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1 DESCRIPTION

1.1 Purpose

Data collected, analyzed and described here are used to inform the site design activities for NEON
project Teams: EHS (permitting), FCC, ENG and FSU. This report was made based on actutd site visit
the 3 NEON sites in Domaib6. This document presentsll the supporting data for FIU site
characterizatiorat D16.

1.2 Scope

FIU site characterization data and analysis results presented in this document are tbrebD16
tower locationsWind River Experimental Forggtdvanced)Thayer(Relocatable 1) andbhby Roadsite
(Relocatable 2)issues and concerns for each site that naether revieware also addressed in this
document according to our best knowledge.

Disclaimerall latitude and longitude points arsulject to the tolerances of our measuremesystem,
i.e., GPS.
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2 RELATED DOCUMENT®ACRONYMS
2.1 Applicable Documents

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

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

AD[03]

AD[04] | NEON.DOC.01102%IUPrecipitation Collector Site Design Requirements

2.2 Reference Documents

ROO01] NEONDOCD00008 NEONtronym List

RO02] NEONDOC000243 NEON Glossary of Terms

ROO3]

RO04]

2.3 Verb Convention
"Shall" is used whenever a specificatiexpresses a provision that is binding. The verbs "should" and

bYFébh SELINB&aa y2ynYlyRIFEI2NE LINROAAAR2YAD bh2Afftbh A&
of the design activity.

Page2 of 114



j o . - . Author. Date
n e :. n Title: FIU D& Site CharacterizationSupporting Data Ayres/ Luo/ Loescher 09/26/2011

NEON Doc.::NEONDOC011065 Revsion B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

3 WIND RIVER EXPERIMEBN FORESADVANCED TOWER SITE)
3.1 Sitedescription
NEON tower site at Wind River loca@45.820488;121.95191245° 49' 13.7562-121° 57' 6.8826"

The site is located in the Wind River valley of the southern Washington Cascade Range, approximately
75 km east of Portland, Oregon, nearébn, Washington. The Wind River-gidwth forest, in the

southern Cascade Range of Washington State, is a cool (average annual temperature, 8.7"C), moist
(average annual precipitatio2223mm), 500yearold Dougladir-westem hemlock forest of moderate

to low productivity at371 m elevation on a less than 10% slope. There is a seasonal snowpack
(November March), and rairon-snow and freezingain events are common in winter. Local geology is
characterized by volcanic rocks and deposits of Micocenad@ige Micocengligocene (mixed)

Micocene and Quaternary age, as well as intrusive rocks of Miocene age. Soils are medial, mesic, Entic
Vitrands that are deef2-3 m), well drained, loams and silt loams, generally stone free, and derived

from volcanic tepha. The vegetation is transitiondletween the Western Hemlock Zone and the Pacific
Silver Fir Zone, and the understory is dominatedibg maple, salal, and Oregon grape. Stand structural
parameters have been measured on-aaplot. There are eight spies of conifers, with a stand density

of 427trees ha'andbasal area 082.9m2 ha'. Dominant conifers include Dougifis(3 5 trees ha),

western hemlocK224trees ha'), Pacific Pacific yew (86 trees hY, western red cedar (30 trees P

and Racific silver fir (47 trees F3. The average height of Douglisis 52.0m (tallest tree, 64.6 m),

whereas western hemlock averages 19.0 m (tallest tree, 55.7 m). The regional disturbance regime is
dominated by higkseverity tomoderateseverityfire, from which this forest is thought thave

originated. There is no evidence that fire has occurred in the forest after establishment. Primary agents
of stand disturbance, which act at the individual to small groups of trees scale, are wind, snew load
and drought, in combination and interacting with rewit and buttrot fungi, heartrot fungi, dwarf

mistletoe, and bark beetles. The forest composition is slowly shifting from dominance by Dfiglas
shadeintolerant species, to western hemlock, stern red cedar, Pacific yew, and Pacific silver fir, all
shadetolerant species. The Wind River @tbwth forest fits the regional definition of Dougtéis"old

growth" on western hemlock sites A y ¥ 2 & 2 HehldyBa¥ Seffing®fYhe Wind Rived-@fowth

Fores€¢ Shawet al. (2004)at http://www.fs.fed.us/pnw/pubs/journals/pnw_2004 shaw001.pdf
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Figurel. NEON candidate site tower location and boundary map

3.2 Ecosystem

The bllowing forest and understorinformationA & TENdoYicaletting of the Wind River-Old
growth Forest B. €. Shawt al. (2004
http://www.fs.fed.us/pnw/pubs/journals/mw_2004_shaw001.pgif

Forest characterizationThewind River olegrowth forest has eight coniferous species, including
Douglasfir, western hemlock, western red cedar (Thuja plicata), Pacific yew (Taxus brevijolia), Pacific
silver fir, noble fir (Abieprocera), grand fir (Abies grandis), western white pine (Pinus monticola), and
two small stature angiosperms, cascara (Rharnnus purshiana) and Pacific dogwood (Cornus nuttallii).
Red alder (Alnus rubra) occurs in some canopy gaps along the ephemeral. stte@mthe 1999 basal
area of conifers is 82.9 m2 fhafalling in the midrange (5029 nfha®) of 450- to 500-yearold stands
reported by Franklimnd Waring (1980) in the Pacific Northwest. Averdgesity of all trees is 427

stems h&. Themajority o trees are western hemlock (224.0 treles™); however, Douglafir is the
dominant speciesvith respect to basal area (35.4*ma™), followedby western hemlock (26.9 Tha™)

and westerrred cedar (16.5 fha”). Average height dbouglasfir is 52.0 mwith the tallestiree being
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64.6 m, much less than the maximuraights of Douglafir, which often reach 780 min more
favorable sites (Franklin and Warihg80). Western hemlock height averages 19.Qwith the tallest
tree being 55.4 m. This is inghange of maximum attainable heights (66 m) reported by Franklin
and Waring (1980). The verticsttucture of the forests described imletail by Parker and colleagues
(2004). The heighand diameter distribution of Dougl&#s indicate aclassic shaglintolerant cohort of
trees that are nobeing replaced by reproduction. Westenemlock, western red cedar, Pacific yew,
and Pacifisilver fir are shade tolerant and reproducivwell.

Understory vegetationA total of seven plant associations were &dyrom the 64 subplotsising a

report by Topik and colleagugd986). These include, fromet-site to drysite indicators, Western
HemlocklLady FernAthyrium Jlkieminag) (two subplots)Western Hemlock/Foamflowef {arella
frgoliata) (four subplots) Western HemlockJAlaska Hucklebgigaccinium alaskaengsalal (two
subplots) Western HemlocklVanilla Leaf (2 3 subpldfggstern Hemlock/Oregon Grape (two subplots),
Western Hemlock/Oregon Graggalal (20 subplotsagnd Western HemlocklSalal (1 1 sudig). This
diversity of habitat types at theubplot level reflects the diversity of microhabitatross the site. The
wetter north and northeasportions of the plot keyed to wetter plant associatiotizaracterized by lady
fern, foamflower, andranilla leaf. The uphill portion of the plot isharacterized by salal and Oregon grape.

Vegetationand land coveinformation atsurrounding regiorof NEON sitare presented below
Legend

Vegetation Type

- Barren

- Developed-Low Intensity

- East Cascades Mesic Montane Mixed-Conifer Forest and Woodland
I:l Introduced Upland Vegetation-Perennial Grassland and Forbland
- Introduced Upland Vegetation-Shrub

- North Pacific Alpine and Subalpine Dry Grassland

- North Pacific Broadleaf Landslide Forest and Shrubland

- North Pacific Dry-Mesic Silver Fir-Western Hemlock-Douglas-fir Forest

- North Pacific Hypermaritime Western Red-cedar-Western Hemlock Forest
- North Pacific Lowland Riparian Forest and Shrubland

- North Pacific Maritime Dry-Mesic Douglas-fir-Western Hemlock Forest
- North Pacific Maritime Mesic-Wet Douglas-fir-Western Hemlock Forest
- North Pacific Mesic Western Hemlock-Silver Fir Forest

- North Pacific Montane Riparian Woodland and Shrubland

- North Pacific Montane Shrubland

- North Pacific Mountain Hemlock Forest

- North Pacific Swamp Systems

- North Pacific Wooded Volcanic Flowage

- Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest
- Northern Rocky Mountain Ponderosa Pine Woodland and Savanna
- Pseudotsuga menziesii Giant Forest Alliance

- Pseudotsuga menziesii-Quercus garryana Woodland Alliance
- Rocky Mountain Aspen Forest and Woodland

Figure2. Vegetative cover map &¥ind Rivetower siteand surrounding areas
(information is from USG8ttp://landfire.cr.usgs.gov/viewer/viewer.htn

130 s

Tablel. Percent Land cover type ¥lind RiverAdvancesite
(information is from USGS§ttp://landfire.cr.usgs.gov/viewer/viewer.hth
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Veg_Type Area_km?2| Percentage
Barren 0.006 0.015
DevelopedLow Intensity 0.019 0.046
East Cascades Mesic Montane Mp@aohifer Forest and Woodland 0.626 1.536
Introduced Upland/egetationPerennial Grassland and Forbland 0.075 0.183
Introduced Upland Vegetatie8hrub 0.001 0.001
North Pacific Alpine and Subalpine Dry Grassland 0.001 0.002
North Pacific Broadleaf Landslide Forest and Shrubland 0.126 0.310
North PacifiDry-Mesic Silver Fiwestern Hemloclbouglasfir Forest 7.902 19.384
North Pacific Hypermaritime Western ReddarWestern Hemlock

Forest 0.157 0.385
North Pacific Lowland Riparian Forest and Shrubland 0.620 1.522
North Pacific Maritime DAvesicDouglasfir-Western Hemlock Forest 26.084 63.982
North Pacific Maritime Mesi@/et Douglagir-Western Hemlock Fores 1.777 4.360
North Pacific Mesic Western Hemle8Kver Fir Forest 2.202 5.401
North Pacific Montane Riparian Woodland and Shrubland 0.140 0.343
North Pacific Montane Shrubland 0.007 0.018
North Pacific Mountain Hemlock Forest 0.001 0.002
North Pacific Swamp Systems 0.720 1.765
North Pacific Wooded Volcanic Flowage 0.004 0.009
Northern Rocky Mountain Diylesic Montane Mixed Conifdforest 0.109 0.266
Northern Rocky Mountain Ponderosa Pine Woodland and Savanna 0.000 0.001
Pseudotsuga menziesii Giant Forest Alliance 0.017 0.043
Pseudotsuga menziesjiuercus garryana Woodland Alliance 0.020 0.050
Rocky Mountain Aspen Forest avitbodland 0.153 0.376
Area_Total 40.767 100

According tathe FIU field surveyhie dominatedtree species around tower location and in the airshed
are Douglas fir, hemlock and yewverage tree height is ~50 m. Lowest branch is betwed® @n.
These large trees are spaced-20 m apart.Tree trunks are covered by mosses, which indicates high
humidity environment year roundMaples and some other small trees forms understory with height ~ 8
m. Understory is fairly open, except for the cleastigat were created by the tree falleriVegetation on
forest floor is ~ 0.3 m tall.
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Figure3. Ecosystem at th&#Vind Riversite.

Table2. Eosystem and site attributes faind RiverAdvanced tower site.

Ecosystem attributes Measure and units
Meancanopy height 50m
Surface roughness 6m
Zero place displacement height 38m
Structural elements Tall oldgrowth conifer forest
Time zone Pacifictime zone
Magnetic declination 16° 14' E changing by 0° 9' W/ye

Note,*Fromfield observation

3.3 Soils

3.3.1 Soil description

NRCS soil map and data were not available foitired Rivessite, but did cover some of the

surrounding areaAccording to Shaw et al. (2004) the soil surrounding the canopy crane at Wind River
belongs to the Stabler series.
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Soil data and soil maps below for the Wind River site were collected firikm? NRCS soil maps
(http://websoilsurvey.nrcs.usda.gov/app/HomePage.Ntta determine the dominant soil types in the
larger tower foot print. This was done to assure that the soil array is in the dominant (or in-the co
dominant) soil type present in the tower footprint.

121° 5855
121° 85 10

45°505 4TS T

asTaz oy astaz o

Map Scale: 1:22,500 If panted on Asize (3.57  117) sheat.

R o 300 600 1,200 1,800

o 1,000 2,000 4,000 6,000

G
2
&

121° 857 18°

Figure4. Soil map of th&Vind Rivesite and surrounding areas.

Soil Map Units Description The map units delineated on the detailed soil maps in a soil survey
represents the soils or miscellaneous areas in the survey area. The map unit descriptions in this report,
along with the maps, can be used to determine the composition and properties oft.afumap 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 clasgete are precisely defined limits for the properties of the
soils. On the landscape, however, the soils are natural phenomena, and they have the characteristic
variability of all natural phenomena. Thus, the range of some observed properties may exiend be

the limits defined for a taxonomic class. Areas of soils of a single taxonomic class rarely, if ever, can be
mapped without including areas of other taxonomic classes. Consequently, every map unit is made up
of the soils or miscellaneous areas forighit is named and some minor components that belong to
taxonomic classes other than those of the major sdilest 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 manageifiesse
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are called norcontrasting, or similar, components. 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 requdifferent management. These are called
contrasting, or dissimilar, components. They 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 idntified by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with some
characteristics of each. A few areas of minor components may not hava bbserved, 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 landscapeThe presence of mor components in a map unit in no way diminishes the usefulness or
accuracy of the data. The objective of mapping is not to delineate pure taxonomic classes but rather to
separate the landscape into landforms or landform segments that have similar usmamagement
requirements. The delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however, onsite investigation
is needed to define and locate the soénd miscellaneous areas. An identifying symbol precedes the
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 gpibseries All 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 divideiinthasesMost of the

areas shown on the detailed soil maps are phases of soil series. T he hame of a soil phase commonly
indicates a feature that affects use or managarh For example, Alpha silt loam, 0 to 2 percent slopes,

is a phase of the Alpha series. Some map units are made up of two or more major soils or miscellaneous
areas. These map units are complexes, associations, or undifferentiated grauqueplkexconsists of

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. AlBeta complex, O to 6 percent slopes, is an example. An
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 ivélye su

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 similar- Alpha
Beta association, 0 to 2 percent slopes, i€gample. Arundifferentiated 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 =ils or miscellaneous areas in a mapped area are not uniform. An area can be made up of only one
of the major soils or miscellaneous areas, or it can be made up of all of them. Alpha and Beta soils, 0 to
2 percent slopes, are an example. Some surveysdamiscellaneous areasSuch areas have little or

no soil material and support little or no vegetation. Rock outcrop is an example. Additional information
about the map units described in this report is available in other soil reports, which give pesper

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.
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Table3. Soil series and percentage of soil seridthin 10.5km? at the Wind River site

Gifford Pinchot National Forest Area, Washington (WAT60)

Mo soil data available I‘orlthis soil survey area. |
Totals for Area of Interest 2,586.6 100.0% |
Skamania County Area, Washington (WAG59)

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

A Aschoff-Rock outcrop complex, 30 to 65 2026 7.8%
percent slopes

83 Fillery fine sandy loam 8932 3.6%

90 Riverwash 1.6 0.1%

93 Rock outcrop-Xerorthents complex, 50 to 50 692 2.T%
percent slopes

119 Stabbart clay loam 4.6 0.2%

120 Stabler loam, 0 to 8 percent slopes 4479 17.3%

121 Stabler loam, 8 to 30 percent slopes 30.7 1.2%

158 Washougal gravelly loam, 2 to 8 percent 56.1 2.2%
slopes

159 Washougal gravelly loam, 8 to 30 percent 2701 10.4%
slopes

160 Washougal gravelly loam, 30 to 50 percent 46.5 1.8%
slopes

177 Water 126 0.5%

Subtotals for Soil Survey Area 1,235.2 47.8%

Totals for Area of Interest 2,586.6 100.0%

Skamania County Area, Washingtom Z\schoffRock outcrop complex, 30 to 65 percent slopes Map
Unit SettingElevation: 400 to 2,100 feet Mean annual precipitation: 60 to 115 inches Mean annual air
temperature: 45 b 54 degrees F Frofiee period: 125 dayMap Unit CompaositionAschoff and similar
soils: 55 percent Rock outcrop: 35 perc@mscription of Aschoff Settingandform: Mountain slopes
Properties and qualitieSlope: 30 to 65 percent Depth to restrictivaafare: 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) Depth to water table: More than 80 inches Frequency of flooding: None
Frequency of ponding: dhe Available water capacity: Low (about 5.7 incte®rpretive groupsLand
capability (nonirrigated): 7&@ypical profile0 to 12 inches: Very gravelly loam 12 to 47 inches: Very
gravelly loam 47 to 60 inches: Very gravelly lda@scription of Rock Outop Properties and qualities
Slope: 30 to 65 percent Depth to restrictive feature: 0 inches to lithic bedrbekpretive groupsLand
capability (nonirrigated): 8s

Skamania County Area, Washingt&3t Pillery fine sandy loanMap Unit SettingMean annual

precipitation: 100 inches Mean annual air temperature: 46 degrees Ffeasperiod: 110 to 130 days

Map Unit CompositiorPillery and similar soils: 100 percddscription of PillerySettingLandform:

Terraces, flood plainBroperties and qalities Slope: 0 to 3 percent Depth to restrictive feature: 40 to

60 inches to strongly contrasting textural stratification Drainage class: Moderately well drained Capacity
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of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 in/hr) ID&ptvater table: About

36 to 48 inches Frequency of flooding: Occasional Frequency of ponding: None Available water capacity:
Moderate (about 6.2 inchediterpretive groupsLand capability (nonirrigated): 3Wypical profileO to 9

inches: Fine sandy loaénto 20 inches: Stratified fine sandy loam to silt loam 20 to 45 inches: Stratified
loamy fine sand to fine sandy loam 45 to 60 inches: Very gravelly loamy sand

Skamania County Area, Washingt®dt RiverwashMap Unit CompositiorRiverwash: 100 percent
Description of RiverwastSettingLandform: DrainagewayRroperties and qualitiesSlope: 0 to 5
percent Depth to water table: About O to 24 inches Frequency of flooding: Fretptenpretive groups
Land capability (nonirrigated): Bypical profileO to 60 irches: Error

Skamania County Area, Washingt®3t Rock outcropXerorthents complex, 50 to 90 percestopes
Map Unit SettingMean annual precipitation: 50 inches Mean annual air temperature: 54 degrees F
Frostfree period: 140 dayMap Unit CompositiorRodk outcrop: 65 percent Xerorthents and similar
soils: 25 percenbDescription of Rock Outcroproperties and qualitiesSlope: 50 to 90 percent Depth to
restrictive feature: 0 inches to lithic bedrotiiterpretive groupsLand capability (nonirrigated): 8s
Degription of XerorthentsSettingLandform: Escarpmenfroperties and qualitieslope: 50 to 90
percent Depth to restrictive feature: 10 to 60 inches to lithic bedrock Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksktdderately 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 3.3 incHegrpretive groupsLand capability (nonirrigated): 7e
Typicalprofile O to 6 inches: Gravelly loam 6 to 31 inches: Very gravelly loam 31 to 35 inches:
Unweathered bedrock

Skamania County Area, Washingtdi 9t Stabbart clay loaniMap Unit SettingMean annual

precipitation: 95 inches Mean annual air temperature: 46rdeg F Frostree period: 125 daydlap

Unit CompositionStabbart and similar soils: 100 perc&escription of StabbarSettingLandform:
FansProperties and qualitiesSlope: 0 to 3 percent Depth to restrictive feature: More than 80 inches
Drainage classSsomewhat poorly drained Capacity of the most limiting layer to transmit water (Ksat):
Moderately high (0.20 to 0.57 in/hr) Depth to water table: About 6 to 12 inches Frequency of flooding:
None Frequency of ponding: None Available water capacity: Higlui(aor inches)nterpretive
groupsLand capability (nonirrigated): 6Wypical profile0 to 13 inches: Clay loam 13 to 37 inches: Clay
loam 37 to 60 inches: Clay loam

Skamania County Area, Washingtd20t Stabler loam, 0 to 8 percent slopddap Unit Setting

Elevation: 600 to 1,600 feet Mean annual precipitation: 80 inches Mean annual air temperature: 45
degrees F Frodtee period: 125 dayMap Unit CompositiorStabler and similar soils: 100 percent
Description of StableGettingLandform: TerraceBroperties and qualitiesSlope: 0 to 8 percent Depth

to restrictive feature: More than 80 inches Drainage class: Well drained Capacity of the maost limiting
layer to transmit water (Ksat): Moderately high to high (0.57 to 1.98 in/hr) Depth to water tables Mor
than 80 inches Frequency of flooding: None Frequency of ponding: None Available water capacity: High
(about 9.6 inchednterpretive groupsLand capability (nonirrigated): Zgypical profile0 to 9 inches:

Loam 9 to 37 inches: Loam 37 to 60 inches: Shaiy

Skamania County Area, Washingtd21t Stabler loam, 8 to 30 percent slop&dap Unit Setting
Elevation: 600 to 1,600 feet Mean annual precipitation: 80 inches Mean annual air temperature: 45
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degrees F Frodtee period: 125 dayMap Unit CompositiorStabler and similar soils: 100 percent
Description of Stable6ettingLandform: Terraces, mountain slop@soperties and qualitiesSlope: 8 to

30 percent Depth to restrictive feature: More than 80 inches Drainage class: Well drained Capacity of
the most Imiting 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: High (about 9.6 inchédsderpretive groupsLandcapability (nonirrigated): 4&ypical

profile 0 to 9 inches: Loam 9 to 37 inches: Loam 37 to 60 inches: Sandy loam

Skamania County Area, Washingtd@8t Washougal gravelly loam, 2 to 8 percent slopdsp Unit
SettingMean annual precipitation: 60 to 90ahes Mean annual air temperature: 48 degrees F Frost

free period: 165 dayMap Unit CompositionNVashougal and similar soils: 100 percBeiscription of
WashougalSettingLandform: TerraceBroperties and qualitieSlope: 2 to 8 percent Depth to
restrictivefeature: 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) Depth to water table: More than
80 inches Frequency of flooding: None Frequency of pontinge Available water capacity: Low

(about 5.1 inchednterpretive groupsLand capability (nonirrigated): 3gpical profile0 to 11 inches:
Gravelly loam 11 to 44 inches: Very gravelly loam 44 to 60 inches: Very gravelly coarse sandy loam

Skamania Canty Area, Washingtorl59t Washougal gravelly loam, 8 to 30 percent slopgdap Unit
SettingMean annual precipitation: 60 to 90 inches Mean annual air temperature: 48 degrees + Frost
free period: 165 dayMap Unit CompositionNVashougal and similar soils: 1p8rcentDescription of
WashougalSettingLandform: Terraces, escarpmefsoperties and qualitiesSlope: 8 to 30 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) Depth to water table:
More than 80 inches Fregucy of flooding: None Frequency of ponding: None Available water capacity:
Low (about 5.1 inchesiterpretive groupsLand capability (nonirrigated): 4igypical profileO to 11

inches: Gravelly loam 11 to 44 inches: Very gravelly loam 44 to 60 inchegrsfeelly coarse sandy

loam

Skamania County Area, Washingtd®0t Washougal gravelly loam, 30 to 50 percent slopgdap Unit
SettingMean annual precipitation: 60 to 90 inches Mean annual air temperature: 48 degrees + Frost
free period: 165 dayMap Unit CompositionWashougal and similar soils: 100 percBaiscription of
WashougalSettingLandform: Escarpmenfroperties and qualitiesSlope: 30 to 50 percent Depth to
restrictive feature: More than 80 inches Drainage class: Well drained Capacity of thémilirsg 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 inchednterpretive groupsLard capability (nonirrigated): 7€ypical profile0 to 11 inches:
Gravelly loam 11 to 44 inches: Very gravelly loam 44 to 60 inches: Very gravelly coarse sandy loam

Skamania County Area, Washingtd7 7t Water Map Unit CompositiorWater: 100 percent

3.3.2 Soilsemivariogram 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 considered spatially independent. The
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collectedfield datawill be usedo producesemivariograms, which is a geostatistical technique to
characterizespatial autocorrelation between mapped samples of a quantitative varigtg §oil
property datain our case).In an empiricalsemiariogram, the averagef the squared differencsof a
responsevariableis computed fomll pairs of pointsvithin specifieddistance intervals (lag classe3he
output is presented graphically as a plot of the average sarance versus distance class (Figyre
For the theoretical variogram models considered here, the gar@nce will converge athe total
variance at distances for which values are no longer spatially@nlated (this is referred to as the
range, Figur®).

For the theoretical variogramsonsidered here,Hree parameters estimated from thaata 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{€gure5), the range, the silfthe sill is the asymptotic
value of semiariance at the range), and the nugget (which describes sampling error or variation at
distances below those separating the closest pairs of sampléd®).range, sill and nuggate estimated

from theoretical moels thatarefitted to the empirical variograms using mdinear 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 wilttrenform theminimumdistance
betweeni) soil ploswithin each soil arrayii) the soil profile measurementsi) EP plots, ani) the
microbial samplindgocations These data will directly inform NEON construction and site design
activities.

T5.5)
Partial !
Sill ;
|
; Range E
Mucgel { - ')
Distance

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

Field measurements of soil temperaturel@ cm) and moisture (@5 cm) wergaken on8 June2010 at
the Wind Rivessite. The sampling points followed the spatially cyclic sampling design bylBaomiakerty
et al.(2006)(Figure6). Soil temperature and moisture measurements weoHlected abng three
transects (210 m, 84 m, and 84 m) located in the expected airshétrat River Details of how the
airshed was determined are provided beldBoil temperature was measured wipfatinum resistance
temperature sensors (RTD 810, Omega EngineémingStamford CT) arsil moisture was measured
with time domain diaelectric sensors (CS616, Campbell Scientific Inc., Logan UT)

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

were also taken 30 cm finont 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 takearst 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 collectedvere used for geospatial analyses of variograms in the R statistical computing language
with the geoR package to test for spatial autocorrelaiidrangmaret al. 1986; Webster & Oliver 1989;
Goovaerts 1997; Riberiro & Diggle 20amayl estimate the distance necessary for independence among
soil plots in the soil arrayfo correct for changda temperature and moisture over the sampling period,
the stationary data was subtracted from the mobile data. In many instances a time of day trend was still
apparent in the data even after subtracting the stationary data from the mobile data. This tidsg/o

trend was corrected for by fitting a linear regression and using the residuals for the semivariogram
analysis. Soil temperature and moisture data, R code, graphs, and R output can be found at:
PAFIUFIU_Site_CharacterizatiddXXYYYYY Y&haracterizgon\ Soil Measuremenisoil Data Analysis
(where XX = domain number and YYYYYYY = site name).
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3.3.3 Results and interpretation
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 (Fig&eploratory data
analysis plots show that them@as no distinct peerning of the residual§Figures, left graph) and
directionalsemivariograms do not show anisotroffyigure8, center graph)An isotropic empirical
semivariogram was produced and a spherical model was fitted using Cressie W€ightss, right

graph). The model indicates a distance of effective independendendfor soil temperature.
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Figure?. Left graph: mobile (circles) and stationary (line) soil temperature data. Center graph:
temperature data after correcting for changes inmperature 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 w
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 semivariogram (circles)
and mocel (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 semivariogram analysis (Sigbax@loratory

data analysis plots show that theveas no distinct patterning dhe residuals (Figur0, left graph) and
directionalsemivariograms do not show anisotroffyigurel0, center graph)An isotropic empirical
semivariogram was produced and éepical model was fitted using Cressie weidlfigurel0, right
graph).The model indicates a distance of effective independencroffor soil water content.
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Figure9. Left graph: mobile (circles) and stationary (line) soil water content dataeCegraph: 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 content in the siahary 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 semivariograms for rieluals of water content. Right graph: empirical semivariogram (circles)
and model (line) fit to residuals of water content.

3.3.3.3  Soil array layout and soil pit location

The minimum distance allowable between soil plots is 25 m to ensure a degree of spasdnddnce

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 wagm for soil temperatureand3 m for soil moisture. Based on these results
and the site design guidelines the soil plot&\ind Riveishall be place@5m apart. The soil array shall
follow thelinearsoil array desigSoil ArrayPattern B)with the soil plotsbeing 5 m x 5 m.he direction

of the soil array shall b80(° from the soil plot nearest the tower (i.e., first soil plot). The location of the
first soil plot will be approximate5.82033;121.95348 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%.816306°;121.950639{primary location); o#5.816304°;
121.950191alternate location 1 if primary location ismsuitable); 015.816283°;121.949229°
(alternate location 2 if primary location is unsuitable). A summary of the soil information is shown in
Table4 and site layout can be seen in Figlte

Dominant soil series at the sit8tabler The taxonomy ofhis soil is shown below:
Order. Andisols

Suborder Udands

Great group Hapludands

Subgroup Vitric Hapludands

Family Medial, amorphic, mesic Vitric Hapludands

Series Stabler
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Table4. Summary of soil array and soil pit information/dind River 0°represents true north and

accounts for declination.

Soil plot dimensions 5mx5m
Soil array pattern B
Distance between soil plots: x 25m
Distance from tower to closest soil plot: y 123m°

Latitude and longitude of*isoil plot OR
direction from tower

45.82033;121.95348

Direction of soil array

300°

Latitude and longitude of FIU soil pit 1

45.816306°;121.950639{primary location)

Latitude and longitude of FIU soil pit 2

45.816304°;121.950191(alternate 1)

Latitude and longitude of FIU soil pit 3

45.816283°;121.949229alternate 2)

Dominant soil type

Stabler

Expected soil depth

>2m

Depth to water table

>2m

Expecteddepth of soil horizons

Expected measurement depths

0-0.23 m (Loam 0.12m"
0.23-0.94m (Loam) 0.59m”
0.94-1.52m (Sandy loamn 1.23m"
2m 2.00m

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

NEON FIU solil pit and may differ substantially from those shown here.
"Expected soil G@ensor depth (actual depths will be determined based on the FIU soil pit)

$The land owner requested that the soil plots be located outside the reach of the crane boom arm. First

soil plot location is near the end of an existing boardwalk from the crane.
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J» Tower_45.820488,-121.951912

Access
route

Soil Pit 2: 45.816304° -121.950191°_ Soil Pit 1: 45.816306°, -121.850639°

SolljRit|3:745:816283:1-1211:949229%
L]

DFIR alti¥45'81264,1-121"94910 >,
=St «.(Google

image U'S" Geological Sutvey

Eyealt 65611t (

Imagery Date: Jul 1, 2006 lat 45817630° lon-121951101° elev 12121t

Figurell Site layout aWVind Riveishowing soil array and location of the FIU soil pit.

34 Airshed
34.1 Seasonal windroses

Wind roses analytically determine and graphically represent the frequencies of wind direction and wind
speed over a given timeserie$he data used to make the wind rodeslow are2006 datacollected at

Win River Cranayhich is orsite. The orientation of the windrose follows that of a compass (assume
declination applied). When we describe the wind directions it should be notedhbgtare the cardinal
direction that wind blows from. The directions of the rose with the longest spoke show wind directions
with the largest frequency. These wliroses are subdivided into as 2drdinal directionsn this case
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3.4.2 Results (graphs fowind roses)

Domain_16 Core site, lat; 45.82048811, long;-121.951912 convention: blowing from

Windriver Canopy Crane, APR-JUN 2006

NORTH

WEST

Resultant Vector

SOUTH
327 deg - 30%

15%

12%
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WIND ROSE PLOT PLAY COMMENT
Domain_16 Core site, lat; 45.82048811, long;-121.951912 convention: blowing from Wind Speed
Windriver Canopy Crane, JAN-MAR 2006 Direction (blowing from)
NORTH
15% DATA PERIOE
2006
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! 1 } ! s COMPANY NAME
Weat: ! i EAST, National Ecological
, Observatory Network
H. Loescher
: WIND SPEED —
| (m/s)
3 B -1 5/15/2010
; Il ss-111
i M 57-88
] Wl 3s-57
! [ 21-38
i Il os-21
Resultant Vector v SOUTH Caims: 17.07%
358 deg - 43% ! FRGELTY
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VMHV ROSE PLOT Ton PLAY COMMENT
Domain_16 Core site, lat; 45.82048811, long;-121.951912 convention: blowing from Wind Speed
Windriver Canopy Crane, JUL-SEPt 2006 Direction (blowing from)
TNORTH
20%
DATA PERIOD
2006
16% Jul 1 - Sep 30
00:00 - 23:00
12% TAL COUN ALV WINE
0.54%
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| WEST
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Page210f114




j o . - . Author. Date
n e :. n Title: FIU D& Site CharacterizationSupporting Data Ayres/ Luo/ Loescher 09/26/2011

NEON Doc.::NEONDOC011065 Revsion B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

WIND ROSE FL SF
Domain_16 Core site, lat; 45.82048811, long;-121.951912 convention: blowing from Wind Speed
Windriver Canopy Crane, OCT_DEC_2006 Direction (blowing from)

TNORTH

2006
8% Oct 1 - Dec 31
00:00 - 23:00

6%
2876 hrs. 12.38%

1.39mis

e EAST |

National Ecological
Observatory Network

H. Loescher
WIND SPEED
(mis)
5/15/2010

B =111
Il ss-111
Il s7-s8s
Il 3s-57
[ 21-36
Ml o521
Calms:

Ims: 12.38% |
SOUTH FROE

Resultant Vector
318 deg- 18%

F‘igure12. Windroses foWind RiverAdvanced tower site

The data used to make these wind roses 2806 data from Wind River crank.is assumed that the
wind data was corrected for declination. Panels are (from top to bottom) January to December.
3.4.3 Resultant vectors

Tableb. The resultant wind vectors froM/ind Rivewusing hourly data in 2006

Quarterly (seasonal) timeperiod Resultant vector % duration
January to March 358 43

April to June 327 30

July to September 312 41
October to December 318 18

Annual mean 329 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 havetrong vertical mixing between the ecosystem and atmosphere (surface layer).
Stable conditions typically have long source area and associated waveforms. Convective turbulence is
often characterized by short mixing scales (scalar) and moderate daytindespéedse.g.,1-4 m &

Higher wind speeds, like those experienced over the Rockies, are often the product of mechanical
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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 theesawea.

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/EdiTog)sMinds 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 centerlinbérstte 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.

Table6. Expected environmental controls to parameterize the source area model, and associated results

for Wind Rivermdvanced 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 86 86 86 86 86 86| m
Canopy Height 50 50 50 50 50 50| m
Canopy area density 10 10 10 8 8 8| m
Boundary layer depth 2000 2000 850 850 850 850 | m
Expected sensibl W m?
heat flux 380 380 -1 75 75 -1
Air Temperature 27 27 18 9 9 -10 | °C
Max. windspeed 5.8 2.2 1.1 6.8 2 1.5 ms'
Resultant wind vector 315 315 315 360 360 360 | degrees
Results

(zd)/L -0.32 -1.5 1.3 -0.06 -0.64 0.13| m
d 44 44 44 44 44 44 | m
Sigma v 2.3 1.9 1.6 1.8 1.00 1.7 | m’s?
Z0 1.3 1.3 1.3 14 14 14| m
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u* 0.82 0.48| 0.07 0.85 0.39 0.16 | m s’
Distance source area m
begins 0 0 0 0 0 0
Distance of 90%
cumulative flux 1250 450 | 3250 2000 750 2500 | M
Distance of 80%
cumulative flux 800 300| 2700 1750 450 1750 M
Distance of 70%
cumulative flux 600 200| 2250 950 300 1300| M
Peak contribution 185 65 865 255 95 305 m
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3.5

Results (source area graphs)

-
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Figurel3. summer, daytime, max wind speed
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3.5.1 Site design and tower attributes

The location of the tower at this site45.820488;121.951912, which is exactly the gting tower site
at Wind RiverNo new NEON tower structure will be constructed at this site.

According to the wind roses,imd can blow from any direction throughout the year. But wind blows
most frequently from the airshed betweeny nx | ¢y Rf @ Ph ¥ A & SEddy b®aYianeeysanic U
wind and air temperaturdoom armsorientation toward thewestwill be bes to capture signals from
allwind directionsRadiation boom armshould always be facing south to avoid any shadowing effects
from the tower structure.

Aninstrument hut should be outside the prevailing wind airshed to avoid disturbance in the
measurements of wind and should be positioned to have the longer side parallel to frequent wind
direction to minimize the wind effects on instrument huts and to minimize the distocks ¢ wind

regime by instrument hut. Howevedt this site the existing instrument hut, which is within the tower
pad,will be taken dowrand the NEON instrument hut will be placed within the pad at a location agreed
with the land ownerThis locationwill be used tgplace NEON instrument hutvhich will be shared by
Wind River and NEON. However, the timeline and procedordhis transitionare currentlyto be
determined Theinstrument hut should be positionetd have the longer side parallel 8&=NW

direction.

The dominated tree species around tower location and in the airshed are Douglas fir, hemlock and yew.
Average tree height is ~50 m. Lowest branch is betwe#&h B.Bottom of the majority of the canopy is

at ~ 35 mMaples and some other small treeams understory with height ~ 8 m. Vegetation on forest
floor is ~ 0.3 m talWe require8 measurement layer®n the tower with top measurement heig at 86

m, andremaining levelare 60m, 50m, 42m, 35m, 20 m, 8mand 0.3m, respectively, to best

characterize the fluxes on the tower top and environmental conditions in profile.

DFIRocation is a¥5.81264;:121.949D, which is 890m southeastto tower. The rain gauge is located
in the openingnext to a parking lotThe distance between this location to the closest tree is ~135 m.
Given the tree height around this opening is ~ 4Gms distanceis notfar enough to meet USCRN class
1 siting criteria (# times the height of any obstacle taller in heigiat) DFIRbut meet the USCRN class 2
siting criteria (2 times the height of any obstacle taller in heightyet deposition collectomwill

collocate at the top of the tower. See AD 04 for further information and requirements for bulk
precipitation collection and wedeposition collection.

The site layout is summarized in the table belonemometer/temperature boom arm directions
from the towertoward the prevailing wind direction or designated orientatidnstrument hut
orientation vectoris parallel to the long side of the instrument huistrument hut distance s the
distance from the center of tower projection to the center of the instrument hut projection on the
ground. The numbering of th@measurement levelss that the lowest isdvel one, and each subsequent
increase in height is numbered sequentiall

Table7. Site design and tower attributes fa@¥ind RiverAdvanced site.
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0° is true north with declination accounted for. Color of Instrument hut exterior shathhdo best
match the surrounding environment.

Attribute lat long degree meters notes
Airshed area CNRY H Clockwise from
opnx first angle
Tower location 45.820488, -121.951912 -- -- samesite
Instrument hut Use existing

instrument hut
locationwithin
the tower pad
Exact location
within the pad

requires
landowner
agreement.
Instrument hut orientation -- -- 135°-315° Pending
vector landowner
agreement
Instrument hut distance z - -- -- Unknown,
RARY !
measure
Anemometer/Temperature -- -- 270¢ --
boom orientation
DFIR 45.81264, -121.94910
Height of the measurement
levels
Level 1 0.3 m.a.g.l.
Level 2 8.0 m.a.g.l.
Level 3 20.0 m.a.g.l.
Level 4 35.0 m.a.g.l.
Level 5 42.0 m.a.g.l.
Level 6 50.0 m.a.g.l.
Level 7 60.0 m.a.g.l.
Level8 86.0 m.a.g.l.
Tower Height 86.0 m.a.g.l.
See AD 03 for technical requirement to determine the boom height for the bottom most measurement
level.

Figure below shows the proposed tower location, instrument hut location, DFIR, airshed area and access
road.
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J» Tower_45.820488,-121.951912

Access

route

Soil Pit 2: 45.816304° -121.950191°_ Soil Pit 1: 45.816306°, -121.850639°

SolljRit|3:745:816283:1-1211:949229%
L]

DFIR alt=145:81264-121"94910
£12011/Google

«.(Google

Eyealt 65611t (

Figurel9. Site layout foWind RivelAdvanced tower site.
i) Tower location is presented (red pin),riéd lines indicate the airshed 2 dzy Rl NA Sa @ +S0021
opnx O6YF22NJ ANEKSRY Of2016Aa&aS FTNBY wHynx0v g2dZ R
distortions, respectiveljii) Yellow line is the suggested access road to instrumentiuurple pin is

DFIR location

Boardwalks | f GAYIF GSfex GKS RSOAA&AAZ2Y (G2 dzaS | 062F NRgl f ]
There are strong science requirements that minimize site disturbance to the surrounding area, which
will be difficult to manage over a 30period. Traffic combl is key to minimizing the site disturbance.
Confining foot traffic to boardwalks minimizes site impact; this is particularly true in places where wear
caused by foot traffic becomes noticeable and grows. For example, in places with snow part @frthe ye
worn footpaths tend to have low places that collect water, or places where the snow pack becomes
uneven causing personnel to walk farther and farther around the sides of the original path, causing the
path to grow in width. This is a very common pheramon. FIU assumes that all conduits will be either
buried, or placed inside the boardwalk such that it does not extend beyond tbg(3814 m).The
boardwalk to access the tower is not on any side that has a boom.
Specific Boardwalks &l¥ind RiverAdvance site:
o A forest road goes directly to the tower pad, which is also where the instrument hut will be
located, so no new boardwdlath is necessary.
e Boardwalk to the soil array. Note that a narrow boardwalk (~0.4 m wide) is already present from
the tower site towards the first soil plot. This boardwalk ends A8beforethe first soil plot.The
existing boardwalk is not wide enough for an ATV or ttaesed Geoprobdéype machine.
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¢ Noboardwalkfrom the soil arraypoardwalkto the individual soil plots
¢ Noboardwalkor pathneeded to DFIR site

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

Option 1, anemometer boom facing (generic) West Z

/_ Tower entrance
\ o%

Anemometer boom, 4 m

Boardwalk distance TDB, average 25 m, in this case 17 m Instrument Hut )

n

Figure20. Generic diagram to demonstration the relationship between tower and instrument hut when
boom facingsouth and instrument hut on theasttowards the tower

This is just a generic diagranThe actualayout of boardwalk(or path if no boardwalk requiredhnd
instrument hut positionwill be thejoint responsibility of FCC adUu At Wind RivelAdvancedsite, the
boom angle will be270 degrees, instrument hukbcation is TBPthe distance between instrument hut
and tower isunknown since the IH is TBDhe instrument hut vector will béEENW (135x-315x,
longwise)

3.5.2 Information for ecosystem productivity fots

The tower at Wind River Advanced site has been positioned to optimize the collection of the air/wind
signals both temporally and spatially over the desired ecosystem (Dougtabdinlock forest). Wind

can blow from any direction during the year,thuas higher frequency from 280° to 350° (clockwise
from 280°). 90% signals for flux measurementsraegnly froma distance< 1250m from tower during
daytime and 80% withirBOO m. But during nighttime, signals can be from > 2 km away from tower
during righttime. We suggest FSU Ecosystem Productivity plots are placed within the bound&&x of

to 350x (clockwise fronB50°) from tower.

3.6 Issues and attentions

The tower at this site is a canopy crane. At all the other NEON candidate sites at&asigred with

input from NEON will be used. It is possible that the difference in tower structure could influence the
tower-based measurements, but given the relatively long boom arms that will be used by NEON, this is
not expected to significanly impadte science.

The landowners require that the instrument hut be placed within the existing tower pad (exact location
is to be determined). The FIU design would typically place the instrument hut outside of the dominant
airshed and at least 14 m from the tew(in a forest ecosystem), but due to the land owners request
this will not occur at this site.

The land owners would not allow the soil plots to be placed within the radius of the loading jib, which
extends 85 m from the toweilherefore, the first soplot is 123 m from the tower. It is important that
the soil measurements can be related to the tower measurements, therefdmost NEON sitdbe

Page350f114



n e ;.3 n Title: FIU D6 Site CharacterizationSupporting Data

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Author. Date
Ayres/ Luo/ Loescher 09/26/2011
NEON Doc.:ANEONDOQ011065 Revsion B

first soil plotwill typicallybe about 1530 m from the tower. However, the forest structure is similar a
the soil array and tower and given the expected large footprint for the flux measurements this is not

expected to significantly impact the science at this site.

The soil array is on the edge of the dominant airshed, rather than within the airshed,deeiteare was

an existing boardwalk to the soil array location. If the soil array was placed directly within the airshed an
additional boardwalk would have been necessary from the tower to the soil array, which would have
increased disturbance to the sit€he vegetation and soil at the soil array is similar to that within the

airshed, therefore, the location of the soil array on the fringes of the airshed is not expected to

significantly imapct the science at this site.
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4 THAYERRELOCATEABLE TOWER
4.1 Sitedescription

The Thayer site is managed by the Washington Department of Natural Resources (WDNR). The site is
harvested for timber, and managed according to WDNR guidelines. The site was privately owned at the
time of the last timber harvest, but was acoedrby WDNR prior to rplanting.

Thayer .
Domain 16 - Pacific Northwest !

. — A Candidate Relocatable Tower
115,000 wsee s § = i [ 2km x 2km

Figure21. Thayersite and candidate tower location.
4.2 Ecosystem

Vegetation type and land cover information at this relocatable site are presented below:
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) candidate Relocatable Tower

[ 2km x 2km

veg_type

EVT_NAME

I Barren

[ Developed-Medium Intensity

] Developed-Roads

[ ] Developed-Upland Deciduous Forest
Il Developed-Upland Evergreen Forest
[ ] Developed-Upland Herbaceous

[l Developed-Upland Mixed Forest
I Developed-Upland Shrubland

] East Cascades Mesic Montane Mixed-Conifer Forest and Woodland

"] North Pacific Dry-Mesic Silver Fir-Western Hemlock-Douglas-fir Forest
[ North Pacific Hypermaritime Western Red-cedar-Western Hemlock Forest

"1 North Pacific Maritime Dry-Mesic Douglas-fir-Western Hemlock Forest
I North Pacific Maritime Mesic-Wet Douglas-fir-Western Hemlock Forest

Domain mTrgyﬁ Northwest "F I Herbaceous Wetlands
Y, ‘— P = Il Introduced Upland Vegetation-Perennial Grassland and Forbland
B Introduced Upland Vegetation-Shrub
e . s [ North Pacific Broadleaf Landslide Forest and Shrubland
‘8 P e
2
a) w2 Il North Pacific Lowland Riparian Forest and Shrubland
‘|— ) - :4
““‘ s ¥ oovey
:‘_‘ . : : bl [ I North Pacific Mesic Western Hemlock-Silver Fir Forest
" 2 I North Pacific Montane Riparian Woodland and Shrubland
K . I North Pacific Montane Shrubland
\" “\_-‘ 3o [ North Pacific Mountain Hemlock Forest
L ‘b* : I North Pacific Swamp Systems
. ) I North Pacific Wooded Volcanic Flowage
I hes [ Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest
z ] Pseudotsuga menziesii Giant Forest Alliance

o [ Recently Disturbed Forest

[ Rocky Mountain Aspen Forest and Woodland
Figure22. Vegetative cover map dtie Thayerelocatable siteand surrounding areas

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

Table8. Percent_and cover information at th€hayemelocatable sitgfrom USGS,

http://landfire.cr.usgs.gov/viewer/viewer.htmh

Il Pseudotsuga menziesii-Quercus garryana Woodland Alliance
[ Recently Disturbed Developed Upland Evergreen Forest

Area_Km | Percentag
Vegetation Type 2 e
Herbaceous Wetlands 0.00007 0.002
Introduced Upland VegetatieRerennial Grassland and Forbland 0.00392 0.098
North Pacific Broadleaf Landslide Forest and Shrubland 0.13506 3.377
North Pacific DAMesic Silver Fiwestern HemloclDouglasfir Forest 0.00090 0.022
North Pacific Hypermaritime Western ReddarWestern Hemlock Forest 0.00090 0.022
North Pacifid.owland Riparian Forest and Shrubland 0.05706 1.427
North Pacific Maritime DAvlesic Dougladir-Western Hemlock Forest 3.39078 84.771
North Pacific Maritime Mesi@/et Dougladir-Western Hemlock Forest 0.36205 9.051
North Pacific Montane RipariaiWoodland and Shrubland 0.01154 0.288
North Pacific Montane Shrubland 0.00090 0.022
North Pacific Mountain Hemlock Forest 0.00360 0.090
North Pacific Swamp Systems 0.03316 0.829
TOTAL 3.999936 100
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Tower location is inside a small forest managemgatcel (approximately 300 m x 500m), whichais
typical size for managementnits in this region WDNR management units must be less than 200 acres
(0.8 knf). Land ownership was privaighen the forest was last harvested, but was acquired by WDNR
prior to re-planting The surrounding forests are older (hence taller) and are largely managed by WDNR
and trusts. One WDNR management policy states that adjacent forest managementamit be
harvestedwithin 6 six years of each other to minimize the sizesgently harvested land.

The ecosystem around tower and inside the major airsheaisig Douglas filorest, whichwasplanted
after loggingl0-12 years agoFir is unevenly spaced. Canopy height is currently}21th and average
~11 mand the forest is pproaching canopy closurdrees grow actively at a rate of ~0.5 m per year
Assume the construction at this site will be in 2012 or 2013, which will give canopy height {tré2 m
height will need to be reevaluated at the time of constructiofhe meancanopy height will be
expected to reach ~ 18 m after 8 years of operation, which is approximakein theNEON relocatable
tower will be decommissioned at this siteThere is successional suite of tree speclese sem density
is ~350 ha' to 800 ha'. Understory is very dense and theaynd is not visible due to the thick ground
cover.Shrub layer presents with height ~ 3 m. The understory at fdtest is ~ 0.3 m tallThere is a
large amount of coarse woody debris from the previous harvest on dhnest floor, which makes
walking and accegs the site extremely difficult.
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Figure23. Ecosystem and surrounding environmettthe Thayer relocatable site

Table9. Ecosystem and site attributes fohayerRelocatable site.

Ecosystem attributes Measure and units

Mean canopy heighat constructior? 12.0m
Surface roughnesat construction® 1.5m
Zero place displacement height construction® 8.0m
Mean canopy heighat 8" year of operatior? 18.0m
Surface roughnesat 8" year of operatior? 2.0m
Zero place displacement heigit 8" year of operatior? 14.0m
Structural elements Planted young trees, actively gro
Time zone Pacifictime zone
Magnetic declination 16° 18' E changing by 0° 9' W/ye

Note, ® From fieldsurveyand best estimates for the time at the construction, which will uieg top
measurement level at 2/ above ground.

. Sad SadAvyrisSa oe GKS GAYS GKFG b9hb G26SN) A& RS
which will require top measuremerlevel at 30 m above ground, therefore, FCC should design and

budget adequate tower height ahead and allow the increase of the top measurement level to 30 m.

4.3 Soils
43.1 Description of soils

Soil data and soil maps below for tlibayertower site were collectd from 4.5km?* NRCS soil maps
(http://websoilsurvey.nrcs.usda.gov/app/HomePage.Ntta determine the dominant soil types in the
larger tower foot print. This was done to assure that the aoay is in the dominant (or in the €0
dominant) soil type present in the tower footprint.
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Figure24. Soil map of th& hayersite and surrounding areas.

Soil Map Units DescriptionThe map units delineated on the detailed soil maps in a soil survey
represents the soils or miscellaneous areas in the survey area. The map unit descriptions in this report,
along with the maps, can be used to determine the composition and propertiasumiit. A 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 taxonomidass there are precisely defined limits for the properties of the
soils. On the landscape, however, the soils are natural phenomena, and they have the characteristic
variability of all natural phenomena. Thus, the range of some observed properties negy do¢yond

the limits defined for a taxonomic class. Areas of soils of a single taxonomic class rarely, if ever, can be
mapped without including areas of other taxonomic classes. Consequently, every map unit is made up
of the soils or miscellaneous are® which it is named and some minor components that belong to
taxonomic classes other than those of the major sdlest 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 reareag. These

are called norcontrasting, or similar, components. 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 orréguire different management. These are called
contrasting, or dissimilar, components. They 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
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areasare identified by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with some
characteristics of each. A few areas of minor components may neé Heen 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 landscapeThe presencef minor components in a map unit in no way diminishes the usefulness or
accuracy of the data. The objective of mapping is not to delineate pure taxonomic classes but rather to
separate the landscape into landforms or landform segments that have sinséaaind management
requirements. The delineation of such segments on the map provides sufficient information for the
development of resource plans. If intensive use of small areas is planned, however, onsite investigation
is needed to define and locate eéhsoils and miscellaneous areas. An identifying symbol precedes the
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 abst alike make up soil series All 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 eraamohother characteristics that

affect their use. On the basis of such differences, a soil series is divideiinthasesMost of the

areas shown on the detailed soil maps are phases of soil series. T he hame of a soil phase commonly
indicates a feaire that affects use or management. For example, Alpha silt loam, 0 to 2 percent slopes,
is a phase of the Alpha series. Some map units are made up of two or more major soils or miscellaneous
areas. These map units are complexes, associations, or urdiftged groups. Aomplexconsists of

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 somehat similar in all areas. AlpHgeta complex, 0 to 6 percent slopes, is an example. An
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 anticipesesl 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 similar- Alpha
Beta associatio, 0 to 2 percent slopes, is an example.uidifferentiated 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 managementpatieen and proportion of

the soils or miscellaneous areas in a mapped area are not uniform. An area can be made up of only one
of the major soils or miscellaneous areas, or it can be made up of all of them. Alpha and Beta soils, 0 to
2 percent slopes,ra an example. Some surveys includiscellaneous areasSuch areas have little or

no soil material and support little or no vegetation. Rock outcrop is an example. Additional information
about the map units described in this report is available in otfwérreports, 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 withirkm? at the Thayersite

Page420f114



Date

j o . - . Author.
n e :. n Title: FIU D& Site CharacterizationSupporting Data Ayres/ Luo/ Loescher 09/26/2011

NEON Doc.::NEONDOC011065 Revsion B

NATIONAL ECOLOGICAL OBSERVATORY NETWORK

Clark County, Washington (WA011)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AQI
GuB Gumboot silt loam, 0 to & percent slopes 2.3 0.2%
KeC Kinney silt loam, 3 to 15 percent slopes 2342 20.8%
KeE Kinney silt loam, 15 to 30 percent slopes 2694 24 0%
KeF Kinney silt loam, 30 to 50 percent slopes 496.2 44 2%
LaE Larchmount cobbly silt loam, 15 to 30 109 1.0%
percent slopes
QIE Olympic clay loam, 20 to 30 percent slopes 1107 9.8%
Totals for Area of Interest 1,123.6 100.0%

Clark County, Washingto@®uBr Gumboot silt loam, 0 to 8 percent slopddap Unit SettingElevation:
1,000 to 2,000 feeMean annual precipitation: 75 to 95 inchbfean annuahir temperature: 50 to 54
degrees H-rostfree period: 180 to 220 dayllap Unit CompositionGumboot and similar soils: 100
percentDescription of GumbooSettingLandform: DrainagewayRarent material: Alluviun®Properties
and qualitiesSlope: 0 to 8 percearDepth to restrictive feature: More than 80 inch&ainage class:
Poorly drainedCapacity of the most limiting layer to transmit water (Ksat): Very(@@0 in/hr)Depth
to water table: About O to 18 inchdsrequency of flooding: Nonérequency of pondig: NoneAvailable
water capacity: High (about 10.7 inchés)erpretive groupsLand capability (nonirrigated): 6Wypical
profile 0 to 12 inches: Silt loarh2 to 28 inches: Clay loa#8 to 50 inches: Silty cl&0 to 60 inches:
Very gravelly silty clay

Clark County, WashingtoKeG Kinney silt loam, 3 to 15 percent slopédap Unit SettingElevation:

600 to 2,300 feet Mean annual precipitation: 60 to 90 inches Mean annual air temperature: 45 to 50
degrees F Frodtee period: 120 to 190 days Map Unit Composition Kinney and similar soils: 100 percent
Description of KinneySetting Landform: Mauntain slopes Parent material: Residuum weathered from
igneous rock with a mantle of volcanic aBloperties and qualitiesSlope: 3 to 15 percent Depth to
restrictive feature: More than 80 inches Drainage class: Well drained Capacity of the most layiging |

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: High
(about 11.2 inchesInterpretive groupsLand capabhily (nonirrigated): 3eTypical profileO to 7 inches:

Silt loam 7 to 60 inches: Gravelly silty clay loam

Clark County, WashingtoKeE Kinney silt loam, 15 to 30 percent slop&dap Unit SettingElevation:

600 to 2,300 feet Mean annual precipitation: 6096 inches Mean annual air temperature: 45 to 50
degrees F Frodtee period: 120 to 190 dayMap Unit CompositionKinney and similar soils: 100
percent Description of Kinney Setting Landform: Mountain slopes Parent material: Residuum
weathered from igneos rock with a mantle of volcanic agtroperties and qualitiesSlope: 15 to 30
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 (@c5%.98 in/hr) Depth to water

table: More than 80 inches Frequency of flooding: None Frequency of ponding: None Available water
capacity: High (about 11.2 inchdsjerpretive groupsLand capability (nonirrigated): 4ig/pical profile0

to 7 inches: Silbam 7 to 60 inches: Gravelly silty clay loam
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Clark County, WashingtoKeR Kinney silt loam, 30 to 50 percent slop&dap Unit SettingElevation:

600 to 2,300 feet Mean annual precipitation: 60 to 90 inches Mean annual air temperature: 45 to 50
degrees F iBst-free period: 120 to 190 dayMap Unit CompositionKinney and similar soils: 100
percent Description of Kinney Setting Landform: Mountain slopes Parent material: Residuum
weathered from igneous rock with a mantle of volcanic &hbperties and qualitis Slope: 30 to 50
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) Depth to water
table: More than 80 inches &guency of flooding: None Frequency of ponding: None Available water
capacity: High (about 11.3 inchdsjerpretive groupsLand capability (nonirrigated): 7g/pical profile0

to 5 inches: Silt loam 5 to 60 inches: Gravelly silty clay loam

Clark CountyWashingtonLaE Larchmount cobbly silt loam, 15 to 30 percent slopdsp Unit Setting

Mean annual precipitation: 90 to 100 inches Mean annual air temperature: 43 degr&tesp FUnit
CompositionLarchmount and similar soils: 100 percépgscription of Larchmount Setting Landform:
Mountain slopes Parent material: Volcanic ash and residuum and colluvium from igneous rock
Properties and qualitiesSlope: 15 to 30 percent Depth to restrictive feature: More than 80 inches
Drainage class: Well drained Capacity af thost limiting 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 4.8 indtegretive groyps Land
capability (nonirrigated): 4&ypical profileO to 23 inches: Cobbly silt loam 23 to 48 inches: Cobbly silt
loam 48 to 60 inches: Cobbly clay loam

Clark County, WashingtorOIE Olympic clay loam, 20 to 30 percent slopddap Unit Setting
Elevation: 200 to 2,000 feet Mean annual precipitation: 40 to 70 inches Mean annual air temperature:
50 to 54 degrees F Freee period: 150 to 200 daydap Unit CompositionOlympic and similar soils:

100 percent Description of Olympic Setting Landfokfountain slopes Parent material: Residuum and
colluvium from igneous roclProperties and qualitiesSlope: 20 to 30 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 (0.20 to 0.57 in/hr) Depth to water table: More than 80 inches Frequency
of flooding: None Frequency of ponding: None Available water capacity: High (about 10.2 inches)
Interpretive groupsLand capability (nonirrigated): 4iypicalprofile O to 11 inches: Clay loam 11 to 42
inches: Clay loam 42 to 60 inches: Gravelly clay loam

4.3.2 Soil semivariogram description

The goal of this aspect of the site characterization is to determine the minimum distance between the
soil plots in the so#rray such that data farther apart can be considered spatially independent. The
collected field data will be used to produce semivariograms, which is a geostatistical technique to
characterizespatial autocorrelation between mapped samples of a quantitatiariable €.g., soil

property datain our case).In an empiricalsemiariogram, the averagef the squared differencsof a
responsevariableis computed fomll pairs of pointsvithin specifieddistance intervals (lag classe3he
output is presentd graphically as a plot of the average semiiance versus distance class (Fif2be

For the theoretical variogram models considered here, the sari@nce will converge aihe total

variance at distances for which values are no longer spatially@utelated (this is referred to as the
range, Figur@b).
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For the theoretical variograms considered helteee parameters estimated from thaata are used to

fit a semivariogram model to the empirical semivariogram. This model is then assumed to qiamyitat
represent the correlation as a function of distar(€égure25), the range, the sill (the sill is the
asymptotic value of semviariance at the range), and the nugget (which describes sampling error or
variation at distances below those separating thaesest pairs of samplesThe range, sill and nugget
are estimated from theoretical models thatrefitted to the empirical variograms using ndinear least
squares methods.

The variogram analysis will be used, to determine the spatial scales atwhican consider soil
measurements spatially independent. This characterization will directly inforrmthisnumdistance
betweeni) soil ploswithin each soil arrayii) the soil profile measurementsi) EP plots, ani) the
microbial samplindgocations These data will directly inform NEON construction and site design
activities.

T(5.5)

Partial !

Sill '
i ':I .
i Sill

Range |
Mugget { - )
Cistance

Figure25. Example semivariogram, depicting range, sill, and nugget.
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Figure26. Spatially cyclic sampling design for the measurements of soil temperature and soil water
content.
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Field measurements of soil temperaturel@ cm) and moisture (@5 cm) were takeiwn 21 October
2010 atthe Thayersite. The sampling points followed tispatially cyclic sampling design by Bend
Lamberty et al(2006)(Figure26). Soil temperature and moisture measurements were collected along
three transects100m, 84 m, and 84 m) located in the expected airshedhayer Details of how the
airshed was determined are provided beldBoil temperature was measured wipfatinum resistance
temperature sensors (RTD 810, Omega Engineering Inc., Stamford Gd)l amaisture was measured
with time domain diaelectric sensors (CS616, Campbell Scientific Inc., Logan UT)

As well as measuring soil temperature and moisture at each sample point in E@uneasurements

were also taken 30 cm in front and behind the sampling point along the attie tfansect. For

example, at the 2 m sampling point, soil temperature and moisture was measured at 1.7 m, 2 m, and 2.3
m; this data is referred to as mobile data, since the measurements were taken at many different
locations. In addition, soil temperaterand 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 iR #tatistical computing language

with the geoR package to test for spatial autocorrelaifdrangmaiet al. 1986; Webster & Oliver 1989;
Goovaerts 1997;iBeriro & Diggle 20013nd 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 data. In many instances a time of day trend was still
apparent in the data even after subtracting the stationary data from the mobile data. This time of day
trend was corrected for by fitting a linear re&gsion and using the residuals for the semivariogram
analysis. Soil temperature and moisture data, R code, graphs, and R output can be found at:
PAFIUFIU_Site CharacterizatiddXXYYYYYY&haracterizatiorSoil Measuremenisoil Data Analysis
(where XX domain number and YYYYYYY = site name).

4.3.3 Results and interpretation
4.3.3.1 Soil Temperature

Soil temperature data residuals, after accounting for changes in temperature in the stationary data and
any remaining time of day trend, were used for the semivariograalyais (Figur@7). Exploratory data
analysis plots show that thergas no distinct patterning of the residuals (Fig@8 left graph) and
directionalsemivariograms do not show anisotroffyigure28, center graph)An isotropic empirical
semivariogram wa produced and a spherical model was fitted using Cressie wékjbtge28, right

graph). The model indicates a distance of effective independend® mf for soil temperature.
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Figure27. Left graph: mobile (circles) and stationary (line) woilperature 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 temperatte 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 semivariogramf®r residuals of temperature. Right graph: empirical semivariogram (circles)
and model (line) fit to residuals of temperature.

4.3.3.2

Soil water content

Soil water content data residuals, after accounting for changes in water content in the stationary data
and any remaining time of day trend, were used for the semivariogram analysis (Rguiexploratory
data analysis plots show that theveas no distinct patterningf the residuals (Figurg0, left graph) and
directional semivariogramdo not show anisotropyFigure30, center graph)An isotropic empirical
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semivariogram was produced and a spherical model was fitted using Cresgligs(Eigure30, right
graph).The model indicates a distance of effective independencesdin for soil water content.
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Figure29. Left graph: mobile (circles) and stationary (line) soil water content 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). Rigtaph: residual water content data after correcting for
changes water 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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4.3.3.3 Soil array layout and soil pit location

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

effective independence wad) m for soil temperature and65m for soil moisture. Based on these

results and the site design guidelines the soil plot§rayershall be placedOm apart. The soil array

shall followthe linear soil array design (Soil Array Pattern B) wiéhsoil plotsbeing 5 m x 5 m. The

direction of the soil array shall @83 from the soil plot nearest the tower (i.e., first soil plot). The

location of the first soil plot will be approximatet$.714261,122.340126 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 FIUfspil pit
characterizing soil horizon depths, collecting soil for-sfiecific sensor calibration, and collecting soil

for the FIU soil archive will be located4&.713403°;122.341609{primary location); o#5.713161°;
122.341351{alternate location 1 iprimary location is unsuitable); db5.713670°;122.341863°

(alternate location 2 if primary location is unsuitable). A summary of the soil information is shown in

Tablelland site layout can be seen in Fig@de

Dominant soil series at the sitKinney silt loam, 30 to 50 percent slop@$ie taxonomy of this soil is

shown below:

Order. Inceptisols

Suborder Udepts

Great group Dystrudepts
Subgroup Andic Dystrudepts

Family Fineloamy, isotic, mesic Andic Dystrudepts

Series Kinney silt loam, 300t50 percent slopes

Tablell. Summary of soil array and soil pit informatioriTaayer 0° represents true north and

accounts for declination.

Soil plot dimensions 5mx5m
Soil array pattern B
Distance between soil plots: x 40m
Distance from toweto closest soil plot: y 16m

Latitude and longitude of*1soil plot OR
direction from tower

45.714261;122.340126

Direction of soil array

133

Latitude and longitude of FIU soil pit 1

45.713403°;122.341609{primary location)

Latitude and longitudef FIU soil pit 2

45.713161°;122.341351alternate 1)

Latitude and longitude of FIU soil pit 3

45.713670°;122.3418631alternate 2)

Dominant soil type

Kinney silt loam, 30 to 50 percent slopes

Expected soil depth

>2m

Depth to water table

>2m

Expecteddepth of soil horizons

Expected measurement depths

0-0.13 m Gilt loan)

0.07 m*
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0.131.52m (Gravelly silty cldy 0.83m"

2m 2m*

"Actual soil measurement depths will be determined based on measured soil horizon depths at the
NEON FIU sqiit and may differ substantially from those shown here.
"Expected soil G@ensor depth (actual depths will be determined based on the FIU soil pit)

Inst'Hut: 45.71437, -122 340460 Tower_45.71438,1-122:34024

Access

Soll Pit:3:1455713670°,-122:341863

Soil,Piti1:45:713403°-122:341609°"

Soil'Piti2: 45.713161°)-122.341351°
A

LERY e Soil array

Figure31 ‘Site layout aﬂ'hayershowingsoil array and location 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. The weather data used to generate the following wind ro2€9aue

2010 datafrom MesoWest weathestation at Larch Mountain (ID: TR951, 148.7231 Lon.-122.3453,

which is ~lkm west to tower site. The orientation of the wind rose follows that of a compass (assume
declination applied). When we describe the wind directions it should be notedtibgtare 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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4.4.2 Results (graphs for wind roses)

WIND ROSE

LARCH MOUNTAIN NWS TR951, APR_JUN_2003-2010
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Figure32. Windroses fronlLarch Mountain statiofor Thayer Relocatablsite.

Data used here ar20032010data from MesoWest station Larch Mountain (ID TR951) at 45.7231,
122.3453 which is ~1km from tower site. It is assumed that the wind data was corrected for
declination. Panels are (from top to bottom) Jddiar, AprJun, JuBept, and OeDec.
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443 Resultant vectors

Table12. The resultant wind vectorf®r Thayer Relocatable site using hourftalin 20032010

Quarterly (seasonal) timeperiod Resultant vector % duration
January to March 155 43

April to June 184 22

July to September 235 18
October to December 164° 45

Annual mean 184.5 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 camst(Horst and Weil 1994). For strongly
stable conditions, and Lagrangian solution was used (Kormann and Meixner 2001). The source area
models where bounded by the expected conditions depict the extreme conditions. Convective
conditions typically havetrong vertical mixing between the ecosystem and atmosphere (surface layer).
Stable conditions typically have long source area and associated waveforms. Convective turbulence is
often characterized by short mixing scales (scalar) and moderate 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 atslof the ecosystem control

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

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

model and generate following model results are extracted from the wind roses. Vegetation information,
temperature and energy information were either frothe RFI document, previous site visit report,
available data files or best estimated from experienced expert. Measurement height was determined
from the Tower Height Info document provided by ENG group, then verify according to the real
ecosystem structre after FIU site characterization at site. Rur&dnd 46 represent the 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 centerline. This information, along with distance of the
cumulative flux isopleths and wind direction, will define the source area for the flux measurements on
the top of the tower.
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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 outcbalewfor the time during
construction (or at the beginning of operation) and for the time at the end"ofe@r of eration,
whichis approximatehe time to decommission NEON tower at this site.

Table13. Expected environmental controls to parameterize the source area model and associated
results fromThayerRelocatable tower sitat the 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 24 24 24 24 24 24| m
Canopy Height 12 12 12 12 12 12| m
Canopy area density 4 4 4 3 3 3|m
Boundary layer depth 1800 1800 900 800 800 600 | m
Expected sensibl W m?
heat flux 375 375 0 75 75 0
Air Temperature 27 27 18 9 9 -10 | °C
Max. windspeed 5.8 2.2 1.2 5.8 1.6 1.6 | mst
Resultant wind vector 165 165 210 160 160 160 | degrees
Results
(zd)/L -0.13 -0.68 0 -0.03 -0.53 0O|m
d 9.8 9.8 9.8 9.6 9.6 9.6| m
Sigma v 2.2 1.8| 0.28 1.6 091 0.38| m’s?
Z0 0.48 0.48| 0.48 0.53 0.53 0.53| m
u* 0.76 044| 0.14 0.73 0.29| 0.19|ms'
Distance source area m
begins 0 0 0 0 0 0
Distance of 90%
cumulative flux 700 250 | 1200 1000 300 1200| M
Distance of 80%
cumulative flux 450 200 700 550 250 700| M
Distance of 70%
cumulative flux 300 150 450 450 200 450 ™
Peakcontribution 75 35 85 85 35 85| m
Table14. Expected environmental controls to parameterize the source area model and associated
results from Thayer Relocatable tower siiethe end of § 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

(max WS)| (mean WS) (max WS)| (mean WS)

Atmospheric stability | Convective| convective| Stable| Convectivel convective| Stable | qualitative
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Measurement height 30 30 30 30 30 30| m
Canopy Height 18 18 18 18 18 18| m
Canopy area density 5 5 5 4 4 4|m
Boundary layer depth 1800 1800 900 800 800 600 | m
Expected sensibl W m?*
heat flux 375 375 0 75 75 0
Air Temperature 27 27 18 9 9 -10 | °C
Max. windspeed 5.8 2.2 1.2 5.8 1.6 1.6 | ms?
Resultant wind vector 165 165 210 160 160 160 | degrees

Results
(zd)/L -0.11 -0.53 0 -0.03 -0.44 Olm
d 15 15 15 15 15 15/ m
Sigma v 2.3 1.8 0.3 1.7 094 0.41|m’s?
Z0 0.64 0.64| 0.64 0.71 0.71 0.71|m
u* 0.82 0.49| 0.15 0.78 0.31| 0.21|ms’
Distance source area m
begins 0 0 0 0 0 0
Distance of 90%
cumulative flux 750 250 | 1200 1000 350 1100| M
Distance of 80%
cumulative flux 450 200 700 500 200 700| M
Distance of 70%
cumulative flux 300 150 450 300 150 450 | M
Peak contribution 75 25 85 85 35 85| m
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4.45 Results (source area graphs)

By the time of construction:
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Figure 33ThayemRelocatable site summer daytime (convective) footprint output with mvand speed
at construction
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Figure 34ThayemRelocatable site summer daytime (convective) footprint output with meard speed
at construction
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Figure 35ThayerRelocatable site summer nighttime (stable) footprint output with meand speed at

construction
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Figure 36 ThayemRelocatableite winter daytime (convective) footprint output with masind speed at
construction
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Figure 37 ThayerRelocatable site winter daytime (convective) footprint output with meand speed
at construction
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