecosystem and site attributes fdfoodworth Advanced tower site.

Ecosystem attributes Measure and units
Mean canopy heiglit 1.0m
Surface roughne8s 0.2m
Zero place displacement height 0.6m
Structural elements Open grasslandiniform
Time zone centraltime zone
Magnetic declination 5° 38'E changing by 0° 8' W/ye:

Note,2Fromfield observation® estimated from best knowledge.
3.3 Soils
3.3.1 Soil description

Soil data and soil maps (Figesd below forWoodworth Advanced tower site were collectébm 2.2
km”NRCS soil magbgtp://websoilsurvey.nrcs.usda.gov/app/HomePage.himhich centered at the
tower location, to determine the dominant soil types in the larger tower foot print. This was done to
assure thathe soil array is in the dominant (or in the-dominant) soil type present in the tower
footprint.
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Figured. 2.2km? soil map foWoodworthNEON advanced towsite.

Map Unit DescriptionThe map units delineated on the detailed soil maps in a soiegurpresent the
soils or miscellaneous areas in the survey arBae map unit descriptions in thigport, along with the
maps, can be used to determine the composition anaperties of a unit.A mapunit delineation on a
soil map represents an area dominated by one or nraggor kinds of soil or miscellaneous areds.

map unit is identified and nameatcording to the taxonomic classification of the dominant saNgthin

a taxonomiaclass there argrecisely defined limits for the properties of the soi3n thelandscape,
however, they have theharacteristic variability of all natural phenomenBhus, the range of some
observed properties may extend beyond the limits defined for a taxonomis.clasas of soils of a
single taxonomic class rarely, if ever, can be mapped withmmlitding areas of other taxonomic classes.
Consequently, every map unit is magie of the soils or miscellaneous areas for which it is named and
some minorcomponents hat belong to taxonomic classes other than those of the major shitsst

minor soils have properties similar to those of the dominant soil or soils im#q@unit, and thus they

do not affect use and managementhese are calledon-contrasting, or sirtar, components.They

may or may not be mentioned ingarticular map unit descriptionOther minor components, however,
have propertiesand behavioral characteristics divergent enough to affect use or to require different
management. These are calledntrasting, or dissimilar, component3heygenerally are in small areas
and could not be mapped separately because ofdt@le used Some small areas of strongly
contrasting soitypes or miscellaneous arease identified by a special symbol on the psalf included

in the database for given area, the contrasting minor components are identified in the map unit
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descriptions along with some characteristics of eaiifew areas of minocomponents may not have
been observed, and consequently they a mentioned in the descriptions, especially where the
pattern was so complex thatwtas impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscapke presence of minor components in a map unit in no way
diminishes theusefulness or accuracy of the datéhe objective of mapping is not to delinegtere
taxonomic classes but rather to separate the landscape into landfordamdform segments that have
similar use and management requiremeniBhedelinedion of such segments on the map provides
sufficient information for thedevelopment of resource plans. If intensive use of small areas is planned,
however,onsite investigation is needed to define and locate the soils and miscellaageas.An
identifying symbol precedes the map unit name in the map unit descriptiBash description includes
general facts about the unit and gives important godperties and qualities.

Soils that have profiles that are almost alike make up a soil seliethe sdls ofa series have major
horizons that are similar in composition, thickness, an@ngement. Soils of a given series can differ in
texture of the surface layer, slopstoniness, salinity, degree of erosion, and other characteristics that
affect theiruse.On the basis of such differences, a soil series is divided into soil phases. thast of
areas shown on the detailed soil maps are phases of soil sfliesname o soil phase commonly
indicates a feature that affects use or managemerbrexanple, Alpha silt loam, 0 to 2 percent slopes,
is a phase of the Alpha seriéme map units are made up of two or more major soils or miscellaneous
areas.These map units are complexes, associations, or undifferentiated gréupsmplex consists of
two or more soils or miscellaneous areas in such an intripateern or in such small areas that they
cannot be shown separately on the mapihe pattern and proportion of the soils or miscellaneous
areas are somewhat similar all areas.AlphaBeta complex0 to 6 percent slopes, is an examphn
association is made up of two or more geographically associated sailscgllaneous areas that are
shown as one unit on the map8ecause of presemtr anticipated uses of the map units in the survey
area, itwas not considereg@ractical or necessary to map the soils or miscellaneous areas separately.
Thepattern and relative proportion of the soils or miscellaneous areas are somesirhdar. Alpha

Beta association, 0 to 2 percent slopes, is an examfhundifferentiated group is made up of two or
more soils or miscellaneous arghsit could be mapped individually but are mapped as one unit
because similainterpretations can be made for use and managemerite pattern and proportioof

the soils or misdéaneous areas in a mapped area are not unifom. area came made up of only one
of the major soils or miscellaneous areas, or it can be mgdef all of them.Alpha and Beta soils, 0 to
2 percent slopes, is an examplBome surveys include misceléus areasSuch areas have little or no
soilmaterial and support little or no vegetatiorRock outcrop is an examplédditional information
about the map units described in this report is availabletiver soil reports, which give properties of
the soils and the limitations, capabilitiesnd potentials for many use#\lso, the narratives that
accompany the soil reportdefine some of the properties included in the map unit descriptions.

Table3. Soil Series and percentage of soil series wRERkn.
AreaObject Interest (AOI) is thmapping unit from NRCS.
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Stutsman County, North Dakota (ND093)

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

1 Southam silty clay loam, 0 to 1 percent 134 24%
slopes

2 Parnell silty clay loam, 0'to 1 percent slopes 2.1 0.4%

4 Hamerly-Famell complex, 0 to 3 percent 181 3.3%
slopes

23B Barnes-Svea loams, 3 to 6 percent slopes 38 0.7%

23D Barnes-Buse loams, 9 to 15 percent slopes 44 0.8%

23F Buse-Svea loams, 15 to 35 percent slopes 10.0 1.8%

24E Barnes-Svea-Buse loams, 9 to 25 percent 34 0.6%
slopes

25E Barnes-Buse-Parnell complex, 0 to 35 82.0 15.0%
percent slopes

30C Svea-Sioux loams, 3 to 9 percent slopes 288 5.3%

30E Sioux-Barnes loams, 9 to 25 percent slopes 349 6.4%

40 Divide-Marysland loams, 0 to 2 percent 78 1.4%
slopes

41 Fordville-Renshaw loams, 0 to 2 percent 101 1.8%
slopes

44C Sioux-Arvilla sandy loams, 2 to 9 percent 307 56%
slopes

44E Sioux-Arvilla sandy loams, 9 to 25 percent 1579 28.8%
slopes

47B Renshaw-Sioux loams, 0 to 6 percent 1052 19.2%
slopes

W Water 350 6.4%

Totals for Area of Interest 547.5 100.0%

Stutsman County, North Dakot23Dr BarnesBuse loams, 9 to 15 percent slopddap Unit Setting
Elevation: 1,000 to 2,050 fedfean annual precipitation: 16 to 20 inchbkan annual aitemperature:
39 to 45 degrees Frostfree period: 120 to 140 daydap Unit CompositionBuse and similar soils: 38
percentBarnes and similar soils: 35 percéinor components: 27 perceribescription of Buseéetting
Landform: Hills, ridgesandform positin (two-dimensional): Shoulder, summiDownslope shape:
ConvexAcrossslope shape: ConvéXarent material: Findoamy till Properties and qualitiesSlope: 9 to
15 percentDepth to restrictive feature: More than 80 inch&sainage class: Well drainétapady of
the most limiting layer to transmit watdiKsat): Moderately low to very high (0.14 to 14.17 infbgpth
to water table: More than 80 inchdsrequency of flooding: Nornerequency of ponding: Norn@alcium
carbonate, maximum content: 30 percef@ypstm, maximum content: 1 percen¥laximum salinity:
Nonsaline to very slightly saline (0.0 to 4.0 mmhosi) Available water capacity: High (about 10.5
inches) Interpretive groups Land capability (nonirrigated): 6e=cological site: Thin Loamy
(RO55BY068NDDther vegetative classification: Limy Upland (GO55BY400Npiral profileO to 8
inches: LoanB to 40 inches: Loar0 to 60 inches: Loar@escription of BarnesSetting Landform:
Ridges, hilldandform position (twedimensional): BackslopPownslope shapeLlinear Acrossslope
shape: LineaProperties and qualitiesSlope: 9 to 15 percerdepth to restrictive feature: More than 80
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inches Drainage class: Well draineQapacity of the most limiting layer to transmit watéKsat):
Moderately low to very high (04lto 14.17 in/hr)Depth to water table: More than 80 inch&sequency
of flooding: NoneFrequency of ponding: Non€alcium carbonate, maximum content: 30 percent
Gypsum, maximum content: 1 perceltaximum salinity: Nonsaline to very slightly saline (0.2110
mmhos/ cm) Available water capacity: High (about 10.5 inchieggrpretive groupsLand capability
(nonirrigated): 4e Ecological site: Loamy (RO55BYO064NIher vegetative classification: Loam
(GO55BY100NDO)ypical profile0 to 7 inches: Loam to 19 nches: Loanl9 to 37 inches: Loa®7 to 60
inches: LoamMinor ComponentsSveaPercent of map unit: 20 percertandform: Knolld.andform
position (twodimensional): FootslopPownslope shape: Concavcrossslope shape: Linedcological
site: Loamy(R0O55BY064NDQther vegetative classification: Loam (G055BY1008w¢noda, well
drained Percent of map unit: 3 percentandform: KnollsLandform position (twedimensional):
FootslopeDownslope shape: Concavcrossslope shape: Linedtcological site: Sdg (RO55BY062ND)
Other vegetative classification: Loam (GO55BY 10@dzton Percent of map unit: 1 percehandform:
RisesLandform position (twalimensional): Summit, shouldé&ownslope shape: ConveXcrossslope
shape: Convekcological site: Thin LogntRO55BY068NM)ther vegetative classification: Limy Upland
(G055BY400NDgoutham, undrainedPercent of map unit: 1 percertandform: DepressionBown
slope shape: Concavécrossslope shape: Concav®ther vegetative classification: Not suited
(G055BY000D) SiouxPercent of map unit: 1 percehandform: Ridges on hillsandform position (twe
dimensional): Shoulder, sumnitownslope shape: ConveXcrossslope shape: Convexcological site:
Very Shallow (R0O55BY069NDjher vegetative classification: Not ted (G055BYO0ONDParnell,
undrained Percent of map unit: 1 percertandform: DepressionBownslope shape: Concavcross
slope shape: Concavecological site: Wet Land (RO55BY070Ner vegetative classification: Not
suited (GO55BY000ND)

Stutsman Conty, North Dakota 25E BarnesBuseParnell complex, 0 to 35 percent slopes: Map Unit
Setting Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air
temperature: 39 to 45 degrees F Frdaste period: 120 to 140 daygap Uni CompositionBarnes and
similar soils: 33 percent Parnell, undrained, and similar soils: 24 percent Buse and similar soils: 18
percent Minor components: 25 perceriDescription of Barnes Settingiandform: Ridges Landform
position (twodimensional): Backslope Dovelope shape: Linear Acresope shape: Linear Parent
material: Findoamy till Properties and qualitiesSlope: 15 to 25 percent Depth to restrictive feature:
More than 80 inches Drainaggass: Well drained Capacity of the most limiting layer to transmit water
(Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth to water table: More than 80 inches
Frequency of flooding: None Frequency of ponding: None Calcium carbonate, maxiomtemt: 30
percent Gypsum, maximum content: 1 percent Maximum salinity: Nonsaline to very slightly saline (0.0
to 4.0 mmhos/ cm) Available water capacity: High (about 10.5 inchée)pretive groups Land
capability (nonirrigated): 6e Ecological sitealny (RO55BY064ND) Other vegetative classification: Steep
Loam (G055BY109NDypical profile0 to 7 inches: Loam 7 to 19 inches: Loam 19 to 37 inches: Loam 37
to 60 inches: LoarDescription of Parnell, Undrained Settingandform: Depressions Dovatope shap:
Concave Acrosslope shape: Concave Parent material: AlluvRiaperties and qualitiesSlope: 0 to 1
percent Depth to restrictive feature: More than 80 inches Drainage class: Very poorly drained Capacity
of the most limiting layer to transmit water (K¥aModerately low (0.01 to 0.14 in/hr) Depth to water
table: About O to 12 inches Frequency of flooding: None Frequency of ponding: Frequent Calcium
carbonate, maximum content: 3 percent Gypsum, maximum content: 2 percent Maximum salinity:
Nonsaline (0.@o 2.0 mmhos/cm) Available water capacity: High (about 10.6 indhespretive groups

Land capability (nonirrigated): 5w Ecological site: Wet Land (RO55BY070ND) Other vegetative
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classification: Not suited (GO55BY000N®pical profile0 to 15 inches: $y clay loam 15 to 22 inches:

Silt loam 22 to 32 inches: Silty clay loam 32 to 55 inches: Silty clay 55 to 60 inches: Sigaigfion

of Buse Settind-andform: Ridges Landform position (tdionensional): Summit, shoulder Dovglope
shape: Convex Amssslope shape: Convex Parent material: Hoamy till Properties and qualities
Slope: 15 to 35 percent Depth to restrictive feature: More than 80 inches Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Modeyakelv to very high (0.14 to 14.17
in/hr) Depth to water table: More than 80 inches Frequency of flooding: None Frequency of ponding:
None Calcium carbonate, maximum content: 30 percent Gypsum, maximum content: 1 percent
Maximum salinity: Nonsaline to veslightly saline (0.0 to 4.0 mmhos/ cm) Available water capacity:
High (about 10.5 inchedpterpretive groupsLand capability (nonirrigated): 7e Ecological site: Thin
Loamy (RO55BY068ND) Other vegetative classification: Not suited (GO55BYUD@piN&)prdile O to 8
inches: Loam 8 to 40 inches: Loam 40 to 60 inches: Miaor Components Svea, well draindeélercent

of map unit: 9 percent Landform: Knolls Landform position {tdiraensional): Footslope Dowslope
shape: Concave Acreskpe shape: Linear Eogical site: Loamy (RO55BY064ND) Other vegetative
classification: Loam (G055BY100NB)ersPercent of map unit: 6 percent Landform: Depressions, flats
Downslope shape: Concave, linear Acrskspe shape: Concave, linear Ecological site: Wet Meadow
(RO5SBYO71ND) Other vegetative classification: Wet (GO55BY90aaigrly Percent of map unit: 6
percent Landform: Flats Dowsiope shape: Linear Acres®pe shape: Linear Ecological site: Limy
Subirrigated (R0O55BY058ND) Other vegetative classification: §atsdi (GO55BY700ND)onka,
undrained Percent of map unit: 2 percent Landform: Depressions Dslpe shape: Concave Across
slope shape: Concave Ecological site: Wet Meadow (R0O55BY071ND) Other vegetative classification: Wet
(G055BY900NDJoutham, undrainedPercent of map unit: 1 percent Landform: Depressions Down
slope shape: Concave Acredspe shape: Concave Other vegetative classification: Not suited
(GO55BYO00NDSioux Percent of map unit: 1 percent Landform: Ridges Landform position- (two
dimensional):Shoulder, summit Dowslope shape: Convex Acresdepe shape: Convex Ecological site:
Very Shallow (RO55BY069ND) Other vegetative classification: Not suited (GO55BY000ND)

Stutsman County, North Dakota 23BBarnesSvea loams, 3 to 6 percent slopes: Map tUBiketting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F Frefee period: 120 to 140 daydap Unit CompositiorBarnes and similar soils: 60
percent Svea and similar soils: 21 msrcMinor components: 19 percer@escription of Barnes Setting
Landform: Rises Landform position (haonensional): Backslope Dovalope shape: Linear Acreskepe

shape: Linear Parent material: Flwamy till Properties and qualitiesSlope: 3 to 6 percdrDepth to
restrictive feature: More than 80 inches Drainage class: Well drained Capacity of the most limiting layer
to transmit water (Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth to water table: About
48 to 72 inches Frequency of floadi None Frequency of ponding: None Calcium carbonate, maximum
content: 30 percent Gypsum, maximum content: 1 percent Maximum salinity: Nonsaline to very slightly
saline (0.0 to 4.0 mmhos/ cm) Available water capacity: High (about 10.5 ircheretive groups

Land capability (nonirrigated): 2e Ecological site: Loamy (R0O55BY064ND) Other vegetative classification:
Loam (GO55BY100NDypical profile0 to 7 inches: Loam 7 to 19 inches: Loam 19 to 37 inches: Loam 37
to 60 inches: Loanbescription of Svea Sehg Landform: Rises Landform position (hdonensional):
Footslope Dowsslope shape: Concave Acredspe shape: Linedroperties and qualitieSSlope: 3 to 6
percent Depth to restrictive feature: More than 80 inches Drainage class: Moderately well diraine
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to very high (0.14 to 14.17
in/hr) Depth to water table: About 36 to 60 inches Frequency of flooding: None Frequency of ponding:
None Calcium carbonate, maximum content: 30 petc Gypsum, maximum content: 1 percent
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Maximum salinity: Nonsaline to very slightly saline (0.0 to 4.0 mmhos/ cm) Sodium adsorption ratio,
maximum: 5.0 Available water capacity: High (about 10.9 incimsjpretive groupsLand capability
(nonirrigated): 2 Ecological site: Loamy Overflow (RO55BY059ND) Other vegetative classification: Loam
(G055BY100NDO)ypical profile0 to 10 inches: Loam 10 to 19 inches: Loam 19 to 37 inches: Loam 37 to
60 inches: LoanMinor Components Busé@ercent of map unit: 14 percemtandform: Rises Landform
position (twodimensional): Shoulder, summit Dovsiope shape: Convex Acreslspe shape: Convex
Ecological site: Thin Loamy (RO55BY068ND) Other vegetative classification: Limy Upland (GO55BY400ND)
SiouxPercent of map unit: 1 peent Landform: Rises Landform position (tdimensional): Summit,
shoulder Dowrslope shape: Convex Acreslepe shape: Convex Ecological site: Very Shallow
(RO55BY069ND) Other vegetative classification: Very Shallow To Gravel (GO55BY@a08iéPErcent

of map unit: 1 percent Landform: Depressions, flats Delape shape: Concave, linear Acrskype

shape: Concave, linear Ecological site: Wet Meadow (RO55BY071ND) Other vegetative classification: Wet
(GO55BY900NNamerly Percent of map unit: 1 percentahdform: Flats Dowsslope shape: Linear
Acrossslope shape: Linear Ecological site: Limy Subirrigated (RO55BY058ND) Other vegetative
classification: Subirrigated (G055BY700NEyrnell Percent of map unit: 1 percent Landform:
Depressions Downalope shape: @hcave Acrosslope shape: Concave Ecological site: Wet Land
(RO55BY0Q70ND) Other vegetative classification: Not suited (GO55BY0D@NAPercent of map unit:

1 percent Landform: Depressions Doglope shape: Concave Acredepe shape: Concave Ecological

site: Wet Meadow (R0O55BY071ND) Other vegetative classification: Wet (GO55BY900ND)

Stutsman County, North Dakota 24EBBarnesSveaBuse loams, 9 to 25 percent slopes: Map Unit
Setting Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 mdWlean annual air
temperature: 39 to 45 degrees F Frdste period: 120 to 140 dayglap Unit CompositionBarnes and
similar soils: 40 percent Buse and similar soils: 23 percent Svea, well drained, and similar soils: 20
percent Minor components: 17 percetescription of Barnes Settingandform: Ridges, hills Landform
position (twodimensional): Backslope Dovetope shape: Linear Acresbpe shape: Lined?roperties

and qualitiesSlope: 9 to 15 percent Depth to restrictive feature: More than 80 inches&gai class:

Well drained Capacity of the most limiting layer to transmit water (Ksat): Moderately low to very high
(0.14 to 14.17 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None Frequency
of ponding: None Calcium carbonate, rimaMm content: 30 percent Gypsum, maximum content: 1
percent Maximum salinity: Nonsaline to very slightly saline (0.0 to 4.0 mmhos/ cm) Available water
capacity: High (about 10.5 inchdsjerpretive groupsLand capability (nonirrigated): 4e Ecological:site
Loamy (RO55BY064ND) Other vegetative classification: Loam (GO55BYI§PNBI) profileO0 to 7
inches: Loam 7 to 19 inches: Loam 19 to 37 inches: Loam 37 to 60 inchesDé&saription of Buse
Setting Landform: Ridges Landform position (kdonensional):Shoulder, summit Dowslope shape:
Convex Acrosslope shape: Convex Parent material: Himeamy till Properties and qualitiesSlope: 15 to

25 percent Depth to restrictive feature: More than 80 inches Drainage class: Well drained Capacity of
the most limting layer to transmit water (Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth
to water table: More than 80 inches Frequency of flooding: None Frequency of ponding: None Calcium
carbonate, maximum content: 30 percent Gypsum, maximum contkénpercent Maximum salinity:
Nonsaline to very slightly saline (0.0 to 4.0 mmhos/ cm) Available water capacity: High (about 10.5
inches) Interpretive groups Land capability (nonirrigated): 7e Ecological site: Thin Loamy
(RO55BY068ND) Other vegetative clasation: Limy Upland (GO55BY400NDjpical profileO to 8
inches: Loam 8 to 40 inches: Loam 40 to 60 inches: eseription of Svea, Well Drained Setting
Landform: Ridges on hills Landform position (slimensional): Backslope Dovetope shape: Linear
Acrossslope shape: Linedroperties and qualitiesSlope: 9 to 15 percent Depth to restrictive feature:
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More than 80 inches Drainage class: Well drained €gpaf the most limiting layer to transmit water
(Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth to water table: More than 80 inches
Frequency of flooding: None Frequency of ponding: None Calcium carbonate, maximum content: 30
percent Gypsm, maximum content: 1 percent Maximum salinity: Nonsaline to very slightly saline (0.0
to 4.0 mmhos/ cm) Sodium adsorption ratio, maximum: 5.0 Available water capacity: High (about 10.9
inches)Interpretive groupsLand capability (nonirrigated): 4e Ecadl site: Loamy (RO55BY064ND)
Other vegetative classification: Loam (G055BY100N/pjcal profileO to 10 inches: Loam 10 to 19
inches: Loam 19 to 37 inches: Loam 37 to 60 inches: Miaor Components SveRercent of map unit:

8 percent Landform: Riseardform position (twedimensional): Footslope Dowslope shape: Concave
Acrossslope shape: Linear Ecological site: Loamy Overflow (RO55BY059ND) Other vegetative
classification: Loam (GO055BY100NI®nka, undrainedPercent of map unit: 2 percent Landform:
Depressions Dowslope shape: Concave Acradspe shape: Concave Ecological site: Wet Meadow
(RO55BY071ND) Other vegetative classification: Wet (GO55BY9@@Nam, undrainedPercent of

map unit: 2 percent Landform: Depressions Deslope shape: Concavicrossslope shape: Concave
Other vegetative classification: Not suited (GO55BYO00@NIMell, undrainedPercent of map unit: 2
percent Landform: Depressions Dowstope shape: Concave Acresdsepe shape: Concave Ecological site:
Wet Land (RO55BY070ND) Qtlvegetative classification: Not suited (GO55BY000MNEerly Percent

of map unit: 2 percent Landform: Flats Dowslope shape: Linear Acresope shape: Linear Ecological
site: Limy Subirrigated (RO55BY058ND) Other vegetative classification: Subir{ga&sBY700ND)
SiouxPercent of map unit: 1 percent Landform: Ridges Landform positiondimensional): Shoulder,
summit Downslope shape: Convex Acredspe shape: Convex Ecological site: Very Shallow
(RO55BY069ND) Other vegetative classification: ttad (GO55BY000ND)

Stutsman County, North Dakota 28FBuseSvea loams, 15 to 35 percent slopes: Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F FraeBee period:120 to 140 day$lap Unit CompositionBuse and similar soils: 45
percent Svea and similar soils: 23 percent Minor components: 32 pel@estription of Buse Setting
Landform: Ridges Landform position (agonensional): Shoulder, summit Dovsiope shape: Cauex
Acrossslope shape: Convex Parent material: Hmemy till Properties and qualitiesSlope: 15 to 35
percent Depth to restrictive feature: More than 80 inches Drainage class: Well drained Capacity of the
most limiting layer to transmit water (Ksat): Merately low to very high (0.14 to 14.17 in/hr) Depth to
water table: More than 80 inches Frequency of flooding: None Frequency of ponding: None Calcium
carbonate, maximum content: 30 percent Gypsum, maximum content: 1 percent Maximum salinity:
Nonsaline ¢ very slightly saline (0.0 to 4.0 mmhos/ cm) Available water capacity: High (about 10.5
inches) Interpretive groups Land capability (nonirrigated): 7e Ecological site: Thin Loamy
(RO55BY068ND) Other vegetative classification: Not suited (GO55BY Q@A) profile0 to 8 inches:

Loam 8 to 40 inches: Loam 40 to 60 inches: Lbascription of Svea Settingandform: Ridges on hills
Landform position (twalimensional): Backslope Dovetope shape: Linear Acreskope shape: Linear
Properties and qualitiesSIgpe: 9 to 15 percent Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained Capacity of the most limiting layer to transmit water (Ksat):
Moderately low to very high (0.14 to 14.17 in/hr) Depth to water table: About 3@tinches Frequency

of flooding: None Frequency of ponding: None Calcium carbonate, maximum content: 30 percent
Gypsum, maximum content: 1 percent Maximum salinity: Nonsaline to very slightly saline (0.0 to 4.0
mmhos/ cm) Sodium adsorption ratio, maximumO Available water capacity: High (about 10.9 inches)
Interpretive groupsLand capability (nonirrigated): 4e Ecological site: Loamy (RO55BY064ND) Other
vegetative classification: Loam (G055BY100N{pjcal profile0 to 10 inches: Loam 10 to 19 inches:
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Loan 19 to 37 inches: Loam 37 to 60 inches: Ladimor Components BarneBercent of map unit: 28
percent Landform: Ridges Landform position (tdimensional): Backslope Dovetope shape: Linear
Acrossslope shape: Linear Ecological site: Loamy (R0O55BY064hND)vegetative classification: Steep
Loam (GO055BY109NBjouxPercent of map unit: 2 percent Landform: Ridges Landform positiort (two
dimensional): Shoulder, summit Dovgiope shape: Convex Acresdepe shape: Convex Ecological site:
Very Shallow (RO55BYdND) Other vegetative classification: Not suited (GO55BYOOQEMpure,
occasionally floodedPercent of map unit: 1 percent Landform: Flats on flood plains Bslape shape:
Linear Acrosslope shape: Linear Ecological site: Wet Meadow (RO55BY071ND) \@teative
classification: Wet (GO55BY900N®gnshawPercent of map unit: 1 percent Landform: Ridges on hills
Landform position (twadimensional): Backslope Dovstope shape: Linear Acres®pe shape: Linear
Ecological site: Shallow Gravel (RO55BY063NI)er Ovegetative classification: Not suited
(GO55BYO00ND)

Stutsman County, North Dakota 40Divide-Marysland loams, O to 2 percent slopes: Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperatur
39 to 45 degrees F Freiee period: 120 to 140 daydap Unit CompositiorDivide and similar soils: 59
percent Marysland and similar soils: 28 percent Minor components: 13 pefestription of Divide
Setting Landform: Flats Downslope shape: Linear cfossslope shape: Linear Parent material:
Glaciofluvial deposit®roperties and qualitiesSlope: 0 to 2 percent Depth to restrictive feature: 20 to

40 inches to strongly contrasting textural stratification Drainage class: Somewhat poorly drained
Capacityof the most limiting layer to transmit water (Ksat): Moderately low to very high (0.14 to 14.17
in/hr) Depth to water table: About 18 to 42 inches Frequency of flooding: None Frequency of ponding:
None Calcium carbonate, maximum content: 45 percent Gypsmaximum content; 2 percent
Maximum salinity: Nonsaline to slightly saline (2.0 to 8.0 mmhos/cm) Sodium adsorption ratio,
maximum: 2.0 Available water capacity: Low (about 4.7 inchds)ypretive groupslLand capability
(nonirrigated): 2s Ecological sitkimy Subirrigated (RO55BY058ND) Other vegetative classification:
Subirrigated (G0O55BY700NDypical profileO to 8 inches: Loam 8 to 12 inches: Loam 12 to 22 inches:
Loam 22 to 26 inches: Gravelly loamy coarse sand 26 to 60 inches: Gravelly coalBesdption of
Marysland SettingLandform: Depressions Dovalope shape: Concave Acredspe shape: Concave
Parent material: Glaciofluvial deposRsoperties and qualitiesSlope: 0 to 1 percent Depth to restrictive
feature: 20 to 40 inches to strongly coasting textural stratification Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to very high (0.14 to 14.17
in/hr) Depth to water table: About O to 18 inches Frequency of flooding: None Frequémmnding:

Rare Calcium carbonate, maximum content: 45 percent Maximum salinity: Nonsaline to very slightly
saline (0.0 to 4.0 mmhos/ cm) Available water capacity: Low (about 5.5 inotegretive groupsLand
capability (nonirrigated): 2w Ecological esit Wet Meadow (R055BY071ND) Other vegetative
classification: Wet (GO55BY900ND)pical profile0 to 9 inches: Loam 9 to 27 inches: Loam 27 to 60
inches: Gravelly santMinor Components ColvinPercent of map unit: 4 percent Landform: Flats,
depressions Dowslope shape: Linear, concave Acrekxpe shape: Linear, concave Ecological site: Wet
Meadow (RO55BY071ND) Other vegetative classification: Wet (GO55BY aiiiN@le Percent of map

unit: 3 percent Landform: Rises Dowlope shape: Linear Acreskbpe shae: Linear Ecological site:
Loamy (RO55BY064ND) Other vegetative classification: Droughty Loam (G055B e8P ercent

of map unit: 3 percent Landform: Flats Doslope shape: Linear Acres®pe shape: Linear Ecological
site: Limy Subirrigated (ROB¥058ND) Other vegetative classification: Subirrigated (GO55BY700ND)
Arvilla Percent of map unit: 2 percent Landform: Rises Dslope shape: Convex Acresepe shape:
Linear Ecological site: Shallow Gravel (RO55BY063ND) Other vegetative classifieagiddrodghty
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Loam (G0O55BY130NDA prairie, rarely floodedPercent of map unit: 1 percent Landform: Rises on flood
plains Dowrslope shape: Convex Acreslspe shape: Linear Ecological site: Loamy (R055BY064ND)
Other vegetative classification: Loam (GO5BEXND)

Stutsman County, North Dakotdlt FordvilleRenshaw loams, 0 to 2 percent slopddap Unit Setting
Elevation: 1,000 to 2,050 fedean annual precipitation: 16 to 20 inch®kean annual air temperature:
39 to 45 degrees Frostfree period: 120 tal40 daydVap Unit CompositionFordville and similar soils:
47 percentRenshaw and similar soils: 23 percaviinor components: 30 percenbDescription of
Fordville Setting Landform: RiseBownslope shape: Lineakcrossslope shape: Linedarent material:
Gaciofluvial deposit$roperties and qualitiesSlope: 0 to 2 perceriDepth to restrictive feature: 20 to
40 inches to strongly contrastirigxtural stratificationDrainage class: Well drain€hpacity of the most
limiting layer to transmit wate(Ksat): Malerately low to very high (0.14 to 14.17 in/fDepth to water
table: About 48 to 72 inche§requency of flooding: Non&requency of ponding: Non€alcium
carbonate, maximum content: 10 percelaximum salinity: Nonsaline (0.0 to 2.0 mmhos/ciwhilable
water capacity: Low (about 4.8 inchds}erpretive groupsLand capability (nonirrigated): Zcological
site: Loamy (R055BY064N0Oj}her vegetative classification: Droughty Loam (GO055BY120Npigal
profile 0 to 6 inches: Loar6 to 24 inches: Loar®4 to 27inches: Gravelly coarse sa@d to 60 inches:
Gravelly coarse san®escription of RenshawSetting Landform: RiseDownslope shape: Convex
Acrossslope shape: Lined?arent material: Glaciofluvial deposPsoperties and qualitiesSlope: 0 to 2
percent Depth to restrictive feature: 15 to 20 inches to strongly contrastiextural stratification
Drainage class: Somewhat excessively drai@agacity of the most limiting layer to transmit water
(Ksat): Moderately low to very high (0.14 to 14.17 in/Bgpthto water table: More than 80 inches
Frequency of flooding: NonErequency of ponding: Non€alcium carbonate, maximum content: 5
percent Available water capacity: Low (about 3.3 inchdsjerpretive groups Land capability
(nonirrigated): 3eEcological sit: Shallow Gravel (RO55BY063NXIfer vegetative classification: Very
Droughty LoanfG055BY130N0O)ypical profile0 to 7 inches: Loar to 15 inches: Loart5 to 20 inches:
Gravelly loamy san@80 to 60 inches: Gravelly saiinor ComponentsSpottswood, modeately well
drained Percent of map unit: 8 percehandform: Rises, flaBownslope shape: Convex, lineAcross
slope shape: LineaEcological site: Loamy Overflow (RO55BYO0590MDEr vegetative classification:
Overflow (GO55BY500NBjouxPercent of mapunit: 6 percent_andform: Riseksandform position (twe
dimensional): SummiDownslope shape: Conve&crossslope shape: Convekcological site: Very
Shallow (RO55BY069NO)her vegetative classification: Very Shallow To Grgw@55BY003NDArvilla
Percent of map unit: 5 percentandform: RiseBownslope shape: Convekcrossslope shape: Linear
Ecological site: Shallow Gravel (RO55BY063DibB¢r vegetative classification: Very Droughty Loam
(GO55BY130NLCyvea, well drainedPercent of map unit: 5 perceriandform: RiseBownslope shape:
ConcaveAcrossslope shape: Linedgcological site: Loamy Overflow (RO55BY059Dtb¢r vegetative
classification: Overflow (G055BY500NIyide Percent of map unit: 4 percentandform: FlatDown
slope shape: Lineakcrossslope shape: Linedtcological site: Limy Subirrigated (RO55BYO05&NBHr
vegetative classification: Subirrigated (GO55BY70il3kPercent of map unit: 2 perceritandform:
RisesLandform position (twalimensional): Summit, shouldé&ownslope shape: Gwex Acrossslope
shape: ConveEcological site: Thin Loamy (RO55BY068DiB¢r vegetative classification: Limy Upland
(GO55BY400ND)

Stutsman County, North Dakotat4Hamerly-Parnell complex, 0 to 3 percent slopes: Map Unit Setting

Elevation: 1,000 to 2,@bfeet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F Frefsee period: 120 to 140 daydap Unit CompositiorHamerly and similar soils:
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39 percent Parnell and similar soils: 35 percent Minor components: 26 mtelb@scription of Hamerly
Setting Landform: Flats Downslope shape: Linear Acreskpe shape: Linear Parent material: Fine
loamy till Properties and qualitiesSlope: 0 to 3 percent Depth to restrictive feature: More than 80
inches Drainage class: Somewlpabrly drained Capacity of the most limiting layer to transmit water
(Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth to water table: About 18 to 42 inches
Frequency of flooding: None Frequency of ponding: None Calcium carbonate, maximtentcd5
percent Gypsum, maximum content: 2 percent Maximum salinity: Nonsaline to very slightly saline (0.0
to 4.0 mmhos/ cm) Sodium adsorption ratio, maximum: 5.0 Available water capacity: High (about 10.5
inches) Interpretive groups Land capability (nairrigated): 2e Ecological site: Limy Subirrigated
(RO55BY058ND) Other vegetative classification: Subirrigated (GO55BY7D@NER) profile O to 8
inches: Loam 8 to 35 inches: Loam 35 to 60 inches: LDascription of Parnell Settind.andform:
DepressionsDownslope shape: Concave Acredspe shape: Concave Parent material: Alluvium
Properties and qualitiesSlope: 0 to 1 percent Depth to restrictive feature: More than 80 inches
Drainage class: Very poorly drained Capacity of the most limiting layer nsntie water (Ksat):
Moderately low (0.01 to 0.14 in/hr) Depth to water table: About 0 to 12 inches Frequency of flooding:
None Frequency of ponding: Frequent Calcium carbonate, maximum content: 3 percent Gypsum,
maximum content: 2 percent Maximum salinititonsaline (0.0 to 2.0 mmhos/cm) Available water
capacity: High (about 10.6 inchdgsjerpretive groupsLand capability (nonirrigated): 3w Ecological site:
Wet Land (RO55BY070ND) Other vegetative classification: Not suited (GO55BYUD@0iN&)profile0

to 15 inches: Silty clay loam 15 to 22 inches: Silt loam 22 to 32 inches: Silty clay loam 32 to 55 inches:
Silty clay 55 to 60 inches: Silty clbinor Components VallersPercent of map unit: 13 percent
Landform: Depressions, flats Dowslope shape: Concaydinear Acrosslope shape: Concave, linear
Ecological site: Wet Meadow (R055BY071ND) Other vegetative classification: Wet (G055BY900ND)
TonkaPercent of map unit: 7 percent Landform: Depressions Dshvpe shape: Concave Acresdspe
shape: Concave Ecgijoal site: Wet Meadow (R055BY071ND) Other vegetative classification: Wet
(GO55BY900NDgresbardPercent of map unit: 2 percent Landform: Rises Dglape shape: Linear
Acrossslope shape: Linear Ecological site: Clayey (RO55BY056ND) Other vegetatfimtitasClayey
Subsoil (G055BY210NByutham Percent of map unit: 2 percent Landform: Depressions Dslepe
shape: Concave Acrastbpe shape: Concave Other vegetative classification: Not suited (GO55BY0Q00ND)
SveaPercent of map unit: 2 percent Landfor Rises Dowaslope shape: Concave Acresdepe shape:
Linear Ecological site: Loamy (R0O55BY064ND) Other vegetative classification: Loam (G0O55BY100ND)

Stutsman County, North Dakotat2Parnell silty clay loam, O to 1 percent slopes Map Unit Setting
Elevaton: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F Freee period: 120 to 140 daydap Unit CompositiorParnell and similar soils: 75
percent Minor components: 25 percemescription of Panell SettingLandform: Depressions Down
slope shape: Concave Acredsepe shape: Concave Parent material: AlluviBraperties and qualities
Slope: 0 to 1 percent Depth to restrictive feature: More than 80 inches Drainage class: Very poorly
drained Capacity of the most limiting layer to transmit water (Ksat): Moderately low (0.01 to 0.14 in/hr)
Depth to water table: About O to 12 inches Freqogmf flooding: None Frequency of ponding: Frequent
Calcium carbonate, maximum content: 3 percent Gypsum, maximum content: 2 percent Maximum
salinity: Nonsaline (0.0 to 2.0 mmhos/cm) Available water capacity: High (about 10.6 inches)
Interpretive groupsLand capability (nonirrigated): 3w Ecological site: Wet Land (R0O55BY070ND) Other
vegetative classification: Not suited (GO55BY000Npjcal profileO to 15 inches: Silty clay loam 15 to

22 inches: Silt loam 22 to 32 inches: Silty clay loam 32 to 55 inShigsclay 55 to 60 inches: Silty clay
Minor Components Tonkdercent of map unit: 10 percent Landform: Depressions Dsiape shape:
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Concave Acrosslope shape: Concave Ecological site: Wet Meadow (R0O55BY071ND) Other vegetative
classification: Wet (GO55BS0OND)ColvinPercent of map unit: 8 percent Landform: Flats, depressions
Downslope shape: Linear, concave Acrskmpe shape: Linear, concave Ecological site: Wet Meadow
(RO55BY071ND) Other vegetative classification: Wet (GO55BY90@NE&E Percent ofmap unit: 3

percent Landform: Depressions, flats Deslape shape: Concave, linear Acrskspe shape: Concave,

linear Ecological site: Wet Meadow (R0O55BY071ND) Other vegetative classification: Wet (GO55BY900ND)
SouthamPercent of map unit: 2 percent Lamdin: Depressions Dowslope shape: Concave Across

slope shape: Concave Other vegetative classification: Not suited (GO55BYé@NE)y Percent of

map unit: 2 percent Landform: Flats Dowiope shape: Linear Acres®pe shape: Linear Ecological site:

Limy Subirrigated (RO55BY058ND) Other vegetative classification: Subirrigated (GO55BY700ND)

Stutsman County, North Dakota 47BRenshawSioux loams, O to 6 percent slopes: Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 2Bdadviean annual air temperature:

39 to 45 degrees F Frelee period: 120 to 140 daydap Unit CompositionrRenshaw and similar soils:

48 percent Sioux and similar soils: 34 percent Minor components: 18 pelDesuription of Renshaw
Setting Landform: Rise Downslope shape: Convex Acreslepe shape: Linear Parent material:
Glaciofluvial deposit®roperties and qualitiesSlope: 0 to 2 percent Depth to restrictive feature: 15 to

20 inches to strongly contrasting textural stratification Drainage class: Sbhatesxcessively drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to very high (0.14 to 14.17
in/hr) Depth to water table: More than 80 inches Frequency of flooding: None Frequency of ponding:
None Calcium carbonate, maxim content: 5 percent Available water capacity: Low (about 3.3 inches)
Interpretive groupsLand capability (nonirrigated): 3e Ecological site: Shallow Gravel (RO55BY063ND)
Other vegetative classification: Very Droughty Loam (G055BY 138/d2al profileO to 7 inches: Loam

7 to 15 inches: Loam 15 to 20 inches: Gravelly loamy sand 20 to 60 inches: Gravelg¢saiation of

Sioux SettingLandform: Rises Landform position (dgamensional): Summit, shoulder Dovslope
shape: Convex Acrostope shape: Comex Parent material: Glaciofluvial deposioperties and
gualities Slope: 2 to 6 percent Depth to restrictive feature: More than 80 inches Drainage class:
Excessively drained Capacity of the most limiting layer to transmit water (Ksat): Moderately vevy to

high (0.14 to 14.17 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None
Frequency of ponding: None Calcium carbonate, maximum content: 15 percent Available water
capacity: Low (about 3.6 inchelijterpretive groupsLand capaltity (nonirrigated): 6s Ecological site:
Very Shallow (RO55BY069ND) Other vegetative classification: Very Shallow To Gravel (GO55BY003ND)
Typical profile0 to 7 inches: Loam 7 to 24 inches: Very gravelly loamy coarse sand 24 to 60 inches: Very
gravelly cosse sandMinor Components FordvillePercent of map unit: 7 percent Landform: Rises
Landform position (twalimensional): Footslope Dowslope shape: Concave Acresdspe shape: Linear
Ecological site: Loamy (R0O55BY064ND) Other vegetative classificatinghrboam (G055BY120ND)
Arvilla Percent of map unit: 5 percent Landform: Rises Landform positiondimensional): Backslope
Downslope shape: Linear Acreslope shape: Linear Ecological site: Shallow Gravel (RO55BY063ND)
Other vegetative classificatiorvVery Droughty Loam (G055BY130NMajnesPercent of map unit: 3
percent Landform: Rises Landform position (tdimensional): Backslope Dovatope shape: Linear
Acrossslope shape: Linear Ecological site: Loamy (RO55BY064ND) Other vegetative clasdifazation
(G055BY100Nypottswood, moderately well drainedPercent of map unit: 2 percent Landform: Rises,
flats Downslope shape: Convex, linear Acrastgpe shape: Linear Ecological site: Loamy Overflow
(RO55BY059ND) Other vegetative classification: @vefG055BY500NMivide Percent of map unit: 1
percent Landform: Flats Dowslope shape: Linear Acreskpe shape: Linear Ecological site: Limy
Subirrigated (RO55BY058ND) Other vegetative classification: Subirrigated (GO55BY700ND)
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Stutsman County, NorthDakota 44€@ SiouxArvilla sandy loams, 2 to 9 percent slopes Map Unit
Setting Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air
temperature: 39 to 45 degrees F Frdste period: 120 to 140 dayglap Unit CompositionSioux and
similar soils: 61 percent Arvilla and similar soils: 21 percent Minor components: 18 pBrestription

of Sioux Setting-andform: Knolls Landform position (tvdimensional): Summit, shoulder Dovsiope

shape: Convex Acrostope shape: Convexafent material: Glaciofluvial deposit8roperties and
gualities Slope: 6 to 9 percent Depth to restrictive feature: More than 80 inches Drainage class:
Excessively drained Capacity of the most limiting layer to transmit water (Ksat): Moderately higi to ver
high (1.42 to 14.17 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None
Frequency of ponding: None Calcium carbonate, maximum content: 15 percent Available water
capacity: Low (about 3.1 incheljterpretive groupsLand capabilit (nonirrigated): 6s Ecological site:
Very Shallow (RO55BY069ND) Other vegetative classification: Not suited (GO55BYIQQddD profile

0 to 7 inches: Sandy loam 7 to 24 inches: Very gravelly loamy coarse sand 24 to 60 inches: Very gravelly
coarse sandDescription of Arvilla SettingLandform: Rises Landform position (tdomensional):
Backslope Dowslope shape: Linear Acrespe shape: Linear Parent material: Glaciofluvial deposits
Properties and qualitiesSlope: 2 to 6 percent Depth to restrictiveafare: More than 80 inches
Drainage class: Somewhat excessively drained Capacity of the most limiting layer to transmit water
(Ksat): Moderately high to very high (1.42 to 14.17 in/hr) Depth to water table: More than 80 inches
Frequency of flooding: Nonerdguency of ponding: None Calcium carbonate, maximum content: 10
percent Available water capacity: Low (about 3.2 inchasgrpretive groups Land capability
(nonirrigated): 3e Ecological site: Shallow Gravel (R0O55BY063ND) Other vegetative class¥ieation:
Droughty Loam (G055BY130NDpical profile0 to 5 inches: Sandy loam 5 to 10 inches: Sandy loam 10
to 16 inches: Sandy loam 16 to 31 inches: Gravelly coarse sand 31 to 60 inches: Gravelly coarse sand
Minor Components Renshawercent of map unit: 6 peent Landform: Rises Landform position (two
dimensional): Backslope Dovstope shape: Linear Acrespe shape: Linear Ecological site: Shallow
Gravel (RO55BY063ND) Other vegetative classification: Very Droughty Loam (G055B ¥FbBIDNI2)
Percent of ma unit: 5 percent Landform: Rises Landform position (tdiraensional): Footslope Down

slope shape: Concave Acreddspe shape: Linear Ecological site: Loamy (R055BY064ND) Other
vegetative classification: Droughty Loam (GO55BY 12@\dntarf, well drainedPercent of map unit: 2
percent Landform: Rises Landform position (tfdimensional): Backslope Dovelope shape: Linear
Acrossslope shape: Linear Ecological site: Sandy (R0O55BY062ND) Other vegetative classification:
Droughty Loam (GO055BY120NByea, well dained Percent of map unit: 2 percent Landform: Rises
Downslope shape: Concave Acradgpe shape: Linear Ecological site: Loamy Overflow (RO55BY059ND)
Other vegetative classification: Overflow (G055BY500ND)de Percent of map unit: 2 percent
Landform:Flats Dowrslope shape: Linear Acreskpe shape: Linear Ecological site: Limy Subirrigated
(RO55BY058ND) Other vegetative classification: Subirrigated (GO55BY EXahd®nPercent of map

unit: 1 percent Landform: Rises Dowlope shape: Concave Acresdspe shape: Linear Ecological site:
Loamy Overflow (RO55BY059ND) Other vegetative classification: Overflow (GO55BY500ND)

Stutsman County, North Dakota 44ESiouxArvilla sandy loams, 9 to 25 percent slopes Map Unit
Setting Elevation: 1,000 to 2,050 feet Ma annual precipitation: 16 to 20 inches Mean annual air
temperature: 39 to 45 degrees F Frdiste period: 120 to 140 day¥lap Unit CompositionSioux and
similar soils: 63 percent Arvilla and similar soils: 24 percent Minor components: 13 pBreseripton
of Sioux Setting-andform: Ridges Landform position (ddimensional): Shoulder, summit Dovgiope
shape: Convex Acrostope shape: Convex Parent material: Glaciofluvial depd¥icperties and
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gualities Slope: 15 to 25 percent Depth to restrictiveatere: More than 80 inches Drainage class:
Excessively drained Capacity of the most limiting layer to transmit water (Ksat): Moderately high to very
high (1.42 to 14.17 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None
Frequencyof ponding: None Calcium carbonate, maximum content: 15 percent Available water
capacity: Low (about 3.1 inchekjterpretive groupsLand capability (nonirrigated): 6s Ecological site:
Very Shallow (RO55BY069ND) Other vegetative classification: Not suited (GO55B YIQQOd4Dprofile

0 to 7 inches: Sandy loam 7 to 24 inches: Very gravelly loamy coarse sand 24 to 60 inches: Very gravell
coarse sandDescription of Arvilla Settind.andform: Hills, ridges Landform position (tdimnensional):
Backslope Dowslope shape: Linear Acrespe shape: Lined?Properties and qualitiesSlope: 9 to 15
percent Depth to restrictive feature: More tha0 inches Drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to very high (1.42 to 14.17
in/hr) Depth to water table: More than 80 inches Frequency of flooding: None Frequency ohgondi
None Calcium carbonate, maximum content: 10 percent Available water capacity: Low (about 3.2
inches) Interpretive groups Land capability (nonirrigated): 6e Ecological site: Shallow Gravel
(RO55BY063ND) Other vegetative classification: Not suited (80BBBIDY ypical profile0 to 5 inches:

Sandy loam 5 to 10 inches: Sandy loam 10 to 16 inches: Sandy loam 16 to 31 inches: Gravelly coarse
sand 31 to 60 inches: Gravelly coarse shtidor Components FordvilldPercent of map unit: 4 percent
Landform: Risesaindform position (twedimensional): Footslope Dowslope shape: Concave Acreoss
slope shape: Linear Ecological site: Loamy (R0O55BY064ND) Other vegetative classification: Droughty
Loam (G055BY120NDjontarf, well drainedPercent of map unit: 3 percent Ladi: Knolls Landform
position (twodimensional): Backslope Dovetope shape: Linear Acresbpe shape: Linear Ecological

site: Sandy (RO55BY062ND) Other vegetative classification: Droughty Loam (GO55BRE2GNHaY
Percent of map unit: 3 percent LandfornRidges on hills Landform position (adomensional):
Backslope Dowslope shape: Linear Acreskbpe shape: Linear Ecological site: Shallow Gravel
(RO55BY063ND) Other vegetative classification: Not suited (GO55BY@@¥¢PErcent of map unit: 1
percent Landform: Ridges Landform position (hgdnensional): Shoulder, summit Dovglope shape:
Convex Acrosslope shape: Convex Ecological site: Thin Loamy (R055BY068ND) Other vegetative
classification: Not suited (GO55BYO00NBEbden, well drainedPercent of map unit: 1 percent
Landform: Knolls Landform position (twdimensional): Footslope Dowslope shape: Concave Acress
slope shape: Linear Ecological site: Sandy (R055BY062ND) Other vegetative classification: Loam
(GO55BY100NDDivide Percent of map unit: Ipercent Landform: Flats Dowsiope shape: Linear
Acrossslope shape: Linear Ecological site: Limy Subirrigated (RO55BY058ND) Other vegetative
classification: Subirrigated (GO55BY700ND)

Stutsman County, North Dakota 3@ESiouxBarnes loams, 9 to 25 percent slopes Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F Fraee period: 120 to 140 daydap Unit CompositionSioux and similar soils: 36
percent Barnes and similar soils: 29 percent Minor components: 35 peDeEsuription of Sioux Setting
Landform: Ridges Landform position (tgonensional): Shoulder, summit Dovgtope shape: Convex
Acrossslopeshape: Convex Parent material: Glaciofluvial depd¥itperties and qualitiesSlope: 15 to

25 percent Depth to restrictive feature: More than 80 inches Drainage class: Excessively drained
Capacity of the most limiting layer to transmit water (Ksat): Madigly low to very high (0.14 to 14.17
in/hr) Depth to water table: More than 80 inches Frequency of flooding: None Frequency of ponding:
None Calcium carbonate, maximum content: 15 percent Available water capacity: Low (about 3.6
inches) Interpretive groups Land capability (nonirrigated): 7s Ecological site: Very Shallow
(RO55BY069ND) Other vegetative classification: Not suited (GO55BYQ@ida) profileO to 7 inches:
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Loam 7 to 24 inches: Very gravelly loamy coarse sand 24 to 60 inches: Very greamsky saond
Description of Barnes Settingandform: Ridges, hills Landform position (tdimmensional): Backslope
Downslope shape: Linear Acreskpe shape: LinedProperties and qualitiesSlope: 9 to 15 percent

Depth to restrictive feature: More than 80dhes Drainage class: Well drained Capacity of the most
limiting layer to transmit water (Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth to water
table: More than 80 inches Frequency of flooding: None Frequency of ponding: None Calcium
carbanate, maximum content: 30 percent Gypsum, maximum content: 1 percent Maximum salinity:
Nonsaline to very slightly saline (0.0 to 4.0 mmhos/ cm) Available water capacity: High (about 10.5
inches)Interpretive groupsLand capability (nonirrigated): 4e Ecadla site: Loamy (RO55BY064ND)
Other vegetative classification: Loam (GO55BY10aNpipal profileO to 7 inches: Loam 7 to 19 inches:
Loam 19 to 37 inches: Loam 37 to 60 inches: Lbanor Components Busé®ercent of map unit: 14
percent Landform: Ridgeshdform position (twedimensional): Summit, shoulder Dovglope shape:
Convex Acrosslope shape: Convex Ecological site: Thin Loamy (R055BY068ND) Other vegetative
classification: Limy Upland (G055BY400RBjlla Percent of map unit: 11 percent Landformills,

ridges Landform position (twdimensional): Backslope Dovetope shape: Linear Acresope shape:

Linear Ecological site: Shallow Gravel (RO55BY063ND) Other vegetative classification: Not suited
(GO55BYO0O00NDZIontarf, well drainedPercent of map nit: 4 percent Landform: Rises Landform
position (twodimensional): Backslope Dovetope shape: Linear Acresbpe shape: Linear Ecological

site: Sandy (RO55BY062ND) Other vegetative classification: Droughty Loam (G055B ¥Fb2ONIR)
Percent of map umi 4 percent Landform: Rises Landform position @@wmensional): Footslope Down

slope shape: Concave Acredspe shape: Linear Ecological site: Loamy (R055BY064ND) Other
vegetative classification: Droughty Loam (G055BY12@dDbham, undrainedPercent ofmap unit: 1
percent Landform: Depressions Dowiope shape: Concave Acredepe shape: Concave Other
vegetative classification: Not suited (GO55BYO000RDpdenPercent of map unit: 1 percent Landform:
Rises Landform position (tadimensional): Footslop®ownslope shape: Concave Acresdgpe shape:

Linear Ecological site: Loamy Overflow (RO55BY059ND) Other vegetative classification: Overflow
(GO55BY500ND)

Stutsman County, North DakotatlSoutham silty clay loam, O to 1 percent slopes Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F Frelee period: 120 to 140 daydap Unit CompositionSoutham and similar soils:

80 percent Minor components: 20 perceiescription of Southam SettingLandform: Depressions
Downslope shape: Concave Acredspe shape: Concave Parent material: AlluviBnoperties and
gualities Slope: 0 to 1 percent Depth to restrictive feature: More than 80 inches Drainage class: Very
poorly drained Capzty of the most limiting layer to transmit water (Ksat): Moderately low (0.01 to 0.14
in/hr) Depth to water table: About 0 to 12 inches Frequency of flooding: None Frequency of ponding:
Frequent Calcium carbonate, maximum content: 15 percent Gypsum, maxioontent: 2 percent
Maximum salinity: Nonsaline to slightly saline (2.0 to 8.0 mmhos/cm) Sodium adsorption ratio,
maximum: 2.0 Available water capacity: High (about 10.4 inches) Interpretive groups Land capability
(nonirrigated): 3w Other vegetative ckBcation: Not suited (GO55BY000NDypical profile0 to 16
inches: Silty clay loam 16 to 40 inches: Silty clay 40 to 60 inches: SiliictayComponents Vallers
Percent of map unit: 6 percent Landform: Depressions, flats Bxlape shape: Concave, dizr Across

slope shape: Concave, linear Ecological site: Wet Meadow (R0O55BY071ND) Other vegetative
classification: Wet (GO55BY900NE2rnellPercent of map unit: 6 percent Landform: Depressions Down
slope shape: Concave Acredspe shape: Concave Ecolagisite: Wet Land (RO55BY070ND) Other
vegetative classification: Not suited (GO55BYO0O0NDInewaukan Percent of map unit: 3 percent
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Landform: Beaches Dowstope shape: Linear Acreskpe shape: Linear Ecological site: Wet Meadow
(RO55BYQ71ND) Other vegtite classification: Wet (GO55BY900NAmMerly Percent of map unit: 3
percent Landform: Flats Dowsiope shape: Linear Acres®pe shape: Linear Ecological site: Limy
Subirrigated (RO55BY058ND) Other vegetative classification: Subirrigated (GO55BY_ANgNEErcent

of map unit: 2 percent Landform: Depressions Deslope shape: Concave Acredspe shape: Concave
Ecological site: Wet Meadow (RO55BY071ND) Other vegetative classification: Wet (GO55BY900ND)

Stutsman County, North Dakot80Q SveaSioux lams, 3 to 9 percent slopesMap Unit Setting
Elevation: 1,000 to 2,050 fedean annual precipitation: 16 to 20 inch®kean annual air temperature:
39 to 45 degrees Frostfree period: 120 to 140 daygap Unit CompositionSvea and similar soils: 32
percentSioux and similar soils: 26 percévitnor components: 42 perceriDescription of Sve&etting
Landform: Risetandform position (twalimensional): Footslop®ownslope shape: Concawvkcross
slope shape: LinedProperties and qualitiesSlope: 3 to 6ercent Depth to restrictive feature: More
than 80 inchePrainage class: Moderately well drain€apacity of the most limiting layer to transmit
water (Ksat): Moderately low to very high (0.14 to 14.17 in/Bgpth to water table: About 36 to 60
inchesFrequency of flooding: NonErequency of ponding: Nor@alcium carbonate, maximum content:
30 percentGypsum, maximum content: 1 perceltaximum salinity: Nonsaline to very slightly saline
(0.0 to 4.0 mmhostm) Sodium adsorption ratio, maximum: 5Availabé water capacity: High (about
10.9 inches)interpretive groups Land capability (nonirrigated): 2Ecological site: Loamy Overflow
(RO55BYO059NDther vegetative classification: Loam (G055BY100Njcal profile0 to 10 inches:
Loam10 to 19 inches: Loari® to 37 inches: Loar®@7 to 60 inches: Loamescription of SiouxSetting
Landform: Knolld.andform position (twedimensional): Summit, shouldédownslope shape: Convex
Acrossslope shape: ConvdXarent material: Glaciofluvial deposRsoperties andqualities Slope: 6 to 9
percentDepth to restrictive feature: More than 80 inchBsainage class: Excessively drai@agacity of
the most limiting layer to transmit watgKsat): Moderately low to very high (0.14 to 14.17 infBgpth
to water table: Morethan 80 inched-requency of flooding: Nornérequency of ponding: Nor@alcium
carbonate, maximum content: 15 perceAvailable water capacity: Low (about 3.6 inchiesgrpretive
groupsLand capability (nonirrigated): &cological site: Very Shallow (BBY069NDpther vegetative
classification: Not suited (GO55BY000NEyical profileO to 7 inches: Loam to 24 inches: Very gravelly
loamy coarse san@4 to 60 inches: Very gravelly coarse safidor ComponentsFordville Percent of
map unit: 14 percentLandform: RisesLandform position (twedimensional): Footslop®ownslope
shape: Concavé\crossslope shape: LineaEcological site: Loamy (RO55BY064RENer vegetative
classification: Droughty Loam (G055BY120R08e Percent of map unit: 8 percertandform Knolls
Landform position (twalimensional): Shoulder, sumnitownslope shape: ConveXcrossslope shape:
Convex Ecological site: Thin Loamy (RO55BY068NBer vegetative classification: Limy Upland
(GO55BY400NDBarnes Percent of map unit: 7 percentandform: RisesLandform position (twe
dimensional): BackslopPownslope shape: Linealcrossslope shape: Lineadgcological site: Loamy
(RO55BY064NMther vegetative classification: Loam (GO55BY 100DshawPercent of map unit: 7
percent Landform: Risedandform position (twedimensional): BackslopBownslope shape: Linear
Acrossslope shape: LinearEcological site: Shallow Gravel (R0O55BY063RiENer vegetative
classification: Very Droughty Logi@055BY130NDjamerlyPercent of map unit: 4 percemtandbrm:
Flats Downslope shape: LinearAcrossslope shape: LinearEcological site: Limy Subirrigated
(RO55BY058NDYther vegetative classification: Subirrigated (G055BY700NdDka Percent of map
unit: 2 percent Landform: Depression®ownslope shape: ConcavAcrossslope shape: Concave
Ecological site: Wet Meadow (R0O55BY071QEr vegetative classification: Wet (GO55BY900ND)
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Stutsman County, North Dakota WWater: Map Unit CompositioWWater: 100 percenDescription of
Water Setting Landform: Depressiooperties and qualitiesDepth to water table: About 0 to 12
inches Frequency of ponding: Frequent

3.3.2 Soil semivariogram description

The goal of thisspect of thesite characterization is to determine the minimum distance between the
soil plots in the so#rraysuchthat data farther aparcan be considered spatially independent. The
collectedfield datawill be usedo producesemivariograms, which is a geostatistical technique to
characterizespatial autocorrelation between mapped samples of a quantitatiariable €.g., soil
property datain our case).In an empiricalsemiariogram, the averagef the squared differencsof a
responsevariableis computed fomll pairs of pointsvithin specifieddistance intervals (lag classe3he
output is presented graphically as a plot of the average sariance versus distance class (Figyre
For the theoretical variogram models considered here, the gari@nce will converge otfe total
variance at distances for which values are nogler spatially autacorrelated (this is referred to as the
range, Figur®).

For the theoretical variograms considered hetage parameters estimated from thdata are used to

fit a semivariogram model to the empirical semivariogram. This model isabsimed to quantitatively
represent the correlation as a function of distar{€&gure5), the range, the sill (the sill is the asymptotic
value of semiariance at the range), and the nugget (which describes sampling error or variation at
distances belowhose separating the closest pairs of samplé@g)e range, sill and nuggate estimated
from theoretical models thaarefitted to the empirical variograms using mdinear least squares
methods.

The variogram analysis will be used, to determine theiapatales at which we can consider saoil
measurements spatially independent. This characterization will directly inforrmthienumdistance
betweeni) soil plos within each soil arrayij) the soil profile measurementsi) EP plots, aniV) the
microbial samplindocations These data will directly inform NEON construction and site design
activities.

T5.5)
Partial !
Sill !
i 7 il
| Range E
Mugget { - )
Distance

Figure5. Example semivariogram, depicting range, sill, and nugget.
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Figure6. Spatially cyclic sampling design for the measurements of soil temperature and soil water
content.

Field measurements of soil temperaturel@ cm) and moisture (@5 cm) were taken 087 May 2010

at the Woodworthsite. The sampling points followed thpatially cyclic sampling design by Bend
Lamberty et al(2006)(Figure6). Soil temperature and moisture measurements were collected along
three transects (210 m, 84 m, and 84 m) located in the expected airsh&da@dworth. Details of how
the airshed was determined are provided beld@®ail temperature was measured withatinum
resistance temperature sensors (RTD 810, Omega Engineering Inc., Stamford <oihnaoidture was
measured withtime domain diaelectricensors (CS616, Campbell Scientific Inc., Logan UT)

As well as measuring soil temperature and moisture at each sample point in Bjgneasurements

were also taken 30 cm in front and behind the sampling point along the axis of the transect. For
example at the 2 m sampling point, soil temperature and moisture was measured at 1.7 m, 2 m, and 2.3
m; this data is referred to as mobile data, since the measurements were taken at many different
locations. In addition, soil temperature and moisture were corpunsly recorded at a single fixed

location (stationary data) throughout the sampling time to correct for changes in temperature and
moisture throughout the day.

Data collected were used for geospatial analyses of variograms in the R statistical congmgiragke

with the geoR package to test for spatial autocorrelaiidrangmaret al. 1986; Webster & Oliver 1989;
Goovaerts 1997; Riberiro & Diggle 208h) estimate the distance necessary for independence among
soil plots in the soil arrayo correct for changes in temperature and moisture over the sampling period,
the stationary data was $racted from the mobile data. In many instances a time of day trend was still
apparent in the data even after subtracting the stationary data from the mobile data. This time of day
trend was corrected for by fitting a linear regressidhe data were futier detrended using elevation,
slope, and aspect from a digital elevation map and the residuals were used for the semivariogram
analysisSoil temperature and moisture data, R code, graphs, and R output can be found at:
PAFIUFIU_Site_CharacterizatiddXX YYYYY Y&haracterizatioySoil Measuremenisoil Data Analysis
(where XX = domain number and YYYYYYY = site name).
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3.3.3

3.3.3.1
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Results and interpretation

Soil Temperature

Soil temperature data residuals, after accounting for changes in temperature in the stataatayany
remaining time of day trencklevation, slope and aspeatere used for the semivariogram analysis
(Figure?). Exploratory data analysis plots show that there waddistinct patterning of the residuals
(FigureB, left graph) and directionalemivariograms do not show anisotroflfigure8, center graph)An
isotropic empirical semivariogram was produced and a spherical model was fitted using @esghie
(FigureB, right graph). The model indicates a distance of effective independerizéroffor soil
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Figure?. Left graph: mobile (circles) and stationary (line) soil temperature data. Center graph:

temperature data after correcting for changes in temperature in the stationary data (circles) and a linear

regression based on tima day (line). Right graph: residual temperature data after correcting for

changes temperature in the stationary data and the time of day regression. Data in the right graph were

used for the semivariogram analysis.
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Figure8. Left graphs: exploratorgata analysis plots for residuals of temperature. Center graph:
directional semivariograms for residuals of temperature. Right graph: empirical semivariogram (circles)
and model (line) fit to residuals of temperature.

3.3.3.2  Soil water content

Soil water contentlata residuals, after accounting for changes in water content in the statialeisy
any remaining time of day trend, elevation, slope and aspgete used for the semivariogram analysis
(Figure9). Exploratory data analysis plots show that there waslistinct patterningof the residuals
(FigurelO, left graph) and directionaemivariograms do not show anisotro(yigurelO, center graph).
An isotropic empirical semivariogram was produced and a spherical model was fitted using Cressie
weights (FigurdlO, right graph) The model indicates a distance of effective independendroffor soil
water content.
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Figure9. Left graph: mobile (circles) and stationary (line) soil water content data. Center graph: water
content data after correcting for chang in water content in the stationary data (circles) and a linear
regression based on time of day (line). Right graph: residual water content data after correcting for
changes water content in the stationary data and the time of day regression. Datarighhgraph

were used for the semivariogram analysis.
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FigurelO. Left graphs: exploratory data analysis plots for residuals of soil water content. Center graph:
directional semivariograms for residuals of water content. Right graph: empirical ségizan (circles)
and model (line) fit to residuals of water content.

3.3.3.3  Soil array layout and soil pit location

The minimum distance allowable between soil plots is 25 m to ensure a degree of spatial independence
in nonmeasured soil parameters (i.e., other than temperature and water content) and the maximum
distance allowable between soil plots is 40 m due to cosistraints. The estimated distance of

effective independence wakd m for soil temperature an@ m for soil moisture. Based on these results

and the site design guidelines the soil plot&\odworthshall be place@5m apart. The soil array shall
follow the linear soil array design (Soil Array Pattern B) with the soil plots being 5 m x 5 m. The direction
of the soil array shall b28(° from the soil plot nearest the tower. The location of the first soil plot will

be approximately7.12812°;99.24150? The exact location of each soil plot will be chosen by an FIU
team member during site construction to avoid placing a soil plot at an unrepresentative location (e.qg.,
rock outcrop, drainage channel, large tree, etc). The FIU soil pit for characterizingrgamih depths,
collecting soil for sitespecific sensor calibration, and collecting soil for the FIU soil archive will be

located at47.128110°;99.239021 {primary location); o47.127651°;99.239030alternate location 1

if primary location is unstable); or47.127259°;99.239035{alternate location 2 if primary location is
unsuitable).Soil pit locations are 560 m from the access road so that they are in the same soil type as
the soil array; since the site has been plowed recently, the dishadaaused by getting a small

backhoe to these locations is not expected to significantly affect theAisetmmary of the soil

information is shown in Tabkand site layout can be seen in Figade

Dominant soil series at the sitRenshawSioux loars, 0 to 6 percent slopeJhe taxonomy of this soil is
shown below:

Order. Mollisols

Suborder Ustolls

Great group Hapludolls

Subgroup Calcic HapludoHEntic Hapludolls
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Family. Fineloamy over sandy or saneykeletal, mixed, superactive, frigid CalcaphidolisSandy

skeletal, mixed, frigid Entic Hapludolls

Series RenshawSioux loams, 0 to 6 percent slopes

Table4. Summary of soil array and soil pit informatiorvVdbodworth. 0° represents true north and

accounts for declination.

Soil plot dimensions 5mx5m
Soil array pattern B
Distance between soil plots: x 25m
Distance from tower to closest soil plot: y 17m

Latitude and longitude of*isoil plot OR
direction from tower

47.12812,-99.24150

Direction of soil array

280

Latitude andongitude of FIU soil pit'

47.128110°;99.239021{primary location}

Latitude and longitude of FIU soil pit 2

47.127651°;99.2390307alternate 1)°

Latitude and longitude of FIU soil pit 3

47.127259°;99.239035alternate 2)*

Dominant soitype

RenshawSioux loams, 0 to 6 percent slopes

Expected soil depth

0.38mto>2 m

Depth to water table

>2m

Expecteddepth of soil horizons

Expected measurement depths

0-0.18 m (Loan) 0.09m
0.18-0.38 m (Loam) "0.28m
0.38-0.51m (Gravelly loamyand 0.45m
0.51-1.52m (Gravelly sanyd A1.02m
1.522.00 m #2.00 m

"Actual soil measurement depths will be determined based on measured soil horizon depths at the

NEON FIU solil pit and may differ substantially from those shown here.

"Soil pitlocations are 580 m from the access road so that they are in the same soil type as the soil

array.
Acurrent depths of the soil CO2
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‘ g
DFIRL 4712828 89124073 ACCESS 3

447:12811,1-99524113

Soil array . ...

towers47:12802,-99724133

routoe Soil P|l|1 47.128110°,-99.239021

Soil Pit}2:4474127651 ", -9952380302 o

SoillPit 3:1474127,259:51-99:239035= o

4%

-.(Google

47.127254 ol Eye al t

Figurell. ‘Site layout aWWoodworth shoin soil array d location of the FIU soil pit.

34 Airshed
34.1 Seasonal windroses

Wind roses analytically determine and graphically represent the frequencies of wind direction and wind
speed over a given timeseries, Figi2 The weather data used to generate the following wind roses

are 2007 datafrom Jamestown airport (46.9398.67 ), which is 48 km from NEON tower siteWind

pattern from this set of wind roses are very similar to the wind patterns in the windroses made from the
1991-2005 wind data from Jamestown NDAWN Station (this set can be found in old FIU site visit report
in 2008).Although the weather stations at Jamestown are ~ 48 km from NEON agayuse the terrain

is very flat, we assume that the wind patterns show in these two sets can representative the wind
patterns at NEON sitdhe second set of windroses was mdien long term wind datal5 year$,

therefore we consider this windrose set is more representative and will be used for further anghesis.
orientation of the wind rose follows that of a compass (assume declination applied). When we describe
the winddirections it should be noted that they are the cardinal direction that wind blows from. The
directions of the rose with the longest spoke show wind directions with the largest frequency. These
wind roses are subdivided into as 24 cardinal directions.
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3.4.2 Results (graphs for wind roses)

| winp RosE PLOT:

Domain_09_Woodworth; Lat: 47.127611 Long: -99.240108 Convention: Blowing From
JAMESTOWN MUNICIPAL ARPT; Call Sign: KJMS; Lat: 46.93 Long: -98.678; Jan-Mar 2007; Separation: 48.045 km
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WRPLOT View - Lakes Environmental Software
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" WIND ROSE PLOT:
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WIND ROSE PLOT:
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WIND ROSE PLOT:
Domain_09_Woodworth; Lat: 47.127611 Long: -99.240108 Convention: Blowing From
JAMESTOWN MUNICIPAL ARPT; Call Sign: KJMS; Lat: 46.93 Long: -98.678; Oct-Dec 2007; Separation: 48.045 km
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| - s e e
WRPLOT View - Lakes Environmental Software

Figurel2 Windroses frondamestown airport

Data used here are hourly data fradd07 from Jamestown Airpgrivhich is 48 km from NEON tower
site. It is assumed that the wind data was corrected for declinatiBanels are (from top to bottom),
JanMar, AprJun, JuBSept, and OebDec.
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Figurel3. Windroses from JamestowdDAWN Station

Data used here arerind data from 1991-2005 from JamestowrNDAWNStation which is ~48 km from
NEON tower site.Wind roses were provided by local contadtsis assumed that the wind data was
corrected for declination. Panglsom top to bottom)representannual and monthlyvind patterns
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3.4.3 Resultant vectors
Not available.
3.4.4 Expected environmental controls on source area

Two types of models were commonly used to determine the shape and extent of the source area under
different and contrasting atmospheric stability classes. An inverted plume dispersion model with
modeled cross wind solutions were used for convective conditions (Horst and Weil 1994). For strongly
stable conditions, and Lagrangian solution was used (Kormann and Meixner 2001). The source area
models where bounded by the expected conditions depictdkizeme conditions. Convective

conditions typically have strong vertical mixing between the ecosystem and atmosphere (surface layer).
Stable conditions typically have long source area and associated waveforms. Convective turbulence is
often characterizd by short mixing scales (scalar) and moderate daytime wind spegggl-4 m &.

Higher wind speeds, like those experienced over the Rockies, are often the product of mechanical
turbulence with long waveforms. Because thermal stratification is viigient in suppressing vertical
mixing, stable conditions also have typically very long waveforms.

As a general rule, shorter and less structurally complex ecosystems have good vertical mixing during all
atmospheric stabilities. Taller and more struetily complex ecosystems have well mixed upper

canopies during the daytime, and can be decoupled below the canopy under neutral and stable
conditions. The type of turbulence (mechanical verse convective) and the physical attributes of the
ecosystem contrathe degree of mixing, and the length and size of the source area.

Here, we usd a webbased footprint model to determine the footprint area under various conditions
(model info:http://www.geos.ed.ac.uk/abs/research/micromet/EdiToodlsWinds used to run the

model and generate following model results are extracted from the wind rogegetation information,
temperature and energy information were either from the RFI document, pusviite visit report,
available data files or best estimated from experienced expert. Measurement height was determined
from the Tower Height Info document provided by ENG group, ttegifiy according to the real

ecosystem structure after FIU site chaex@ation at site. Runs-3 and 46 represents the expected
conditions for summer and winter conditions, respectively, with maximum and mean windspeeds
(daytime convective) and nighttime (stable atmospheres) conditions. The wind vector for each run was
edimated from wind roses and is placed as a centerline in the site map included in the graphics. The
width of the footprint was also estimated using the length between the isopleth of 80% cumulative flux
and center line to calculate the angle from centeeli This information, along with distance of the
cumulative flux isopleths and wind direction, will define the source area for the flux measurements on
the top of the tower.

Table5. Expected environmental controls to parameterize the source area model, and associated results
from Woodworthadvanced site.

Parameters Run 1 Run 2 Run 3 | Run 4 Run 5 Run 6
Approximate season | summer winter Units
Day Day Night | Day Day night qualitative
(max WS) | (mean WS) (max WS) | (mean WS)
Atmospheric stability | Convective| convective | Stable | Convectivel convective | Stable | qualitative
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Measurement height 11 11 11 11 11 11 m

Canopy Height 3.9 3.9 3.9 3.9 3.9 39 |m

Canopy area density 3.162 3.16 3.162 1.259 1.259 1.259 | m

Boundary layer depth 2079 2079 1065 811 811 621 | m

Expected sensibl{ 450 450 29 22 22 47 | W m?

heat flux

Air Temperature 28 28 21 2 2 -20 | °C

Max. windspeed 11 3.8 3.8 11 4.6 46 |mst

Resultant wind vector 165 165 165 314 314 314 | degrees
Results

(zd)/L -0.02 -0.34 -0.04 0 -0.01 0.04 |m

d 3.1 3.1 3.1 2.7 2.7 27 |m

Sigma v 2.9 2 0.99 2.6 1.2 1.8 | m’s?

Z0 0.17 0.17 0.17 0.26 0.26 0.26 | m

u* 1.2 0.48 0.41 1.3 0.54 0.5 m s

Distance source area 0 0 0 0 0 0 m

begins

Distance of 20% 750 350 700 750 700 900 |m

Distance of 80% 400 200 400 400 400 500 |m

cumulative flux

Distance of 70% 300 150 250 300 300 350 |m

cumulative flux

Peak contribution 55 35 55 55 55 55 m

Note: 1. the model output in this tableand the footprint graphs below are based on the original
candidate tower site a#7.12761111,-99.24010833 The actual ecosystem structure and similar to
estimate and the final tower locatio®7.12802,-99.24133 is only~100 m apart. Footprint analysii

section 3.4.5s not redone based on the new tower si. The tower height used in this model 11 m,
but deign height will be 6 m. Thus the length of the source area will be shorter than reported above.
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3.4.5 Results (source area graphs)

Eﬂ Footprint
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Figurel4. summer, daytime, max wind speed
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Figurel5. summer, nighttime, mean wind speed
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3.4.6 Site design and tower attributes

According to wind roses, the preliag wind direction blows from northestand west(247i 2 oc nx X
clockwise from 24X, major airshed) and southeast (135° to 157°, clockwise #8851, secondary
airshed)which is consistent throughout the whole yeaiower should be placed to a location to best
catch the signals from the airshed of the ecosystem in intesgbich isrestored native prairie The
candidatetower sitewas at 47.1281111,-99.24010833After site visit, wanovedtower location

toward northwest for ~D0m to maximize the fetch area inside property boundary and the same
management unitThe new tower location is &7.12802;99.24133

Eddy covariance, sonic wind and air temperatiio®@m armsorientation toward thesouthwestwill be

bed to capture signals from allind directions Radiation boom armshould always be facing south to
avoid any shadowing effects from the tower structureninstrument hut should be outside the

prevailing wind airshed to avoid disturbance in the measurements of wind and should be positioned to
have the longer side parallel to frequent wind direction to minimize the wind effects on instrument huts
and to mnimize the disturbances of wind regime by instrument hut, and in this case, instrument hut
should be positioned on thaortheastside of tower and have the longer side paralleHBNW

direction. The location ofinstrument hutisat 47.12811,99.24113

Canopy height oftte restored native prairigzzas~0.4 m by the time of FIU site characterizatibnt
expects up to ~ 0-8m in summerWe require4 measurement layer®n the tower with top
measurement heilgt at 6 m, and renaininglayers are6 m, 3.5m, 1 m, and 0.2m, respectively, to best
characterize the fluxes on the tower top and environmental conditions in profile.

DFIR(Double Fenced International Refereneel beat 47.12828;99.24073, which is ~ 58 away from
tower. Closest power linis along the road on the east to tower, which is ~ 185 m away from DFER.
deposition collectorwill collocate at the top of the tower. See AD 04 for further information and
requirements for bulk precipitation collection and wet deposition collection.

The site layout is summarized in the table below. Assume the projected area of the tower is square.
Anemometer/temperature boom arm directioris from the towertoward the prevailing wind direction
or designated orientationinstrument hut orientation vecor is parallel to the long side of the
instrument hut.Instrument hut distance 1s the distance from the center of tower projection to the
center of the instrument hut projection on the ground. The numbering ofrtteasurement levelss

that the lowest idevel one, and each subsequent increase in height is numbered sequentially, in this
case, levke4 being the upper most level at this tower site.

Table6. Site design and tower attributes fédvoodworth Advanced site.

0° is true north with declinatioraccounted for. Color of Instrument hut exterior shall be tan to best
match the surrounding environment.

Attribute lat long degree meters notes
Airshed area 247xto 360x Clockwise from
(major), 135° first angle
to 157°
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Tower location 47.12802, -99.24133 -- -- new site
Instrument hut 47.12811, -99.24113
Instrument hut orientation -- -- 145 - 325°
vector
Instrument hut distance z -- -- -- 18
Anemometer/Temperature -- -- 245 --
boom orientation
DFIR 47.12828, -99.24073
Height of the measurement
levels
Level 1 0.2 m.a.g.l.
Level 2 1.0 m.a.g.l.
Level 3 3.5 m.a.g.l.
Level 4 6.0 m.a.g.l.
Tower Height 6.0 m.a.g.l.

See AM3 for technical requirement to determine the boom height for the bottom most measurement

level.

Figure below shows the proposed tower location, instrument hut location, DFIR, airshed area and access
road.
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.

Soul DFIRL47.128281-69'24073 ACCESS %
OH_Arrayes  sini a7 12811 0024113

towers47:12802,-99724133

routoe Soil P|l|1 47.128110°,-99.239021
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Figure20. Site layout foMWWoodworth Advanced tower site.
i) Tower location is presented (red pin), ii) red lines indicate the airshed boundaries. Vatfote

360° (clockwise from247x) and 13% to 157 (clockwise froml35x) are the airshed aresathat would

have quality wind data without causing flow distortions, respectively. iii) Yellow line is the suggested
access road to instrument hut) Purple pin is DFIR location

Boardwalks Ultimately, the decision to use a boardwalk will be, inpart, 8 SR 2y 246y SNIDa LIN.
There are strong science requirements that minimize site disturbance to the surrounding area, which
will be difficult to manage over a 3pperiod. Traffic control is key to minimizing the site disturbance.
Confining foot taffic to boardwalks minimizes site impact; this is particularly true in places where wear
caused by foot traffic becomes noticeable and grows. For example, in places with snow part of the year,
worn footpaths tend to have low places that collect water,pdaces where the snow pack becomes
uneven causing personnel to walk farther and farther around the sides of the original path, causing the
path to grow in width. This is a very common phenomenon. Hdté assumes that all conduits will be
either buried, or placed inside the boardwalk such that it does not extend beyond th€3814 m).
wide footprint. The boardwalk to access the tower is not on any side that has a boom.
Specific Boardwalks &foodworth Advance site:

o Boardwalk is from the access didad to instrument hut, pending landowner decision

. Boardwalk from the instrument hut to the tower to intersect on north face of the tower

o Boardwalk to the soil array

. No boardwalk from the soil array boardwalk to the individual soil plots

. No boardwalk neeed at DFIR site
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o Boardwalk has to withstand managed burns and light grazing

The relative locations between tower, instrument hut and boardwalk can be found in the Figure below:

Option 1, anemometer boom facing (generic) West Z

/_ Tower entrance

Anemometer boom, 4 m  FZE SO

Instrument Hut (9]

n

Figure21. Generic diagram to demonstration the relationship between towed arstrument hut when
boom facingwvestand instrument hut on theasttowards the tower

This is just a generic diagranThe actualayout of boardwalk(or path if no boardwalk requiredind
instrument hut positiorwill be thejoint responsibility of FCandFIU At Woodworth Advancedksite, the
boom angle will be245 degrees, instrument hut will be on theortheast towards the tower, the
distance between instrument hut and tower i48-m. The instrument hut vector will bE8ENW (145«
325x, longwise)

3.4.7 Information for ecosystem productivity plots

The tower aWoodworth Advanced site has been positioned to optimize the collection of the air/wind

signals both temporally and spatially over the desired ecosystestafed native prairig Major

airshed areaat thissitearefoonn T x G2 ocnx O6YIF22NE Of2016AaS FTNRY
clockwise from 135°and 90% signals for flux measurements iara distance of 60 m from tower, and

80% within500 m. We suggest FSU Ecosystem Productivity pletplaced within themajor airshed

boundaries o247 to 360° (clockwise fron247x) from tower.

3.5 Issues and attentions

A new tower location was selected (47.12802, -99.24133), which was ~100 m from the original location
(47.12761111, -99.24010833), to reduce the effects of roads and areas outside the property on the
airshed.

Plow lines and rock piles can be seen throughout the area surrounding the tower and are a result of

recent, but now discontinued, agriculture at the site. The site has been re-seeded with native prairie

plants once, but may be re-seeded again in order to achieve higher plant cover (60-70% bare ground

during the site visit). The focus of this site is the restoration of the native prairie. Herbicide (Round-up)

has been used to control non-native plants and it may be used again in the future. During the site visit

many of the plants were germinating and it was often not possible to identify them, however, at least

some non-native plants could be seen at the site. Due to the level of previous disturbance and the current
management practices this site does not represent what

Prescribed burns and grazing may occur in the future as part of the management strategy for this site.
NEON equipment should be designed to withstand managed fires and fencing or protective covers may
be needed to prevent damage by cattle.
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There are many small rocks (~2 cm diameter) and some larger cobbles in the sail, but this is not expected
to be a major problem for the soil-based instruments.

Similar to the other sites in this domain, high winds can occur (e.g. >80 mph).
Information from the previous FIU site visit in 2008:

Road Access is good (gravel), maintained during snow free periods. During winter, main road
from Hwy 36 is only road Plowed. During winter will need 4X4 vehicle, and under worse case
scenario may need a snow mobile. (Info source: Old FIU site visit report in 2008).

The local science team from domain 9 did an excellent job preparing for the sitendigibse

great insight into Woodworth Station. Three factors should be considered for construction: 1)
The area is a water fowl production area and several ground nesting birds were found around
the site, area will need to be surveyed before construcésmot to damage any nests. 2)
Grazing may be introduced into the area, additional protection should be place around the
towers so cattle can not rub against towers or guy wires. 3) U.S. Fish and Wildlife crew would
like the power line to be cut in amktural vegetation folded back down as to minimize the
impact on the site(Info source: Old FIU site visit report in 2008).

Control burns (% years), Tornados, Freeze events including ice storms, large hail storms,
straight line winds that can exceed B(ph, and lightning storms. Large temperature randis

¢ 121. Potential grazing in the ardnfo source: Old FIU site visit report in 2008).

The advance site is a restoration site which was burn, and had 2 years of round up treatment,
then was reseeed with native grasses. The area is a water fowl production area and several
ground nesting birds were found around the site, area will need to be surveyed before
construction as not to damage any nests. Grazing may be introduced into the area. Control
burns (35 years), Tornados, Freeze events including ice storms, large hail storms, straight line
winds that can exceed 80 mph, and lightning storms. Large temperature r&tyed21. (Info
source: Old FIU site visit report in 2008).

Page490f 120



. . - . Author. Date
n e ;.) n Title: DO9FIU Site CharacterizatiofSupporting Data Ayres/ Luo/ Loescher 09/26/2011

NEON Doc.:#NEON.DOQ11055 Revision: B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

4 DAKOTA COTEAULELD SCHOMELOCATEABLE TOWER
4.1 Site description

Theoriginal Dakota Coteau Field School (DCFS) candidddeatable sitevasat 47.161°;99.117
(Figure22). After FIU site characterization, we microsited-850 meastat 47.16144, -99.10653 to
maximize tower fetch area on the SE and NW direction over pothole prairie, and mitimingpacts
of lake (on west toward towen the tower climate measurements.

This site igust < 7 miles away from the Woodworth Advance siée assumd the cimate description
for Woodworth Advance tower site above is also similar for this site, thus will not duplicate the same
site description here.

Some general info aboldakota Coteau Field Schaain be found here
http://www.ndsu.edu/fileadmin/www.ur.ndsu.edu/pdfs- _examples/DakotaCoteau.pdf

4 Dakota Coteau Candidate Location
E Dakota Coteau Prpperty Boundary

Domain 9 - Dakota Coteau Field School

Figure22. Property boundary of th® CF&ndoriginal candidateower location.
Note that the tower was micraited since thismagewas made, actual tower location indicated below.
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4.2 Ecosystem

Vegetation type and land coverformationat this relocatable sitare presented below:

- ; L] ¥  Dakota Coteau Candidate Location
D Dakota Coteau Prpperty Boundary
EVT_NAME

C] Agriculture-Cultivated Crops and Irrigated Agriculture

D Agriculture-General
:] Agriculture-Pasture and Hay
|:| Barren
- Developed-High Intensity
- Developed-Low Intensity
2 - Developed-Medium Intensity
- Developed-Open Space
|:| Eastern Great Plains Wet Meadow-Prairie-Marsh
I:l Great Plains Prairie Pothole
|:| Northwestern Great Plains Mixedgrass Prairie
|:| Northwestern Great Plains Shrubland
- Open Water
|:| Western Great Plains Depressional Wetland Systems
Domain 9 - Dakota Coteau Field School - Western Great Plains Floodplain Systems
I:l Western Great Plains Wooded Draw and Ravine
Figure23. Vegetative cover map &iCF$elocatable siteand surrounding areas
(from USGSttp://landfire.cr.usgs.goviviewer/viewer.ht)) note that the tower was micrgited since

this graph was made, actual tower location indicabetiow.

Table7. Percent_and cover information dDCFS$elocatable sitdfrom USGS,
http://landfire.cr.usgs.gov/viewer/viewer.hth

Vegetation Type Area(km?) | Percentage
No Data 1.89 72.63
DevelopedLow Intensity 0.03 1.00
DevelopedOpen Space 0.03 1.24
Eastern Great Plains Wet MeaddwairieMarsh 0.02 0.59
Great Plains Prairie Pothole 0.01 0.51
Northwestern Great Plains Mixedgrass Prairie 0.03 1.12
Open Water 0.39 14.93
Western GreaPlains Depressional Wetland Systel 0.03 0.98
Western Great Plains Wooded Draw and Ravine 0.18 7.01
Total Area sq km 2.60 100.00

The ecosystemat this siteis pothole prairie Grass is ~0.4 m héigy but many small shrubsre
interspersed with height of 0.7 1.5 mand a density of ~ 150 HgFigure24). A few tall shrubs (2 3
m) arealsofound. Landscape is very gentle rolling hills480m high) with pondsephemeralor
permanent) in the valleys. Most ponds appear to be shallow siress grow almost to the center of
the ponds.The average distance between ponds is ~ 20Because of the ponds, theig ahigh
abundanceand diversity of mosquitoesBirds arealsoabundant here, especially aquatic birds, e.qg.
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ducks, pelicans, etdRocky outcrops are intermitterst field, where large cobbles are visible on the soil
surface. Agriculture land is visible to the north (~800fram tower) and east (>1500 finom tower).

The site is grazed at some times during the year, but not contislypand the grazing intensity is lower
than at the Northern Great Plains Research Lab site.

Figure24. Ecosystem and surrounding environmenCaEF$elocatable site.

Table8. Ecosystem and site attributes fDICFRelocatable site.

Ecosystenattributes Measure and units
Mean canopy height (grass) 0.4m
Mean canopy heighshrub¥ 1.5m
Surface roughnegshrub} 0.3m
Zero place displacement heig{ghrub} 1.0m
Structural elements Prairie gasslandshrubs interspercec
Time zone Centraltime zone
Magnetic declination 5° 38' E changing by 0° 8' W/ye

Note, ® Fromfield survey” Although prairie grass is dominant vegetation type at site, shrubs has large
impacts on the flow dynamicat ecosystem surface. Thus shrub heighised here for the purpose of
tower design.

4.3 Soils
4.3.1 Description of soils

Soil data and soil maps (Fig@® below forDakota Coteatower site were collected fror2.1 km?
NRCS soil mapit{p://websoilsurvey.nrcs.usda.gov/app/HomePage.htta determine the dominant
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soil types in the larger tower foot print. This was done to assure that the soil array is in the dominant (or
in the cedominant) soil type present in the tower footprint.

aJwr awr

e

Map Scale 1:10,200 If printad on A slze (8.5" x 117) sheet.

b
-
~
&

Erty

. 0 100 200 400 500
\ eat
A 1] 500 1,000 2,000 3,000

Figure25. Soil map of théakota Coteasite and surrounding areas.

Soil Map Units DescriptionThe map units delineated on the detailed soil maps in a soil survey
represents the soils or miscellaneous areas in the survey area. The map unit descriptigsisdport,

along with the maps, can be used to determine the composition and properties of afunigp unit
delineation on a soil map represents an area dominated by one or more major kinds of soil or
miscellaneous areas. A map unit is identified aathed according to the taxonomic classification of the
dominant soils. Within a taxonomic class there are precisely defined limits for the properties of the
soils. On the landscape, however, the soils are natural phenomena, and they have the chamacteristi
variability of all natural phenomena. Thus, the range of some observed properties may extend beyond
the limits defined for a taxonomic class. Areas of soils of a single taxonomic class rarely, if ever, can be
mapped without including areas of other taxamic classes. Consequently, every map unit is made up
of the soils or miscellaneous areas for which it is named and some minor components that belong to
taxonomic classes other than those of the major sdilest minor soils have properties similar toose

of the dominant soil or soils in the map unit, and thus they do not affect use and management. These
are called norcontrasting, or similar, components. They may or may not be mentioned in a particular
map unit description.  Other minor components,owever, have properties and behavioral
characteristics divergent enough to affect use or to require different management. These are called
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contrasting, or dissimilar, components. They generally are in small areas and could not be mapped
separately becaues of the scale used. Some small areas of strongly contrasting soils or miscellaneous
areas are identified by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit dgdmns along with some
characteristics of each. A few areas of minor components may not have been observed, and
consequently they are not mentioned in the descriptions, especially where the pattern was so complex
that it was impractical to make enough sdrvations to identify all the soils and miscellaneous areas on
the landscapeThe presence of minor components in a map unit in no way diminishes the usefulness or
accuracy of the data. The objective of mapping is not to delineate pure taxonomic dassather to
separate the landscape into landforms or landform segments that have similar use and management
requirements. The delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensiveewdf small areas is planned, however, onsite investigation

is needed to define and locate the soils and miscellaneous areas. An identifying symbol precedes the
map unit name in the map unit descriptions. Each description includes general facts abouttthadi

gives important soil properties and qualities.

Soils that have profiles that are almost alike make gpibseries All the soils of a series have major
horizons that are similar in composition, thickness, and arrangement. Soils of a givercaerdffer in
texture of the surface layer, slope, stoniness, salinity, degree of erosion, and other characteristics that
affect their use. On the basis of such differences, a soil series is dividewiintbasesMost of the

areas shown on the deted soil maps are phases of soil series. T he name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0 to 2 percent slopes,
is a phase of the Alpha seriéme map units are made up of two or mona@jor soils or miscellaneous
areas. These map units are complexes, associations, or undifferentiated ghaugusplexconsists of

two or more soils or miscellaneous areas in such an intricate pattern or in such small areas that they
cannot be shown sepately on the maps. The pattern and proportion of the soils or miscellaneous
areas are somewhat similar in all areas. AlBlada complex, 0 to 6 percent slopes, is an example.An
associatioris made up of two or more geographically associated soils oeit@iseous areas that are

shown as one unit on the maps. Because of present or anticipated uses of the map units in the survey
area, it was not considered practical or necessary to map the soils or miscellaneous areas separately.
The pattern and relativeroportion of the soils or miscellaneous areas are somewhat similar. Alpha
Beta association, 0 to 2 percent slopes, is an examplendifferentiated groups made up of two or

more soils or miscellaneous areas that could be mapped individually butawped as one unit

because similar interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be made up of only one
of the major soils or miscellaneoaseas, or it can be made up of all of them. Alpha and Beta soails, O to
2 percent slopes, are an example. Some surveys inchisigellaneous areasSuch areas have little or

no soil material and support little or no vegetation. Rock outcrop is an exadgtitional information

about the map units described in this report is available in other soil reports, which give properties of
the soils and the limitations, capabilities, and potentials for many uses. Also, the narratives that
accompany the soil repta define some of the properties included in the map unit descriptions.

Table9. Soil series and percentage of soil series wighirkm? at the Dakota Coteasite
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Stutsman County, North Dakota (ND093)

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

1 Southam silty clay loam, 0 to 1 percent 300 57%
slopes

2 Parnell silty clay loam, 0 to 1 percent 52 1.0%
slopes

23C Barnes-Buse loams, 6 to 9 percent 86 1.6%
slopes

24E Barnes-Svea-Buse loams, 9 to 25 385.1 73.5%
percent slopes

25E Barnes-Buse-Parnell complex, 0 to 35 954 18.2%
percent slopes

Totals for Area of Interest 524.2 100.0%

Stutsman County, North Dakota 23@arnesBuse loams, 6 to 9 percent slopes: Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F Frefee period: 120 to 140 daydap Urnit CompositionBarnes and similar soils: 52
percent Buse and similar soils: 24 percent Minor components: 24 pe@esdription of Barnes Setting
Landform: Knolls Landform position (tvdimensional): Backslope Dovafope shape: Linear Acress
slope shape:ihear Properties and qualitiesSlope: 6 to 9 percent Depth to restrictive feature: More
than 80 inches Drainage class: Well drained Capacity of the most limiting layer to transmit water (Ksat):
Moderately low to very high (0.14 to 14.17 in/hr) Depth to esmtable: More than 80 inches Frequency

of flooding: None Frequency of ponding: None Calcium carbonate, maximum content: 30 percent
Gypsum, maximum content: 1 percent Maximum salinity: Nonsaline to very slightly saline (0.0 to 4.0
mmhos/ cm) Available watecapacity: High (about 10.5 inchédsterpretive groupsLand capability
(nonirrigated): 3e Ecological site: Loamy (R055BY064ND) Other vegetative classification: Loam
(G055BY100NDO)ypical profile0 to 7 inches: Loam 7 to 19 inches: Loam 19 to 37 inchas B7 to 60
inches: LoamDescription of Buse Setting.andform: Knolls Landform position (tvdimensional):
Summit, shoulder Dowslope shape: Convex Acreslepe shape: Convex Parent material: Hoemy

till Properties and qualitiesSlope: 6 to 9 percenbDepth to restrictive feature: More than 80 inches
Drainage class: Well drained Capacity of the most limiting layer to transmit water (Ksat): Moderately low
to very high (0.14 to 14.17 in/hr) Depth to water table: More than 80 inches Frequency of flooding:
None Frequency of ponding: None Calcium carbonate, maximum content: 30 percent Gypsum,
maximum content: 1 percent Maximum salinity: Nonsaline to very slightly saline (0.0 to 4.0 mmhos/ cm)
Available water capacity: High (about 10.5 incHa®rpretive groupsLand capability (nonirrigated): 4e
Ecological site: Thin Loamy (RO55BY068ND) Other vegetative classification: Limy Upland (GO55BY400ND)
Typical profileO to 8 inches: Loam 8 to 40 inches: Loam 40 to 60 inches: Miaon Components Svea
Percent of mapunit: 16 percent Landform: Rises Landform position (timensional): Footslope Down

slope shape: Concave Acresdspe shape: Linear Ecological site: Loamy Overflow (RO55BY059ND) Other
vegetative classification: Loam (G055BY100N&herlyPercent of map nit: 3 percent Landform: Flats
Downslope shape: Linear Acreskbpe shape: Linear Ecological site: Limy Subirrigated (RO55BY058ND)
Other vegetative classification: Subirrigated (GO55BY700NdDka Percent of map unit: 2 percent
Landform: Depressions Dovatope shape: Concave Acredgpe shape: Concave Ecological site: Wet
Meadow (RO55BY071ND) Other vegetative classification: Wet (GO55BY 30@iiBl) Percent of map

unit: 1 percent Landform: Depressions Doglope shape: Concave Acresdspe shape: Concave
Ecological site: Wet Land (R0O55BY070ND) Other vegetative classification: Not suited (GO55BY000ND)
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Swenoda, well drainedPercent of map unit: 1 percent Landform: Knolls Landform position -(two
dimensional): Footslope Dowslope shape: Concave Acredspe $ape: Linear Ecological site: Sandy
(RO55BY062ND) Other vegetative classification: Loam (G055BY IRéNDawPercent of map unit: 1
percent Landform: Knolls Landform position (bdimnensional): Backslope Dovetope shape: Linear
Acrossslope shape: LinearEcological site: Shallow Gravel (R0O55BY063ND) Other vegetative
classification: Very Droughty Loam (GO55BY130ND)

Stutsman County, North Dakota5& BarnesBuseParnell complex, 0 to 35 percent slopeglap Unit
Setting Elevation: 1,000 to 2,050 fed¥lean anual precipitation: 16 to 20 incheldlean annual air
temperature: 39 to 45 degreesHrostfree period: 120 to 140 daygap Unit CompositionBarnes and
similar soils: 33 percenParnell, undrained, and similar soils: 24 perc&use and similar soils: 18
percent Minor components: 25 percenDescription of BarnesSetting Landform: Ridged.andform
position (twodimensional): Backslop®ownslope shape: LineaAcrossslope shape: LineaParent
material: Findoamy till Properties and qualitiesSlope: 15 to 2%ercent Depth to restrictive feature:
More than 80 inche®rainage class: Well drain€éthpacity of the most limiting layer to transmit water
(Ksat): Moderately low to very high (0.14 to 14.17 in/Bgpth to water table: More than 80 inches
Frequency of 8loding: NoneFrequency of ponding: Non€alcium carbonate, maximum content: 30
percent Gypsum, maximum content: 1 perceMaximum salinity: Nonsaline to very slightly saline (0.0
to 4.0 mmhos/cm) Available water capacity: High (about 10.5 inché¥grpretive groups Land
capability (nonirrigated): 6&cological site: Loamy (R0O55BY064QbEr vegetative classification: Steep
Loam (G0O55BY109NDypical profile0 to 7 inches: Loam to 19 inches: Loarh9 to 37 inches: Loai®7

to 60 inches: LoarDescription d Parnell, UndrainedsettingLandform: DepressioriBownslope shape:
ConcaveAcrossslope shape: Concaearent material: Alluviun®Properties and qualitiesSlope: 0 to 1
percentDepth to restrictive feature: More than 80 inchBsainage class: Very poodyained Capacity
of the most limiting layer to transmit watdiKsat): Moderately low (0.01 to 0.14 in/HDepth to water
table: About 0 to 12 inche&requency of flooding: NonErequency of ponding: Freque@alcium
carbonate, maximum content: 3 perce@ypsum, maximum content: 2 percerlaximum salinity:
Nonsaline (0.0 to 2.0 mmhos/cmyailable water capacity: High (about 10.6 incHatrpretive groups
Land capability (nonirrigated): 5wvEcological site: Wet Land (RO55BYO070NEfer vegetative
classification: Not suited (GO55BY000N®pical profileO to 15 inches: Silty clay loabb to 22 inches:
Silt loam22 to 32 inches: Silty clay loa2 to 55 inches: Silty cl®b to 60 inches: Silty cldyescription
of BuseSetting Landform: Ridgekandfom position (twoedimensional): Summit, should&ownslope
shape: ConveXcrossslope shape: ConveRarent material: Findbamy till Properties and qualities
Slope: 15 to 35 perceridepth to restrictive feature: More than 80 inchBsainage class: Well dreed
Capacity of the most limiting layer to transmit wai@sat): Moderately low to very high (0.14 to 14.17
in/hr) Depth to water table: More than 80 inchégequency of flooding: NonErequency of ponding:
None Calcium carbonate, maximum content: 30 eent Gypsum, maximum content; 1 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 4.0 mmhbog/Available water capacity:
High (about 10.5 inchedpterpretive groupsLand capability (nonirrigated): 7Ecological site: Thin
Loamy (RO55B%8ND)Other vegetative classification: Not suited (GO55BY000ypical profileO to 8
inches: Loan8 to 40 inches: Load0 to 60 inches: Loainor ComponentsSvea, well drainedPercent
of map unit: 9 percentandform: Knolld.andform position(two-dimensional): Footslop®ownslope
shape: Concavé\crossslope shape: LineaEcological site: Loamy (RO55BY064Rher vegetative
classification: Loam (G055BY100N@)ersPercent of map unit: 6 percemtandform: Depressions, flats
Downslope shapeConcave, lineaAcrossslope shape: Concave, lineRcological site: Wet Meadow
(RO55BYOQ71ND)ther vegetative classification: Wet (GO55BY900N&Mnerly Percent of map unit: 6
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percent Landform: FlatDownslope shape: LineaAcrossslope shape: LineaEcdogical site: Limy
Subirrigated (RO55BY058Nther vegetative classification: Subirrigated (G055BY700Nka,
undrained Percent of map unit: 2 percertandform: DepressionBownslope shape: Concavcross
slope shape: Concaecological site: Wet Meato(R055BY071NMther vegetative classification: Wet
(G055BY900NDgoutham, undrainedPercent of map unit: 1 percertandform: DepressionBown
slope shape: Concavécrossslope shape: Concav®ther vegetative classification: Not suited
(GO55BYO0ONDpioux Percent of map unit: 1 percentandform: Ridged.andform position (twe
dimensional): Shoulder, sumnitownslope shape: Convexcrossslope shape: Convekcological site:
Very Shallow (RO55BY069NMher vegetative classification: Not suited (GO55BY0O00ND)

Stutsman County, North Dakota 24BBarnesSveaBuse loams, 9 to 25 percent slopes: Map Unit
Setting Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air
temperature: 39 to 45 degrees F Frdste period: 120 to 140 des Map Unit CompositionBarnes and
similar soils: 40 percent Buse and similar soils: 23 percent Svea, well drained, and similar soils: 20
percent Minor components: 17 percetescription of Barnes Settingandform: Ridges, hills Landform
position (twodimensional): Backslope Dowslope shape: Linear Acreskbpe shape: Lined?roperties

and qualitiesSlope: 9 to 15 percent Depth to restrictive feature: More than 80 inches Drainage class:
Well drained Capacity of the most limiting layer to transmit water (Ksat): Moderately low to very high
(0.14 to 14.17 in/hr) Depth to water table: More than 80 inclesquency of flooding: None Frequency

of ponding: None Calcium carbonate, maximum content: 30 percent Gypsum, maximum content; 1
percent Maximum salinity: Nonsaline to very slightly saline (0.0 to 4.0 mmhos/ cm) Available water
capacity: High (about 10.8dhes)Interpretive groupsLand capability (nonirrigated): 4e Ecological site:
Loamy (RO55BY064ND) Other vegetative classification: Loam (GO055BYI§piB) profile0 to 7
inches: Loam 7 to 19 inches: Loam 19 to 37 inches: Loam 37 to 60 inchesDésaiption of Buse
Setting Landform: Ridges Landform position (edonensional): Shoulder, summit Dowglope shape:
Convex Acrosslope shape: Convex Parent material: Hivemy till Properties and qualitiesSlope: 15 to

25 percent Depth to restrictive featar More than 80 inches Drainage class: Well drained Capacity of
the most limiting layer to transmit water (Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth
to water table: More than 80 inches Frequency of flooding: None Frequency of pomnbng: Calcium
carbonate, maximum content: 30 percent Gypsum, maximum content: 1 percent Maximum salinity:
Nonsaline to very slightly saline (0.0 to 4.0 mmhos/ cm) Available water capacity: High (about 10.5
inches) Interpretive groups Land capability (nonilgated): 7e Ecological site: Thin Loamy
(RO55BY068ND) Other vegetative classification: Limy Upland (GO55BYAQQw2a) profile0 to 8
inches: Loam 8 to 40 inches: Loam 40 to 60 inches: beasaription of Svea, Well Drained Setting
Landform: Ridges onlid Landform position (twalimensional): Backslope Dovetope shape: Linear
Acrossslope shape: Lined®roperties and qualitiesSlope: 9 to 15 percent Depth to restrictive feature:
More than 80 inches Drainage class: Well drained Capacity of the moghdiraiyer to transmit water
(Ksat): Moderately low to very high (0.14 to 14.17 in/hr) Depth to water table: More than 80 inches
Frequency of flooding: None Frequency of ponding: None Calcium carbonate, maximum content: 30
percent Gypsum, maximum content:pkercent Maximum salinity: Nonsaline to very slightly saline (0.0

to 4.0 mmhos/ cm) Sodium adsorption ratio, maximum: 5.0 Available water capacity: High (about 10.9
inches)Interpretive groupsLand capability (nonirrigated): 4e Ecological site: Loamy @&ROEHND)
Other vegetative classification: Loam (G055BY100N/pjcal profileO to 10 inches: Loam 10 to 19
inches: Loam 19 to 37 inches: Loam 37 to 60 inches: Miaor Components SveRercent of map unit:

8 percent Landform: Rises Landform position @dwmensional): Footslope Dowslope shape: Concave
Acrossslope shape: Linear Ecological site: Loamy Overflow (R0O55BY059ND) Other vegetative
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classification: Loam (G055BY100NIdnka, undrainedPercent of map unit: 2 percent Landform:
Depressions Dowalope shape: Concave Acreskbpe shape: Concave Ecological site: Wet Meadow
(RO55BY071ND) Other vegetative classification: Wet (G0O55BY9@@Nam, undrainedPercent of
map unit: 2 percent Landform: Depressions Deslope shape: Concave Acredspe shape: Gmave
Other vegetative classification: Not suited (GO55BYO00@NIMell, undrainedPercent of map unit: 2
percent Landform: Depressions Dowsiope shape: Concave Acradspe shape: Concave Ecological site:
Wet Land (RO55BY070ND) Other vegetative clestsiiic Not suited (GO55BYO000NBamerly Percent

of map unit: 2 percent Landform: Flats Dowslope shape: Linear Acrespe shape: Linear Ecological
site: Limy Subirrigated (RO55BY058ND) Other vegetative classification: Subirrigated (GO55BY700ND)
SiouxPecent of map unit: 1 percent Landform: Ridges Landform position-@weensional): Shoulder,
summit Downslope shape: Convex Acreslspe shape: Convex Ecological site: Very Shallow
(RO55BY069ND) Other vegetative classification: Not suited (GO55BY0O00ND)

Stutsman County, North Dakotat2Parnell silty clay loam, O to 1 percent slopes: Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Mean annual air temperature:
39 to 45 degrees F Freee period: 120 to 140 daydap Unit CompositiorParnell and similar soils: 75
percent Minor components: 25 percemescription of Parnell Settindg.andform: Depressions Down
slope shape: Concave Acradepe shape: Concave Parent material: Alluvigraperties and qualities
Slope: 0 tol percent Depth to restrictive feature: More than 80 inches Drainage class: Very poorly
drained Capacity of the most limiting layer to transmit water (Ksat): Moderately low (0.01 to 0.14 in/hr)
Depth to water table: About 0 to 12 inches Frequency of flagdNone Frequency of ponding: Frequent
Calcium carbonate, maximum content: 3 percent Gypsum, maximum content: 2 percent Maximum
salinity: Nonsaline (0.0 to 2.0 mmhos/cm) Available water capacity: High (about 10.6 inches)
Interpretive groupsLand capabilit (nonirrigated): 3w Ecological site: Wet Land (R0O55BY070ND) Other
vegetative classification: Not suited (GO55BY000N[Pjcal profile0 to 15 inches: Silty clay loam 15 to

22 inches: Silt loam 22 to 32 inches: Silty clay loam 32 to 55 inches: Silt ¢tag®Binches: Silty clay
Minor Components Tonkdercent of map unit: 10 percent Landform: Depressions Dsiape shape:
Concave Acrossiope shape: Concave Ecological site: Wet Meadow (RO55BY071ND) Other vegetative
classification: Wet (GO55BY900NIy)Ivinh Percent of map unit: 8 percent Landform: Flats, depressions
Downslope shape: Linear, concave Acrskpe shape: Linear, concave Ecological site: Wet Meadow
(RO55BY071ND) Other vegetative classification: Wet (GO55BY90@N&s Percent of map unit: 3
percent Landform: Depressions, flats Deglope shape: Concave, linear Acrskspe shape: Concave,
linear Ecological site: Wet Meadow (R0O55BY071ND) Other vegetative classification: Wet (GO55BY900ND)
SouthamPercent of map unit: 2 percent Landform: Depieas Downslope shape: Concave Across
slope shape: Concave Other vegetative classification: Not suited (GO55BY0&MNEY)y Percent of

map unit: 2 percent Landform: Flats Dowstope shape: Linear Acreskpe shape: Linear Ecological site:
Limy Subirrigatd (RO55BY058ND) Other vegetative classification: Subirrigated (GO55BY700ND)

Stutsman County, North DakotatlSoutham silty clay loam, 0 to 1 percent slopes: Map Unit Setting
Elevation: 1,000 to 2,050 feet Mean annual precipitation: 16 to 20 inches Maamhair temperature:

39 to 45 degrees F Frelee period: 120 to 140 daydap Unit CompositionSoutham and similar soils:

80 percent Minor components: 20 perceftescription of Southam Settind.andform: Depressions
Downslope shape: Concave Acredspe shape: Concave Parent material: Alluvidfroperties and
gualities Slope: 0 to 1 percent Depth to restrictive feature: More than 80 inches Drainage class: Very
poorly drained Capacity of the most limiting layer to transmit water (Ksat): Moderately low (@ ®@.14

in/hr) Depth to water table: About O to 12 inches Frequency of flooding: None Frequency of ponding:

Pages80f 120



o . - . Author. Date
n e ;.3 n Title DO9FIU Site CharacterizatioiBupporting Data Ayres/ Luo/ Loescher 09126/2011

NEON Doc.:#NEON.DOQ11055 Revision: B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Frequent Calcium carbonate, maximum content: 15 percent Gypsum, maximum content; 2 percent
Maximum salinity: Nonsaline to slightly saline (2.0 8® mmhos/cm) Sodium adsorption ratio,
maximum: 2.0 Available water capacity: High (about 10.4 incimsjpretive groupsLand capability
(nonirrigated): 3w Other vegetative classification: Not suited (GO55BYO00DNiNal profile0 to 16
inches: Silty aly loam 16 to 40 inches: Silty clay 40 to 60 inches: SiltyMilayr Components Vallers
Percent of map unit: 6 percent Landform: Depressions, flats Bslape shape: Concave, linear Across
slope shape: Concave, linear Ecological site: Wet Meadow (ROSBEYP7Other vegetative
classification: Wet (GO55BY900NH2ynellPercent of map unit: 6 percent Landform: Depressions Down
slope shape: Concave Acredspe shape: Concave Ecological site: Wet Land (RO55BY070ND) Other
vegetative classification: Not suited(Q55BY000NDYlinnewaukan Percent of map unit: 3 percent
Landform: Beaches Dowstope shape: Linear Acreskpe shape: Linear Ecological site: Wet Meadow
(RO55BY071ND) Other vegetative classification: Wet (GO55BY9B1aNigyly Percent of map unit: 3
percert Landform: Flats Dowalope shape: Linear Acreskpe shape: Linear Ecological site: Limy
Subirrigated (RO55BY058ND) Other vegetative classification: Subirrigated (GO55B Y 20gNTrcent

of map unit: 2 percent Landform: Depressions Deslope shapeConcave Acrosslope shape: Concave
Ecological site: Wet Meadow (R055BY071ND) Other vegetative classification: Wet (GO55BY900ND)

4.3.2 Soil semivariogram description

The goal of thigspect of thesite characterization is to determine the minimum distance between the
soil plots in the soil arrasuchthat data farther aparcan be considered spatially independent. The
collectedfield datawill be usedo producesemivariograms, which is a geossdittal technique to
characterizespatial autocorrelation between mapped samples of a quantitative variaig §oil
property datain our case).In an empiricalsemiariogram, the averagef the squared differencsof a
responsevariableis computed fomll pairs of pointsvithin specifieddistance intervals (lag classe3he
output is presented graphically as a plot of the average sariance versus distance class (Fi2ée
For the theoretical variogram models considered here, the gar@nce vill converge orthe total
variance at distances for which values are no longer spatially@nelated (this is referred to as the
range, Figur@6).

For the theoretical variograms considered hetage parameters estimated from thdata are used to

fit a semivariogram model to the empirical semivariogram. This model is then assumed to quantitatively
represent the correlation as a function of distar€gure26), the range, the sill (the sill is the

asymptotic value of semiariance at the range), artle nugget (which describes sampling error or
variation at distances below those separating the closest pairs of samples)range, sill and nugget

are estimated from theoretical models thatrefitted to the empirical variograms using ndinear least
squares methods.

The variogram analysis will be used, to determine the spatial scales at which we can consider soil
measurements spatially independent. This characterization will directly inforrmthisnumdistance
betweeni) soil ploswithin each soibrray,ii) the soil profile measurementsi) EP plots, ant) the
microbial samplindgocations These data will directly inform NEON construction and site design
activities.
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Figure26. Example semivariogram, depicting range, sill, and nugget.
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Figure27. Spatially cyclic sampling design for the measurements of soil temperature and soil water
content.

Field measurements of soil temperaturel@ cm) and moisture (@5 cm) were taken on@May 2010

at the Dakota Coteasite. The sampling points followed the spatially cyclic sampling design by Bond
Lamberty et al(2006)(Figure27). Soil temperature and moisture measurements were collected along
three transects (210 m, 84 m, aBd m) located in the expected airshedzakota CoteauDetails of

how the airshed was determined are provided bel@eil temperature was measured withatinum
resistance temperature sensors (RTD 810, Omega Engineering Inc., Stamford <oihnaoidtue was
measured witltime domain diaelectric sensors (CS616, Campbell Scientific Inc., Logan UT)

As well as measuring soil temperature and moisture at each sample point in Efjuneasurements

were also taken 30 cm in front and behind the samplingnpalong the axis of the transect. For

example, at the 2 m sampling point, soil temperature and moisture was measured at 1.7 m, 2 m, and 2.3
m; this data is referred to as mobile data, since the measurements were taken at many different
locations. In addion, soil temperature and moisture were continuously recorded at a single fixed

location (stationary data) throughout the sampling time to correct for changes in temperature and
moisture throughout the day.
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Data collected were used for geospatial analysfegriograms in the R statistical computing language
with the geoR package to test for spatial autocorrelaifdrangmaet al. 1986; Webster &liver 1989;
Goovaerts 1997; Riberiro & Diggle 20amay estimate the distance necessary for independence among
soil plots in the soil arrayro correct for changes in temperature and morst over the sampling period,
the stationary data was subtracted from the mobile data. In many instances a time of day trend was still
apparent in the data even after subtracting the stationary data from the mobile data. This time of day
trend was correctd for by fitting a linear regressiofhe data were further dérended using elevation,
slope, and aspect from a digital elevation map and the residuals were used for the semivariogram
analysisSoil temperature and moisture data, R code, graphs, and pubaan be found at:
PAFIUFIU_Site_CharacterizatiddXXYYYYYY&haracterizatior5oil Measuremenisoil Data Analysis
(where XX = domain number and YYYYYYY = site name).

4.3.3 Results and interpretation
4.3.3.1 Soil Temperature

Soil temperature data residuals, aftaccounting for changes in tgmarature in the stationary datany
remaining time of day trencelevation, slope and aspeatere used for the semivariogram analysis
(Figure28). Exploratory data analysis plots show that theras no distinct patterning dhe residuals
(Figure29, left graph) and directional semivariograms do not show anisot(jiyure29, center graph).
An isotropic empirical semivariogram was produced and a spherical model was fitted using Cressie
weights (Figur9, right graph). The ndel indicates a distance of effective independencé®in for

soil temperature.
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Figure28. Left graph: mobile (circles) and stationary (line) soil temperature data. Center graph:
temperature data after correcting for changes in temperature in théicteary data (circles) and a linear
regression based on time of day (line). Right graph: residual temperature data after correcting for
changes temperature in the stationary data and the time of day regression. Data in the right graph were
used for the senvariogram analysis.
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and model (line) fit taesiduals of temperature.

4.3.3.2

Soil water content

Soil water content data residuals, after accounting for changes in water content in the stationary data
any remaining time of day trenéJevation and aspectyere used for the semivariogram analysis (Figure
30. Exploratory data analysis plots show that theras no distinct patterningf the residuals (Figur&l,

left graph) and directionaemivariograms do not show anisotrofigure3l, center graph)An

isotropic empirical semivariogram was produced argpherical model was fitted using Cressigights
(Figure3l, right graph)The model indicates a distance of effective independencof for soil water
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changes water content in thetationary data and the time of day regression. Data in the right graph
were used for the semivariogram analysis.
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Figure31l. Left graphs: exploratory data analysis plots for residuals of soil water content. Center graph:
directional semivariograms foesiduals of water content. Right graph: empirical semivariogram (circles)
and model (line) fit to residuals of water content.

4.3.3.3  Soil array layout and soil pit location

The minimum distance allowable between soil plots is 25 m to ensure a degree of spatial independence
in nonmeasured soil parameters (i.e., other than temperature and water content) and the maximum
distance allowable between soil plots is 40 m due to cosistraints. The estimated distance of
effective independence wal) m for soil temperature and9m for soil moisture. Based on these

results and the site design guidelines the soil plotSakota Coteasghall be place@5 m apart. The soil
array shalldéllow the linear soil array design (Soil Array Pattern B) with the soil plots being 5 m x 5 m.
Thedirection of the soilrray shall be310° from the soiplot nearest the towerThe location of the first
soil plot will be approximatel$7.161527°;99.10682° The exact location of each soil plot will be
chosen by an FIU team member during site construction to avoid placing a soil plot at an
unrepresentative location (e.g., rock outcrop, drainage channel, large tree, etc). The FIU soil pit for
characteriang soil horizon depths, collecting soil for sifgecific sensor calibration, and collecting soil
for the FIU soil archive will be located4at.164041°;99.101067 {primary location); 047.163093°;
99.101079alternate location 1 if primary locatios unsuitable); 047.163557°;99.101089alternate
location 2 if primary location is unsuitable). A summary of the soil information is shown inIDedbie

site layout can be seen in FigLB2.

Dominant soil series at the sitBarnesSveaBuse loams9 to 25 percent slopeshe taxonomy of this
soil is shown below:

Order. Mollisols

Suborder Udolls

Great group HapludollsCalciudolls
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Subgroup Calcic HapludoHBachic HapludoH$ypic Calciudolls

Family. Fineloamy, mixed, superactive, frigid CalciglaollsFineloamy, mixed, superactive, frigid
Pachic HapludoHBineloamy, mixed, superactive, frigid Typic Calciudolls

Series BarnesSveaBuse loams, 9 to 25 percent slopes

Table10. Summary of soil array and soil pit informatiorDatkota CoteauO°represents true north and
accounts for declination.

Soil plot dimensions 5mx5m

Soil array pattern B

Distance between soil plots: x 25m

Distance from tower to closest soil plot: y 15m

Latitude and longitude of*isoil plot OR 47.161527,-99.106682

direction from tower

Direction of soil array 310

Latitude and longitude of FIU soil pit 1 47.164041°;99.101067 {primary location)
Latitude and longitude of FIU soil pit 2 47.163093°;99.1010797alternate 1)
Latitude and longitude of FIU soil pit 3 47.163557°;99.1010897alternate 2)
Dominant soil type BarnesSveaBuse loams, 9 to 25 percent slopes
Expected soil depth >2m

Depth to water table >2m

Expecteddepth of soil horizons Expected measuremerdepths

0-0.18 m (Loan) 0.09m

0.18-0.48 m Loam) "0.33m

0.480.94m (Loam "0.71m

0.94-1.52m (Loam 123m

1.522 m 2m

"Actual soil measurement depths will be determined based on measured soil horizon depths at the
NEON FIU soil pit and mdifer substantially from those shown here.
Acurrent depths of the soil CO2
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o 'SOH Pit 1: 47.164041°, -99.101067

Soil Pit 3: 47.163557°, -99.101089° 01

Access o!
route Soil Pit2: 47.163093°, -99.101079°

Soil array

Insthut 47.16156, -99.10635

tower. 47.16144, 991 L

mGoogle

Eye ait

Flgure32 Slte layout aDakota Coteashlg son array and location of the FIU soil pit.
4.4 Airshed
44.1 Seasonal windroses

Wind roses analytically determine and graphically esgnt the frequencies of wind direction and wind
speed over a given timeseries. The orientation of the wind rose follows that of a compass (assume
declination applied). When we describe the wind directions it should be noted that they are the cardinal
direction that wind blows from. The directions of the rose with the longest spoke show wind directions
with the largest frequency. These wind roses are subdivided into as 24 cardinal directions.

4.4.2 Results (graphs for wind roses)
Because Woodworth Advandewer site is only < 7 miles southwest to Dakota Coteau Field School
(DCFS) Relocatable site, we assume the wind patterns at DCFS site are similar to those of Woodworth

Advanced site above. Therefore, the windroses for Woodworth Advanced site above ssantieeset
for DCFS relocatable site. We will not duplicate here.

443 Resultant vectors

Not available.
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444 Expected environmental controls on source area

Two types of models were commonly used to determine the shape and extent of the source area under
different and contrasting atmospheric stability classes. An inverted plume dispersion model with
modeled cross wind solutions were used for convective cammabt(Horst and Weil 1994). For strongly
stable conditions, and Lagrangian solution was used (Kormann and Meixner 2001). The source area
models where bounded by the expected conditions depict the extreme conditions. Convective
conditions typically havetrong vertical mixing between the ecosystem and atmosphere (surface layer).
Stable conditions typically have long source area and associated waveforms. Convective turbulence is
often characterized by short mixing scales (scalar) and moderate daytindespéedse.g.,1-4 m &.

Higher wind speeds, like those experienced over the Rockies, are often the product of mechanical
turbulence with long waveforms. Because thermal stratification is very efficient in suppressing vertical
mixing, stable conditionalso have typically very long waveforms.

As a general rule, shorter and less structurally complex ecosystems have good vertical mixing during all
atmospheric stabilities. Taller and more structurally complex ecosystems have well mixed upper
canopies dung the daytime, and can be decoupled below the canopy under neutral and stable
conditions (e.g., Harvard Forest, Bartlett Experimental Forest, and Burlington Conservation Area). The
type of turbulence (mechanical verse convective) and the physical atslof the ecosystem control

the degree of mixing, and the length and size of the source area.

Here, we use a webased footprint model to determine the footprint area under various conditions
(model info:http://www.geos.ed.ac.uk/abs/research/micromet/EdiToo)siVinds used to run the

model and generate following model results are extracted from the wind roses. Vegetation information,
temperature and energy information were either frothe RFI document, previous site visit report,
available data files or best estimated from experienced expert. Measurement height was determined
from the Tower Height Info document provided by ENG group, then verify according to the real
ecosystem struetre after FIU site characterization at site. Rur&dnd 46 represents the expected
conditions for summer and winter conditions, respectively, with maximum and mean windspeeds
(daytime convective) and nighttime (stable atmospheres) conditions. Thewsotdr for each run was
estimated from wind roses and is placed as a centerline in the site map included in the graphics. The
width of the footprint was also estimated using the length between the isopleth of 80% cumulative flux
and center line to calcuta the angle from centerline. This information, along with distance of the
cumulative flux isopleths and wind direction, will define the source area for the flux measurements on
the top of the tower.

Tablell. Expected environmental controls to paramate the source area model and associated
results fromDCF®elocatable tower site.

Parameters Run 1 Run 2 Run 3 | Run 4 Run 5 Run 6
Approximate season | summer winter Units
Day Day Night | Day Day night qualitative
(max WS) | (mean WS) (max WS) | (mean WS)
Atmospheric stability | Convective| convective | Stable | Convectivel convective | Stable | qualitative
Measurement height 6 6 6 6 6 6 m
Canopy Height 1.4 1.4 1.4 1.4 1.4 14 |m
Canopy area density 1.3 1.3 1.3 0.8 0.8 0.8 m
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Boundary layer depth 2100 2100 1000 800 800 650 | m
Expected sensibl 500 500 100 26 26 55 | W m?
heat flux
Air Temperature 29 29 22 2 2 -20 | °C
Max. windspeed 11 5.2 5.2 5.2 4.0 40 |mst
Resultant wind vector 300 300 145 290 290 150 | degrees

Results

(zd)/L -0.02 -0.14 -0.04 -0.01 -0.02 0.06 |m
d 0.97 0.97 0.97 0.88 0.88 0.88 | m
Sigma v 2.90 2.10 1.40 1.20 0.99 1.80 | m*s?®
Z0 0.09 0.09 0.09 0.11 0.11 0.11 |m
u* 1.10 0.58 0.54 0.55 0.43 039 |ms!
Distance source area 0 0 0 0 0 0 m
begins
pistance of 50% 500 350 500 520 500 750 |m
Distance of 80% 300 200 300 300 300 400 |m
cumulative flux
Distance of 70% 200 150 200 200 200 250 | m
cumulative flux
Peak contribution 45 35 45 35 35 35 m
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4.45 Results (source area graphs)
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Figure33. DCFS Relocatable site summer daytime (convective) footprint output with max wind speed
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Figure34. DCFS Relocatable site summer daytime (convective) footprint output with mean wind speed

Page69of 120



o . - . Author. Date
n e ;.) n Title DO9FIU Site CharacterizatioiBupporting Data Ayres/ Luol Loescher 00/26/2011

NEON Doc.:#NEON.DOQ11055 Revision: B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

5] Footprint

| Files | Controls | Footprint | Brightness distribution | Integrated Footprint |
Measurement Height: 6.00
I'J 1E03
Canopy Height: 1.4 900
U 800
Canopy Area Density: 1.2590 700
[7777’77777:}7 600
B&lndary Layer Depth: 1000.00 500
V) 400
Sensible Heat Flux: 100,00 300 48
[ J 200

Air Temperature: 22.00
[

Wind Speed: 5.2
[

. meters
-
(=3
(=1 o

Distance

S
Q o
Qo o

Wind Direction: 145

(z-d)L: -0.04 d: 0.97
SigmaV: 1.40 Zo: 0.09

U* 0.54

Brightnes distributon
footprint boundary, % |90 ¥

[ Plot Footprint |

-1E03 -300 -500 -400 -200 0 200 400 600 800 1E03
Distance, meters

[ Save Footprint J [Output Footprint J

[Save Distribuﬁor;‘ [ Save Integrated ]

&3 Footprint

Fies | Controls | | Footprint | Brightness distribution | Integrated Footprint |
Measurement Height: 6,00
[ J 0.0
Canopy Height: 1.4 0.075 4
[ 0.07]:
Canopy Area Density: 1,2530 00651

N

" 0.06

Boundary Layer Depth: 1000.00
T 0.055

Sensible Heat Flux: 100,00

0.05

0.045 {:

Air Temperature: 22.00

Crosswind integrated fraction
=]
®

P R R T 0.035
Wind Speed: 5.2 ooadl

LU

Vo 0.025 |
Wind Direction: 145 B

[ 0.02 4

0.015

(zd)L: -0.04 d: 0.97 i

Sigma V: 1.40 Zo: 0.09 0.01 ]

*=,

U™ 0.54 0.005
Brightnes distribution ] i i .
footprint boundary, % 04 H . 5 5 i i

: . : . : :
0 500 1,000 1,500 2,000 2,500 3,000 3,500 4,000
Distance, meters

I Flot Footprint l

’ Save Footprint ] ’Ouu:ut Foou:wint]

| —— Cross wind integrated —— Cummulative < Cross wind integrated Peakl

’Save Dishibuﬁon] ’ Save Integrated ]

Figure35. DCFS Relocatable site summer nighttime (stdbtprint output with mean wind speed.
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Figure36. DCFS Relocatable site winter daytime (convective) footprint output with max wind speed
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Figure37. DCFS Relocatable site winter daytime (convective) footprint output with mean wind speed.
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Figure38. DCFS Relocatable site winter nighttime (stable) footprint output with mean wind speed.
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4.4.6 Site design and tower attributes

According to wind roses, the preliag wind direction blows from northestand west(247i 2 oc nx X
clockwise from 24%, majorairshed) and southeast (135° to 157°, clockwise from 135°, secondary
airshed)which is consistent throughout the whole year. Tower should be placed to a location to best
catch the signals from the airshed of the ecosystem in interest, whipttl®le prdrie ecosystem The
candidate tower sitavas at 47.161,99.111 After site visit, we moved tower location towaENEor

~350m to maximize the fetch arean NW and SE direction and minimize the impacts of the lake (on the
west to tower) on microclimateneasurements on the toweilhe new tower location is &t7.16144 -
99.10653

Eddy covariance, sonic wind and air temperatbo®m armsorientation toward thesouthwest will be

best to capture signals from all major wind directioRadiation boom armsshould always be facing
south to avoid any shadowing effects from the tower structure. imstrument hut should be outside

the prevailing wind airshed to avoid disturbance in the measurements of wind and should be positioned
to have the longer side patal to frequent wind direction to minimize the wind effects on instrument
huts and to minimize the disturbances of wind regime by instrument hut, and in this case, instrument
hut should be positioned on thaortheasttoward tower and have the longer sideagallel to NW-SE
direction. Therefore, welecidethe placement of instrument hut at7.16156:99.10635

The ecosystem at this site is pothole prairie. Grass is ~ 0.4 m height, but many small shrubs
intersprercedwith height of 0.7¢ 1.5 m A few tall shubs (2¢ 3 m) are foundAlthough prairie grass is
dominant vegetation type at site, shrubs has large impacts on the flow dynamics at ecosystem surface.
Thus shrub height of 1.5 m is used here for the purpose of tower deShgrefore, we requiret
measuement layerson the tower with top measurement height &m, andthe remaining levelsire

4.0 m, 1.5 m, and 0.3 m, respectively, to best characterize the fluxes on the tower top and
environmental conditions in profile.

Secondanyprecipitation collectorfor bulk precipitation collection will be located the top of tower at this
site. No wet deposition collectorwill be deployedat this site. See AD 04 for further information and
requirements for bulk precipitation collection and wet deposition collection.

The site layout is summarized in the table below. Assume the projected area of the tower is square.
Anemometer/temperature boom arm directions from the towertoward the prevailing wind direction
or designated orientationinstrument hut orientation vecor is parallel to the long side of the
instrument hut.Instrument hut distance 1s the distance from the center of tower projection to the
center of the instrument hut projection on the ground. The numbering ofrtteasurement levelss

that the lowest idevel one, and each subsequent increase in height is numberadaéglly.

Table12. Site design and tower attributes fBICFRelocatable site

0° is true north with declination accounted for. Color of Instrument hut exterior shall be tan to best
match the surrounding environment.

Attribute lat long degree meters notes

Airshed area HNT X O;: Clockwise from
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(major), 135° first angle
to 157°

(secondary)

Tower location 47.16144, -99.10653 -- -- new site

Instrument hut 47.16156, -99.10635

Instrument hut orientation -- -- 145 - 325°

vector

Instrument hut distance z -- -- -- 19

Anemometer/Temperature -- -- 245 --

boom orientation

Height of the measurement

levels

Level 1 0.3 m.a.g.l.

Level 2 15 m.a.g.l.

Level 3 4.0 m.a.g.l.

Level 4 6.0 m.a.g.l.

Tower Height 6.0 m.a.g.l.
See AD 03 for technical requirement to determine the boom height for the bottom most measurement
level.

Figure below shows the proposed tower location, instrument hut location, airshed area and access road.
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o

Soil Pit 3: 47.163557°, -99.101089° 0!

Access |
(o]

Soll Pit 1: 47.164041°, -99.101067]

route Soil Pit 2: 47.163093°, -99.101079°

Soil array

o

Inst’hut_ 47.16156, -99.10635
e )
tower_47.16144, -99:10653

=.G00gle

Figure39. te layout forDCFEReIocataI s.

i) new tower location is presented (red pin), ii) red lines indicateainghed boundaries. Vectorsn T X
WwoyiléR haweo p ¢
quality wind data without causing flow distortions, respectively. iii) Yellow line is the suggested access

G2 ocnx oOYIFI22NE Oft2016A4S FTNRBY HnNnTCO

road toinstrument hut.

Eye alt 5062

Boardwalksb 'fdAYFOSter GKS RSOAaAz2y G2 dzaS |

SAGKSNI 0dzZNASRX 2N LXIFOSR Ay&aARS ((GKS
2SS | adadzyS GKIG GKS 02FNRglf] 6ARGK Aa
Site by site evaluations must be done.

Specific boardwalks at tHeCFRelocatable site
. Boardwalk is from the aces dirt road to instrument hut
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There are strong science requirements that minimize site disturbance to the surrounding area, which
will be difficult to manage oveas 30y period. Traffic control is key to minimizing the site disturbance.
Confining foot traffic to boardwalks minimizes site impact; this is particularly true in places where wear
caused by foot traffic becomes noticeable and grows. For example,despléath snow part of the year,

worn footpaths tend to have low places that collect water, or places where the snow pack becomes
uneven causing personnel to walk farther and farther around the sides of the original path, causing the
path to grow in width. This is a very common phenomenon. Here FIU assumes that all conduits will be
02F NRgl
footprint. While the final design is not yet known, there are some general ieriteat can be outlined.
onoddmn
and in some locations the site is seasonally flooded and inundated with water. Boardwalks may also
provide a scratching structarfor grazing animals that in turn, would wear and unduly impact the site.
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o Boardwalkis requiredfrom the instument hut to the tower to intersect on north face of the
tower

o Soil array boardwalls required pending landowner decision.

o No boardwalk from the soil array boardwalk to the individual soil plots

o Boardwalk has to withstand light grazing

The relative loations between tower, instrument hut and boardwalk can be found in the diagram
below:

Option 1, anemometer boom facing (generic) West Z

/_ Tower entrance

Anemometer boom, 4 m  FZE SO N

>
Instrument Hut D (9]
s

Figure40 Generic diagram to demonstration the relationship between tower and instrument hut when
boom facing west and instrument hut on the east towards the tower.

This is just a generic diagram. The actual layout of boardwalk (or path if no boardwalk required) and
instrument hut position will be the joint responsibility of FCC and FIUDG®RS Relocatabsite, the

boom angle will be 245 degrees, instrument hut vi# on the northeast towards the tower, the
distance betweernnstrument hut and tower is ~18n. The instrument hut vector will be $2 6 mn p x
oHpxX f2y36AaS0o

4.4.7 Information for ecosystem productivity plots

The tower atDCFS3elocatable site has been positioned to optimize the collection of the air/wind signals

both temporally and spatially over the desired ecosystgmott{ole prairie ecosystein Major airshed

area at this site are froomnTx (2 ocnx OYl 29 ME 135% t@ by°s(decosdaryF NB Y H
clockwise from 1357)and 90% signals for flux measurements\aithin a distance o750m from tower,

and 80% withild00m. We suggest FSU Ecosystem Productivity pl@glaced within the boundaries

ofHnTXx G2 ocockwise drofm-2&73)dwd tower.

45 Issues and attentions

The initial tower location was only specified to 3 decimal places only (479%111) and resulted in a
large lake, ~140 m from the tower, in the dominant airshed. The tower location was moved to a new
location (47.16144,99.10653), which is furtherdm the lake (~460 m) and the lake occupies a smaller
part of the dominant airshedThe new location is closer to a road and also closer to power lines.

The suggested access route to the tower is south from Route 3@1BE and then west to the tower. A
gate (or gates) will likely need to be added to the fence so that people and vehicles can get to the site
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from the road. The landowners will have to approve this roufehis route is not approved, access to
the site can come from the SE but it will 800 m longer.

There are many lakgsonds (some possibly ephemeral) at the site, including around the toter (
closest lakes to the tower are ~80 m to the North, ~100 m to the East, and ~150 m to thehueswill
complicate the tower flux measurem&s) but cannot be avoided since lakes and ponds arnajar
feature of praire pothole ecosystems.

The site is grazed at some times during the year, but not continuously, and grazing pressure is lower
than at the Northern Great Plains Research Lab Bit#ection of sensors on the lower level on the

tower may be needed. Individual guards may also be needed to protect the tubes at soil plots.

Similar to the other sites in this domain, high winds can occur (e.g. >80 mph).
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5 NORTHERN GREAT PISARESEARCHAB (NGPRLURELOCATEABLE TOWER
5.1 Site description

The candidate relocatable tower sité6.76993-100.9158 is locatedn Northern Great Plains Research
Laboratory(NGPRLFigure4l). After FIU site characterizatipmwe microsted tower location ~40n

toward SEo the location 0f46.76972;100.9153%0 keepmore distance away from the cattle
exclosures.

The Nortrern Great Plains Research Laboratory (NGPRL) in Mandan, ND, is one of more than 120
Agricultural Research Service (ARS) facilities itBe The NGPRL was established by Congress on
August 8, 1912 to respond to the needs of farmers and ranchers of the Northern Fa&issarch began

in 1914 on vegetables, shrubs, ornamentals, berries, fruits, wheat, flax, forages, grazing management,
windbreaks and forestryResearch programs have changed significantly through the years to address
the everchanging needs of our customem@rograms to evaluate trees and shrubs for windbreaks, to
develop methods to reclaim mid@nd spoils and to examinée feasibility of dairy production in the
Northern Great Plains have been replaced with new {mrgh research.Modern lines of research

include global climate change, biofuel production, dryland cropping, forage production, and rangeland
management. Theurrent vision of the Laboratory is the development of economically and
environmentally sustainable integrated crop and livestock management systems to help preserve the
family farm. The mission of NGPRL isevelop environmentally sound practices ardblavalue to
agricultural systems in the Great Plains in terms of food, feed, and biomass by conductiriptesed,
systemsoriented research and technology transf@mfo source:
http://www.ars.usda.gov/AboutUs/AboutUs.htm?modecode=88-00-00).

Many publications (especially soil and grazing studies) from research projects conducted at this location
can be found omnttp://www.ars.usda.gov/Services/Services.htm?modecoded5490-00.

Soils are classified as TemViklton silt loam [FAO: Calic Siltic Chernozems; USDAsifipemixed,
superactive, frigid typic, and PachicHaplusto8ei{ Survey Staff, 20fJ8 The prairie site was historically
grazed and hayed with no history of tillage. It is denselyered by grasse8fomus inermig¢L.)and Poa
pretensisL.] and has remained undistbed since 2005. The arable site has been managed for annual
grain production for over 50 years but has not been tilled since 1992. Granular urea is broadcast
(approximately 50 kg N Haeach spring prior to planting. Soil properties measured in sprin§ 200
indicated that C, N, and pH we42.0 g kg, 3.8 g kg, and 6.2, respectively, for prairie and 24.0 §,kg
2.3 g kg, and 5.7, respectively, for arable sdilsfo source:
http://ddr.nal.usda.gov/dspace/bitstream/10113/34926/1/IND44250960.pdf
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Domain 9 - Northern Great Plains 4 Northem Great Plains Research Lab Location
Research Laboratory [ northem Great Plains Research Lab Property Boundary

Figure4l. Property boundaryf the NGPRENd tower location.
Note that tower location has been changed since this map was made. See site layout mp for the new
tower location.

5.2 Ecosystem

Vegetation and land coverround tower siteand surrounding areare presented below:

% Northern Great Plains Research Lab Location
D Northern Great Plains Research Lab Property Boundary
EVT_NAME
|
:] Agriculture-Cultivated Crops and Irrigated Agriculture
:] Agriculture-General
:] Agriculture-Pasture and Hay
l:l Barren
- Developed-High Intensity
- Developed-Low Intensity
- Developed-Medium Intensity
- Developed-Open Space
l:l Inter-Mountain Basins Big Sagebrush Shrubland
D Inter-Mountain Basins Big Sagebrush Steppe
l:l Inter-Mountain Basins Greasewood Flat
D Introduced Upland Vegetation-Perennial Grassland and Forbland
D Northwestern Great Plains Mixedgrass Prairie
- Northwestern Great Plains Shrubland
- Open Water
D Western Great Plains Depressional Wetland Systems
- Western Great Plains Dry Bur Oak Forest and Woodland
- Western Great Plains Floodplain Systems
l:l Western Great Plains Sand Prairie
- Western Great Plains Sparsely Vegetated Systems
D Western Great Plains Tallgrass Prairie
- Western Great Plains Wooded Draw and Ravine

Figure42. Vegetative cover map &§GPREelocatable siteand surrounding areas

Domain 9 - Northern Great Plains
Research Laboratory
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(from USGSittp://landfire.cr.usgs.gov/viewer/viewer.hth
Note that tower location has been changed since this map was made. See site layout mp for the new
tower location.

Tablel3. PercentLand cover information &GPRkelocatable sitgfrom USGS,
http://landfire.cr.usgs.gov/viewer/viewer.hth

Vegetation Type Area (km?) Percent
Northwestern Great Plains Mixedgrass Prairi€ 0.14 89.47
Western Great Plains Floodplain Systems 0.01 5.79
Western Great Plains Wooded Draw and Ray 0.01 4.74
Total Area sq Km 0.16 100.00

The ecosystenis grazed grassland around tower site and within tower airsfleigure43). Canopy
height is ©.4 m. Ground coverage is 100%. LAl is estimated to be Sdtne small bushes are at site
with height < 1 m. Several cattle xclosures are inside the fieldith height around 1-1.2 m The
exclosure fences are just wires and very open for wiogvs. We do not expect large impacts of the
enclosures on local wind patternsSurrounding fields are mostly grazpdrennial grasslandsut also
include some croplan@although the cropland areas can likely be converted to perennial grasslands if
requested)

Tablel4. Ecosystem and site attributes fliIGPRRelocatable site.

Ecosystem attributes Measure and units

Mean canopy height 0.4m
Surface roughneés 0.05m
Zero place displacement height 0.2m
Structural elements Grazed grassland, homogeno
Time zone Centraltime zone
Magnetic declination 6° 55' E changing by 0° 8' Wiye

Note,?Fromfield survey
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Figure43. Grazed grassland is the dominant ecosystem type at NGPRL Relocatable site
5.3 Soils
5.3.1 Description of soils

Soil data and soil magEigure44) below forNGPREower site were collectedrom 2.2km? NRCS soil
maps http://websoilsurvey.nrcs.usda.gov/app/HomePage.httm determine the dominant soil types in
the larger tover foot print. This was done to assure that the soil array is in the dominant (or in the co
dominant) soil type present in the tower footprint.
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