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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 Domaidb. This document presents all the supporting data for FIU site
characterizatiorat D(b.

1.2 Scope

FIU site characterization dasand analysis results presented rig document are for th three M5
tower locations:University & Notre Dame Environmental Research CeittMDERQ\dvanced,
Steigerwald Land ServiceRelocatableite (Relocatable 1), antiree Haven Relocatable site
(Relocatable 2)ssues and concerns for each site that néather revieware also addressed inith

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 DOCUMENT®MACRONYMS

2.1 Applicable Documents

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

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

ADI[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 binding. The verbs "should" and
bYlFébh SELINB&aa y2ynYl yRL( 20iss atieBarblion af puypdse onihe pdrtt b A &
of the design activity.
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3 UNIVERSITY OF NOTRRAME ENVIRONMENTALESEARCH CENTHEBRNDERC,
ADVANCED TOWBRTE)

3.1 Site description

NEONJNDERCandidateadvanced tower sit§46.23259389, -89.54531065) waslocatedwithin
University of Notre Dame Environmental Research CdltRDER)property (Figure 1)After FIU site
characterization, we microsited the tower location f&35m towardNortheastat 46.23388, -
89.53728 to maximize the tower fetch ardeom the same forest type (sugar maple dominant forest)
and avoid the impacts of the Roach Lake on the local microclimate measureffieatsiicrosited tower
location is immediately west of a large snag.

Domain 5 - University of Notre Dame 4 NEON Candidate Location
Environmental Research Center (] uNDERC Property Boundary

Figure 1 NEON candidate site tower location dmalindary map

According tchttp://www.nd.edu/~underc/east/about, & ¢ KS | YABSNARAAGE 2F b20NB 5|
Research Center encompasses approximately 7500 acres on both sides of the state line between

Wisconsin and Michigan's Upper Peninsula in Vilas County (Wisconsin) and Gogebic County (Michigan).

It includes a land area of 6150 acres and 30 lakes and bogs with a combined surface area of 1350 acres.
Open water within the preserve accounts for about 1&Phe total area. Twentgix of the aquatic

habitats lie entirely on the property. The center of the UNDERC site is at 46' 13' North by 89' 32' West.

¢KS FfGAGIdZRS 2F GKS FNBIF NlXy3ISa o0Si¢6SSy mcnn Fia 0

G¢2 | @2 AR Rrigding dzdehrehyi@i@tions 2nd the many sensitive habitats on the property,
access is strictly controlled. Locked gates protect all roads into the property and unauthorized entry by
F220 2N) OSKAOfS Aa LINPKAOAUGSRE

Page3of115
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G! Y2y3a (GKS I |j dzI whbl onkHe prapérty aré ning @ystriiphi¢ bods, many permanent

ponds and small lakes, and several marsh habitats. During May and June, many vernal ponds exist on the
property. Mosquito populations in many of these ponds have been surveyed annually fertiaor 20

years by students and researchers associated with the Notre Dame Vector Biology Laboratory. This great
RAGSNBRAGE 2F KFoAGLEGA YIFI18a !'bs59w/ Ly SEOSttSyid ¢

G¢KS ! b59w/ LINE LIS Nlides by dnits@2tdzptiasaRNatyal FirésNIB &idition to

hiking and camping, the national forest includes many riverine and lacustrine habitats available for

collecting. Aquatic insects are particularly abundant both on and off the property. Threenstrea

traverse the property, Tenderfoot Creek for 3 miles (4.8 km), Brown Creek for 1.1 miles (1.7 km), and

Orchard Creek for 0.25 miles (0.4 km). Brown and Tenderfoot creeks are within the Ontonagon River
drainage basin. Orchard Creek is part of the PressjeeRiver drainage. On the property, these are

mostly headwater streams. However, to the north, on their descent to Lake Superior, these streams
0S502YS (2NNByida (GKFd LINPOGARS | 3IAINBIG RAGSNmRAGE 27

According tchttp://www.nd.edu/~underc/east/about/visitors _quide.shttvl &/ f AYIl G 2f 23A Ol £ Y
classify the region as "humid microthermal" which is no dry season with cold winters and cool, long

summers. Averageemperatures in January range frodfF 20°C) to 14°F10°C). In general, the lakes

2y GKS LINRBLISNI& FINB Of SINJ2F A0S o0& (GKS tlad 6SS7

G! SN 3S GSYLISNIY GdzNBa Ay Wdz &lthoNghyf Aay gef i Warmimc C 6 mcC
protected, low lying areas. The relative humidity during July averages 60 to 70%. Dominant winds come
2dzi 2F GKS 6Saidoe

G! yydzZl £ LINBOALRKGIGAZ2Y NIy3aSad 0SG6SSy wnb opn OYO
more than 1" (2.5 cm) of snow cover for over 120 days in an average year. The first frost of the fall

usually occurs around September 21, although frosts can occur during any month of the year. During

late October or early November, the lakes freeze overl tinéi following May. Ice may attain
GKAOlySaasSa Ay SEOS&aa 2F onb O6yH OYO ®é

Additional information about UNDERC can be foundhtp://www.nd.edu/~underc/east/

3.2 Ecosystem

Vegetationand land coveinformationat surrounding regiorare presented below
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*  NEON Candidate Location
D UNDERC Property Boundary
EVT_NAME
\:I Agriculture-Cultivated Crops and Irrigated Agriculture
I:l Agriculture-Pasture and Hay
I:l Boreal Acidic Peatland Systems
I:l Boreal Aspen-Birch Forest
I:l Boreal Jack Pine-Black Spruce Forest
I:l Boreal White Spruce-Fir-Hardwood Forest
- Central Interior and Appalachian Floodplain Systems
- Developed-High Intensity
- Developed-Low Intensity
- Developed-Medium Intensity
- Developed-Open Space
I:l Laurentian Pine-Oak Barrens
- Laurentian-Acadian Alkaline Conifer-Hardwood Swamp
- Laurentian-Acadian Floodplain Systems
I:l Laurentian-Acadian Northern Hardwoods Forest
l:l Laurentian-Acadian Northern Pine(-Oak) Forest
- Laurentian-Acadian Pine-Hemlock-Hardwood Forest
- Laurentian-Acadian Shrub-Herbaceous Wetland Systems
- Managed Tree Plantation-Northern and Central Hardwood and Conifer Plantation Group
- North-Central Interior Oak Savanna
I:l North-Central Interior Sand and Gravel Tallgrass Prairie
- North-Central Oak Barrens

- Open Water
Figure2. Vegetative cover map ¢fNDERC tower sigind surrounding areas

(information is from USG8ttp://landfire.cr.usgs.gov/viewer/viewer.hth

Domain 5 - University of Notre Dame
Environmental Research Center

Table 1 Percent Land cover type BNDERC Advansite
(information is from USGS8ttp://landfire.cr.usgs.gov/viewer/viewer.hth

Vegetation Type Area(km?) Percentage
Open Water 4.24 14.43
DevelopedOpen Space 1.57 5.33
Boreal AspeBirch Forest 0.08 0.27
LaurentianAcadian Northern Hardwoods Forest 10.92 37.17
Boreal Jack PinBlack Spruce Forest 0.00 0.00
LaurentiarAcadian Northern PineDak) Forest 0.23 0.77
Boreal WhiteSpruceFirHardwood Forest 6.63 22.56
LaurentianAcadian PindHemlockHardwood Forest 0.65 2.20
Laurentian Pin@ak Barrens 0.04 0.12
LaurentianAcadian Floodplain Systems 0.14 0.48
Boreal Acidic Peatland Systems 3.03 10.30
LaurentianAcadian Alkalin€oniferHardwood Swamp 1.15 3.92
LaurentianAcadian Shrufberbaceous Wetland Systems 0.70 2.38
Managed Tree PlantatieNorthern and Central Hardwood and

Conifer Plantation Group 0.02 0.06
total area sq km 29.38 100.00

The ecosystem around and in tHéEON tower airshed at this site morthern hardwood forest
dominated bysugar mapldgFigure3). Sugar mapledrest is uniform in age and heiglandis distributed
in mostof the areafrom SSE tavest of thetower. The terrainis relatively flat althoughseveral small
drainage channels exist and it may experience some cold air draiBagar maple forestamopy height
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is ~ 24m. Densesugar maple seedlings cover forest floor with height ~ 0.3 m. Very few trees/shrubs are
found between this seedling understory and tree cancplyere was someotirse wood debris on the
forest floor, but not so much to make walking around difficult

Thee are a large number of ponds and vernal ponds in the vicinity of the tower. In additemak
wetland (50 m in diameter) lies NE ~100 m to tower with standing water, which contains spruce and/or
hemlock. Eastarea and partial southeastairshed areasare wetter. Forest is less dense and tree

composition changes to conifer dominateBerns are commdy found on the forest floor othese
wetter areas.

- =5 =

Figure3. Sugar Ie foress the dominatececosystem aUNDER@\dvncdsite

Table 2 Ecosystem anhsite attributes folUNDER@dvanced tower site.

Ecosystem attributes Measure and units
Mean canopy height 24m
Surface roughneés 2m
Zero place displacement height 20m

Structural elements Closed deciduous foregtiniform

Time zone centraltime zone

Magnetic declination 2° 44' W changing by 0° 5' W/ye
Note,*Fromfield observation

3.3 Soils
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3.3.1 Soil description

Soil data and soil maps (Figad) below forthe UNDER@&dvanced tower site were collected fro20

km? NRCS soil mafrgtp://websoilsurvey.nrcs.usda.qgov/app/HomePage.Btmhich centered at the
tower location, to determine the dominant soil types in the larger tower foot print. This was done to
assure that e soil array is in the dominant (or in the-dominant) soil type present in the tower
footprint.

H J
5 z
2 5
2 B

4501425 PRy

461333 S13¥

= N
: Map Scale: 1:11,500 If printed on A size (3.5 x 117) sheet. ¥
® N Metar: a
2 0 150 300 500 900 B
J -
0 500 1,000 2,000 3.000

Figured. 2.9 km? soil map fothe UNDER®EON advanced towsite.

Map Unit DescriptionThe map units delineated on the detailed soil maps in a soil survey represent the
soils or miscellaneous areas in the survey afBlae map unit descriptions in thisport, along with the
maps, can be used to determine the composition anaberties of aunit. A map unit delineation on a
soil map represents an area dominated by one or nmaggor kinds of soil or miscellaneous areds.

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

a taxonomiaclass there are precisely defined limits for the properties of the s@ls.thelandscape,
however, they have theharacteristic variability of all natural phenomenBhus, the range of some
observed properties may extend beyond the limits defined fon@temic classAreas of soils of a
single taxonomic class rarely, if ever, can be mapped withmlitding 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 that belong to taxonomic classes other than those of the major sbdst

Page7 of 115


http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm

o . - . Author. Date
n e ;.3 n Title DO5SFIU Site CharacterizatioiBupporting Data Ayres/ Luo/ Loescher 09126/2011

NEON Doc.:#NEONDOC.011057 Revision: B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

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

do not affect use and managemerithese are calledon-contraging, or similar, componentsThey

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. Thesare called contrasting, or dissimilar, componentheygenerally 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 symbon the maps.If included

in the database for given area, the contrasting minor components are identified in the map unit
descriptions along with some characteristics of ea8lfew areas of minocomponents may not have
been observed, and consequénthey are notmentioned in the descriptions, especially where the
pattern was so complex thatwas impractical to make enough observations to identify all the soils and
miscellaneous areas on the landscapke presence of minor components in a map imno 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 requiremeni&hedelineation 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 miscellaaeeas.An
identifying symbol precedes the map unit name in the map unit descripteash 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 selléthe soils of series have major
horizons that are similar in composition, thickness, andingement. Soils of a given series can differ in
texture of the surface layer, slopstoniness, salinity, degree of erosion, and other characteristics that
affect their useOn 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 managemerorexample, Alpha silt loam, 0 to 2 percent slopes,
is a phase of the Alpha seri€&ome map units are made up of two or more major soils or miscellaneous
areas.These map units are complexes, associations, or undifferentiated gréupsmplex consts of

two or more soils or miscellaneous areas in such an intrigateern or in such small areas that they
cannot be shown separately on the magihe pattern and proportion of the soils or miscellaneous
areas are somewhat similar all areas.AlphaBeta complex, 0 to 6 percent slopes, is an example.
association is made up of two or more geographically associated saoilscgllaneous areas that are
shown as one unit on the map8ecause of presemr anticipated uses of the map units in the wey
area, it was not considergaractical or necessary to map the soils or miscellaneous areas separately.
Thepattern and relative proportion of the soils or miscellaneous areas are somesirndar. Alpha

Beta association, 0 to 2 percent slopes, is xangple. An undifferentiated group is made up of two or
more soils or miscellaneous arehst could be mapped individually but are mapped as one unit
because similainterpretations can be made for use and managemerte pattern and proportioof

the sdls or miscellaneous areas in a mapped area are not unifétmarea 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, aran example.Some surveys itade miscellaneous areaguch 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 giveroperties of

the soils and the limitations, capabilitiead potentials for many use®\lso, the narratives that
accompany the soil reportdefine some of the properties included in the map unit descriptions.
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Table3. Soil Series and percentage of soil series wRt8rkm?.
AreaObject Interest (AOI) is thmapping unit from NRCS.
Gogebic County Area, Michigan, and Gogebic County, Michigan
Map Unit Symbol Map Unit Name Acres in AOI Percent of AQI
1455933 [Beechwood muck, 0 to 4 percent slopes 02 0.0%
1455935 [ Gogebic-Tula-Lupton complex, 0 to 6 percent 72 1.0%
slopes
1455936 [ Gogebic fine sandy loam, sandy substratum, 1 13.0 1.8%
to 6 percent slopes, stony
1455937 [ Gogebic fine sandy loam, sandy substratum, 6 44 6 6.3%
to 18 percent slopes, stony
1455941 | Gogebic silt loam, sandy substratum, 18 to 35 191 2.7%
percent slopes, stony
1455943 [Lupton-Pleine-Cathro complex, 0 to 1 percent 924 13.1%
slopes
1455944 | Ausable, frequently flooded-Tawas complex, 0 04 0.1%
to 1 percent slopes
1455948 |Karlin-Keweenaw-Sarona, dense substratum, 320 4.5%
complex, 1 to 6 percent slopes
1455949 |Karlin-Keweenaw-Sarona, dense substratum, 114 1.6%
complex, 6 to 25 percent slopes
1455950 |Karlin-Keweenaw-Sarona, dense substratum, 9.0 1.3%
complex, 25 to 50 percent slopes
1455953 | Amasa-Karlin complex, esker, 35 to 55 percent 28 0.4%
slopes
1455955 |Karlin, very deep water table-Noseum-Gay 40.9 58%
complex, 0 to 6 percent slopes
1455967 | Gogebic, sandy substratum-Pence-Cathro 0.0 0.0%
complex, 0 to 6 percent slopes
1455968 | Gogebic, sandy substratum-Pence-Cathro 3145 44 4%
complex, 0 to 18 percent slopes
1456367 |Dawson, Greenwood, and Loxley sails, 0 to 1 47 4 6.7%
percent slopes
1652808 |Water 40.6 5.7%
1675884 [ Gay-Pleine complex, 0 to 1 percent slopes, 328 46%
stony
Totals for Area of Interest 708.2 100.0%

Gogebic County, Michigad6&E AmasaKarlin complex, esker, 35 to 55 percent slopddap Unit
Setting Elevation: 590 to 1,970 fed¥lean annual precipitation: 30 to 34 inchédean annual air
temperature: 39 to 43 degrees Fostfree period: 80 to 140 dayslap Unit CompositionAmasa and
similar soils: 52 percerKarlin and similar soils: 38 perceDescription of Amasé&Setting Landform
EskersLandform position (twalimensional): Backslope, shoulder, summawnslope shape: Convex
Acrossslope shape: Convé¥arent material: Coars@amy glaciofluvial deposits over sandy agrdvelly
glaciofluvial deposit®roperties and qualitieSSlope 35 to 55 percenDepth to restrictive feature: More
than 80 inchePrainage class: Well drain€hpacity of the most limiting layer to transmit waigsat):
Moderately high to high (0.60 to 2.00 in/hDepth to water table: More than 80 inché&sequencyof
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flooding: NoneFrequency of ponding: NonAvailable water capacity: Moderate (about 6.3 inches)
Interpretive groups Land capability (nonirrigated): 7©ther vegetative classification: Acer Tsuga
Dryopteris (ATD_1)ypical profileO to 1 inches: Moderatly decomposed plant materidl to 4 inches:
Cobbly silt loand to 7 inches: Silt loam to 23 inches: Very fine sandy lo@% to 28 inches: Fine sandy
loam 28 to 41 inches: Santil to 80 inches: Very gravelly sabDédscription of KarlinSetting Landform:
EskersLandform position (twadimensional): Summit, shoulder, backslopewnslope shape: Convex
Acrossslope shape: ConvdXarent material: Sandy glaciofluvial depos$iteperties and qualitieSlope:

35 to 45 percenBurface area covered with cobblesones or boulders: 0.0 perceBtepth to restrictive
feature: More than 80 inche®rainage class: Somewhat excessively drai@agpacity of the most
limiting layer to transmit water (Ksat): High (2.@06.00 in/hr) Depth to water table: More than 80
inchesFrequency of flooding: NonErequency of ponding: Nonkvailable water capacity: Low (about
5.8 inches)nterpretive groupsLand capability (nonirrigated): A@ther vegetative classification: Tsuga
Maianthemum (TM_1), Acélfsuga Dryopteris (ATD_Typicalprofile O to 1 inches: Highly decomposed
plant materiall to 4 inches: Sandy loathto 15 inches: Sandy loafd to 29 inches: San29 to 80
inches: Sand

Gogebic County, Michigan 42Ausable, frequently floodedlawas complex, 0 to 1 percent slopes:
Map Urit Setting Elevation: 590 to 1,970 feet Mean annual precipitation: 30 to 34 inches Mean annual
air temperature: 39 to 43 degrees F Frfrste period: 80 to 140 dayslap Unit CompositionAusable

and similar soils: 70 percent Tawas and similar soils: 25epef@escription of Ausable Setting
Landform: Flood plains Landform position (thidienensional): Dip Dowslope shape: Linear Acress
slope shape: Linear Parent material: Organic material over sandy alllRiaperties and qualities
Slope: 0 to 1 percent [p¢h to restrictive feature: More than 80 inches Drainage class: Very poorly
drained Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high (0.60 to
6.00 in/hr) Depth to water table: About 0 inches Frequency of flooding: Er@dgerequency of ponding:
None Available water capacity: Moderate (about 6.0 inchiesgrpretive groups Land capability
(nonirrigated): 7w Other vegetative classification: Fraxinus Mentha Car@altha (FME) Typical
profile O to 8 inches: Muck 8 to li&ches: Sand 16 to 25 inches: Stratified muck to sand to loamy fine
sand 25 to 36 inches: Very gravelly sand 36 to 45 inches: Very gravelly sand 45 to 80 inches: Very
gravelly coarse sanbDescription of Tawas Settingandform: Swamps on till plains Landfoposition
(three-dimensional): Dip Dowslope shape: Linear Acres®ope shape: Linear Parent material: Highly
decomposed organic material over sandy dRfoperties and qualitiesSlope: 0 to 1 percent Depth to
restrictive feature: More than 80 inches d&dnage class: Very poorly drained Capacity of the most
limiting layer to transmit water (Ksat): High (2.00 to 6.00 in/hr) Depth to water table: About O inches
Frequency of flooding: None Frequency of ponding: Frequent Available water capacity: Highl(atout
inches)Interpretive groupsLand capability (nonirrigated): 6w Other vegetative classification: Fraxinus
Mentha Carex Caltha (FM&) Typical profile0 to 22 inches: Muck 22 to 42 inches: Sand 42 to 80
inches: Gravelly sand

Gogebic County, MichigaB5At Beechwood muck, 0 to 4 percent slopes Map Unit Settiigvation:

590 to 1,970 feet Mean annual precipitation: 30 to 34 inches Mean annual air temperature: 39 to 43
degrees F Frodtee period: 80 to 140 dayslap Unit CompositionBeechwood and similasoils: 85
percent Description of Beechwood Settingandform: End moraines, ground moraines, interdrumlins
Landform position (threelimensional): Rise Dowslope shape: Linear Acres®pe shape: Linear
Parent material: Modified loamy eolian deposits ogearseloamy tillProperties and qualitiesSlope: 0

to 4 percent Depth to restrictive feature: More than 80 inches Drainage class: Somewhat poorly drained
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high (0.60 tonfh@p i

Depth to water table: About 6 inches Frequency of flooding: None Frequency of ponding: None Available
water capacity: High (about 10.1 inchds}erpretive groupsLand capability (nonirrigated): 2e Other
vegetative classification: Tsuga Maianthemuropt’ - Dryopteris (TME _1), Tsuga Maianthemum
Coptis (TMC_I)ypical profileO to 6 inches: Muck 6 to 8 inches: Silt loam 8 to 10 inches: Loam 10 to 20
inches: Fine sandy loam 20 to 28 inches: Fine sandy loam 28 to 42 inches: Fine sandy loam 42 to 80
inches: Fine sandy loam

Gogebic County, Michigan 28Dawson, Greenwood, and Loxley soils, O to 1 percent slopes Map Unit
Setting Elevation: 590 to 1,800 feet Mean annual precipitation: 25 to 34 inches Mean annual air
temperature: 37 to 43 degrees F Frdste period: 80 to 140 daylap Unit CompositionDawson and
similar soils: 40 percent Greenwood and similar soils: 35 percent Loxley and similar soils: 20 percent
Description of Dawson Settingandform: Depressions on outwash plains, depressions on moraines,
depressions on lake plains Dowslope shape: Concave Acredspe shape: Concave Parent material:
Hemic organic material over sapric organic material over sandy glaciofluvial depogitsrties and
gualities Slope: 0 to 1 percent Depth to restrictive faeg: More than 80 inches Drainage class: Very
poorly drained Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.20 to 6.00 in/hr) Depth to water table: About 0 inches Frequency of flooding: None Frequency of
ponding: Fequent Available water capacity: Very high (about 16.6 incha&sypretive groupsLand
capability (nonirrigated): 7w Other vegetative classification: Picea Chamaedaphne Sphagnum (PCS_2)
Typical profile0 to 4 inches: Peat 4 to 9 inches: Mucky peat 9 to 34 inches: Muck 34 to 36 inches: Loamy
sand 36 to 39 inches: Sand 39 to 50 inches: Sand 50 to 62 inchesD&saription of Greenwood
Setting Landform: Depressions on outwash plains, depressions on nesailepressions on lake plains
Downslope shape: Concave Acresspe shape: Concave Parent material: Herbaceous organic material
Properties and qualitiesSlope: 0 to 1 percent Depth to restrictive feature: More than 80 inches
Drainage class: Very poorlyathed Capacity of the most limiting layer to transmit water (Ksat):
Moderately high to high (0.57 to 5.95 in/hr) Depth to water table: About 0 inches Frequency of flooding:
None Frequency of ponding: Frequent Available water capacity: Very high (abditir&hes)
Interpretive groups Land capability (nonirrigated): 7w Other vegetative classification: Picea
Chamaedaphne Sphagnum (PCSI'Wical profileO to 8 inches: Peat 8 to 11 inches: Muck 11 to 65
inches: Mucky peat 65 to 80 inches: Mucky patcripton of Loxley Setting.andform: Depressions on
outwash plains, depressions on moraines, depressions on lake plains-dhmven shape: Concave
Acrossslope shape: Concave Parent material: Herbaceous organic matedpérties and qualities
Slope: 0 to 1 peent Depth to restrictive feature: More than 80 inches Drainage class: Very poorly
drained Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high (0.20 to
6.00 in/hr) Depth to water table: About O inches Frequency of floodiane Frequency of ponding:
Frequent Available water capacity: Very high (about 26.5 inclmsipretive groupsLand capability
classification (irrigated): 7w Land capability (nonirrigated): 7w Other vegetative classification: Picea
Chamaedaphne SphagnufRCS_2Typical profileO to 5 inches: Peat 5 to 26 inches: Muck 26 to 45
inches: Muck 45 to 80 inches: Mucky peat

Gogebic County, Michigan 36GayPleine complex, 0 to 1 percent slopes, stony: Map Unit Setting
Elevation: 590 to 1,970 feet Mean annual gigtation: 30 to 34 inches Mean annual air temperature:
39 to 43 degrees F Frofsee period: 80 to 140 day®lap Unit CompositionGay and similar soils: 58
percent Pleine and similar soils: 30 perc@&wscription of Gay Settingeandform: Depressions onlti
plains Dowrslope shape: Linear Acrest®pe shape: Linear Parent material: Codosamy till Properties
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and qualitiesSlope: 0 to 1 percent Surface area covered with cobbles, stones or boulders: 0.1 percent
Depth to restrictive feature: More than 80dhes Drainage class: Poorly drained Capacity of the most
limiting layer to transmit water (Ksat): Moderately high to high (0.60 to 2.00 in/hr) Depth to water table:
About 0 inches Frequency of flooding: None Frequency of ponding: Frequent Available aysgteityc
Moderate (about 8.1 inchednterpretive groupsLand capability (nonirrigated): 5w Other vegetative
classification: Fraxinus Impatiens (FIT¥pical profileO to 4 inches: Muck 4 to 7 inches: Fine sandy
loam 7 to 11 inches: Sandy loam 11 to 16éhes: Sandy loam 16 to 30 inches: Sandy loam 30 to 80
inches: Sandy loarDescription of Pleine Setting.andform: Drainageways Landform position (three
dimensional): Dip Dowslope shape: Linear Acres®pe shape: Linear Parent material: Codosany

till Properties and qualitiesSlope: 0 to 1 percent Surface area covered with cobbles, stones or boulders:
0.1 percent Depth to restrictive feature: More than 80 inches Drainage class: Poorly drained Capacity of
the most limiting layer to transmit water (Ksaltoderately high to high (0.60 to 2.00 in/hr) Depth to
water table: About O inches Frequency of flooding: None Frequency of ponding: Frequent Available
water capacity: High (about 11.7 inchésjerpretive groupsLand capability (nonirrigated): 5w Other
vegetative classification: Fraxinus ImpatierSaltha (FC), Fraxinus Impatiens (FI_Ty)pical profileO to

9 inches: Very cobbly muck 9 to 20 inches: Very fine sandy loam 20 to 33 inches: Fine sandy loam 33 to
80 inches: Gravelly sandy loam

Gogebic Couty, Michigan 5172B Gogebic, sandy substratufRenceCathro complex, 0 to 6 percent
slopes: Map Unit Settingelevation: 590 to 1,970 feet Mean annual precipitation: 27 to 43 inches Mean
annual air temperature: 36 to 45 degrees F Hfose period: 70 to 145%laysMap Unit Composition
Gogebic, sandy substratum, and similar soils: 60 percent Pence and similar soils: 15 percent Cathro and
similar soils: 15 percenDescription of Gogebic, Sandy Substratum Settibgndform: Till plains
Landform position (twalimengonal): Summit Dowsslope shape: Convex Acresspe shape: Convex
Parent material: Modified loamy eolian deposits over loamy till over sandyrtjperties and qualities

Slope: 2 to 6 percent Surface area covered with cobbles, stones or boulders: 6ehtpBepth to
restrictive feature: 18 to 36 inches to fragipan Drainage class: Moderately well drained Capacity of the
most limiting layer to transmit water (Ksat): Very low to moderately low (0.00 to 0.06 in/hr) Depth to
water table: About 12 inches Fregucy of flooding: None Frequency of ponding: None Available water
capacity: Low (about 3.6 inchdsferpretive groupsLand capability (nonirrigated): 4s Other vegetative
classification: Acer Tsuga Dryopteris (ATD_1), Acer Viola Osmorhiza (AWpica) wofile 0 to 1

inches: Slightly decomposed plant material 1 to 5 inches: Fine sandy loam 5 to 8 inches: Silt loam 8 to 12
inches: Silt loam 12 to 20 inches: Fine sandy loam 20 to 33 inches: Gravelly fine sandy loam 33 to 49
inches: Fine sandy loam 49 to Bxthes: Fine sandy loam 54 to 68 inches: Fine sandy loam 68 to 80
inches: Gravelly san@®escription of Pence Setting.andform: Moraines Landform position (two
dimensional): Summit Dowslope shape: Convex Acreslepe shape: Convex Parent material: Loamy
alluvium underlain by sandy and gravelly glacial outw@sebperties and qualitiesSlope: 0 to 6 percent
Surface area covered with cobbles, stones or boulders: 1.5 percent Depth to restrictive feature: More
than 80 inches Drainage class: Somewhat excesdivalped Capacity of the most limiting layer to
transmit water (Ksat): Moderately high to high (0.60 to 6.00 in/hr) Depth to water table: More than 80
inches Frequency of flooding: None Frequency of ponding: None Available water capacity: Low (about
4.1 irches) Interpretive groups Land capability classification (irrigated): 2e Land capability
(nonirrigated): 4s Other vegetative classification: Tsuga Maianthemum Vaccinium (TMV_1), Acer
Quercus Vaccinium (AQV _Typical profileO to 2 inches: Moderately decgmsed plant material 2 to 6

inches: Fine sandy loam 6 to 9 inches: Fine sandy loam 9 to 13 inches: Fine sandy loam 13 to 16 inches:
Loamy coarse sand 16 to 31 inches: Coarse sand 31 to 80 inches: Stratified gravelly coarse sand to sand
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Description of Cathp Setting Landform: Depressions on disintegration moraines, drainageways on
disintegration moraines Dowslope shape: Concave, linear Acrekype shape: Concave Parent
material: Herbaceous organic material 16 to 51 inches thick underlain by loamy depagiesties 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 high to high
(0.20 to 2.00 in/hr) Depth to watetable: About O inches Frequency of flooding: None Frequency of
ponding: Frequent Calcium carbonate, maximum content: 30 percent Available water capacity: Very
high (about 16.5 incheshnterpretive groups Land capability (nonirrigated): 6w Other vegetative
classification: Tsug@hujaMitella (TTM_2), Fraxinus Impatiens (FIT¢pical profile0 to 6 inches: Muck

6 to 31 inches: Muck 31 to 80 inches: Fine sandy loam

Gogebic County, Michigan 5172@ogebic, sandy substraturRenceCathro complex, 0 to 18 percén
slopes: Map Unit Settingclevation: 590 to 1,970 feet Mean annual precipitation: 27 to 43 inches Mean
annual air temperature: 36 to 45 degrees F Hfosé period: 70 to 145 day®lap Unit Composition
Gogebic, sandy substratum, and similar soils: 60 pgrCathro and similar soils: 15 percent Pence and
similar soils: 15 percenDescription of Gogebic, Sandy Substratum Settibgndform: Till plains
Landform position (twedimensional): Backslope, shoulder Doeglope shape: Convex Acreslspe
shape: ConveRarent material: Modified loamy eolian deposits over loamy till over sand3rtperties

and qualitiesSlope: 6 to 18 percent Surface area covered with cobbles, stones or boulders: 0.1 percent
Depth to restrictive feature: 18 to 36 inches to fragipan iDage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately low (0.00 to 0.06
in/hr) Depth to water table: About 12 inches Frequency of flooding: None Frequency of ponding: None
Available watercapacity: Low (about 3.6 inchelsiterpretive groupsLand capability (nonirrigated): 6s
Other vegetative classification: Acer Tsuga Dryopteris (ATD_1), Acer Viola Osmorhiza {B\gioall)
profile 0 to 1 inches: Slightly decomposed plant material 1 tochés: Fine sandy loam 5 to 8 inches: Silt
loam 8 to 12 inches: Silt loam 12 to 20 inches: Fine sandy loam 20 to 33 inches: Gravelly fine sandy loam
33 to 49 inches: Fine sandy loam 49 to 54 inches: Fine sandy loam 54 to 68 inches: Fine sandy loam 68 to
80 inches: Gravelly san@escription of Cathro Setting.andform: Depressions on disintegration
moraines, drainageways on disintegration moraines Dalape shape: Concave, linear Acrskxpe
shape: Concave Parent material: Herbaceous organic material 16 itechbes thick underlain by loamy
depositsProperties 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 (Ksat):
Moderately high tchigh (0.20 to 2.00 in/hr) Depth to water table: About 0 inches Frequency of flooding:
None Frequency of ponding: Frequent Calcium carbonate, maximum content: 30 percent Available
water capacity: Very high (about 16.5 inchésferpretive groupsLand capattity (nonirrigated): 6w

Other vegetative classification: Fraxinus Impatiens (FI_1), T$hg@Mitella (TTM_2)ypical profile0

to 6 inches: Muck 6 to 31 inches: Muck 31 to 80 inches: Fine sandyDeaaription of Pence Setting
Landform: Moraines Landform position (tvdimensional): Backslope, shoulder Deglope shape:
Convex Acrosslope shape: Convex Parent material: Loamy alluvium underlain by sandy and gravelly
glacial outwashProperties and qualitiesSlope: 6 to 18 percenBurface area covered with cobbles,
stones or boulders: 1.5 percent Depth to restrictive feature: More than 80 inches Drainage class:
Somewhat excessively drained Capacity of the most limiting layer to transmit water (Ksat): Moderately
high to high (0.60 t®.00 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None
Frequency of ponding: None Available water capacity: Low (about 4.1 indtegretive groupsLand
capability classification (irrigated): 2e Land capability (nonirrigatés)Other vegetative classification:
Tsuga Maianthemum Vaccinium (TMV_1), Acer Quercus Vaccinium (ADQxpidal profileO to 2
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inches: Moderately decomposed plant material 2 to 6 inches: Fine sandy loam 6 to 9 inches: Fine sandy
loam 9 to 13 inches: Firmandy loam 13 to 16 inches: Loamy coarse sand 16 to 31 inches: Coarse sand
31 to 80 inches: Stratified gravelly coarse sand to sand

Gogebic County, MichigaB8Br Gogebic fine sandy loam, sandy substratum, 1 t@ércent slopes,
stony: Map Unit SettingEkvation: 590 to 1,970 fed¥lean annual precipitation: 30 to 34 inchitean
annual air temperature: 39 to 43 degreed-Fostfree period: 80 to 140 day®lap Unit Composition
Gogebic, sandy substratum, and similar soils: 95 per&escription of Gogebic, ®dy Substratum
Setting Landform: Till plaind.andform position (threelimensional): Ris®ownslope shape: Linear
Acrossslope shape: Linedarent material: Modified loamy eolian deposits over loamy till ®aerdy till
Properties and qualitieSlope: 16 6 percentSurface area covered with cobbles, stones or boulders: 0.1
percentDepth to restrictive feature: 18 to 36 inches to fragidarainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Verytimmoderately low (0.00 to 0.06
in/hr) Depth to water table: About 12 inchégequency of flooding: Norerequency of ponding: None
Available water capacity: Low (about 3.6 inchieggrpretive groupsLand capability (nonirrigated): 4e
Other vegetative classifidan: Acer Viola Osmorhiza (AVO_1), Atsuga Dryopteris (ATD_TYypical
profile 0 to 1 inches: Slightly decomposed plant matetisb 5 inches: Fine sandy lodo 8 inches: Silt
loam8 to 12 inches: Silt loat2 to 20 inches: Fine sandy lo@® to 33inches: Gravelly fine sandy loam
33 to 49 inches: Fine sandy loa8 to 54 inches: Fine sandy lod&# to 68 inches: Fine sandy loa8

to 80 inches: Gravelly sand

Gogebic County, Michigan 38G5ogebic fine sandy loam, sandy substratum, 6 to 18 perceapss,

stony: Map Unit Settingelevation: 590 to 1,970 feet Mean annual precipitation: 30 to 34 inches Mean
annual air temperature: 39 to 43 degrees F Hfose period: 80 to 140 dayslap Unit Composition
Gogebic, sandy substratum, and similar soils: 9 Description of Gogebic, Sandy Substratum
Setting Landform: Till plains Landform position (twlomensional): Summit, toeslope, shoulder,
backslope, footslope Landform position (thrdenensional): Nose slope, side slope, interfluve, base
slope, head Ispe, crest Dowsslope shape: Linear Acreskpe shape: Convex, linear Parent material:
Modified loamy eolian deposits over loamy till over sandyRilbperties and qualitiesSlope: 6 to 18
percent Surface area covered with cobbles, stones or bouldetpdrcent Depth to restrictive feature:

18 to 36 inches to fragipan Drainage class: Moderately well drained Capacity of the most limiting layer to
transmit water (Ksat): Very low to moderately low (0.00 to 0.06 in/hr) Depth to water table: About 12
inchesFrequency of flooding: None Frequency of ponding: None Available water capacity: Low (about
3.6 inches)nterpretive groupsLand capability (nonirrigated): 6e Other vegetative classification: Acer
Tsuga Dryopteris (ATD_1), Acer Viola Osmorhiza (AVOyddal profile 0 to 1 inches: Slightly
decomposed plant material 1 to 5 inches: Fine sandy loam 5 to 8 inches: Silt loam 8 to 12 inches: Silt
loam 12 to 20 inches: Fine sandy loam 20 to 33 inches: Gravelly fine sandy loam 33 to 49 inches: Fine
sandy loam 4%o 54 inches: Fine sandy loam 54 to 68 inches: Fine sandy loam 68 to 80 inches: Gravelly
sand

Gogebic County, Michigan 39DGogebic silt loam, sandy substratum, 18 to 35 percent slopes, stony:
Map Unit SettingElevation: 590 to 1,970 feet Mean annual ppetation: 30 to 34 inches Mean annual
air temperature: 39 to 43 degrees F Froiste period: 80 to 140 day®lap Unit CompositionGogebic,
sandy substratum, and similar soils: 85 perc@®ascription of Gogebic, Sandy Substratum Setting
Landform: Till plaie Landform position (twaimensional): Summit, toeslope, shoulder, backslope,
footslope Landform position (thredimensional): Interfluve, base slope, head slope, crest, nose slope,
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side slope Dowsslope shape: Convex, linear Acrasspe shape: Concaveprivex Parent material:
Modified loamy eolian deposits over loamy till over sandyPithperties and qualitiesSlope: 18 to 35
percent Surface area covered with cobbles, stones or boulders: 0.1 percent Depth to restrictive feature:
18 to 36 inches to fragan Drainage class: Moderately well drained Capacity of the most limiting layer to
transmit water (Ksat): Very low to moderately low (0.00 to 0.06 in/hr) Depth to water table: About 12
inches Frequency of flooding: None Frequency of ponding: None Avaialde capacity: Low (about

3.6 inches)nterpretive groupsLand capability (nonirrigated): 7e Other vegetative classification: Acer
Tsuga Dryopteris (ATD_1), Acer Viola Osmorhiza (AVOydigal profile O to 1 inches: Slightly
decomposed plant material tb 5 inches: Silt loam 5 to 8 inches: Silt loam 8 to 12 inches: Silt loam 12 to
20 inches: Fine sandy loam 20 to 33 inches: Gravelly fine sandy loam 33 to 49 inches: Fine sandy loam 49
to 54 inches: Fine sandy loam 54 to 68 inches: Fine sandy loam 6&1ich&8: Gravelly sand

Gogebic County, Michigan 37BGogebieTulalLupton complex, 0 to 6 percent slopes: Map Unit
Setting Elevation: 590 to 1,970 feet Mean annual precipitation: 30 to 34 inches Mean annual air
temperature: 39 to 43 degrees F Frdste peaiod: 80 to 140 daydlap Unit CompositionGogebic and

similar soils: 51 percent Tula and similar soils: 31 percent Lupton and similar soils: 15 percent
Description of Gogebic Settingandform: Till plains Landform position (thrdienensional): Rise Down

slope shape: Linear Acrostope shape: Linear Parent material: Modified loamy eolian deposits over
loamy till over sandy tilProperties and qualitiesSlope: 1 to 6 percent Surface area covered with
cobbles, stones or boulders: 0.0 percent Depth to restrictfeature: 18 to 36 inches to fragipan
Drainage class: Moderately well drained Capacity of the most limiting layer to transmit water (Ksat):
Very low to moderately low (0.00 to 0.06 in/hr) Depth to water table: About 12 inches Frequency of
flooding: None Frequency of ponding: None Available water capacity: Low (about 3.6 inches)
Interpretive groups Land capability (nonirrigated): 2e Other vegetative classification: Tsuga
Maianthemum Coptis Dryopteris (TM&_1), Acer Tsuga Dryopteris (ATDT¢pical profle 0 to 1

inches: Slightly decomposed plant material 1 to 5 inches: Silt loam 5 to 8 inches: Silt loam 8 to 12 inches:
Silt loam 12 to 20 inches: Fine sandy loam 20 to 33 inches: Gravelly fine sandy loam 33 to 49 inches: Fine
sandy loam 49 to 54 inchesnE sandy loam 54 to 68 inches: Fine sandy loam 68 to 80 inches: Gravelly
fine sandy loanDescription of Tula Settingandform: Till plains Landform position (thrdenensional):

Rise Dowrslope shape: Linear Acreskpe shape: Linear Parent material: Nfgetl loamy eolian
deposits over loamy tilProperties and qualitiesSlope: 0 to 3 percent Surface area covered with
cobbles, stones or boulders: 0.0 percent Depth to restrictive feature: 15 to 30 inches to fragipan
Drainage class: Somewhat poorly drair@dpacity of the most limiting layer to transmit water (Ksat):
Very low to moderately low (0.00 to 0.06 in/hr) Depth to water table: About 6 inches Frequency of
flooding: None Frequency of ponding: None Available water capacity: Low (about 3.9 inches)
Interpretive groups Land capability (nonirrigated): 2w Other vegetative classification: Tsuga
Maianthemum Coptis (TMC_1), Acer Viola OsmorhZiscaea Impatiens (AVOl_3)Typical profile0 to

1 inches: Highly decomposed plant material 1 to 5 inches: Colebjyfine sandy loam 5 to 8 inches:
Cobbly very fine sandy loam 8 to 20 inches: Cobbly very fine sandy loam 20 to 28 inches: Gravelly sandy
loam 28 to 37 inches: Gravelly sandy loam 37 to 62 inches: Gravelly loam 62 to 80 inches: Gravelly sandy
loam Descrigion of Lupton Setting Landform: Swamps on till plains Landform position (three
dimensional): Dip Dowslope shape: Linear Acres®pe shape: Linear Parent material: Highly
decomposed organic materiBroperties and qualitieSlope: 0 to 1 percent Deptlo restrictive feature:

More than 80 inches Drainage class: Very poorly drained Capacity of the most limiting layer to transmit
water (Ksat): Moderately high to high (0.20 to 6.00 in/hr) Depth to water table: About O inches
Frequency of flooding: None Freepcy of ponding: Frequent Available water capacity: Very high (about
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23.9 inches)nterpretive groupsLand capability (nonirrigated): 6w Other vegetative classification: Tsuga
Thuja Sphagnum (TTS_1), Tsuga Thuja Mitchella (TTMpital profile0 to 20 irches: Muck 20 to 80
inches: Muck

Gogebic County, Michigan 47BKarlin, very deep water tabldNoseumGay complex, 0 to 6 percent
slopes: Map Unit Settindelevation: 590 to 1,970 feet Mean annual precipitation: 30 to 34 inches Mean
annual air temperature: @ to 43 degrees F Frefee period: 80 to 140 day®lap Unit Composition
Karlin, very deep water table, and similar soils: 41 percent Noseum and similar soils: 35 percent Gay and
similar soils: 16 percenDescription of Karlin, Very Deep Water Table Seftihandform: Outwash
plains, moraines Landform position (thrdémensional): Rise Dowslope shape: Linear Acresk®pe
shape: Linear Parent material: Sandy glaciofluvial depBsifgerties and qualitiesSlope: 0 to 6 percent
Depth to restrictive feature:More than 80 inches Drainage class: Somewhat excessively drained
Capacity of the most limiting layer to transmit water (Ksat): High (2.00 to 6.00 in/hr) Depth to water
table: About 94 inches Frequency of flooding: None Frequency of ponding: None Avaitgble
capacity: Low (about 5.8 inchdsferpretive groupsLand capability (nonirrigated): 3s Other vegetative
classification: Acer Tsuga Dryopteris (ATD_1), Tsuga Maianthemum (T¥picl profileO to 1 inches:
Highly decomposed plant material 1 to £lwes: Sandy loam 4 to 15 inches: Sandy loam 15 to 29 inches:
Sand 29 to 80 inches: Samkscription of Noseum Settind.andform: Outwash plains, moraines
Landform position (threglimensional): Rise Dowslope shape: Linear Acreskbpe shape: Linear
Parentmaterial: Loamy outwash over sandy outwaBloperties and qualitiesSlope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches Drainage class: Moderately well drained Capacity of
the most limiting layer to transmit water (Ksat): High (2.0®100 in/hr) Depth to water table: About 24
inches Frequency of flooding: None Frequency of ponding: None Available water capacity: Moderate
(about 6.3 incheshnterpretive groupsLand capability (nonirrigated): 4s Other vegetative classification:
TsugaMaianthemumCoptis Vaccinium phase (TM@c_2) Typical profile 0 to 1 inches: Highly
decomposed plant material 1 to 4 inches: Fine sandy loam 4 to 6 inches: Fine sandy loamri&h@4:4 i

Fine sandy loam 14 to 24 inches: Loamy sand 24 to 37 inches: Sand 37 to 63 inches: Fine sand 63 to 80
inches: Sandescription of Gay Settingandform: Depressions on till plains Deslope shape: Linear
Acrossslope shape: Linear Parent materiaba@seloamy till Properties and qualitiesSlope: 0 to 2
percent Surface area covered with cobbles, stones or boulders: 0.0 percent Depth to restrictive feature:
More than 80 inches Drainage class: Poorly drained Capacity of the most limiting layer toitraater

(Ksat): Moderately high to high (0.60 to 2.00 in/hr) Depth to water table: About O inches Frequency of
flooding: None Frequency of ponding: Frequent Available water capacity: Moderate (about 8.1 inches)
Interpretive groups Land capability (noniigated): 5w Other vegetative classification: Tsuga
Maianthemum Coptis (TMC_Typical profileO to 4 inches: Muck 4 to 7 inches: Fine sandy loam 7 to 11
inches: Sandy loam 11 to 16 inches: Sandy loam 16 to 30 inches: Sandy loam 30 to 80 inches: Sandy loam

Gogebic County, Michiga#4Br KarlinKeweenawSarona, dense substratum, complek,to 6 percent
slopes Map Unit SettingElevation: 590 to 1,970 fedflean annual precipitation: 30 to 34 inchbkan
annual air temperature: 39 to 43 degreed-Fostfree period: 80 to 140 dayMap Unit Composition
Karlin and similar soils: 36 perceiléweenaw and similar soils: 30 perc&drona, dense substratum,
and similar soils: 25 percemtescription of KarlinSetting Landform: Outwash plainsandform position
(three-dimensional): Ris®ownslope shape: Linegkcrossslope shape: Linedarent material: Sandy
glaciofluvial deposit®roperties and qualitiesSlope: 1 to 6 perceriDepth to restrictive feature: More
than 80 inchedrainage class: Somewhat excessively édi@apacity of the most limiting layer to
transmit water (Ksat): High (2.@0 6.00 in/hr)Depth to water table: More than 80 inch&equency of
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flooding: None Frequency of ponding: Nondvailable water capacity: Low (about 5.8 inches)
Interpretive groups Land capability (nonirrigated): 3®ther vegetative classification: Tsuga
Maianthemum (TM_1), Acélrsuga Dryopteris (ATD_Typical profileO to 1 inches: Highly decomposed
plant materiall to 4 inches: Sandy loathto 15 inches: Sandy loafb to 29inches: San@9 to 80
inches: Sandescription of Keweenawsetting Landform: Ground morainelsandform position (three
dimensional): RiseDownslope shape: LineaAcrossslope shape: LineaParent material: Sandy
glaciofluvial deposit®roperties and qualies Slope: 1 to 6 percerburface area covered with cobbles,
stones or boulders: 0.0 perceitepth to restrictive feature: More than 80 inchBsainage class: Well
drained Capacity of the most limiting layer to transmit wat@¢sat): Moderately high to Hig(0.60 to
2.00 in/hr) Depth to water table: More than 80 inchdsrequency of flooding: Non&requency of
ponding: NoneAvailable water capacity: Low (about 3.7 inchbggrpretive groupsLand capability
classification (irrigated): 3eand capability (narrigated): 2eOther vegetative classification: Acer Tsuga
Dryopteris (ATD_1);suga Maianthemum (TM_T)ypical profileO to 2 inches: Highly decomposed plant
material2 to 4 inches: Loamy saddto 6 inches: Loamy fine saBdo 25 inches: Loamy fine sa@8 to
45 inches: Stratified sand to fine sand to loamy fine sandbémy very fine sandl5 to 56 inches:
Stratified loamy fine sand to fine sand to fine satmym 56 to 71 inches: Stratified loamy fine sand to
fine sand to fine sandypam 71 to 90 inchse: Stratified loamy fine sand to fine sandy loBsscription of
Sarona, Dense Substratur8etting Landform: Till plaind.andform position (thre@limensional): Rise
Downslope shape: Lineakcrossslope shape: Lined?arent material: Coarsleamy till Propetties and
gualities Slope: 1 to 6 perceriDepth to restrictive feature: 61 to 79 inches to dense matdbiedinage
class: Well draine€apacity of the most limiting layer to transmit water (Ksat): Veryttomoderately
low (0.00 to 0.06 in/hr)Depth to water table: More than 80 incheBrequency of flooding: None
Frequency of ponding: Non&vailable water capacity: Moderate (about 8.3 inchiesgrpretive groups
Land capability (nonirrigated): Zether vegetative classification: Acer Tsuga Dryopteris (AJ;Dsuga
Maianthemum (TM_1Yypical profileO to 3 inches: Sandy loagto 6 inches: Fine sandy logrno 14
inches: Fine sandy loaf® to 21 inches: Fine sandy lodéth to 28 inches: Sandy loa®8 to 47 inches:
Loamy sand7 to 75 inches: Loamy sai8 to 90 inches: Loamy sand

Gogebic County, Michigan 44&arlinKeweenawSarona, dense substratum, complex, 6 to 25
percent slopes: Map Unit Settinglevation: 590 to 1,970 feet Mean annual precipitation: 30 to 34
inches Mean annual air temperature: 39 to d8grees F Frodtee period: 80 to 140 day®lap Unit
CompositionKarlin and similar soils: 36 percent Keweenaw and similar soils: 30 percent Sarona, dense
substratum, and similar soils: 25 percebescription of Karlin Setting_andform: Outwash plains
Lardform position (twedimensional): Footslope, summit, toeslope, shoulder, backslope Landform
position (threedimensional): Head slope, crest, nose slope, side slope, interfluve, base slope Down
slope shape: Linear Acreskpe shape: Convex, linear Parenatarial: Sandy glaciofluvial deposits
Properties and qualitiesSlope: 6 to 25 percent Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat excessively drained Capacity of the most limiting layer to transmit water
(Ksat): High (2.00 t6.00 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None
Frequency of ponding: None Available water capacity: Low (about 5.8 indtegretive groupsLand
capability (nonirrigated): 6e Other vegetative classification: Acer & ddwyopteris (ATD_1), Tsuga
Maianthemum (TM_21)ypical profileO to 1 inches: Highly decomposed plant material 1 to 4 inches:
Sandy loam 4 to 15 inches: Sandy loam 15 to 29 inches: Sand 29 to 80 incheBeSention of
Keweenaw SettingLandform: Groundmoraines Landform position (twdimensional): Footslope,
summit, toeslope, shoulder, backslope Landform position (thtipeensional): Nose slope, side slope,
interfluve, base slope, head slope, crest Desliope shape: Linear Acrestope shape: Convexnédiar
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Parent material: Sandy glaciofluvial depositeperties and qualitieSSlope: 6 to 25 percent Surface area
covered with cobbles, stones or boulders: 0.0 percent Depth to restrictive feature: More than 80 inches
Drainage class: Well drained Capacityttaf most limiting layer to transmit water (Ksat): Moderately
high to high (0.60 to 2.00 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None
Frequency of ponding: None Available water capacity: Low (about 3.7 indtegretive goups Land
capability classification (irrigated): 3e Land capability (nonirrigated): 6e Other vegetative classification:
Acer Tsuga Dryopteris (ATD_1), Tsuga Maianthemum (TWydigal profileO to 2 inches: Highly
decomposed plant material 2 to 4 inchdsoamy sand 4 to 6 inches: Loamy fine sand 6 to 25 inches:
Loamy fine sand 25 to 45 inches: Stratified sand to fine sand to loamy fine sand to loamy very fine sand
45 to 56 inches: Stratified loamy fine sand to fine sand to fine sandy loam 56 to 71 iGttasied

loamy fine sand to fine sand to fine sandy loam 71 to 90 inches: Stratified loamy fine sand to fine sandy
loam Description of Sarona, Dense Substratum Setticgndform: Till plains Landform position (three
dimensional): Rise Dowslope shape: hear Acrosslope shape: Linear Parent material: Codoseny

till Properties and qualitiesSlope: 6 to 25 percent Depth to restrictive feature: 61 to 79 inches to dense
material Drainage class: Well drained Capacity of the most limiting layer to transtat (Ksat): Very

low to moderately low (0.00 to 0.06 in/hr) Depth to water table: More than 80 inches Frequency of
flooding: None Frequency of ponding: None Available water capacity: Moderate (about 8.3 inches)
Interpretive groups Land capability (noniigated): 6e Other vegetative classification: Acer Tsuga
Dryopteris (ATD_1), Tsuga Maianthemum (TMIyBical profile0 to 3 inches: Sandy loam 3 to 6 inches:
Fine sandy loam 6 to 14 inches: Fine sandy loam 14 to 21 inches: Fine sandy loam 21 to 28andes:
loam 28 to 47 inches: Loamy sand 47 to 75 inches: Loamy sand 75 to 90 inches: Loamy sand

Gogebic County, Michigan 44DKarlinKeweenawSarona, dense substratum, complex, 25 to 50
percent slopes: Map Unit Settinglevation: 590 to 1,970 feet Mean amal precipitation: 30 to 34
inches Mean annual air temperature: 39 to 43 degrees F frestperiod: 80 to 140 daykslap Unit
CompositionKarlin and similar soils: 36 percent Keweenaw and similar soils: 30 percent Sarona, dense
substratum, and similar seil 25 percentDescription of Karlin Setting-andform: Outwash plains
Landform position (twalimensional): Toeslope, footslope, summit, shoulder, backslope Landform
position (threedimensional): Nose slope, side slope, interfluve, base slope, head sl@st,Domwn

slope shape: Convex, linear Acratgpe shape: Concave, convex Parent material: Sandy glaciofluvial
depositsProperties and qualitiesSlope: 25 to 45 percent Depth to restrictive feature: More than 80
inches Drainage class: Somewhat excessivelined Capacity of the most limiting layer to transmit
water (Ksat): High (2.00 to 6.00 in/hr) Depth to water table: More than 80 inches Frequency of flooding:
None Frequency of ponding: None Available water capacity: Low (about 5.8 ihufeegjetive groups

Land capability (nonirrigated): 7e Other vegetative classification: Acer Tsuga Dryopteris (ATD_1), Tsuga
Maianthemum (TM_1)ypical profileO to 1 inches: Highly decomposed plant material 1 to 4 inches:
Sandy loam 4 to 15 inches: Sandy loam 15 to 29 inches: Sand 29 to 80 incheBeSenyution of
Keweenaw SettingLandform: Ground moraines Landform position (tdimensional): Footslope,
summi, toeslope, shoulder, backslope Landform position (thdgmensional): Nose slope, side slope,
interfluve, base slope, head slope, crest Destope shape: Convex, linear Acrssspe shape: Concave,
convex Parent material: Sandy glaciofluvial depdBitgerties and qualitiesSlope: 25 to 50 percent
Surface area covered with cobbles, stones or boulders: 0.0 percent Depth to restrictive feature: More
than 80 inches Drainage class: Well drained Capacity of the most limiting layer to transmit water (Ksat):
Moderately high to high (0.60 to 2.00 in/hr) Depth to water table: More than 80 inches Frequency of
flooding: None Frequency of ponding: None Available water capacity: Low (about 3.7 inches)
Interpretive groupsLand capability classification (irrigated): Zand capability (nonirrigated): 7e Other
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vegetative classification: Acer Tsuga Dryopteris (ATD_1), Tsuga Maianthemum Tybical) profileO

to 2 inches: Highly decomposed plant material 2 to 4 inches: Loamy sand 4 to 6 inches: Loamy fine sand
6 to 25 inbes: Loamy fine sand 25 to 45 inches: Stratified sand to fine sand to loamy fine sand to loamy
very fine sand 45 to 56 inches: Stratified loamy fine sand to fine sand to fine sandy loam 56 to 71 inches:
Stratified loamy fine sand to fine sand to fine safmlym 71 to 90 inches: Stratified loamy fine sand to

fine sandy loamDescription of Sarona, Dense Substratum Settihgndform: Till plains Landform
position (threedimensional): Rise Dowslope shape: Linear Acreskbpe shape: Linear Parent material:
Coaseloamy till Properties and qualitiesSlope: 25 to 50 percent Depth to restrictive feature: 61 to 79
inches to dense material Drainage class: Well drained Capacity of the most limiting layer to transmit
water (Ksat): Very low to moderately low (0.00 t0®in/hr) Depth to water table: More than 80 inches
Frequency of flooding: None Frequency of ponding: None Available water capacity: Moderate (about 8.3
inches) Interpretive groups Land capability (nonirrigated): 7e Other vegetative classification: Tsuga
Maianthemum (TM_1), Acer Tsuga Dryopteris (ATDypjcal profileO to 3 inches: Sandy loam 3 to 6
inches: Fine sandy loam 6 to 14 inches: Fine sandy loam 14 to 21 inches: Fine sandy loam 21 to 28
inches: Sandy loam 28 to 47 inches: Loamy sand 47 to 78sintbamy sand 75 to 90 inches: Loamy
sand

Gogebic County, Michigan #1LuptontPleineCathro complex, 0 to 1 percent slopes: Map Unit Setting
Elevation: 590 to 1,970 feet Mean annual precipitation: 30 to 34 inches Mean annual air temperature:
39 to 43 degees F Frostree period: 80 to 140 dayglap Unit CompositionLupton and similar soils: 60
percent Pleine and similar soils: 23 percent Cathro and similar soils: 15 p&resatiption of Lupton
Setting Landform: Depressions on till plains, drainagewaydilbmplains Downslope shape: Concave,
linear Acrossslope shape: Concave Parent material: Highly decomposed organic mRtepatties and
gualities Slope: 0 to 1 percent Depth to restrictive feature: More than 80 inches Drainage class: Very
poorly draned Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high
(0.20 to 6.00 in/hr) Depth to water table: About O inches Frequency of flooding: None Frequency of
ponding: Frequent Available water capacity: Very high (about 2&Bek)Interpretive groupsLand
capability (nonirrigated): 6w Other vegetative classification: Tsuga Thuja Sphagnum (TTS_1), Tsuga Thuja
Mitchella (TTM_1)Typical profileO to 20 inches: Muck 20 to 80 inches: MuBkscription of Pleine
Setting Landform: Deressions on till plains, drainageways on till plains Dsiepe shape: Concave,
linear Acrossslope shape: Concave Parent material: Cotwaey till Properties and qualitiesSlope: 0

to 1 percent Surface area covered with cobbles, stones or bouldergedd@nt Depth to restrictive
feature: More than 80 inches Drainage class: Poorly drained Capacity of the most limiting layer to
transmit water (Ksat): Moderately high to high (0.60 to 2.00 in/hr) Depth to water table: About O inches
Frequency of floodingNone Frequency of ponding: Frequent Available water capacity: High (about 11.7
inches)Interpretive groupsLand capability (nonirrigated): 5w Other vegetative classification: Fraxinus
Impatiens (FI_1), Tsuga Thuja Sphagnum (TT$pidal profileO to 9 hches: Very cobbly muck 9 to 20
inches: Very fine sandy loam 20 to 33 inches: Fine sandy loam 33 to 80 inches: Gravelly sandy loam
Description of Cathro Setting.andform: Depressions on till plains, drainageways on till plains Bown
slope shape: Concavendiar Acrosslope shape: Concave Parent material: Herbaceous organic material
over loamy driftProperties and qualitiesSlope: 0 to 1 percent Depth to restrictive feature: More than

80 inches Drainage class: Very poorly drained Capacity of the mostdirtager to transmit water
(Ksat): Moderately high to high (0.20 to 2.00 in/hr) Depth to water table: About O inches Frequency of
flooding: None Frequency of ponding: Frequent Calcium carbonate, maximum content: 30 percent
Available water capacity: Very higabout 16.5 inchedhterpretive groupsLand capability classification
(irrigated): 6w Land capability (nonirrigated): 6w Other vegetative classification: Tsuga Thuja Sphagnum
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(TTS_1), Fraxinus Impatiens (FITgpical profileO to 6 inches: Muck 6 to 3ibches: Muck 31 to 80
inches: Fine sandy loam

Gogebic County, Michigan WWater: Map Unit CompositiotWater: 100 percent

3.3.2 Soil semivariogram description

The goal of thigspect of thesite characterization is to determine the minimum distance between th
soil plots in the soil arrasuchthat data farther apartcan be considered spatially independent. The
collectedfield datawill be usedo producesemivariograms, which is a geostatistical technique to
characterizespatial autocorrelation between mapdesamples of a quantitative variable.g, soil
property datain our case).In an empiricalsemiariogram, the averagef the squared differenceof a
responsevariableis computed fomall 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 athe total
variance atistances for which values are no longer spatially auttoelated (this is referred to as the
range, Figur®).

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

fit a semivariogram model to the empiriceemivariogram. This model is then assumed 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@rwvariation at
distances below those separating the closest pairs of sampléd®).range, sill and nuggate estimated
from theoretical models thaarefitted to the empirical variograms using mdinear least squares
methods.

The variogram analysigill be used, to determine the spatial scales at which we can consider soil
measurements spatially independent. This characterization will directly inforrmthienumdistance
betweeni) soil plos within each soil arrayij) the soil profile measuremestiii) EP plots, ani) the
microbial samplindpcations These data will directly inform NEON construction and site design
activities.

T5.5)
Partial !
Sill ;
|
| Range E
Huggel { — - —!J
Distance
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Figure5. Example semivariogram, depicting range, sill, and nugget.
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Figure6. Spatially cyclic sampling desiigm the measurements of soil temperature and soil water
content.

Field measurements of soil temperaturel@ cm) and moisture (@5 cm) were takeiwn 10 August
2010 at theUNDERGIte. The sampling points followed the spatially cyclic sampling dbgigond
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 airsHeNBRERDetails of how the
airshed was determined are provided belo@oil temperature was measured wipfatinum resistance
temperature sensors (RTD 810, Omega Engineering Inc., Stamford Go)l amuisture was measured
with time domain diaelectric sensors (CS616, Campbell Scidntifid.ogan 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, s@hiperature 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 continuously 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 computing language
with the geoR package test for spatial autocorrelatioiTrangmaret al. 1986; Webster & Oliver 1989;
Goovaerts 1997; Riberiro & Diggle 208h) estimate the distance necessary for independence among
soil plots in the soil arrayfo correct for changes in temperature and moisture over the sampling period,
the stationary data was subtracted from the mobile datamiany 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 regression and using the residuals for the semivariogram
analyss. Soil temperature and moisture data, R code, graphs, and R output can be found at:
PAFIUFIU_Site_CharacterizatiddXXYYYYY Y&haracterizatior5oil Measuremenisoil Data Analysis
(where XX = domain number and YYYYYYY = site name).
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3.3.3 Results and interpetation
3.3.3.1 Soil Temperature

Soil temperature data residuals, after accounting for changes in temperature in the stationary data and
any remaining time of day trend, were used for the semivariogram analysis (Figipeploratory data
analysis plots show thahere wasno distinct patterning of the residua{figures, left graph)and

directional semivariograms do not show anisotrgpygure8, center graph)An isotropic empirical
semivariogram was produced and a spherical model was fitted using CresggsaEigures, right

graph). The model indicates a distance of effective independenc® i for soil temperature.
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Figure?. Left graph: mobile (circles) and stationary (line) soil temperature data. Center graph:
temperature data after correctingpf changes in temperature in the stationary 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. Ddta fight graph were
used for the semivariogram analysis.
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Figure8. Left graphs: exploratory data analysis plots for residuals of temperature. Center graph:
directional semivariograms for residuals of temperature. Right graph: empirical semivariagreles]
and model (line) fit to residuals of temperature.

3.3.3.2  Soil water content

Soil water content data residuals, after accounting for changes in water content in the stationary data
and any remaining time of day trend, were used for the semivariogranysisgFigur®). Exploratory

data analysis plots show that theveas no distinct patterning dhe residuals (Figur&0, left graph) and
directionalsemivariograms do not show anisotroffyigurel0, center graph)An isotropic empirical
semivariogram wasrpduced and a spherical model was fitted using Cressie we(glgsrel0, right
graph).The model indicates a distance of effective independen@doh for soil water content.
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Figure9. Left graph: mobile (circles) and stationary (line) soil wabatent data. Center graph: water
content data after correcting for changes 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 autent 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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FigurelO. Left graphs: exploratory data analysis plots for residuals of soil water content. Center graph:
directional semiariograms for residuals of water content. Right graph: empirical semivariogram (circles)
and model (line) fit to residuals of water content.

Distance (m) Distance (m)

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 wa& m for soil temperature an@0m for soil moisture. Based on these
results and the site design guidelines the soil plotdldDERGhall be placedOm apart. The soil array
shall follow he 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 [#95° from the soil plot nearest the tower (i.e., first soil plot). The
location of the first soil plot will be approximated$.23366,-89.53738 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
characterizing soil horizon depths, collecting soil for-sfiecific sensor calibration, and collecting soil
for the FIU soil archive will be located4.23560-89.53976(primary location); o46.236227°;
89.539159alternate location 1 if primary location is unsuitable) 46r237156°;89.539036{alternate
location 2 if primary location is unsuitable). A summary of the soil information is shown in4Taatude

site layout can be seen in Figuk#.

Dominant soil eries at the siteGogebic, sandy substratuPenceCathro complex, 0 to 18 percent
slopes The taxonomy of this soil is shown below:

Order. Spodosols

Suborder Orthods

Great group Fragiorthods

Subgroup Alfic Oxyaquic Fragiorthods

Family Coarseloamy, istic, frigid Alfic Oxyaquic Fragiorthods

Series Gogebic, sandy substratuPenceCathro complex, 0 to 18 percent slopes
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Table4. Summary of soil array and soil pit information MIDERQ° represents true north and
accounts for declination.

Soil plot dinensions 5mx5m

Soil array pattern B

Distance between soil plots: x 40m

Distance from tower to closest soil plot: y 26m

Latitude and longitude of*isoil plot OR 46.23366,89.53738

direction from tower

Direction of soil array 205

Latitude andongitude of FIU soil pit 1 46.23560;89.53976(primary location)

Latitude and longitude of FIU soil pit 2 46.236227°;89.539159alternate 1)

Latitude and longitude of FIU soil pit 3 46.237156°;89.539036{alternate 2)

Dominant soil type Gogebicsandy substratuniPenceCathro complex,
0 to 18 percent slopes

Expected soil depth 0.462m

Depth to water table 0-2m

Expecteddepth of soil horizons Expected measurement depths

0-0.03 m Slightly decomposed plant matenal 0.07m”*

0.03-0.13m (Fine sandy loain

0.13-0.20m (Silt loamn) 0.17m"
0.20:0.30 m(Silt loam) 0.25m
0.30:0.51 m(Fine sandy loam) 057m"
0.51-0.84 m(Gravelly fine sandy loam)

0.841.24 m(Fine sandy loam) 1.29m

1.241.37 m(Fine sandy loam)

1.37-1.73(Fine sandy loam)

1.732.00 m(Gravelly sand) 2.00m

"Actual soil measurement depths will be determined based on measured soil horizon depths at the
NEON FIU soil pit and may differ substantially from those shown here.
AExpected depth of soil G&ensors (subject to soil horizon depths)
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O Soil Piti3:146:237156°, -89.539036°

(

/

‘;0 Soil|Piti2:4612362277, -89:539159°

Access
route

Soll Piti1:146:23560,-89:53976 0

insthut® 46.23398,-89.537.16
I-Towe!_46 23388, -89.53725

Soil array

:(Google

Eye alt 4382

Figrl.ite layout aUNDER@howin array and Ication of the FIU soil pit.

34 Airshed
34.1 Seasonal windroses

Wind roses analytically determine and graphically represent the frequencies of wind dirantiomind

speed over a given timeserieJ he weather data used to generate the following wind rose2862
2010hourly datadownloaded from UNDERC webditigp://cfweb -prod.nd.edu/underc_weather/

Caoordinates are unclear. According to G. E. Belovsky, the separation between weather station and NEON
tower is < Z&m. The orientation of the windrose follows that of a compass (assume declination

applied). When we describe the wind directions it shouldhbd 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 withroses)

WIND ROSE PLOT,

DISPLAY

Dom_05_Trout Lake Core site. Lat: 46.23259389, Long: -89.54531065 Wind Speed
UNDERC weather station, coordinates are unclear; Jan-Mar 2002-2010

Direction (blowing from)

COMMENTS:

UNDERC weather station,
i are unclear;

Jan-Mar 2002-2010; Separation:
< 2 km according to Gary E.
Belovsky. Hourly data were
downloaded from
http://cfweb-prod.nd.edu/underc
_weather/

DATA PERIOD:

2002-2010
Jan 1 - Mar 31
00:00 - 23:00

TOTAL COUNT! CALM WINDS:

12944 hrs. 33.52%

AVG. WIND SPEED

1.05 m/s

COMPANY NAME.

NEON, Inc

MODELER

Hongyan Luo

WIND SPEED o
(m/s)
- 81412010
B ss-111
Ml s57-88
W 3s-57
! Bl 21-36
! [ o0s-21
Resultant Vector H Calms: 33.52%
/2'24 Geg- 16% OO B PROECTNG
WRFLOT View - Lakes Envirormental Software
WIND ROSE PLOT DISPLAY COMMENTS
Dom_05_Trout Lake Core site. Lat: 46.23259389, Long: -89.54531065 Wind Speed
ERC g Direction (blowing from) UNDERC weather station,

UNDERC weather station, coordinates are unclear; Oct-Dec 2002-2010

are unclear;

WIND SPEED
(m/s)

>=111
88-11.1
57-88
36- 57
21-36
05- 21

Jan-Mar 2002-2010; Separation:

< 2 km according to Gary E.
Belovsky. Hourly data were
downloaded from
http://cfweb-prod.nd.edu/underc
_weather/

DATA PERIOD.

2002-2010
Oct 1 - Dec 31
00:00 - 23:00

TOTAL COUNT CALMWINDS:

14341 hrs. 34.80%

AVG. WHD SPEED

1.02m/s

COMPANY NAME

NEON, Inc

MODELER

Hongyan Luo

DATE

8/4/2010

PROECT NO
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UNDERC weather station, coordinates are unclear; Apr-Jun 2002-2010

WIND ROSE PLOT DISPLAY COMMENTS
Dom_05_Trout Lake Core site. Lat: 46.23259389, Long: -89.54531065 Wind Speed
UNDERC weather station, coordinates are unclear; Jul-Sep 2002-2010 Biraction (blowing o) e Cateaten ciellon,
Jan-Mar 2002-2010; Separation
< 2km according to Gary E.
N e e Belovsky. Hourly data were
fNORTH downloaded from
3 http://cfweb-prod.nd.edu/underc
! _weather/
11 o DATA FERIOD
d 2002-2010
) 4% . Jul 1 - Sep 30
i 00:00 - 23:00
L
i TOTALCOUNT | CALMWINDS
15481 hrs. 38.69%
AVG. WIND SPEED
v 0.79 m/s
777777777777777777 LL,,,,,,L,,,,,,,,,,,,,,. COMPANY NAME
il . NEON, Inc
MODELER
Hongyan Luo
WIND SPEED e
(m/s)
B -1 81412010
Bl es-111
B 57-88
Wl 3s-57
B 21-36
[ o0s-21
Resultant Vector Calms: 38.69%
l 194 deg - 23% PROJECT NO
WIND RO 0 DISPLAY. COMMENTS:
Dom_05_Trout Lake Core site. Lat: 46.23259389, Long: -89.54531065 Wind Speed ;i
Direction (blowing from) UNDERC weather station,

are unclear;

" INORTH ™

5%

4%

Jan-Mar 2002-2010; Separation:
< 2 km according to Gary E.
Belovsky. Hourly data were
downloaded from
http://cfweb-prod.nd.edu/underc
_weather/

DATAPERIOD

2002-2010
Apr1-Jun30
00:00 - 23:00

TOTAL COUNT CALM WINDS

12148 hrs. 36.07%

WIND SPEED

Resultant Vector
| 173 deg - 15%

AVG. WIND SPEED
0.94 m/s
COMPANY NAME

NEON, Inc

MODELER
Hongyan Luo

DATE

8/4/2010

PROJECT NO

WRPLOT View - Lakes Envirormertal Software.

Figurel2 Windroses fromUNDERC

Data used here are hourly data froa®02-2010 from UNDERC weather station, which is kn2 from
NEON tower site It is assumed that the wind data was corrected for declinatidanels are (from top

to bottom) JanMar, AprJun, JuSept, and OeDec.
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3.4.3 Resultant vectors

Table5. The resultant wind vectors frotd NDER@sing hourly data i20022010

Quarterly (seasonal) timeperiod Resultant vector % duration
January to March 173 15

April to June 22% 18

July to September 194 23
October to December 207 27

Annual mean 199.5 na.

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 cambt(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 havstrong 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 daytindesp@edse.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. The type of turbulence (mechanical verse convective) and the physical attributes of the
ecosystem control the degree of mixing, and the length and size of thesauea.

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/EdiToolsMWinds 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, previous site visit report,
available data files or best estingt from experienced expert. Measurement height was determined
from the Tower Height Info document provided by ENG group, ttesify according to the real

ecosystem structure after FIU site characterization at site. RtBarid 46 represents the expecte
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
estimated from wind roses and is placed as a centerlinberstte 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 centerlifiéhis 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.
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Table6. Expected environmental controls to parameterize the source area modekssutiated results
from UNDER@dvanced 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 | Convective convective | Stable | qualitative

Measurement height 36 36 36 36 36 36 m

Canopy Height 24 24 24 24 24 16 |m

Canopy area density 4 4 4 1.6 1.6 16 |m

Boundary layer depth 2000 2000 900 900 900 -70700 | m

Expected sensibl 350 350 -2 180 180 -10-70 | W m?

heat flux

Air Temperature 28 28 20 -5 -5 0.610 | °C

Max. windspeed 4.6 1.6 0.6 4.6 2.0 2250.6 | m s*

Resultant wind vector 195 195 195 225 225 225 | degrees

Results

(zd)/L -0.16 -0.47 3.00 -0.08 -0.30 3.00 |m

d 20.00 20.00 20.00 17 17.00 17.00 | m

Sigma v 2.20 1.90 1.60 1.90 1.40 1.60 | m*s?

Z0 0.95 0.95 0.95 1.50 1.50 150 |m

u* 0.74 0.52 0.01 0.80 0.51 0.01 |ms!

Distance source area 10 0 600 10 0 650 |m

begins

pistance of 50% 600 200 | 3700 | 700 300 3650 | m

Distance of 80% 400 100 | 3300 | 400 200 3400 |m

cumulative flux

Distance of 70% 280 70 3000 | 300 100 3100 |m

cumulative flux

Peak contribution 65 15 2165 65 35 2405 | m
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3.45 Results (source area graphs)
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Figure 13 summer, daytime, max wind speed
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Figurel4. summer, daytime, mean wind speed
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Figure b. summer, nighttime, mean wind speed
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Figure 16winter, daytime, max wind speed
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Figure 17 Winter daytime, mean wind speed

Page350f 115




neen

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

5] Footprint
:ﬁﬂes | Controls |
Measurement Height: 36.00
-
Canopy Height: 24.0
\ g

Canopy Area Density: 1.5850

Air Temperature: -10.00

Wind Speed: 0.6
1y}

Wind Direction: 225
1 J
(z-d)/L: 3.00 d: 17.00
Sigma V: 1.60 Zo: 1.50
U= 0.01
Brightnes distribution [———
footprint boundary, % 190 N

[ Plot Footprint I

[ Save Footprint J {Output Footprint J

[Save Distribuﬁon] [ Save Integrated ]

<5 Footprint

Files Controls |

o . - . Author. Date
Title: DO5FIU Site Characterizatioi®upporting Data Ayres/ Luo/ Loescher 09/26/2011
NEON Doc.:#NEONDOC.011057 Revision: B

Footprint | Brightness distribution | Integrated Footprint |

1

; Dist.ance, meters

N o=
o o
e o

EO03
900
800
700
600
500
400
300
200

I
o
o o

Measurement Height: 36.00

Canopy Height: 24.0

Canopy Area Density: 1.5350

Boundary Layer Depth: 700.00

Sensible Heat Flux: -70.00

o

M R R
Air Temperature: -10.00

Do o 0 % 80 4 6 80
Wind Speed: 0.6

I

D0 0
Wind Direction: 225

(z-d)L: 3.00 d: 17.00
Sigma V: 1.60 Zo: 1.50

u* p.od
Brightnes distribution
footprint boundary, %
I Flot Footprint ]

’ Save Footprint ] ’Output Footprint]

’Save Dish’ibuh’on] ’ Save Integrated ]

on

Crosswind integrated fracti

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

0.004 7
0.00e | Fogs
0.003 {! s
0.003 ! U
0.003 {: o
i 8
0.003 | R g
5 o7 2
0.003 | g
[o6s £
0.002 | 2
Fos I
0.002 | 2
Foss 5
0.002 | il
¥ Fos 2
0.002 | 2
L 045 2
0.002 | 2
¥ Fo4 &
0.001 | £
F0.35 &
0.001 | ki
oz &
KL 025 =
0.001 | o
0.001 | 015
0.000 | o
0000 T s
ok : : : : : : : &g
0 500 1000 1500 2000 2500 3000 3500 4,000

Distance, meters

| —— Cross wind integrated

—— Cummulative < Cross wind integrated Peakl

Figure 18 winter, nighttime, mean wind speed

Page360f115




o . - . Author. Date
n e ;.3 n Title DO5SFIU Site CharacterizatioiBupporting Data Ayres/ Luo/ Loescher 09126/2011

NEON Doc.:#NEONDOC.011057 Revision: B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

3.4.6 Site design and toweattributes

According to wind rosesyind come from all directions, bie prevaling wind direction blow®etween
southeast and northwegtl10xto 280x, clockwise from 10x, major airshed, which isfairly consistent
throughout the whole yearTowershould be placed to a location to best catch the signals from the
airshed of the ecosystem in interesthich isrestored native prairie Thecandidatetower sitewas at
46.23259389°89.54531065°After site visitwe microsited the tower location for635 m toward

Northeast at46.23388, -89.53725 to maximize the tower fetch area from the same forest type (sugar
maple dominant forest) in the major tower airshed and avoid the impacts of the Roach Lake on the local
microclimate measurement3.he newtower locationis at46.23388, -89.53728.

Eddy covariance, sonic wind and air temperatio®@m armsorientation toward theSSWill be bes$ to
capture signals from alind directions Radiation boom armshould always be facing south to avoid

any shadowingffects from the tower structure. Amstrument hutshould 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 wirigets on instrument huts and to
minimize the disturbances of wind regime by instrument hut, and in this case, instrument hut should be
positioned on thenortheastside of tower and have the longer side paralleB#y-NEdirection. The

location ofinstrument hutisat 46.23398-89.53716

Sugar maple forest in tower airshed is uniform in age and height and canopy height is ~ 24 m. Dense
sugar maple seedlings cover forest floor with height ~ 0.3 m. Very few trees/shrubs are found between
this seedhg understory and tree canopy. Course wood debris is thick on the forest YWrequire6
measurement layersn the tower with top measurement hdig at 36 m, andremaining levelsre 27

m, 24 m, 16m, 8 m and 0.3m, respectively, to best characterizbet fluxes on the tower top and
environmental conditions in profile.

Because of the dense foreste cannot find any open area within 500 m from tower that is large
enough to meet USCRN criteria 1 and 206tR(Double Fenced International Referentmation. The
closest adequate open area is ~2.33 km away on the southeast toward towér24t704-89.51931
Because the terrain is relatively flat at this region & strong convective cells are expected during
summer, we assume the precipitationltected at this DFIR location will be representative at tower
location as well. DFIR locatig-550m away frompower line on northeasand ~90 m from the
Tenderfoot Lake on the wesEhis DFIR location lies in the state of Wisconsin, while the towati¢m is
inside state of Michigan. But site manager indicated UNDERC owns property in bothWgites.
deposition collectorwill collocate at the top of the tower. See AD 04 for further information and
requirements for bulk precipitation collection and taeposition 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 orientationnstrument hut orientation vectoris 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 leelsis

that the lowest is level one, and each subsequent increase in height is numbered sequentiall

Table 7 Site design and tower attributes falNDER®@dvanced site.
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match the surrounding environment.

Color of Instrument hut exterior shall be tan to best

Attribute lat long degree meters notes
Airshed area 110xto 280x Clockwise from
first angle
Tower location 46.23388, -89.53725 -- -- new site
Instrument hut 46.23398, -89.53716
Instrument hut orientation -- -- 20° - 200
vector
Instrument hut distance z -- -- -- 13
Anemometer/Temperature -- -- 200° --
boom orientation
DFIR 46.21704, -89.51931
Height of the measurement
levels
Level 1 0.3 m.a.g.l.
Level 2 8.0 m.a.g.l.
Level 3 16.0 m.a.g.l.
Level 4 24.0 m.a.g.l.
Level 5 27.0 m.a.g.l.
Level 6 36.0 m.a.g.l.
Tower Height 36.0 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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Figurel9. Site layout folUNDER®@dvancedower site.
i) Tower location is presented (red pin), ii) red lines indicate the airshed boundaries. VEOte
280 (clockwise froml10x) are the airshed aresthat would have quality wind data without causing
flow distortions, respectively. iii) Yellow line is the suggested access road to instrument)fRutrple
pin is DFIR location

Eyealt 15428t
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Boardwalks Ultimately, the decision to use a boardwalk will be, inpart, 8 SR 2y 26y SN & LJIN.
There are strong science requirements that minimize site disturbance to the surrounding area, which
will be difficult to manage over a 3@period. 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 t€03814 m)The
boardwalk to access the tower is not on any side that has a bddnCramer suggested that it is
probably best to use boardwalk to access NEON equipment at i sirder to minimize disturbance.
Specific Boardwalks at UNDERC Advance site:

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

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

Boardwdk to the soil array

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

No boardwalk needed at DFIR site

The relative locations between tower, instrument hut and boardwalk can be found in the Figure below:
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Option 8, anemometer boom facing (generic) South
with Instrument Hut towards the North

Figure20. Generic diagram to demonstration the relationship between tower and instrument hut when

>
O
=
=3
=

INH JuBINgSU|

Boardwalk distance TDB, average 25 m, in this case 18 m

Tower entrance

Anemometer boom, 4 m

boom facingsouthand instrument hut on theorth towards the tower

This is just a generic diagranThe actualayout of boardwalk(or path if no boardwalk requiredind
instrument hut positionwill be thejoint responsibility of FCC arllu At UNDER@dvancedsite, the
boom angle will be200 degrees, instrument hut will be on theortheast towards the tower, the
distance between instrument hut and tower i43-m. The instrument hut vector will b&&N-NE (20x-

200x, longwise)
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3.4.7 Information for ecosystem productivity plots

The tower atUNDER@dvanced site has been positioned to optimize the collection of the air/wind
signals both temporally and spatially over the dediezosystemgugar maple fore3t Major arshed
area at this site are fromllOx to 280x (major, clockwise froml1(), and 90% signals for flux
measurementsduring the daytimeare within a distance of @0 m from tower, and 80% withi#00 m,
while during nighttime, some signals collected at tower can be from very far away, beyond 8Viem
suggest FSU Ecosystem Productivity péotsplaced within themajor airshedboundaries of11( to
280 (clockwise fronl10x) from tower.

3.5 Issues and attetions

The site commonly experiences ~1 m snow pack between September and May (very likely between
October and March)A vehicle weight restriction is enforced each spring due to snow melt (typically
ending around May) and it may not be possible to startstnuction until after this restriction is lifted.
Operations should take this into account.

Boardwalk should not cross vernal pools/ponds.

Dirt road can be very muddy and difficult to access after heavy aaith during md season ( thdifth
season between spring and summer)

The DFIR is ~2.3 km from the tower. It was not possible to locate the DFIR closer to the tower due to the

lack of forest clearings in this area. UNDERC site personnel would not allow the DFIR to be located in
openwetland areas that were closer to the tower.
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4 STEIGERWALPRELOCATEABLE TOWER

4.1 Site description

The candidate relocatable tower sité5.50488889,89.58811111)s locatedwithin the property of

Steigerwaldt Land Servicdsidure2l). After FIU site characterizatipwe movedtower location 590m
toward NEto the location 0f45.50969,-89.58498 to maximize the fetch area in the major airshed on

southwest of towerThe new location is still close to the road and power lines.

Forest maagement blocks have been shrinking in northern Wisconsin in recent decades. The property

that the NEON tower will be located on is considered relatively largeséeiderwaldt Land Services

currently do not own any larger management units.

5 = . 4 NEON Candidate Location
Domain 5 - Steigerwald Land Services [ Steigerwald Proerty Eoundary

Figure21. Property boundaryof the Steigerwaldsite and original(OLD)candidatetower location.

Note that tower location has been changed since this map was made. See site lggminmthe new

tower location.Please do not be confused.

4.2 Ecosystem
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Vegetation and land coverround tower siteand surrounding areare presented below:

¥ NEON Candidate Location
D Steigerwald Property Boundary
EVT_NAME
- Agriculture-Cultivated Crops and Irrigated Agriculture
I:l Agriculture-Pasture and Hay
- Barren
- Boreal Acidic Peatland Systems
I:l Boreal Aspen-Birch Forest
|:| Boreal Jack Pine-Black Spruce Forest
- Boreal White Spruce-Fir-Hardwood Forest
|:| Central Interior and Appalachian Floodplain Systems
- Developed-High Intensity
- Developed-Low Intensity
- Developed-Medium Intensity
I:l Developed-Open Space
- Great Lakes Alvar
- Laurentian Pine-Oak Barrens
- Laurentian-Acadian Alkaline Conifer-Hardwood Swamp
I:l Laurentian-Acadian Floodplain Systems
- Laurentian-Acadian Northem Hardwoods Forest
- Laurentian-Acadian Northern Pine(-Oak) Forest
- Laurentian-Acadian Pine-Hemlock-Hardwood Forest
I:l Laurentian-Acadian Shrub-Herbaceous Wetland Systems
- Managed Tree Plantation-Northern and Central Hardwood and Conifer Plantation Group
- North-Central Interior Oak Savanna
- North-Central Interior Sand and Gravel Tallgrass Prairie

- North-Central Oak Barrens
Domain § - Steigerwald Land Services
- Open Water

Figure22. Vegetative cover map difie Steigerwaldtelocatable siteand surrounding areas

(from USGSttp://landfire.cr.usgs.gov/viewer/viewer.hth

Note that tower location has been changed since this map was m&ee. site layout @p for the new
tower location. Please do not be confused.

Table8. Percent_and cover information &he Steigerwaldtelocatable site(from USGS,
http://landfire.cr.usgs.gov/viewer/viewer.hth

Vegetation Type Area(km?) Percentage
DevelopedOpen Space 0.02 6.23
DevelopedLow Intensity 0.00 0.29
LaurentianAcadianNorthern Hardwoods Forest 0.19 60.27
Boreal White Spruc€irHardwood Forest 0.08 26.37
LaurentianAcadian PindHemlockHardwood Forest 0.00 0.49
Boreal Acidic Peatland Systems 0.01 4.61
LaurentianAcadian Alkaline Conifétardwood Swamp 0.00 0.49
LaurentianAcadian Shrubierbaceous Wetland System 0.00 1.26
Total Area Sq Km 0.31 100.00
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The ecosystenaround tower and inside the major airshésl aspen dominatedegeneratingforest.
Trees are mainly regenerating saplifigam the near clearcut 10 years ago. Meameightis ~5.5 m and
treesgrow actively (~0.6 m per yeaAssume the construction at this site will be in 2012 or 2013, which
will give canopy height ~ 7 ifthe mean canopy height will be expected to reach ~ 12 m afyearsof
operation, which is approximately by the time NEON relocatable tower decommissioned at this site.
Stem density is very higind estimated to be ~4008a”, but this is likely to decrease as the forest stand
matures It is very difficult to walk through. 8@ trees at the south end of the site were not harvest in
last harvest and a few mature single trees (~20 m) are dotted around site. The height of seedlings and
sapling ranges from 1 m to 5.5 m without obvious strata. The shatlthe siteare ~2 m tall. Grass
forms the understory on theofest floor level with height ~0.3 m. The soil had few small stones, but
some boulders were present.

Steigerwaldt site is small (only <400 mwWEdirection and <800 m-8 direction).Forest management
plots are shrinkingat north Wisconsinand Steigerwaldt is considered relatively large in the region.
Aspentreesare harvestd every 40years and used to make paper. The northeast corner of the property
was the driest area and the site became wetter towards the south arsl.we

Table9. Ecosystem and site attributes fihve SteigerwaldtRelocatable site.

Ecosystem attributes Measure and units

Mean canopy heighat constructior? 7.0m
Surface roughnesa construction® 1.0m
Zero place displacement heighat construction® 50m
Mean canopy heighat 8" year of operatior? 12.0m
Surface roughnesat 8" year of operatiorf 20m
Zero place displacement heighit 8" year of operatior? 9.0m
Structural elements Regenerating young trees, actively grc
Time zone Centraltime zone
Magnetic declination 2° 32' W changing by 0° 5' W/ye

Note, ® Fromfield surveyand best estimategor the time at the construction, which will require top
measurement level at 13 m above ground.

. 840 SadAayYLriSa oe& GKS GAYS GKFG b9hb G286SNJ Aa RS
which will require top measurement level at 21 m above ground, therefore, FCC should design and
budgetadequate tower heightihead andallow theincreaseof the top measurement level to 21 m.
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2 ) ¥ @ A L

Figur23. Regenerting northe
Relocatable site

rm hardwood forest isettiorﬁinnteystem type &teigerwaldt
4.3 Soils

4.3.1 Description of soils

Soil data and soil mag=elow for Steigerwaldtower site were collected from.8km? NRCS soil maps
(http://websoilsurvey.nrcs.usda.gov/app/HomePage.htom determine the dominant soil types in the

larger tower foot print. This was de 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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Figure24. Soil map of theSteigerwaldiRelocatablesite and surrounding areas.

Soil Map Units DescriptionThe map units delineated on the detailed soil maps in a soil survey
representsthe soils or miscellaneous areas in the survey area. The map unit descriptions in this report,
along with the maps, can be used to determine the composition and propertiesuaftaA map 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 and named according to the taxonomic classification of the
dominant soils. Within a taxonomic clas&re are precisely defined limits for the properties of the soils.

On the landscape, however, the soils are natural phenomena, and they have the characteristifityariab

of all natural phenomenarhus, the range of some observed properties may extencieé the limits
defined for a taxonomic claséreas of soils of a single taxonomic class rarely, if ever, can be mapped
without including areas of other taxonomic classes. Consequently, every map unit is made up of the soils
or miscellaneous areas for which it is named and some minor components ¢hatdoto taxonomic
classes other than those of the major soldost minor soils have properties similar to those of the
dominant soil or soils in the map unit, and thus they do not affect use and management. These are
called noncontrasting, or similar,amponents. They may or may not be mentioned in a particular map
unit description. Other minor components, however, have properties and behavioral characteristics
divergent enough to affect use or to require different management. These are called corgrast
dissimilar, componentsThey generally are in small areas and could not be mapped separately because
of the scale used. Some small areas of strongly contrasting soils or miscellaneous areas are identified by
a special symbol on the maps. If includedthe database for a given area, the contrasting minor
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components are identified in the map unit descriptions alonchveibme characteristics of eachA.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
observations to identify all the soils and miscellaneous areas on the landstaperesence of minor
components in a map unit in no way diminishes thefuess or accuracy of the data. The objective of
mapping is not to delineate pure taxonomic classes but rather to separate the landscape into landforms
or landform segments that have similar use and management requiremertte. delineation of such
segmelts on the map provides sufficient information for the development of resource plamgensive

use of small areas is planned, however, onsite investigation is needed to define and locate the soils and
miscellaneous area#\n identifying symbol precedegbe map unit name in the map unit descriptions.
Each description includes general facts about the unit and gives important soil properties and qualities.

Soils that have profiles that are almost alike make gpihseriesAll the soils of a series have major
horizons that are similar in composition, thickness, and arrangement. Soils of a given series can differ 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 dividedaitphasesMost of the

areas shown on the detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or manageméiur example, Alpha silt loam, 0 to 2 percent slopes,

is a phase of the Alpha seri€&ome map units are made up of two or more major soils or miscellaneous
areas. These map units are complexes, associations, or undifferentiated grAgpsaplexconsistof

two or more soils or miscellaneous areas in such an intricate pattern or in such small areas that they
cannot be shown separately on the maps. The pattern and proportion of the soils or miscellaneous areas
are somewhat similar in all areas. AlpRatacomplex, 0 to 6 percent slopes, is an example.

associatioris made up of two or more geographically associated soils or miscellaneous 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 relative proportion of the soils or miscellaneous areas are somewhat sigilae:

Beta association, 0 to 2 percent slopes, is an exandpiendifferentiated groups made up of two or

more soils or miscellaneous areas that could be mapped individually but are mapped as one unit
because similar interpretations can be made for use and management. The pattern and proportion of
the soils or nscellaneous areas in a mapped area are not uniform. An area can be made up of only one
of the major soils or miscellaneous areas, aaib be made up of all of therAlpha and Beta soils, 0 to 2
percent slopes, aran example. Some surveys includescelaneous areasSuch areas have little or no

soil material and support little or no vegetation. Rock outcrop is an examplitional 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 reports define some of the properties included in the map unit descriptions.

Table10. Soil series and percentage of soil series withdkm?’ at the Steigerwaldsite
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Lincoln County, Wisconsin (WI069)

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

KwC Keweenaw sandy loam, 6 to 15 18.2 1.6%
percent slopes

Lo Loxley and Dawson peats, 0 to 1 211 1.8%
percent slopes

Lu Lupton, Cathro, and Markey mucks, 147 1.3%
0 to 1 percent slopes

Ms Minocqua and Capitola mucks, 0 to 261 22%
2 percent slopes

MxB Moodig sandy loam, 0 to 4 percent £681.8 58.1%
slopes

PaB Padwet sandy loam, 1 to 6 percent 128 1.1%
slopes

PbB Padwood sandy loam, 1 to 6 percent 18.1 1.5%
slopes

PeB Pence-Padus sandy loams, 1to 6 330 28%
percent slopes

PeC Pence-Padus sandy loams, 6 to 15 45 0.4%
percent slopes

SaC Sarona-Pence sandy loams, 6 to 15 68 0.6%
percent slopes

SbhB Sarwet sandy loam, 2 to 6 percent 2024 17.2%
slopes

VsB Vilas-Sayner loamy sands, 1 to 6 159 1.4%
percent slopes

VsC Vilas-Sayner loamy sands, 6 to 15 397 3.4%
percent slopes

VsD Vilas-Sayner loamy sands, 15 to 35 297 25%
percent slopes

W Water 493 4.2%

Totals for Area of Interest 1,173.9 100.0%

Lincoln County, WisconsikwQ Keweenaw sandy loam, 6 to 15 percent slopédap Unit Setting
Elevation: 600 to 1,300 feet Mean annual precipitation: 26 to 33 inches Mean annual air temperature:
41 to 45 degrees F Freiee period: 100 to 140 dayMap Unit CompositionKkeweenaw and similar
soils: 100 percenDescription of KeweenawSetting Landform: Moraines Landform position (two
dimensional): Backslope, shoulder Doeslope shape: Convex Acreslspe shape: Convex Parent
material: Sandy drifProperties and qualitiesSlope: 6 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 high to high (0.57 to 1.98 in/hr) Dépto water table: More than 80 inches Frequency of
flooding: None Frequency of ponding: None Available water capacity: Low (about 5.7 inches)
Interpretive groups Land capability (nonirrigated): 3e Other vegetative classification: Acer
saccharum/VacciniuaViburnum (AVVbJypical profileO to 4 inches: Sandy loam 4 to 20 inches: Loamy
fine sand 20 to 43 inches: Sand 43 to 60 inches: Fine sandy loam
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Lincoln County, Wisconsihor Loxley and Dawson peats, 0 to 1 percent slopd&p Unit Setting
Elevation: 60Go 1,800 feet Mean annual precipitation: 22 to 34 inches Mean annual air temperature:
39 to 45 degrees F Frefee period: 60 to 140 daylap Unit CompositionLoxley and similar soils: 75
percent Dawson and similar soils: 25 percBmscription of Loxleysetting Landform: Depressions on
outwash plains, depressions on moraines Landform position-fiweensional): Toeslope Dowsiope
shape: Concave Acresibpe shape: Concave Parent material: Organic mater@erties and qualities
Slope: 0 to 1 percent [p¢h to restrictive feature: More than 80 inches Drainage class: Very poorly
drained Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high (0.14 to
5.95 in/hr) Depth to water table: About O inches Frequency of flooding: NoaguEncy of ponding:
Occasional Available water capacity: Very high (about 25.9 intitespretive groupsLand capability
(nonirrigated): 7w Other vegetative classification: Not Assigned (acid organic soils) Tiaiog) profile

0 to 20 inches: Peat 2 60 inches: MuclDescription of DawsorSetting Landform: Depressions on
outwash plains, depressions on moraines Landform position-ineensional): Toeslope Dowsiope
shape: Concave Acreskbpe shape: Concave Parent material: Organic material ovedysdrift
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 to transmit water (Ksat):
Moderately low to high (0.14 to 5.95 in/hr) Depth to water table: About 0 inches Erexyuof flooding:

None Frequency of ponding: Occasional Available water capacity: Very high (about 19.0 inches)
Interpretive groupsLand capability (nonirrigated): 7w Other vegetative classification: Not Assigned (acid
organic soils) (Naoflypical profile0 to 8 inches: Peat 8 to 40 inches: Muck 40 to 60 inches: Sand

Lincoln County, Wisconsibut Lupton, Cathro, and Markey mucks, 0 to 1 percent slopkgp Unit
Setting Elevation: 600 to 1,400 feet Mean annual precipitation: 22 to 44 inches Mean annual air
temperature: 39 to 46 degrees F Frdste period: 60 to 140 dayslap Unit CompositionLupton and
similar soils: 45 percent Cathro and similar soils: 35 percent Markey and similar soils: 20 percent
Description of LuptonSetting Landform: Drainageways orutwash plains, drainageways on moraines
Landform position (twedimensional): Toeslope Dowstope shape: Linear Acreskpe shape: Concave
Parent material: Organic materiroperties 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 (Ksat): Moderately low to high (0.14 to 5.95 in/hr) Depth to water table: About 0 inches
Frequency of flooding: None Frequency of ponding: Frequentallaiwater capacity: Very high (about
23.9 inches)nterpretive groupsLand capability (nonirrigated): 6w Other vegetative classification: Not
Assigned (nomacid organic soils) (Nnofljypical profileO to 24 inches: Muck 24 to 60 inches: Muck
Descriptionof Cathro Setting Landform: Drainageways on outwash plains, drainageways on moraines
Landform position (twedimensional): Toeslope Dowstope shape: Linear Acreskpe shape: Concave
Parent material: Organic material over loamy and/or silty drifoperties 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 (Ksat): Moderately low to high (0.14 to 1.98 in/hr) Depth to
water table: Abait O inches Frequency of flooding: None Frequency of ponding: Frequent Calcium
carbonate, maximum content: 25 percent Available water capacity: Very high (about 18.1 inches)
Interpretive groupsLand capability (nonirrigated): 6w Other vegetative classifina Not Assigned
(non-acid organic soils) (Nnoffjypical profileO to 15 inches: Muck 15 to 28 inches: Muck 28 to 60
inches: Loanbescription of MarkeySettingLandform: Drainageways on outwash plains, drainageways
on moraines Landform position (tw@imensional): Toeslope Dowslope shape: Linear Acreskope
shape: Concave Parent material: Organic material over sandy outvaglerties and qualitiesSlope: 0

to 1 percent Depth to restrictive feature: More than 80 inches Drainage class: Very poorlyddraine
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Capacity of the most limiting layer to transmit water (Ksat): Moderately low to high (0.14 to 5.95 in/hr)
Depth to water table: About 0 inches Frequency of flooding: None Frequency of ponding: Frequent
Calcium carbonate, maximum content: 5 percent Awddlavater capacity: Very high (about 15.8 inches)
Interpretive groupsLand capability (nonirrigated): 6w Other vegetative classification: Not Assigned
(non-acid organic soils) (Nnofypical profile0 to 36 inches: MucR6 to 60 inches: Sand

Lincoln Couty, WisconsinMst Minocqua and Capitola mucks, 0 to 2 percent slopbtp Unit Setting
Elevation: 800 to 1,900 feet Mean annual precipitation: 28 to 33 inches Mean annual air temperature:
36 to 45 degrees F Fregee period: 70 to 130 dayglap Unit Compogion Minocqua and similar soils:

65 percent Capitola and similar soils: 35 percddgscription of Minocqua Setting Landform:
Depressions on outwash plains, depressions on moraines, drainageways on moraines, drainageways on
outwash plains Landform positioftwo-dimensional): Toeslope Dowsiope shape: Concave, linear
Acrossslope shape: Concave Parent material: Loamy and/or silty drift over sandy and gravelly outwash
Properties and qualitiesSlope: 0 to 2 percent Depth to restrictive feature: More than 86hés
Drainage class: Poorly drained Capacity of the most limiting layer to transmit water (Ksat): Moderately
high to high (0.57 to 1.98 in/hr) Depth to water table: About 0 inches Frequency of flooding: None
Frequency of ponding: Frequent Calcium carbonatexximum content: 5 percent Available water
capacity: Moderate (about 7.0 incheB)terpretive groupsLand capability (nonirrigated): 6w Other
vegetative classification: Not Assigned (wet mineral soils) (Nhyipical profileO to 4 inches: Muck 4 to

33 nches: Silt loam 33 to 37 inches: Gravelly loamy coarse sand 37 to 60 inches: Coarse sand
Description of CapitolaSetting Landform: Depressions on outwash plains, depressions on moraines,
drainageways on outwash plains, drainageways on moraines Landfositiopo(two-dimensional):
Toeslope Dowsslope shape: Concave, linear Acrebkpe shape: Concave Parent material: Loamy
and/or silty drift over loamy tillProperties and qualitiesSlope: 0 to 2 percent Depth to restrictive
feature: More than 80 inches Drainage class: Poorly drained Capacity of the most limiting layer to
transmit water (Ksat): Moderately low to moderately high (0.14 to 0.57 in/hr) Depth to water table:
About 0 inchesFrequency of flooding: None Frequency of ponding: Frequent Calcium carbonate,
maximum content: 10 percent Available water capacity: High (about 9.1 inthiespretive groups

Land capability (nonirrigated): 6w Other vegetative classification: Not Askifet mineral soils)
(Nmin) Typical profileO to 5 inches: Muck 5 to 7 inches: Silt loam 7 to 22 inches: Silt loam 22 to 33
inches: Fine sandy loam 33 to 60 inches: Fine sandy loam

Lincoln County, WisconsitMxBt Moodig sandy loam, 0 to 4 percent slopedlap Unit Setting
Elevation: 700 to 1,950 feet Mean annual precipitation: 28 to 33 inches Mean annual air temperature:
39 to 45 degrees F FreBee period: 90 to 135 daydap Unit CompositiorMoodig and similar soils: 95
percent Minor components: 5 percer@escription of MoodigSetting Landform: Moraines Landform
position (twodimensional): Footslope Dowslope shape: Linear Acreslope shape: Concave Parent
material: Loamy tilProperties and qualitiesSlope: 0 to 4 percent Depth to restrictive featurepid

than 80 inches Drainage class: Somewhat poorly drained Capacity of the most limiting layer to transmit
water (Ksat): Moderately high to high (0.57 to 1.98 in/hr) Depth to water table: About 6 inches
Frequency of flooding: None Frequency of ponding: éNawmailable water capacity: Moderate (about 7.9
inches) Interpretive groups Land capability (nonirrigated): 2e Other vegetative classification:
Tsuga/MaianthemunCoptis (TMC), Acer saccharum/Hydrophyllum (AH), Acer sacciiessuga/
Maianthemum (ATM), Acesaccharuril suga/Maianthemum (ATMI)ypical profileO to 3 inches: Sandy

loam 3 to 5 inches: Gravelly sandy loam 5 to 22 inches: Gravelly sandy loam 22 to 53 inches: Sandy loam
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53 to 73 inches: Gravelly sandy loam 73 to 95 inches: Gravelly sandMioa@mComponents Capitola
Percent of map unit: 5 percehiandform: Depressions

Lincoln County, WisconsiPaB Padwet sandy loam, 1 to 6 percent slopeMap Unit Setting
Elevation: 700 to 1,900 feet Mean annual precipitation: 28 to 33 inches Mean annual airrsnrge

39 to 45 degrees F Fragee period: 90 to 120 dayslap Unit CompositionPadwet and similar soils:

100 percent Description of PadwetSetting Landform: Outwash plains Landform position (two
dimensional): Summit Dowslope shape: Convex Acreslspe shape: Convex Parent material: Loamy
drift over sandy and gravelly outwasgtoperties and qualitiesSlope: 1 to 6 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 high to high (0.57 to 1.98 in/hr) Depth to water table: About 30
inches Frequency of flooding: None Frequency of ponding: None Available water capacity: Moderate
(about 6.2 incheshterpretive groupsLand capability (nonirraged): 2e Other vegetative classification:
Acer saccharum/Viot@smorhiza (AViO), Acer saccharlisuga/Maianthemum (ATMiypical profileO

to 2 inches: Sandy loam 2 to 30 inches: Sandy loam 30 to 39 inches: Sandy loam 39 to 60 inches: Sand

Lincoln County WisconsinPbB Padwood sandy loam, 1 to 6 percent slopédap Unit Setting
Elevation: 700 to 1,900 feet Mean annual precipitation: 28 to 33 inches Mean annual air temperature:
39 to 45 degrees F Frefee period: 90 to 120 day®ap Unit CompositionPadwoa and similar sails:

100 percent Description of PadwoodSetting Landform: Lake plains Landform position (two
dimensional): Summit Dowslope shape: Convex Acreslepe shape: Convex Parent material: Loamy
drift over stratified loamy lacustrine deposits dnd sandy and gravelly outwasRroperties and
gualities Slope: 1 to 6 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
moderatdy high (0.14 to 0.57 in/hr) Depth to water table: About 30 inches Frequency of flooding: None
Frequency of ponding: None Available water capacity: Moderate (about 6.4 incegretive groups

Land capability (nonirrigated): 2e Other vegetative clasgifin: Acer saccharwmsuga/ Maianthemum
(ATM), Acer saccharum/Viedsmorhiza (AViO)ypical profileO to 4 inches: Sandy loam 4 to 15 inches:
Sandy loam 15 to 27 inches: Sandy loam 27 to 36 inches: Gravelly loamy sand 36 to 50 inches: Sand 50 to
70 incles: Stratified very fine sand to silt loam

Lincoln County, WisconsiReR PencePadus sandy loams, 1 to 6 percent slop&éap Unit Setting
Elevation: 600 to 2,000 feet Mean annual precipitation: 28 to 33 inches Mean annual air temperature:
36 to 45 degrees F Freiee period: 70 to 135 dayglap Unit CompositionPence and similar soils: 65
percent Padus and similar soils: 35 perc®uscripton of PenceSetting Landform: Outwash plains
Landform position (twalimensional): Summit Dowslope shape: Convex Acresspe shape: Convex
Parent material: Loamy drift over sandy and gravelly outwstperties and qualitiesSlope: 1 to 6
percent Depth ¢ restrictive feature: More than 80 inches Drainage class: Well drained Capacity of the
most limiting layer to transmit water (Ksat): High (1.98 to 5.95 in/hr) Depth to water table: More than 80
inches Frequency of flooding: None Frequency of ponding: Maadable water capacity: Low (about

4.4 inches) Interpretive groups Land capability classification (irrigated): 2e Land capability
(nonirrigated): 3e Other vegetative classification: Acer saccharsaga/ Maianthemum (ATM), Acer
saccharum/VioleDsmorhizgAViO)Typical profileO to 4 inches: Sandy loam 4 to 16 inches: Sandy loam
16 to 34 inches: Gravelly coarse sand 34 to 60 inches: Gravelly coardeesangbtion of Padu$etting
Landform: Outwash plains Landform position (tdicnensional): Summit Dowslope shape: Convex
Acrossslope shape: Convex Parent material: Loamy drift over sandy and gravelly ouRn@sdrties
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and qualitiesSlope: 1 to 6 percent Depth to restrictive feature: More than 80 inches Drainage class:
Well drained Capacity of the modmiting layer to transmit water (Ksat): Moderately high to high (0.57
to 1.98 in/hr) Depth to water table: More than 80 inches Frequency of flooding: None Frequency of
ponding: None Available water capacity: Low (about 5.1 incheejpretive groupsLand capability
(nonirrigated): 2e Other vegetative classification: Acer sacchdarsnga/ Maianthemum (ATM), Acer
saccharum/VioleDsmorhiza (AViOlypical profile0 to 3 inches: Sandy loam 3 to 4 inches: Sandy loam 4
to 11 inches: Sandy loam 11 to 29 inchestdgdoam 29 to 60 inches: Gravelly coarse sand

4.3.2 Soil semivariogram description

The goal of thisspect of thesite characterization is to determine the minimum distance between the
soil plots in the soil arraguchthat data farther aparcan be consided spatially independent. The
collectedfield datawill be usedo producesemivariograms, which is a geostatistical technique to
characterizespatial autocorrelation between mapped samples of a quantitative variadg §oil
property datain our case) In an empiricalsemiariogram, the averagef the squared differenceof a
responsevariableis computed fomll pairs of pointsvithin specifieddistance intervals (lag classe3he
output is presented graphically as a plot of the average samiarce versus distance class (FigRE.
For the theoretical variogram models considered here, the gari@nce will converge otie total
variance at distances for which values are no longer spatially@nelated (this is referred to as the
range, Figur 25).

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(€gure25), the range, the sill (the sill is the

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

are estimated from theoretical models thatrefitted to the empirical variograms ugima-linear 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 inforrmthienumdistance
betweeni) soil pldswithin each soil arrayij) the soil profile measurementsi) EP plots, aniV) the
microbial samplindpcations These data will directly inform NEON construction and site design
activities.
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Figure25. Example semivariogram, depicting rangd, aitd nugget.
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Figure26. 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 orl2 August

2010 at theSteigerwaldsite. The sampling points followed the spatially cyclic samplegign by Bond
Lamberty et al(2006)(Figure26). Soil temperature and moisture measurements were collected along
three transects (210 m, 84 m, and 84 m) located in the expected airsHeiigerwaldt Details of how
the airshed was determined are provided beld@®ail temperature was measured withatinum
resistance temperature sensors (RTD 810, Omega Engineerin§taimford CT) armbil moisture 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 Eguneasurements

were also taken 30 cm imdnt 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 takenmgtdiféerent

locations. In addition, 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 wre used for geospatial analyses of variograms in the R statistical computing language
with the geoR package to test for spatial autocorrelaifdrangmaset al. 1986; Webster & Oliver 1989;
Goovaerts 1997; Riberiro & Diggle 20amay estimate the distance necessary for independence among
soil plots in the soil arrayfo correct for changes temperature and moisture over the sampling period,

the stationary data was subtracted from the mobile data. In many instances a trend was still apparent in
the data even after subtracting the stationary data from the mobile data. This trend was corfected

by fitting a linear regressidbased on time of day, elevation, slope, and/or ased using the

residuals for the semivariogram analysis. Soil temperature and moisture data, R code, graphs, and R
output can be found atPAFIUFIU_Site_Characterizab\DXXYYYYY Y&haracterizatior5oil
MeasurementsSoil Data Analys{svhere XX = domain number and YYYYYYY = site name).

4.3.3 Results and interpretation
4.3.3.1 Soil Temperature

Soil temperature data residuals, after accounting for changes in temperature in therstatidata and
any remaining time of dayelevation, slope, and aspettend, were used for the semivariogram analysis
(Figure27). Exploratory data analysis plots show that theras no distinct patterning of the residuals
(Figure28, left graph) and diretionalsemivariograms do not show anisotro(iigure28, center graph).
An isotropic empirical semivariogram was produced and a spherical model was fitted using Cressie
weights (Figure8, right graph). The model indicates a distance of effective indepece of>100m for
soil temperature.
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Figure27. 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 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 semivariogram analysis.
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Figure28. Left graphs: exploratory data 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.

4.3.3.2 Soil watercontent

Soil water content data residuals, after accounting for changes in water content in the stationary data
and any remaining time of daglevation, and aspedtend, were used for the semivariogram analysis
(Figure29). Exploratory data analysis pshow that there wastill somepatterningof the residuals

which is not desirable for semivariogram analyBigure30, left graph) but directional semivariograms

do not show anisotropy (Rige 30, center graph)An isotropic empirical semivariogramaw/produced

and a spherical model was fitted using Cressie weidttpire30, right graph)The model indicates a
distance of effective independence »100m for soil water content.
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Figure29. Left graph: mobile (circles) and stationary (line) wailer content data. Center graph: water
content data after correcting for changes in water content in the stationary data (circles) and a linear
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regression based on time of day (line). Right graph: residual water content data after correcting for
changes ater content 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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Figure30. Left graphs: exploratory data analysis plots for residuals of soil water content. Center graph:
directiond semivariograms for residuals 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 ersdegree 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 cost constraints. The estimated distance of
effective independence wasl00m for soil temperature anét100m for soil moisture. Based on these
results and the site design guidelines the soil plotStaigerwaldshall be placed0m apart. The sail
array shall follow the linear soil array design (Soil Array Pattern B) kéthdil plots being 5 m x 5 m.
Thedirection of the soil array shall [#40° from the soil plot nearest the tower (i.e., first soil plot). The
location of the first soil plot will be approximated.509590;89.585164 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
characterizingail horizon depths, collecting soil for siépecific sensor calibration, and collecting soil
for the FIU soil archive will be located4#.51011-89.58440(primary location); o45.51010-89.58476
(alternate location 1 if primary location is unsuitahler45.510109;89.58537alternate location 2 if
primary location is unsuitable). A summary of the soil information is shown in Takbled site layout

can be seen in FiguBd.

Dominant soil series at the sitBtoodig sandy loam, 0 to 4 percent s&egp The taxonomy of this soil is
shown below:

Order. Spodosols

Suborder Aquods

Great group Epiaquods
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Subgroup Alfic Epiaquods
Family. Coarsdloamy, mixed, superactive, frigid Alfic Epiaquods
Series Moodig sandy loam, 0 to 4 percent slopes

Tablell. Summary of soil array and soil pit informatiorSaigerwaldt 0° represents true north and
accounts for declination.

Soil plot dimensions 5mx5m

Soil array pattern B

Distance between soil plots: x 40m

Distance from tower to closest soil plot: y 18m

Latitude and longitude of*isoil plot OR 45.509590;89.585164

direction from tower

Direction of soil array 240¢

Latitude and longitude of FIU soil pit 1 45.51011-89.58440(primary location)
Latitude and longitude of FIU soil pit 2 45.51010-89.58476(alternate 1)
Latitude and longitude of FIU soil pit 3 45.510109;89.58537alternate 2)
Dominant soil type Moodig sandy loam, 0 to 4 percent slopes
Expected soil depth >2m

Depth to water table 0.15m

Expecteddepth of soil horizons Expected measurement depths
0-0.08 m (Sandy loam 0.04m

0.08-0.13m (Gravelly sandy loajn 0.11m"

0.13-0.56 m (Gravelly sandy loajn 0.35m"

0.56-1.35m (Sandy loam 0.96m

1.351.85 m (Gravelly sandy loam) 1.60 m*

1.852 m (Gravelly sandy loam) 2.00m

"Actual soil measurement depths will be determined based on measured soil horizon depths at the
NEON FIU soil pit and may differ substantially from those shown here.
AExpected depth of soil G8ensors (subject to soil horizon depths)
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Flgure31 ‘Site layout aStelgerwaldishowmg soil array and Iocatlon of the FIU soil pit.

4.4 Airshed
44.1 Seasonal windroses

Wind roses analytically determine and graphically represent the frequencies of wind direction and wind
speed over a given timeserieS.he weather data used to generate the following wind roses froen
Rhinelander Oneida CounfigHI) airport(45.631,-89.465), which is ~17 km from tower sifBerrain is

flat in this region. We assume that the wind patterns at RHI are similar to the onesr aiitolihe
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 longespoke show wind directions with the largest frequency. These
wind roses are subdivided into as 24 cardinal directions.
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4.4.2
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Results (graphs for wind roses)

" WIND ROSE PLOT!

COMMENTS:
Dom_05_TroutLake Steigerwald & Tree Haven; Lat: 45.504889 Long: -89.588111 Convention: Blowing From
RHINELANDER ONEIDA Sign: KRHI; Lat: 45.631 Long: -89.465; Jan-Mar 2007; Separation: 16.995 km
NORTH
15% . e— *‘
; r 2% . {
3 3 B go/:,\ N \ TOTAL COUNT: CALM WINDS:
| 2088 hrs. 13.79%
TAVG. WIND SPEED: -
3.56 m/s |
3 COMPANY NAME:
Rl NATIONAL ECOLOGICAL
| OBSERVATORY
| NETWORK, Inc.
d | MODELER N
, |
| Ted Hehn
WIND SPEED =
5 (mis) | DATE:
. e # ; - 211012009
5, 88-11.1 [
s e, % 57-88 |
< 36- 57 |
. ol | 21- 38
T ! B o521
Resultant Vector :SOUTH Calms: 13.79% |
l 286 deg - 32% N o PROJECTNO.:
WIND ROSE PLOT: I COMMENTS:
| Dom_05_TroutLake Steigerwald & Tree Haven; Lat: 45.504889 Long: -89.588111  Convention: Blowing From
RHINELANDER ONEIDA Sign: KRHI; Lat: 45.631 Long: -89.465; Apr-Jun 2007; Separatian: 16.995 km i
\ 'NORTH
; 5 10%.
1 ’ ao/q\' b %
% S 6"/;‘ y \\ \\ TOTAL COUNT: CALMWINDS:
; kY 2124 hrs. 23.87%
AVG. WIND SPEED:
) 3.08 m/s
‘ ! COMPANY NAME:
| GWEST i Bl NATIONAL ECOLOGICAL
| ) OBSERVATORY
NETWORK, Inc.
A ‘," : MODELER:
\ 5 k o 3 Ted Hehn
i WIND SPEED e
| \ (m/s) ) |
% 4 - 2/10/2009 1
: " Bl ss-11 |
% . B 5788
) Wl 657
% B 21-38
. Wl os-21

Resultant Vector =
I 338 deg - 14% T

Calms: 23.87%

PROJECT NO.:

WRPLOT View - Lakes Environmental Software
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WIND ROSE PLOT S o T cowments o 1
Dom_05_TroutLake Steigerwald & Tree Haven; Lat: 45.504889 Long: -89.588111  Convention: Blowing From |
RHINELANDER ONEIDA Sign: KRHI; Lat: 45.631 Long: -89.465; Jul-Sept 2007; Separation: 16.995 km
NORTH
10%
8%
6% | TOTAL COUNT CALM WINDS:
2134 hrs. 26.66%

252mis
COMPANY NAME
EASP NATIONAL ECOLOGICAL
OBSERVATORY
NETWORK, Inc.
|

MODELER:
Ted Hehn

WIND SPEED

(m/s)

. - 211012009

Bl oes-

W s7-es

M zs-s7

21-38
M os- 21

Caims: 26.66%

Resuitant Vector ™
I 287 deg - 25% sou PROJECT MO
WRPLOT View - Lakes Envecnmentsl Schware

" Wino ROSE PLOT [ T comnts
Dom_05_TroutlLake Steigerwald & Tree Haven; Lat: 45.504889 Long: -89.588111  Convention: Blowing From
RHINELANDER ONEIDA Sign: KRH; Lat: 45.631 Long: -89.465; Oct-Dec 2007; Separation: 16.995 km

NORTH

10%

6% "ToraL count CALM WINDS
2179 hrs. 19.37%

AVG. WINO SPEED.

| [ 347 mis
‘ COMPANY NAME ‘
EAST
ol | NATIONAL ECOLOGICAL
| | OBSERVATORY
NETWORK, Inc.
| |
[ wooeLER
| Ted Hehn
WIND SPEED e
(mis)
oy | 211012000
| JCTRRIE]
M s7-ss
B 657
21- 38
M os- 2

Resultant Vector
'— SOUTH Caims: 19.37% |
282 deg - 26% PROJECT NO.

F;Buﬂre‘ézm\’/“vsrﬁ"d roses fronSteigerwaldt
Data used here ar2007 data fromRhinelandeiOneida CountyRHI) airpor{45.631,-89.465), which is
~17 km from NEON tower sitelt is assumed that the wind data was corrected for declination. Panels

are (from top to bottom) JaiMar, AprJun, JuSept, and OebDec.
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443 Resultant vectors

Tablel2. The resultant wind vectors frorBteigerwaldiRelocatable siteising hourly data i2007.

Quarterly (seasonal) timeperiod Resultant vector % duration
January to March 286 32

April to June 338 14

July to September 287 25
October to December 282 26

Annual mean 298.2% na.

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 cambt(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 havstrong 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 daytindesp@edse.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 @tslof 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, ttesify according to the real

ecosystem struetre after FIU site characterization at site. Rur&dnd 46 representthe expected
conditions for summer and winter conditions, respectively, with maximum and mean windspeeds
(daytime convective) and nighttime (stable atmospheres) conditions. The watdnfor 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 calculatthe angle from centerlineThis 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.

Page620f115


http://www.geos.ed.ac.uk/abs/research/micromet/EdiTools/

o . - . Author. Date
n e ;.3 n Title DO5SFIU Site CharacterizatioiBupporting Data Ayres/ Luo/ Loescher 09126/2011

NEON Doc.:#NEONDOC.011057 Revision: B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Because the forest is actively growiaigthis site the canopy height and required measurement height
will change over time. We present two sets of footprint analysis outcbelewfor the time during
construction (or at the beginning of operation) and for the time at the end"ofegr of geration,
whichis approximatehe time to decommission NEON tower at this site.

Tablel3. Expected environmental controls to parameterize the source area model based on the wind
roses forRhinelander Oneida CounfigHI) airportand associated results f&teigerwaldiRelocatable
tower siteat construction

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 | Convective| convective | Stable | qualitative

Measurement height 13 13 13 13 13 13 m

Canopy Height 7 7 7 7 7 7 m

Canopy area density 3 3 3 15 15 15 |m

Boundary layer depth 2000 2000 900 900 900 700 | m

Expected sensibl 350 350 -9 180 180 76 | W m?

heat flux

Air Temperature 28 28 20 -5 -5 -10 | °C

Max. windspeed 11.6 3.6 1.6 11.6 4.6 26 |ms!

Resultant wind vector 255 255 255 287 287 287 | degrees

Results

(zd)/L -0.01 -0.19 0.18 0.00 -0.06 1.80 |m

d 5.60 5.60 5.60 5.00 5.00 500 | m

Sigma v 3.30 1.90 1.80 3.30 1.70 1.70 | m*s?

Z0 0.31 0.31 0.31 0.43 0.43 043 |m

u* 1.50 0.53 0.16 1.60 0.67 0.16 |ms'

Distance source area 0 0 0 0 0 0 m

begins

Distance of 90% 600 300 | 1100 | 600 450 2000 | m

cumulative flux

Distance of 80% 300 200 600 300 300 1300 | m

cumulativeflux

Distance of 70% 200 150 400 250 200 850 |m

cumulative flux

Peak contribution 45 35 55 45 35 155 | m

Table14. Expected environmental controls to parameterize the source area model based on the wind
roses forRhinelandeOneida CountyRHI) airportand associated results f&teigerwaldiRelocatable
tower siteat the end of 8 year of operation

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
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(max WS) | (mean WS) (max WS) | (mean WS)
Atmospheric stability | Convective| convective | Stable | Convective convective | Stable | qualitative
Measurement height 21 21 21 21 21 21 m
Canopy Height 12 12 12 12 12 12 m
Canopy area density 3 3 3 15 15 15 |m
Boundary layer depth 2000 2000 900 900 900 700 | m
Expected sensibl 350 350 -9 180 180 76 | W m?
heat flux
Air Temperature 28 28 20 -5 -5 -10 | °C
Max. windspeed 11.6 3.6 1.6 11.6 4.6 26 |ms!
Resultant wind vector 255 255 255 287 287 287 | degrees
Results

(zd)/L -0.01 -0.25 0.52 -0.01 -0.08 3.00 | m
d 9.80 9.80 9.80 9.00 9.00 9.00 | m
Sigma v 3.40 1.90 1.70 3.30 1.70 1.60 | m*s?
Z0 0.48 0.48 0.48 0.66 0.66 0.66 | m
u* 1.50 0.56 0.13 1.60 0.69 0.06 |ms'
Distance source area 10 0 50 0 0 450 |m
begins
Distance of 20% 800 400 | 1900 | 800 600 3500 | m
Distance of 80% 480 250 | 1100 | 480 350 3100 |m
cumulative flux
Distance of 70% 300 120 750 300 250 2700 | m
cumulative flux
Peak contribution 65 45 125 65 55 1425 |m

4.4.5

By the time of construction:

Results (source aregraphs)
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Figure33. SteigerwaldtiRelocatable site summer daytime (convective) footprint output with max wind

speedat construction
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Figure34. SteigerwaldtiRelocatable site summer daytime (convective) footprint outpithwnean wind
speedat construction
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