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1 INTRODUCTION

US Wind Power Corporation contracted Dr. Robert N. Meroney and Dr. David E. Neff of Colorado
State University to forecast wind turbine power performance in forested regions. The primary focus
being the potential power benefits of cutting trees near wind turbine sites located on a variety of hill
shapes and slopes. This project consisted of three different studies (tasks), each being summarized in
a separate report. Task 1 reviews the literature database on analytical, numerical and empirical models
suitable for describing potential wind generation benefits in forested environments. Task 2, the subject
the this report, uses a physical model (wind tunnel simulation) to estimate wind turbine power avail-
ability on two dimensional ridges with various forest clearings, ridge shapes and slopes. Task 3 physi-
cal models the complex topography of a potential wind turbine site area to determine the effect of
forest clearing on wind turbine power availability for several hilltops within the site area.

This Task 2 report describes the experimental methodology and measurement results obtained in
physical modeling a 200 foot high ridge (two dimensional) for a variety of forest clearings, tree
heights, ridge shapes and slopes. A model scale of 1:1000 was chosen to be representative of the at-
mospheric boundary layer winds. Measurements of wind speed at several different heights above the
hill crest were obtained for 96 different run conditions consisting of;
i) both triangular and sinusoidal ridge shapes,
i) ridge slopes of 1:2, 1:3, 1:5 and 1:10,
iii) tree heights of 20, 40 and 60 feet, and
iv) forest clearings of no tree removal, highest tree top being level with hill top ground
level, highest tree top being 100 feet lower than hill top ground level and all trees
removed to the base of the hill.
These measured wind velocities are then normalized appropriately for comparative analysis of frac-
tional speed ups and wind power availability.

2 EXPERIMENTAL SETUP

2.1 Model Specifications

Modeling 200 foot high ridges at a 1:1000 length scale ratio resulted in 6.1 centimeters (cm) high
model ridges. Eight model ridges were constructed out of wood and plastic products, four sinusoi-
dal and four triangular ridges at ridges slopes of 1:2, 1:3, 1:5 and 1:10 (height:half base). The full
width of the 1:2, 1:3, 1:5 and 1:10 sloped ridges were 24.4, 36.6, 61.0 and 122.0 cm respectively.
The wind tunnel into which these model ridges were placed limited all ridge lengths to 183 cm.
The aspect ratio, i.e. ridge length to ridge full width, for each of these ridge slopes was 7.5, 5.0,
3.0 and 1.5. Figure 1 shows the cross sectional shapes of these eight model ridges.

The tree cover was simulated with an Astroturf product manufactured by Monsanto for door mats
and walkways. The Astroturf, made of polyethylene, consisted of vertical bristle groups (8
bristles per group, group spacing of 1.14 cm), 1.8 cm tall, connected to flexible matting, 0.15 cm
thick. At a length scale ratio of 1:1000 these 1.8 cm tall bristles are representative of the 60 foot
tall trees. To simulate 40 and 20 foot tall trees sheep shears were use to cut these bristles down to
1.2 cm and 0.6 cm respectively. Figure 2 displays photographs of these three simulated forest
models. Accurate multiple measurements of the three forest cover mats found that the mean tree
heights were 23', 41' and 56' rather than the design heights of 20', 40' and 60'. The design heights
of 20", 40' and 60' will be how these different forest covers are specified in this report.
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Measurements of the percent open volume for these three forest covers were 63% for 20' trees,
82% for 40' trees and 89% for 60' trees. The bristle, which simulate the trees, on the matting were
always perpendicular to the mat backing thus when the matting was stapled to the model ridge
contour the simulated trees were not in a vertical position. Figure 3 shows a series of four draw-
ings of the 60' trees on the 1:3 sloped sine ridge.

2.2 Wind Tunnel Configuration

The experiments were performed in the Meterological Wind Tunnel (MET) facility at Colorado
State Unversity's Engineering Research Center. Figure 4 displays a schematic detailing the major
features of this facility. This wind tunnel has a speed range of O to 40 m/s. The 9:1 contraction ra-
tio upwind of the test section produces a stable, uniform flow with low turbulence (~0.1%). The
test section length upwind (~20 meters) of the model site area has sufficient fetch for the natural
development of simulated atmospheric boundary layer winds. The test section has a cross-sectional
size of 183 c¢cm x 183 cm. The model ridges were always 6.1 cm tall thus the wind tunnel flow
blockage ratio was ~ 3.3 percent.

The MET's test section entrance did not have any turbulence conditioning spires. The initial twelve
meters of the test section floor was covered with thin carpet type roughness, this was followed by
six meters of Commercial Grade Astroturf with a bristle height of ~1.2 cm. These sections of
ground roughness were present during all test measurements. Following these fixed ground rough-
ness conditions, two tree height specific roughness mats of 183 cm wide by 152 cm long were
placed end to end on the tunnel floor. The different model ridges were placed underneath and cen-
tered in-between these two mats. The placement of the model ridge and the downwind mat was
adjusting dependent on the specific tree clearing on the ridge top being tested. Staples were used
to insure that these roughness mats followed the surface contour of the different model ridges.

2.3 Velocity Profile Measurements

Pitot-static probes were used as a velocity standard during the calibration of the hot film velocity
measurement system and to provide two reference velocity measurement points for each hot film
measurement point within all vertical velocity profiles. The principles of operation of pitot-static
probes are described in any fundamental text on fluid mechanics and will not be discussed in detail
here. The operational relationship for these probes is U= (2g.AP/p)Y?, where U = velocity, g, =
gravitational conversion constant, AP = difference between static and dynamic pressures, and p is
the air density. The air density, p, is calculated from the ideal gas law and AP is measured using an
electronic manometer.

Single-hot-film (TSI 1210 Sensor) measurements were used to document the longitudinal mean
velocities and the longitudinal turbulence levels for all velocity profiles in this test program. During
calibration the hot film probe voltage was recorded at several velocities covering the range of in-
terest. These voltage-velocity (E, U) pairs are then regressed to the equation E = 4 + BUF via a
least squares approach for various assumed values of the exponent c¢. Convergence to the mini-
mum residual error was accelerated by using the secant method to find the best new estimate for
the exponent c.

The hot-film-probe was mounted on a vertical traverse and positioned over the desired profile

location in the wind tunnel. The anemometer's output voltages was digitized and stored within an
IBM AT® computer. This voltage time series was converted to a velocity time series using the
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inverse of the calibration equation; U = [(E” - A)/B]"*. The velocity time series was then analyzed
for pertinent statistical quantities, such as mean velocity and root-mean-square turbulent velocity
fluctuations. The computer system moves the velocity probe to a vertical position, acquires and re-
duces the data, then moves on to the next vertical position, thus obtaining an entire vertical veloc-
ity profile automatically. Wind tunnel reference velocities, one at the top of each profile and one at
an upwind location, (-200,15,6.1) cm, were obtained via a pitot-static probe for each hot film ve-
locity measurement point. These reference velocities were used to normalize out any wind tunnel
speed variations that existed between the different runs tested and during the acquisition of indi-
vidual vertical profiles.

2.3.1 Error Statement

Pitot-static probe measurements have an absolute accuracy to within +2 percent of the actual
velocity. Test conditions within the wind tunnel were always maintained to within £1.5 de-
grees centigrade and =3 mmHg atmospheric pressure variation. This variation in test tempera-
ture and pressure along with analog to digital conversion errors results in a relative error in
pitot probe measurements of less than +1.0 percent.

The analytic curve fit between hot wire voltage and a velocity standard based on pitot probe
measurements along with analog to digital conversion resulted in random errors of within £1.0
percent. Testing temperature and pressure variations (similar to those stated above) on the hot
wire measurement system resulted in random errors of £2.3 percent. Thus the hot wire mea-
surement system was accurate to within £2.5 percent of the pitot probes reported velocity.
Since all hot wire measurements are normalized by a pitot probe measurement over the same
time record and the hot wire velocity was calibrated against the pitot probe, the pitot probes
bias errors of £2 percent of actual velocity does not affect the normalized velocity value.

The error introduced in a velocity measurement as the result of probe vertical positioning er-
rors vary with the magnitude of the velocity gradient at the measurement location over the
ridge. The velocity gradient is greatest at the lower measurement points thus this is where the
resultant error in velocity would be the greatest. Absolute vertical positioning error was esti-
mated to be =1 mm. Surveying the data shows that the error in velocity due to random posi-
tioning errors of this magnitude is usually less than 1.5 percent but can be as high as 3 percent.

The total error in normalized velocity values is estimated to be less than +2.9 percent for the
majority of data values but can be as high as 3.8 percent for a few select low height values.
When one cubes the velocity values to look at power changes these errors become 8.7 and
+11.4 percent errors in power values respectively.

3 TEST PROGRAM SPECIFICATIONS

3.1 Model Validation Tests

To insure that the selected wind tunnel ridge model was accurate a series of model validation tests
were performed prior to the requested model ridge measurements. Table 1 summarizes the run
conditions for five different model validation and model reference test series. The A series tests the
Reynolds number invariance of the wind tunnel flow field over the 60' simulated tree cover without
the presence of the model ridge. The B series tests looks at the uniformity of the wind tunnel ve-
locity profile for these same conditions in both the lateral and longitudinal directions. The C series
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tests provides reference velocity profiles for the different tree heights tested (0", 20', 40' and 60') at
the ridge crest location but without the model ridge present. The D series tests measure a series of
velocity profiles, longitudinally down the wind tunnel, passing over a step change in roughness
from simulated 60' tree cover to no tree cover conditions. The E series tests the Reynolds number
invariance of the wind tunnel flow field over the 60' simulated tree cover with the 1:2 slope, trian-
gular model ridge present.

3.2 Model Ridge Tests

Table 2 lists the run number and run conditions for the 96 requested model test conditions. These
tests cover two hill shapes (triangular and sinusoidal), four hill slopes (1:2, 1:3, 1:5 and 1:10),
three tree cover heights (20, 40' and 60') and four hilltop clearing configurations (all trees re-
moved, highest tree top being 100 feet lower than hill top ground level, highest tree top being level
with hill top ground level and no tree removal. Also listed in Table 2 are the distances along the
ridge contour from the hill crest to the location of the simulated forest cover matting.

TEST PROGRAM DATA

4.1 Model Validation Velocity Profile Data (A To E Series)

Table 1 lists the specific run conditions for the velocity profiles obtained in the A through E test
series. The wind speed and the profile positions, downwind and lateral, listed in this Table are in
model units.

4.1.1 Approach Flow Reynolds Number Invariance Tests (A Series)

Table 3 summarizes the model velocity profiles obtained in the A test series, Runs A0O to
AO0S. In Table 3, and subsequent tables of the similar type, the column labeled "Velocity @
76.2 cm" is the pitot probe velocity measured 76.2 cm above ground level at the current pro-
file position (alternatively, this column may be labeled "Velocity @ 30.5 cm" in which case the
measurement height was 30.5 cm). The column labeled "Velocity @ 6.1 cm" is the pitot probe
velocity measured 6.1 cm above ground level upwind ~200 cm of the location of the model
ridge crest.

Table 4 displays both tabularly and graphically the comparisons of normalized velocity profiles
and local turbulent intensity profiles for these six runs. The normalized height is the measure-
ment height divided by a reference height of 30.5 cm (this is the equivalent of 305 meters in
field units). The normalized velocity for this test series is defined as (U/UJ/U,,, /U,
where ref! indicates the pitot probe velocity at 76.2 cm height, 7 indicates the velocities obtain
while the hot film probe was at a particular height and A indicates the velocities obtain while
the hot film probe was at the height, # =30.5 cm.

4.1.2 Wind Tunnel Flow Uniformity Tests (B Series)

4.1.2.1 Lateral Uniformity

Table 5 summarizes a series of velocity profiles obtained in the B test series, Runs
BO1 to BO3, that were at different lateral positions in the wind tunnel. Table 6 displays
both tabularly and graphically the comparisons of normalized velocity profiles and lo-
cal turbulent intensity profiles for these runs. Normalized velocity for this test se-
quence is defined as (U/Uyy; ;x MU,/ Usps v Where BO3 represents the velocity
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profile obtain at tunnel centerline, ref2 indicates the upwind pitot probe velocity at 6.1
cm height, i indicates the velocities obtain while the hot film probe was at a particular
height and A indicates the velocities obtain while the hot film probe was at the height,
H=30.5cm.

4.1.2.2 Longitudinal Uniformity

Table 7 summarizes a series of velocity profiles obtained in the B test series, Runs
B06 to B10, that were at different longitudinal positions in the wind tunnel. Table 8
displays both tabularly and graphically the comparisons of normalized velocity profiles
and local turbulent intensity profiles for these runs. Normalized velocity for this test
sequence is defined as (U/Uy,, J(U., ., /Uyy,.0) Where B0 represents the velocity
profile obtain at model ridge crest position in the wind tunnel, ref2 indicates the up-
wind pitot probe velocity at 6.1 cm height, i indicates the velocities obtain while the
hot film probe was at a particular height and H indicates the velocities obtain while the
hot film probe was at the height, H = 30.5 cm. Run B06 was normalized by only its
own velocity at height, H, since the traverse supporting the hot wire probe was up-
wind of the ref2 pitot probe, thus affecting its readings.

4.1.3 Tree Cover Reference Profile Tests (C Series)

Table 9 summarizes a series of velocity profiles obtained in the C test series, Runs CO1 to
CO05, that document wind profiles over the different tree height simulation mats without the
presents of the model ridge. Table 10 displays both tabularly and graphically the comparisons
of normalized velocity profiles and local turbulent intensity profiles for these runs. Normalized
velocity for this test sequence is defined as (U/UJNU,,, /U, ;) where refl indicates the pitot
probe velocity at 30.5 cm height, 7 indicates the velocities obtain while the hot film probe was
at a particular height and H indicates the velocities obtain while the hot film probe was at the
height, H = 30.5 cm. Table 11 lists these profiles in field units scaled to a 10 m/s velocity at
305 meter height. Table 11 also shows the results of a regression analysis determining the
equivalent field displacement height, d, roughness length, z_, friction velocity, u,, and power
law index, p.

4.1.4 Tree Cover Change Reference Profiles (D Series)

Table 12 summarizes a series of velocity profiles obtained in the D test series, Runs D01 to
DO05, that document wind profiles over the different tree height simulation mats without the
presents of the model ridge. Table 13 displays both tabularly and graphically the comparisons
of normalized velocity profiles and local turbulent intensity profiles for these runs. Normalized
velocity for this test sequence is defined as (U/U AU, /U, ., ;) where refl indicates the pitot
probe velocity at 76.2 cm height, i indicates the velocities obtain while the hot film probe was
at a particular height and A indicates the velocities obtain while the hot film probe was at the
height, H = 30.5 cm.

4.1.5 Model Ridge Reynolds Number Invariance Tests (E Series)

Table 14 summarizes the model velocity profiles obtained in the E test series, Runs EO1 to
E06. Table 15 displays both tabularly and graphically the comparisons of normalized velocity
profiles and local turbulent intensity profiles for these six runs. Normalized velocity for this
test series is defined as (U/U /U, , /U, ) where refl indicates the pitot probe velocity at
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30.5 cm height, 7 indicates the velocities obtain while the hot film probe was at a particular
height and H indicates the velocities obtain while the hot film probe was at the height, H =
30.5 cm.

4.2 Model Ridge Velocity Profile Data (F To M Series)

Table 2 lists the specific run conditions for velocity profiles obtained over the 96 different model
ridge setups used in the F through M test series. Included in this Table are the ground surface dis-
tances from the hill crest to the base of the nearest trees for each run condition.

4.2.1 Triangular Ridge With 1:2 Slope (F Series)

Table 16 lists the velocity profile data for the 20' high tree test cases, Runs FO1 to F04. In Ta-
ble 16, and subsequent tables of the similar type, the column labeled "Velocity @ 30.5 cm" is
the pitot probe velocity measured 30.5 cm above ground level at the current profile position.
The column labeled "Velocity @ 6.1 cm" is the pitot probe velocity measured 6.1 cm above
ground level upwind ~200 cm of the location of the model ridge crest. The column labeled
"Velocity Ratio" is the ratio of "Velocity @ 30.5 cm" divided by "Velocity @ 6.1 cm". Table
17 lists the velocity profile data for the 40' high tree test cases, Runs FO5 to FO8. Table 18
lists the velocity profile data for the 60' high tree test cases, Runs FO9 to F12.

Table 19 displays both tabularly and graphically the comparisons of normalized velocity pro-
files for these runs. Table 20 displays both tabularly and graphically the comparisons of local
turbulent intensity profiles. The normalized height is the measurement height divided by a ref-
erence height of 30.5 cm (this is the equivalent of 305 meters in field units). The normalized
velocity in Table 19, and subsequent tables of the similar type in test series F through M, is
defined as (U/U,,, ) where refl indicates the pitot probe velocity at 30.5 cm height, i indi-
cates the velocities obtain while the hot film probe was at a particular height.

4.2.2 Triangular Ridge With 1:3 Slope (G Series)

Table 21 lists the velocity profile data for the 20" high tree test cases, Runs GO1 to G04. Table

22 lists the velocity profile data for the 40" high tree test cases, Runs GO5 to G08. Table 23
- lists the velocity profile data for the 60' high tree test cases, Runs G09 to G12. Table 24 dis-

plays both tabularly and graphically the comparisons of normalized velocity profiles for these

runs. Table 25 displays both tabularly and graphically the comparisons of local turbulent inten-

sity profiles.

4.2.3 Triangular Ridge With 1:5 Slope (H Series)

Table 26 lists the velocity profile data for the 20' high tree test cases, Runs HO1 to HO4. Table
27 lists the velocity profile data for the 40' high tree test cases, Runs HO5 to HO8. Table 28
lists the velocity profile data for the 60" high tree test cases, Runs HO9 to H12. Table 29 dis-
plays both tabularly and graphically the comparisons of normalized velocity profiles for these
runs. Table 30 displays both tabularly and graphically the comparisons of local turbulent inten-
sity profiles.
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4.2.4 Triangular Ridge With 1:10 Slope (I Series)

Table 31 lists the velocity profile data for the 20' high tree test cases, Runs 101 to 104. Table
32 lists the velocity profile data for the 40" high tree test cases, Runs 105 to 108. Table 33 lists
the velocity profile data for the 60' high tree test cases, Runs I09 to I12. Table 34 displays
both tabularly and graphically the comparisons of normalized velocity profiles for these runs.
Table 35 displays both tabularly and graphically the comparisons of local turbulent intensity
profiles. ’

4.2.5 Sinusoidal Ridge With 1:2 Slope (J Series)

Table 36 lists the velocity profile data for the 20' high tree test cases, Runs JO1 to JO4. Table
37 lists the velocity profile data for the 40' high tree test cases, Runs JO5 to JO8. Table 38 lists
the velocity profile data for the 60' high tree test cases, Runs J09 to J12. Table 39 displays
both tabularly and graphically the comparisons of normalized velocity profiles for these runs.
Table 40 displays both tabularly and graphically the comparisons of local turbulent intensity
profiles.

4.2.6 Sinusoidal Ridge With 1:3 Slope (K Series)

Table 41 lists the velocity profile data for the 20' high tree test cases, Runs K01 to K04. Table
42 lists the velocity profile data for the 40' high tree test cases, Runs K05 to K08. Table 43
lists the velocity profile data for the 60' high tree test cases, Runs K09 to K12. Table 44 dis-
plays both tabularly and graphically the comparisons of normalized velocity profiles for these
runs. Table 45 displays both tabularly and graphically the comparisons of local turbulent inten-
sity profiles.

4.2.7 Sinusoidal Ridge With 1:5 Slope (L Series)

Table 46 lists the velocity profile data for the 20" high tree test cases, Runs L01 to L04. Table
47 lists the velocity profile data for the 40' high tree test cases, Runs L05 to LO8. Table 48
lists the velocity profile data for the 60' high tree test cases, Runs L09 to L12. Table 49 dis-
plays both tabularly and graphically the comparisons of normalized velocity profiles for these
runs. Table 50 displays both tabularly and graphically the comparisons of local turbulent inten-
sity profiles.

4.2.8 Sinusoidal Ridge With 1:10 Slope (M Series)

Table 51 lists the velocity profile data for the 20' high tree test cases, Runs M01 to M04. Ta-
ble 52 lists the velocity profile data for the 40" high tree test cases, Runs M05 to M08. Table
53 lists the velocity profile data for the 60' high tree test cases, Runs M09 to M12. Table 54
displays both tabularly and graphically the comparisons of normalized velocity profiles for
these runs. Table 55 displays both tabularly and graphically the comparisons of local turbulent
intensity profiles.
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S TEST PROGRAM RESULTS

5.1 Model Validation Velocity Profile Results (A To E Series)

5.1.1 Approach Flow Reynolds Number Invariance Tests (A Series)

The graphs associated with Table 4 indicate that Reynolds number invariance in the approach
flow existed for all velocities tested in this series with the possible exception of the lowest ve-
locity test case, Run A0O. It was decided that good model similarity would exist when the up-
wind pitot probe, at a height of 6.1 cm, registered a velocity of ~500 cm/s.

5.1.2 Wind Tunnel Flow Uniformity Tests (B Series)

5.1.2.1 Lateral Uniformity

The graphs associated with Table 6 indicate that the lateral uniformity in mean velocity
profiles was ~6 percent at height, 7 =30.5 cm. Since all test measurements for this en-
tire study were to be at only one lateral position this lateral uniformity was considered
acceptable. The lateral uniformity in turbulent intensity, particularly at the lower mea-
surement heights, was good.

5.1.2.2 Longitudinal Uniformity
The graphs associated with Table 8 indicate that the longitudinal uniformity in mean
velocity profiles was ~2 percent at height, H = 30.5 cm. The change in simulated for-
est cover matting from the fixed commercial Astroturf to the moveable 60' tree height
Astroturf roughness at -152 c¢m is noticeable in both the mean velocity and turbulent
intensity profiles at lower heights.

5.1.3 Tree Cover Reference Profile Tests (C Series)

The graphs associated with Table 10 and the values of the regression parameters in Table 11
indicate that the upwind, fixed commercial Astroturf matting was representative of ~30' high
trees. The displacement heights were typically around 0.71 times the tree height. The rough-
ness lengths vary from 0.11 m, for no trees, to 1.98 m, for 60' trees. The power law index
vary from 0.19, for no trees, up to 0.32, for the 60' trees.

5.1.4 Tree Cover Change Reference Profiles (D Series)

The graphs associated with Table 13 show the progressive wind speed increase and turbulence
decrease as the result of going from a simulated 60' tree cover out to a area where trees have
been removed. This series of tests indicates the wind power generation benefit obtained by up-
wind clear cutting when located on flat terrain.

5.1.5 Model Ridge Reynolds Number Invariance Tests (E Series)

The graphs associated with Table 15 indicate that Reynolds number invariance in flow over
1:2 sloped triangular ridge existed for all velocities tested. It was decided that good model
similarity would exist for all model ridges when the upwind pitot probe, at a height of 6.1 cm,
registered a velocity of ~500 cm/s.
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5.2 Model Ridge Velocity Profile Results (F To M Series)

5.2.1 Normalized Velocity Profile Comparisons

Table 56 presents a comparison of normalized velocity profile results for all the triangular
shaped ridges. Table 57 presents a comparison of normalized velocity profile results for all the
sinusoidal shaped ridges. Normalized velocity profile results for the reference profile tests (C
series) are presented at the bottom of Table 57. These tables, 56 and 57, are just a representa-
tion of the velocity normalization data Tables 19, 24, 29, 34, 39, 44, 49 and 54 but the
normalized height is scale to field values. This velocity normalization was defined as (U/U,,, )
where refl indicates the pitot probe velocity at 30.5 cm height, 7 indicates the velocities obtain
while the hot film probe was at a particular height.

5.2.2 Fractional Speed Up Factor Comparisons

Table 58 presents a comparison of percent fractional speed up factor profile results for all the
triangular shaped ridges. Table 59 presents a comparison of percent fractional speed up factor
profile results for all the sinusoidal shaped ridges. The percent fractional speed up factor was
defined as [{(U/U, , /Uep./Uce s /#-11*100 where Cxx represents the appropriate refer-
ence profile (same tree height without the ridge present) in the C test series, ref2 indicates the
upwind pitot probe velocity at 6.1 cm height, 7 indicates the velocities obtain while the hot
film probe was at a particular height.

5.2.3 Percent Power Decrease Comparisons

Table 60 presents a comparison of percent power decrease over full clear-cut option profile
results for all the triangular shaped ridges. Table 61 presents a comparison of percent power
decrease over full clear-cut option profile results for all the sinusoidal shaped ridges. The per-
cent power decrease over full clear-cut option factor was defined as
[1-{U/U, p Uy / Uy ren )1 *100 where Xxx represents the run number for the full clear-
cut profile with the same ridge shape, ridge slope and tree height, ref2 indicates the upwind
pitot probe velocity at 6.1 cm height, i indicates the velocities obtain while the hot film probe
was at a particular height.

Figures 5, 6 and 7 display bar charts of the percent power decrease results for a 40', 80' and
120' measurement heights respectively. Included in these figures are tables listing the data.
The error bound for the power comparisons in these charts, as previously stated, is approxi-
mately £10 percent. Trends seen within this error bound should only be consider lightly.
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USWP Task 2 Test Program

USW2_PRO.WK3 Sheet A: 02/18/93

Tunnel Boundary Layer Reynolds Number Invariance Tests
Wind Sg Downwi

AO0O 231 0 0 No Hill - 60 all trees
A01 311 0 0 No Hill - 60 all trees
A02 413 0 0 No Hill - 60 all frees
A03 533 0 0 No Hill - 60 all trees
A04 626 0 0 No Hill - 60 all trees
A05 728 0 0 No Hill - 60 all trees

B01 511 0 -30 No Hilt - 60 all trees
B02 506 0 -15 No Hill - 60 all trees
BO3 510 0 0 No Hill - 60 all trees
B04 504 0 15 No Hill - 60 all trees
BOS ~_ 507 0 30 No Hill - 60 all trees
BO6 ~491 -300 0 No Hill - 60 all trees
BO7 500 -200 0 No Hill - 60 all trees
B08 503 -100 0 No Hill - 60 all trees
BO9 503 100 0 No Hill - 60 all trees
B10 502 0 0 No Hill - 60 all trees |
Reference Profile Comparison Tests — -

Co1 530 -200 0 No Hill - 0 all trees
C0o2 521 0 0 No Hill - 0 all trees
co3 510 0 0 No Hill - 20 all trees
Co4 498 0 0 No Hill - 40 all trees
Ccos 518 0 0 No Hill - 60 all trees

Step Roughness Change Tests

D01 491 -10 0 No Hill - 60 all trees
D02 490 0 0 No Hill - 60 all trees
D03 487 10 0 No Hill - 60 all trees
D04 487 20 0 No Hill - 60 all trees
D05 492 40 0 No Hill - 60 all trees
D06 490 60 0 No Hill - 60 all trees

EO1 409 0 0| Triangular 1:2 0 no trees
EO02 512 0 0| Triangular 1:2 0 no trees
EO3 618 0 0| Triangular 1:2 0 no trees
E04 410 0 0| Triangular 1:2 60 all trees
EO5 505 0 0| Triangular 1:2 60 all trees
E06 592 0 0| Triangular 1:2 60 all trees

TABLE 1 Model Validation Test Seeciﬁcations
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USWP Task 2 Test Program
UsSw2_PRO.WK3 SheetB: 02/18/93

FO1| Triangle 1:2 20 allcut | 448 JO1 Sine 1:2 20 allcut| 453
FO2[ Triangle 1:2 20| -100'cut| 302 J02 Sine 1:2 20] -100'cut{ 292
FO3| Triangle 1:2 20| hilltop cut 72 Jo3 Sine 1:2 20| hiltopcut| 128
FO4| Triangle 1:2 20 no cut 0 JO4 Sine 1:2 20 no cut 0
FO5( Triangle 1:2 40 alfcut | 448 JO5 Sine 1:2 40 allcut| 453
FO06| Triangle 1:2 40| -100'cut| 344 JO6 Sine 1:2 40| -100'cut| 305
FO7| Triangle 1:2 40| hiltopcut | 118 Jo7 Sine 1.2 40| hiltopcut| 135
FO8| Triangle 1:2 40 no cut 0 J08 Sine 1:2 40 no cut 0
FO9| Triangle 1.2 60 allcut | 448 Jo9 Sine 1:2 60 allcut { 453
F10| Triangle 1:2 60/ -100'cut| 371 J10 Sine 1:2 60| -100'cut{ 338
F11| Triangle 1:2 60 hiltopcut | 128 J11 Sine 1.2 60| hiltopcut| 154
F12| Triangle 1:2 60 no cut 0 J12 Sine 1:2 60 no cut 0
GO01/| Triangle 1:3 20 allcut | 633 KO1 Sine 1.3 20 allcut| 640
G02| Triangle 1:3 20| -100'cut | 433 K02 Sine 1:3 20| -100'cut| 381
GO03| Triangle 1:3 20| hilltopcut | 112 K03 Sine 1:3 20| hiltop cut| 171
G04| Triangle 1:3 20 no cut 0 K04 Sine 1:3 20 no cut 0
GO05| Triangle 1.3 40 allcut | 633 K05 Sine 1:3 40 allcut| 640
GO06| Triangle 1:3 40| -100'cut | 476 K06 Sine 1:3 40| -100'cut| 440
GO07| Triangle 1:3 40| hilltopcut | 148 K07 Sine 1:3 40| hiltopcut|{ 217
G08| Triangle 1:3 40 no cut 0 KO8 Sine 1:3 40 no cut 0
GO09| Triangle 1.3 60 allcut | 633 K09 Sine 1:3 60 allcut| 640
G10| Triangle 1:3 60| -100'cut| 512 K10 Sine 1:3 60| -100'cut{ 459
G11] Triangle 1.3 60 hiltopcut | 187 K11 Sine 1:3 60| hiltopcut| 233
G12| Triangle 1:3 60 no cut 0 K12 Sine 1:3 60 no cut 0
HO1| Triangle 1:5 20 all cut | 1020 LO1 Sine 1:5 20 all cut | 1026
HO2| Triangle 1:5 20{ -100'cut| 738 L02 Sine 1:5 20| -100'cut| 614
HO3| Triangle 1.5 20| hiltopcut | 213 LO3 Sine 15 20| hilltopcut| 305
HO4| Triangle 1.5 20 no cut 0 LO4 Sine 1:5 20 no cut 0
HO5| Triangle 15 40 all cut | 1020 LO5 Sine 1:5 40 all cut | 1026
HO6]| Triangle 1.5 40! -100'cut| 797 LO6 Sine 1:5 40| -100'cut| 646
HO7{ Triangle 15 40| hiltop cut | 282 LO7 Sine 1:5 40} hilltop cut| 331
HQO8| Triangle 1:5 40 no cut 0 LO8 Sine 1:5 40 no cut 0
HO9| Triangle 1:5 60 all cut | 1020 LO9 Sine 15 60 all cut | 1026
H10| Triangle 1:5 60| -100'cut| 843 L10 Sine 15 60| -100'cut| 728
H11| Triangle 1:5 60| hilitop cut | 305 L11 Sine 15 60| hiltopcut| 374
H12| Triangle 15 60 no cut 0 L12 Sine 15 60 no cut 0

101} Triangle 1:10 20 all cut | 2011 MO1 Sine 1:10 20 all cut | 2011

102 Triangle 1:10 20| -100'cut | 1499 M02 Sine 1:10 20| -100'cut | 1247

103{ Triangle 1:10 20| hiltopcut | 384 MO3 Sine 1:10 20! hilltop cut| 646

104{ Triangle 1:10 20 no cut 0 MO4 Sine 1:10 20 no cut 0

105( Triangle 1:10 40 all cut | 2011 MOS Sine 1:10 40 all cut | 2011

106| Triangle 1:10 40| -100'cut | 1539 MO06 Sine 1:10 40| -100'cut| 1404

107| Triangle 1:10 40| hiltop cut | 509 MO7 Sine 1:10 40| hiltop cut| 682

108 Triangle 1:10 40 no cut 0 M08 Sine 1:10 40 no cut 0

109| Triangle 1:10 60 all cut | 2011 M09 Sine 1:10 60 all cut | 2011

110| Triangle 1:10 60| -100'cut | 1575 M10 Sine 1:10 60 -100'cut| 1476

111{ Triangle 1:10 60| hiltop cut | 627 M11 Sine 1:10 60| hilitopcut| 791

112 Triangle 1:10 601 ___nocut 0 L M12| __ Sine 1:10 60 no cut 0

Notes: 1) Wind direction is always perpendicular to the 2D hill
2) Vertical profile location is always at hill crest, centertunnel
3) Vertical profile measurement heights are up to 30 cm

TABLE 2 Test Proﬂam Szeciﬁcations
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USWP Task 2 Test Results A Series Tests

USW_VELAWK3 Sheet A: 02/18/93
Velocity Profile Data Velocity Profile Data Velocity Profile Data
Run AOO No Hill: 60' Trees: B.L. Re# Tests Run A01 No Hill: 60' Trees: B L Re# Tests Run A02 No Hill: 60' Trees: B.L. Re# Tests
= Helahf e e e —— VPPmTER ‘ m— __h P o e ———
2.4 138 321 418 230 2.4 189 358 612 307 2.4 251 355 805 405
3.7 186 251 418 221 37 249 285 610 318 37 321 29.3 804 409
49 199 24.2 418 233 49 281 241 610 309 49 371 240 805 416
6.1 215 25 421 236 6.1 318 235 611 315 6.1 402 232 804 414
9.1 261 18.2 420 230 9.1 361 171 610 308 9.1 477 18.1 804 409
12.9 291 14.0 421 233 129 392 149 611 319 129 517 16.2 804 410
18.3 314 11.9 421 229 18.3 437 125 611 309 18.3 570 134 804 422
24.4 346 10.1 420 234 244 475 11.0 610 306 244 617 12.4 804 422
305 367 8.2 420 230 30.5 506 10.2 610 312] 30.5 659 10.8 804 412
verage = 420 231 Average = 610 311 Average = 804 413
Velocity Profile Data Velocity Profile Data Velocity Profile Data

04 No Hill: 60' T Run A0S _No Hill; 60' T

183 724 133 1029 529 18.3 864 132 1218 615 183 1018 13.3 1415 727
24.4 789 116 1029 530 24.4 948 13 1218 636 24.4 1093 117 1211 728
305 845 102 1029 537 305 1011 95 1217 632 305 1161 98 1411 734
Average = 1030 533 Average = 1220 626 |Average = 1413 7_2_8_J

TABLE 3 Aezroach Flow Rﬂnalds Number Invariance Test Data |
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USWP Task 2 Test Results

USW_VELA.WK3

A Series Tests

Sheet B: 02/18/93

Velocity Profile Comparisons
No Hill; 60 Trees; B.L. Re# Tests
jhtt:: Vel
\0 A0 \0 A0S
0.08 0.38 0.37 0.38 0.38 0.37 0.37
0.12 0.51 0.49 0.49 0.49 0.48 0.49
0.16 054 0.56 0.56 057 0.54 0.56
0.20 0.59 0.63 0.61 0.60 0.62 0.62
0.30 0.71 0.71 0.72 0.69 0.71 0.71
0.42 0.79 0.7 0.79 0.77 0.78 0.79
0.60 0.85 0.86 0.87 0.86 0.85 0.87
0.80 0.94 0.94 0.94 0.93 0.94 0.94
1,00 1,00 1.00 1.00 1.00 1.00 1,00
[Ur@76.2cm=| 420 610 804 1030 1220 1413
Ur@6.1cm = 231 311 413 533 626 728
Href (cm) = 305 305 305 305 30.5 30.5)
B.L. Reynolds Number Invariance Tests
A Series Tests
1.00
0.80
=
[5]
o
D 0.60
>
T
(0]
N
g 0.40
[}
2
0.20
0.00
0 0.2 0.8 1

0.4 0.6
Normalized Height
= A00 _,_ AO1 _, AO2 o AO03 _, A04 _,_AO05

Pluwid Dynamice and Diffusion Laboratony - Colorads State University
Wend Engineering Research and rApplication Specialicts

Turbulent Intensity Profile Comparisons

No Hill: 60' TreeS' B.L. Re# Tests

g
L A0T A02 A AC. A0S
0.08 32.1 %8 355 364 36.0 3%6.4
0.12 25.1 285 29.3 29.2 28.8 29.4
0.16 242 24.1 24.0 258 256 25.4
0.20 25 235 23.2 24.1 226 220
0.30 182 17.1 18.1 19.8 185 202
0.42 14.0 149 16.2 163 155 15.4
0.60 1.9 125 13.4 133 132 133
0.80 10.1 11.0 12.4 11.6 13 1.7
1.00 82 102 10.8 10.2 85 98]
Ur@76.2cm = 420 610 804 1030 1220 1413
Ur@6.1cm =] 231 3N 413 533 626 728
Href (cm) = 30.5 305 30,5 30.5 30.5 30.5
B.L. Reynolds Number Invariance Tests
A Series Tests
40.00
£ 30.00 k
N
.éi
(2]
c
(0]
]
E 2000
5
c
K] E
3
]
E
2 10.00
0.00
0 0.2 038 1

-=-A00 _, AO1 _, A02 . AO3 _, AD4 _,_A05

0.4 0.6
Normalized Height

TABLE 4

Approach Flow Reynolds Number Invariance Test Results
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USWP Task 2 Test Results B Series Tests

USW_VELB.WK3 Sheet A: 02/18/93
Velocity Profile Data Velocity Profile Data Velocity Profile Data
Run B01__No Hill, 60 Trees; Lateral Umfomutx Test Run B02 No Hill: 60' Trees; Lateral Uniformity Test yn BO3 No Hill: 60' Trees: Lateral Uniform g Test
s - ‘ T Velociv] TP TS Y P e PR e e PRt FEE Y P PR ht_—el P l e
24 294 38.1 916 512 24 314 35.3 981 502 24 305 359 988 526
37 396 29.7 915 515 37 396 29.0 981 505 37 394 29.1 987 504
49 475 26.1 916 512 4.9 462 25.8 981 505 49 456 254 987 511
6.1 527 237 916 518 6.1 504 231 981 507 6.1 491 239 987 504
9.1 616 18.6 915 511 9.1 682 19.0 982 507 9.1 565 19.6 985 507
129 690 14.7 914 505 129 648 15.9 980 503 12.9 625 15.9 984 507
18.3 762 12.0 916 511 183 713 13.2 980 511 18.3 693 137 988 513
244 822 10.2 914 511 24.4 781 10.8 980 507 244 756 115 987 512
30.5 873 8.0 915 506 30.5 835 9.0 982 510 30.5 802 104 985 502
Average = 915 5111 |Average= 981 506 Average = 986 510
Velocity Profile Data Velocity Profile Data

Run B0O4_No Hill; 60 Trees; Lateral Uniformity Test :

2.4 269 36.3 918 504
37 361 293 921 504
4.9 421 259 921 506
6.1 452 235 916 500
9.1 522 20.8 915 500
129 594 16.6 915 512
18.3 645 138 917 496
24.4 716 121 916 511 . .
30.5 770 10.9 915 501 | 30.5 820 9.6 903 507
Average = 017 504 Average = 904 506

TABLE 5 Wind Tunnel Lateral Uniformity Test Data

Page TS



USWP Task 2 Test Results B Series Tests
USW_VELB.WK3 Sheet B: 02/18/93
Veloclty Profile Comparisons
N 60" Trees: Lateral Uniformity Test
0.08 0.38 0.41 0.38 0.35 0.36
0.12 0.48 0.49 0.49 0.45 0.49
0.16 0.59 0.58 0.57 0.53 0.59
0.20 0.64 0.63 0.61 0.57 0.64
0.30 0.76 0.73 0.70 0.66 0.75
0.42 0.86 0.81 0.78 0.73 0.83
0.60 0.95 0.89 0.86 0.83 0.91
0.80 1.02 0.98 0.94 0.89 0.96
100 1.08 1.03 1.00] 0.96 1.01
(Ur@76.2cm = 915 981 986 917 904
Ur@6.1cm = 511 506 510 504 506
Href (cm) = 305 305 305 305 305

B.L. Lateral Uniformity Tests

Plucd Dynamces and Diffusion Laboratory - Colonads State University
Pind Engineconing Research and Application Specialiots

Turbulent In’tensﬁy Profile Compansons
Hill; 60° T Lateral T

0.08 38.1 353 359 36.3 37.1

0.12 29.7 29.0 29.1 29.3 296

0.16 26.1 2538 254 259 25.1

0.20 237 23.1 23.9 235 236

0.30 18.6 19.0 196 20.8 19.0

0.42 147 15.9 159 166 163

0.60 12.0 132 137 13.8 124

0.80 10.2 108 115 12.1 11.1

1.00 8.0 9.0 104 109 9.6]
Ur@76.2cm = 915 981 986 917 904
[ Ur@6.1cm = 511 506 510 504 506
Href (m) = 30.5 30.5 305 30.5 30.5)

B.L. Lateral Uniformity Tests

B Series Tests B Series Tests
2 red 8 30.00
§ 0.60 - %
B E 2000
= =
® 0.40
E 3
S §
10.00
0.20 =
0.00 0.00
0 0.2 06 0.8 1 0 0.2 0.4 0.6 0.8 1
Normal:zed Height Normalized Height
-=-B01 . B02 _,_ B03 _;.B04 _,_BOS = B01 . B02 _, B0O3 ..B04 _,_BO5
TABLE 6 Wind Tunnel Lateral Uniformity Test Results
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PVWend. Engineering Research and rpplication Specialists

USWP Task 2 Test Results B Series Tests

USW_VELB.WK3 Sheet A: 02/18/93
Velocity Profile Data Velocity Profile Data Velocity Profile Data
un B0O6 No H|IIl 60' Trees; Longnudmal Uniformity Test Run BO7 No Hill: 60' Trees, Longltudlnal Unlfor'nitv Test Run BO8__ No Hill; 60 Trees; Loggltudmal Unlfo ity Test
Height ! slocit Cl 1 loc - Height] locity Veloc
em)
24 314 319 960 ~491 2.4 338 28.2 992 493 24 289 374 983 510
37 393 263 960 ~491 37 412 236 991 494 37 388 28.3 983 501
4.9 460 223 960 ~491 49 477 225 992 497 49 454 23.0 983 504
6.1 487 215 959 ~491 6.1 513 19.7 99N 504 6.1 493 21.2 982 506
9.1 558 18.2 958 ~491 9.1 570 18.0 990 504 9.1 573 17.6 981 501
129 614 15.5 959 ~491 12.9 635 15.0 992 491 12.9 629 15.4 981 510
18.3 682 13.6 958 ~491 18.3 693 13.3 992 512 18.3 695 135 983 497
244 742 11.3 960 ~491 244 750 11.9 992 502 244 751 11.5 980 505
30.5 799 9.4 958 ~491 30.5 812 9.7 991 500 30.5 800 10.0 978 494
Average = 059 ~491 Average = 991 500 Average = 982 503
Velocity Profile Data Velocity Profile Data

Run BOQ No H||I 60’ Trees; Longitudinal Unifo_ i

|Average = 083 503 verage = 982 502 ]

TABLE 7 Wind Tunnel Lonﬁitudinal Uni‘ormi2 Test Data
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USWP Task 2 Test Results B Series Tests

USW_VELB.WK3 Sheet B: 02/18/93
Velocrty Profile Compansons Turbulent Intensny Proﬁle Compansons
0.08 0.39 0.43 0.36 0.37 0.33 0.08 31.9 28.2 37.4 35.8 40.9
0.12 0.49 0.53 0.49 0.47 0.45 0.12 263 236 28.3 29.1 31.7
0.16 0.57 0.60 0.56 0.54 0.52 0.16 223 225 23.0 25.7 275
0.20 0.61 0.63 0.60 057 0.61 0.20 215 19.7 21.2 237 236
0.30 0.70 0.70 0.71 0.68 0.68 0.30 18.2 18.0 17.6 19.6 20.1
0.42 0.7 0.81 0.77 0.75 0.79 0.42 155 15.0 15.4 174 16.5
0.60 0.85 0.85 0.88 0.83 0.87 0.60 13.6 13.3 135 14.9 137
0.80 0.93 0.95 0.95 0.93 0.94 0.80 1.3 11.9 115 121 1.7
1.00 1.00 1.01 1.01 0.97 1.00] 1.00 9.4 97 10.0 109 10.8]
Ur@76.2cm = 959 991 982 983 982 Ur@76.2cm = 859 991 982 983 982
Ur@6.1cm = ~491 500 503 503 502 | Ur@6.1cm = ~491 500 503 503 502
Href (cm) = 30.5 30.5 305 30.5 30.5 Href (cm) = 30.5 305 305 30.5 305
B.L. Long. Uniformity Tests B.L. Long. Uniformity Tests
B Series Tests B Series Tests
1.00 ] 40.00
0.80 v
> ‘=  30.00 A
b4 S
3 y >
(3] (72}
2 060 o £
b= € 2000 N
N p
@ 0.40 IS
E H
O
Z 2 1000
0.20
0.00 0.00
(i} 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Normalized Height Normalized Height
- B06 _,B07 _._B08 ..B09 _, B10 = B06 . B0O7 _,_B08 . B09 . B10

TABLE 8 Wind Tunnel Longitudinal Uniformity Test Results
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Plutd Dynamice and Diffusion Laboratory - Colorads State Uncveraity
Windt Engineeriny Research and stpplieation Specialiots

USWP Task 2 Test Results C Series Tests

USW_VELC.WK3 Sheet A: 02/18/93
Velocity Profile Data Velocity Profile Data Velocity Profile Data
Run CO1 No Hill: No Tr ees, Umnd Positi on : Hi iti
elocity Ve '
1.2
24 380 259 824 532
37 452 28 830 536
49 513 19.8 826 521
6.1 535 17.6 825 524
9.1 600 15.9 830 534
129 660 13.7 828 526 . . . .
18.3 721 119 825 539 18.3 719 123 813 526 18.3 710 11.6 808 509
244 779 10.0 828 525 244 769 104 813 523 244 763 10.7 805 512
30.5 829 85 832 534 30.5 828 8.5 826 528 30.5 813 9.1 810 513
Average = 827 530 Average = 819 521] |Average= 806 510
Velocity Profile Data Velocity Profile Data
Run C04 No Hill; 40 Trees; Hill Center Position Run CO5 _No Hill; 60" Trees; Hill Center Positio
{%} ]
2.4 320 318 791 506 24 283 36.1 822 526
37 416 25.9 793 500 37 387 28.8 823 515
4.9 467 223 796 501 49 465 245 823 518
6.1 507 20.8 788 505 6.1 507 2.7 822 524
9.1 576 17.2 789 500 9.1 583 19.2 824 516
12.9 638 14.3 798 483 129 650 15.6 821 512
18.3 693 123 798 495 18.3 721 12.2 822 508
24.4 749 105 791 497 244 775 105 821 524
30.5 794 9.0 799 498 30.5 831 9.2 824 516
Average = 794 498 Average = 822 51

TABLE 9 Tree Cover Re‘erence Pro‘lle Test Data
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USWP Task 2 Test Results C Series Tests

USW_VE

LC.WK3 Sheet B: 02/18/93

Velocity Profile Comparisons

No Hill; Reference Profile Tests
TR YRT ey T Velooitv | Ve = e -
0.08 0.46 0.63 0.51 0.41 0.34
0.12 0.55 0.66 0.59 0.53 0.47
0.16 0.62 0.69 0.64 0.59 0.56
0.20 0.65 0.71 0.68 0.65 0.61
0.30 0.73 0.77 0.74 0.73 0.70
0.42 0.80 0.81 0.81 0.80 0.79
0.60 0.88 0.88 0.88 0.87 0.87
0.80 0.94 0.94 0.94 0.95 0.94
1.00 1.00 1.00 1.00 1.00 1.00
Ur@30.5cm = 827 819 806 794 822
Ur@6.1cm = 530 521 510 498 518
Href (cm) = 305 305 305 305 30.5)

Velocity Profile Comparisons
C Series Tests

Plutd Dynancics and Diffucion Laboratony - Colorads State University
Vend Engineoring Research and spplication Specialiots

Turbulent Intensity Profile Comparisons

No Hill; Reference Profile Te

sts

0.04 19.3 33.2
0.08 259 16.9 248 31.8 36.1
0.12 22.8 16.0 215 25.9 28.8
0.16 19.8 16.7 19.4 223 245
0.20 17.6 15.6 18.3 20.8 21.7
0.30 15.9 14.3 16.1 17.2 19.2
0.42 13.7 13.3 13.9 14.3 15.6
0.60 11.9 12.3 11.6 123 12.2
0.80 10.0 10.4 10.7 10.5 10.5
1.00 85 85 9.1 _90 9.2
Ur@30.5cm = 827 819 806 794 822
| Ur@6.1cm = 530 521 510 498 518
Href (cm) = 305 305 305 305 30.5]

Turbulent Intensity Profile Comparisons

C Series Tests

1.00 40.00
0.80 = \
2 S 30.00 \ i
S 2
S 0.0 §
'u g
o € 20.00
N -
T 0.40 S \«“\ f\\
E 1 J 5 \0\
P ’§ 10.00
0.20 Pt
0.00 0.00
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Normalized Height Normalized Height
».CO1_0'u_,_C02_0' _, CO03 20' ».C01_0'u__C02_0' _, C03_20'
= C04_40'_,_C05_60' = C04_40'_, C05_60'
TABLE 10  Tree Cover Reference Profile Test Results
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Plocd Dynamees and Diffuccon Laboratony - Colorads State Univenadty
VWend Engineoring Research and Application Specinlists

USWP Task 2 Test Results C Series Tests
USW_VELC.WK3 Sheet C: 02/18/93
Reference Velocity Profile Comparisons
B
24.4 4.6 6.3 5.1 4.1 34
36.6 55 6.6 5.9 5.3 4.7
48.8 6.2 6.9 6.4 5.9 5.6
61.0 6.5 7.1 6.8 6.5 6.1
91.4 7.3 7.7 74 7.3 7.0
129.0 8.0 8.1 8.1 8.0 7.9
182.9 8.8 8.8 8.8 8.7 8.7
243.8 9.4 9.4 9.4 9.5 9.4
304.8 10.0 10.0 10.0 10.0 10.0
d(m)= 8.0 0.2 4.3 8.7 13.0
U* (m/s) = 0.67 0.45 0.64 0.78 0.77
Zo(m)= 1.04 0.11 0.80 1.90 1.98
p= 0.26 0.19 0.24 0.29 0.32
Model Conditions Field Conditions
Href (cm) = 30.48 Href (m) = 305
Uref (cm/s) = 800.0 Uref (m/s) = 10.0
Length Scale = 1000.0 Length Scale = 1.0

TABLE 11 Re‘erence Proclle Resression Analzsis
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Plwid Dynamics and Diffuston Laboratory - Colovads State Univensity
Wend Engincoring Research and Application Specialiots

USWP Task 2 Test Results D Series Tests

USW_VELD.WK3 Sheet A: 02/18/93
Velocity Profile Data Velocity Profile Data Velocity Profile Data
ill; ; Run D02 _No Hill; 60' Trees; 10cm Hill; 60' Trees;
24 320 34.1 800 496 24 363 31.0 802 488 : 24 351 333 796 494
37 429 272 804 496 37 447 257 800 488 37 435 264 795 478
49 488 23.2 796 486 4.9 494 2.1 804 494 49 477 247 793 484
6.1 543 20.8 797 490 6.1 545 20.3 803 493 6.1 520 217 792 494
9.1 614 177 800 493 9.1 607 17.4 800 491 9.1 607 17.6 796 492
129 665 154 806 496 129 680 14.0 801 492 129 661 14.8 794 481
183 736 123 806 485 18.3 738 121 797 491 18.3 715 13.0 782 488
244 793 105 798 486 24.4 792 10.7 800 488 24.4 779 111 793 486
30.5 833 9.2 799 493 30.5 832 9.6 799 485 30.5 818 9.6 785 487 |
|Average = 801 491 JAverage = 801 490 JAverage = 792 487
Velocity Profile Data Velocity Profile Data Velocity Profile Data :
A Run D05 No Hlll 60' Trees 20cm step posmon Run D06 No H|III 60' Trees; 60cm step ﬁmon
ocity: Height}: :Velo ity
2.4 432 232 797 493 24 457 214 798 489
37 465 236 799 497 37 485 20.6 796 492
49 499 225 790 499 49 523 21.7 795 495
6.1 542 206 797 483 6.1 539 20.2 797 494
9.1 606 179 793 495 9.1 593 184 792 491
129 654 15.2 794 493 129 669 146 792 489
183 728 124 794 483 18.3 725 13.1 798 493
. . 244 786 10.5 795 486 24.4 786 10.5 800 490
30.5 834 9.4 799 485 30.5 832 9.7 797 496 30.5 836 9.4 801 478
Average = 796 487 JAverage = 795 492 | Average = 797 490

TABLE 12  Tree Cover Stee Roughness Chanﬁe Test Data
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USWP Task 2 Test Results D Series Tests

USW_VELD.WK3

Sheet B: 02/18/93

Velocity Profile Comparisons

N

o Hill: 60’ Trees; Step Roughness Change Tests
BRI 25, olop ROUgANess et T Vebet ] Vebo
0.08 0.38 0.43 0.42 0.46 0.52 0.55
0.12 0.51 0.54 0.53 0.53 0.56 0.58
0.16 0.59 0.59 0.58 0.59 0.61 0.63
0.20 0.65 0.65 0.63 0.64 0.65 0.65
0.30 0.74 0.73 0.73 0.73 0.73 0.72
0.42 0.79 0.81 0.80 0.80 0.79 0.81
0.60 0.88 0.89 0.88 0.88 0.88 0.87
0.80 0.95 0.95 0.94 0.95 0.95 0.94
1.00 1.00 1.00 1.00 1.00 1.00 1.00]
Ur@76.2cm = 801 801 792 796 795 797
Ur@6.1cm = 491 490 487 487 492 490
Href (cm) = 30.5 305 305 305 30.5 305
Step Roughness Change Tests
D Series Tests
1.00
0.80
=
O
o
(M
2 060
O
()]
N
g 0.40
(o)
z
0.20
0.00
0 0.2 0.8 1

0.4 0.6
Normalized Height

= D01 D02 _, DO3 . D04 , DO5 _,_DO06

Plucd Dynamecs and Diffusion Laboratory - Colorads State Univernsity
PWend Engineering Research and pplication Shecinliots

Turbulent Intensity Profile Comparisons

No Hill; 60' Trees; Step Roughness Change Tests
0.08 34.1 31.0 333 29.8 232 21.4
0.12 27.2 25.7 26.4 27.0 23.6 20.6
0.16 23.2 221 24.7 235 225 21.7
0.20 20.8 20.3 21.7 215 20.6 20.2
0.30 17.7 17.4 17.6 17.8 17.9 18.4
0.42 15.4 14.0 14.8 15.6 15.2 14.6
0.60 12.3 12.1 13.0 11.9 12.4 131
0.80 10.5 10.7 1.1 11.0 10.5 10.5
1.00 9.2 9.6 9.6 94| 97 9.4
Ur@76.2cm = 801 801 792 796 795 797
| Ur@6.1cm = 491 490 487 487 492 490
Href (cm) = 30.5 30.5 30.5 30.S 305 30.5)

Step Roughness Change Tests
D Series Tests

40.00

w
e
=Y
S

20.00

Turbulent Intensity (%)

—
(=4
[~
[

0.00

0 0.2 0.8 1

0.4 0.6
Normalized Height
= D01 _, D02 _, D03 . D04 _, D05 _,_D06

TABLE 13  Tree Cover Stﬂ Roughness Change Test Results
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Plutd Dynamics and Diffusion Laboratory - Colorads State Univenity
Uend Engencering Reseanch and rpplication Specialiots

USWP Task 2 Test Results E Series Tests

USW_VELE.WK3 Sheet A: 02/18/93

Velocity Profile Data Velocity Profi Ie Data Velocity Profi Ie Data
Run EO1_ Triangular Hill; 1:2 Slope; 0' Trees; Re# Tests ill: 1:

1.2 502 10.7 407 1.2 626 10.9 854 517 1.2 752 104 1036 628
24 514 11.6 405 24 630 120 854 511 24 764 11.9 1038 622
37 513 12.2 414 37 645 126 860 510 37 771 11.9 1038 616
49 526 12.8 407 49 652 12.7 856 504 49 788 12.4 1031 618
6.1 633 12.7 404 6.1 €55 129 854 500 6.1 800 123 1040 608
9.1 551 12.6 410 9.1 683 125 858 516 9.1 833 124 1038 605
128 576 124 413 129 713 12.1 848 519 12.9 874 117 1041 620
183 616 10.2 410 183 758 10.7 854 507 183 924 10.5 1038 620
244 654 9.1 408 244 810 9.1 860 515 244 981 9.0 1041 619
30.5 684 7.9 5 410 30.5 842 7.9 857 521 30.5 1025 79 1037 624 |
Average = : 409 JAverage = BSS 512] |[Average= 038 618
Velocity Profile Data Velocity Profile Data Velocity Profile Data
i ill; Run EOS Tnan ular Hill: 1 2 Slope' 60' Trees Re# Tests Run EOG Tnangular Hill; 1:2 Slope; 60' Trees Re# Tests
RV PP Ty
24 698 15.2 1003 592
37 729 16.5 999 597
49 732 159 . 1000 592
6.1 765 15.5 1000 589
9.1 809 14.0 1002 600
129 856 121 994 590
18.3 911 10.5 1008 595
. 244 964 9.3 1010 - 684
2 30 5 857 8.1 B57 510] 30.5 1007 8.0 1007 588
verage = 697 410 Average = 856 505] |Average = 1002 592

TABLE 14 Model Ridge Rﬂnolds Number Invariance Test Data
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Plucd Dynamcics and Diffusion Laboratony - Colonads State Univensity
UWind Engineoring Research and Application Specintiots
USWP Task 2 Test Results E Series Tests

USW_VELE.WK3 Sheet B: 02/18/93
Velocity Profile Comparisons Turbulent Intensity Profile Comparisons
2 iance Tests ~ Yriangular Hill; 1:2 Slope; Re# Invari
0.04 0.74 0.75 0.73 0.04 10.7 10.9 10.4
0.08 0.75 0.75 0.74 0.71 0.70 0.70 0.08 116 12.0 1.9 15.3 154 152
0.12 0.76 0.76 0.75 0.72 0.72 0.73 0.12 122 12.6 11.9 15.7 153 155
0.16 0.78 0.78 0.77 0.75 0.74 0.73 0.16 128 127 124 157 159 159
0.20 0.79 0.78 0.78 0.77 0.75 0.77 0.20 127 129 123 15.7 15.8 155
0.30 0.81 0.1 0.81 0.81 0.82 0.81 0.30 126 125 124 14.0 135 14.0
0.42 0.84 0.86 0.85 0.85 0.85 0.86 0.42 124 12.1 1.7 125 120 121
0.60 0.91 0.90 0.90 0.90 0.90 0.90 0.60 10.2 10.7 105 105 107 105
0.80 0.96 0.96 0.95 0.96 0.95 0.95 0.80 9.1 9.1 9.0 95 9.4 9.3
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 7.9 7.9 7.9 7.8 8.1 8.0
Ur@30.5cm = 691 855 1038 697 856 1002 Ur@30.5cm = 691 855 1038 697 856 1002
Ur@6.1cm = 409 512 618 410 505 592 Ur@6.1cm = 409 512 618 410 505 592
Href (cm) = 305 305 305 305 305 305 |__Href (cm) = 305 305 305 305 0.5 30.5]
Hill Reynolds Number Invariance Tests Hill Reynolds Number Invariance Tests
E Series Tests E Series Tests
1.00 40.00
0.80 —_
g M & 30.00
S Z
(] [%:]
0.60
> g
@ £ 20.00
N -
T 0.40 &
E S
(o]
Z § 10.00
0.20 -
0.00 0.00
0 0.2 04 06 0.8 1 0 0.2 04 06 0.8 1
Normalized Height Normalized Height
= E01_0'" ,_EO02 0 _,_EO03_0 o EO01_0'" _, E02 0" _, EO3_0'
_=.E04_60'_,_ EO05_60'_,_E06_60' _=-E04_60'_, EO05_60'_,_E06_60'

TABLE 15 Model Ridge Reynolds Number Invariance Test Results
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Plutd Dynameics and Diffuscon Laboratovy - Colorads State Universlty
UWeind Engeneening Research and rApplication Specialiste

USWP Task 2 Test Results F Series Tests

USW_VELO.WK3 Sheet A: 02/18/93
Velocity Profile Data Velocity Profile Data
n FO1 __ Trianqular Hill: 1:2 Slo ' Trees; Full Cut Run F02 _ Triangular Hill; 1:2 Slope; 20' Trees; -100' Cut
; , s): i1 5 : s) %) s s):
1.2 605 13.6 860 510 1.69 1.2 613 13.9 871 513 1.70
24 613 15.2 864 516 1.67 24 631 14.4 865 519 1.67
37 638 14.7 868 515 1.69 37 645 14.2 868 517 1.68
4.9 654 14.7 869 517 1.68 4.9 658 14.1 866 514 1.68
6.1 673 13.4 862 517 1.67 6.1 670 13.5 862 511 1.69
9.1 708 12.8 865 513 1.69 9.1 708 127 866 505 1.71
12.9 738 11.8 860 512 1.68 12.9 743 11.9 866 511 1.70
18.3 784 10.8 859 516 1.67 18.3 784 10.9 865 516 1.68
244 832 9.2 865 509 1.70 244 833 9.4 867 515 1.68
30.5 872 7.7 869 520 1.67 30.5 874 7.8 871 518 1.68
Average = 864 514 1.68 Average = 867 514 1.69
Velocity Profile Data ' Velocity Profile Data
Run F03 riangular Hill, 1:2 Slope; 20° Trees; Top Cut Run FO4 _ Triangular Hill; 1:2 Slope; 20' Trees: No Cu
& ¥{) R ) LY iss : j - 3184 e 2
1.2 643 13.5 512 1.72 1.2 495 221 874 514 1.70
2.4 659 13.6 517 1.69 24 649 12.8 878 517 1.70
3.7 674 14.4 882 525 1.68 37 666 13.6 879 506 1.74
4.9 693 13.5 879 514 1.71 49 676 14.0 878 517 1.70}
6.1 697 13.3 877 508 1.73 6.1 680 13.4 874 517 1.69
9.1 724 12.3 876 519 1.69 9.1 720 12.3 879 518 1.70
12.9 765 10.8 874 517 1.69 12.9 761 11.6 881 519 1.70
18.3 798 10.6 875 521 1.68 18.3 801 10.6 877 520 1.69
24.4 846 8.8 876 518 1.69 24.4 846 8.9 879 511 1.72
30.5 880 7.8 876 523 1.67 30.5 886 7.9 883 525 1.68
Average = 877 517 1.69 Average = 878 516 1.70

TABLE 16 Model Ridge Test Datai' T riangular Shaeei 1:2 Sloeei 20' Trees
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Plotd Dynancics and Diffusion Laboratory - Colorads State Universdty
PWend Engineoring Reseanch and stpplication Specialists

USWP Task 2 Test Results F Series Tests

USW_VELO.WK3 Sheet A: 02/18/93

Velocity Profile Data Velocity Profile Data
Run FO5  Triangular Hill: 1:2 Slope: 40' Trees: Full Cut Run FOS Trian ular Hill, 1:2 Slope; 40' Trees; -100' Cut

1.2 596 14.3 873 520 1.68 1.2 593 14.7 865 510 1.70
2.4 612 167 876 514 1.70 2.4 609 15.3 861 511 1.68
3.7 628 16.2 877 514 1.71 37 629 15.6 858 505 1.70
4.9 657 156.3 868 519 1.67 4.9 641 15.5 857 511 1.68
6.1 659 14.8 868 526 1.65 6.1 658 15.0 858 514 1.67
9.1 71 13.2 866 510 1.70 9.1 699 13.3 856 510 1.68
12.9 753 11.4 875 510 1.72 12.9 736 121 865 513 1.69
183 788 10.7 868 515 1.69 18.3 w7 10.4 858 507 1.69
24.4 831 9.1 864 515 1.68 244 825 9.1 860 501 1.72
30.5 867 8.2 867 520 1.67 30.5 859 7.9 862 502 1.72]
Average = 870 516 1.69 Average = : 860 508 1,69
Velocity Profile Data Velocity Profile Data
Run FO7 _ Triangular Hill, 1:2 Slope; 40" Trees; Top Cut Run FO8 _ Triangular Hill; 1:2 Slope;
1.2 583 17.0 875 515 1.70]
24 623 15.8 871 522 1.67 24 611 14.6 870 516 1.69
37 642 15.8 866 519 1.67 3.7 629 14.4 868 524 1.66
4.9 669 15.1 871 512 1.70 4.9 656 15.1 876 507 1.73
6.1 681 14.1 874 520 1.68 6.1 671 14.5 871 516 1.69
9.1 715 13.2 875 515 1.70 9.1 702 13.7 870 516 1.69
12.9 750 117 875 511 1.71 12.9 743 12.1 874 516 1.69
18.3 793 10.2 873 515 1.70 18.3 795 107 874 512 1.71
24.4 840 8.9 874 516 1.69 24.4 838 9.3 872 525 1.66
30.5 880 7.8 877 518 1.69 30.5 877 8.2 872 518 1.68
Average = 873 516 1.69 L Average = 872 517 1.69

TABLE 17 Model Ridﬁe Test Datai' T rianﬂular Shggei 1:2 Slaeei 40' Trees
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Plucd Dynamece and Diffusion Laboratony - Colorads State Untversity
VWiend Engineering Research and rApplication Specinlists

USWP Task 2 Test Results F Series Tests

USW_VEL0.WK3 Sheet A: 02/18/93
Velocity Profile Data Velocity Profile Data
Triangular Hill; 1:2 Slope; : Tnangular HlllI 1:2 Slope, 60’
= T Ve
. . 1.2 577 15.4 857 515 1.66
24 593 16.6 857 506 1.69 24 596 16.4 856 512 1.67
37 605 16.1 855 504 1.70 37 620 15.8 856 504 1.70
4.9 634 156.5 856 510 1.68 4.9 644 15.5 860 512 1.68
6.1 655 15.1 862 511 1.69 6.1 660 16.2 859 508 1.69
9.1 702 12.9 859 509 1.69 9.1 695 13.8 854 509 1.68
12.9 740 11.4 857 508 1.69 12.9 734 11.5 858 505 1.70
18.3 785 10.3 863 508 1.70 18.3 778 10.7 855 506 1.69
244 825 9.1 859 510 1.69 244 828 9.1 858 496 1.73
30.5 867 7.8 865 508 1.70 30.5 856 7.9 855 517 1.65
Average = 859 508 1.69 Average = 857 508 1.68)
Velocity Proﬁle Data Velocity Proﬁle Data
1.2 . .
24 607 16.2 864 514 1.68 24 586 17.4 865 514 1.68
37 627 16.2 864 515 1.68 37 614 15.1 861 516 1.67
4.9 651 15.9 862 511 1.69 4.9 637 15.5 864 508 1.70}
6.1 675 145 860 502 1.71 6.1 653 16.5 861 514 1.67
9.1 712 131 865 511 1.69 9.1 698 14.2 864 508 1.70
12.9 750 11.8 859 505 1.70 12.9 744 11.6 863 503 1.72
18.3 785 10.6 864 502 1.72 18.3 785 10.7 866 510 1.70
244 830 8.9 859 505 1.70 244 830 9.0 866 503 1.72
30.5 858 7.9 856 504 1.70 30.5 869 8.2 869 518 1.68
Average = 862 509 1.69 Average = 864 510 1.69

TABLE 18 Model Ridge Test Datai Ti riangular Shaee, 1:2 Sloeei 60' Trees |
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USWP Task 2 Test Results

USW_VEL1.WK3

Sheet A:

Plutd Dynamics and Diffusion Laboratory - Colorads State Univeraity
Weindt Engincening Research and rtpplication Specialicts

F Series Tests
02/18/93

Velocity Profile Comparisons Velocity Prof Ie Compansons Velocity Profi Ie Compansons
Triangutar Hill; 1:2 Slope 20' Tree Tests Ti
eigh
Jz; 3 (0 {e]
0.04 0.68 0.68 0.67 0.04 0.67 0.67 0.65
0.08 0.70 0.71 0.72 0.70 0.08 0.69 0.70 0.70 0.63
0.12 0.72 0.73 0.74 0.72 0.12 0.71 0.72 0.73 0.71
0.16 0.76 0.75 0.77 0.75 0.16 0.74 0.75 0.76 0.74
0.20 0.76 0.77 0.78 0.77 0.20 0.76 0.7 0.79 0.76
0.30 0.82 0.82 0.82 0.81 0.30 0.82 0.81 0.82 0.81
0.42 0.86 0.85 0.86 0.85 0.42 0.86 0.86 0.87 0.86
0.60 0.91 0.91 0.91 0.91 0.60 0.91 0.91 0.91 0.91
0.80 0.96 0.96 0.96 0.96 0.80 0.96 0.97 0.97 0.96
1.00 1.00 1.00 1.00 1.01 1,00 1.00 | 1.00 1.00 1.00
Ur@30.5cm = 870 860 873 872] [Ur@30.5cm= 859 857 862 864
. Ur@6.1cm = 516 508 516 517] | ur@6.icm= 508 508 509 510
Href (cm) = 305 305 Href (cm) = 305 30.5 30.5 30.5 Href (cm) = 305 30.5 305 305
Triangular Hill; 1:2 Slope; 20' Tree Tests Triangular Hill; 1:2 Slope; 40' Tree Tests Triangular Hill; 1:2 Slope; 60' Tree Tests
F Series Tests F Series Tests F Series Tests
1.00 1.00 1.00
0.90 0.90 0.90
(3] (%] (3]
So0.80 S0.80 50.80
> S >
Bo ﬁ Bo.m Bo0 %
N N N
‘© ‘© ‘©
E 0.60 7 Eo.60 Eo.60
[=] (=] [=]
Z Z =z
0.50 0.50 0.50
0.40 0.40 0.40
0 . 0.2 03 04 0 0.1 0.2 03 0.4 0 0.1 0.3 0.4
Normalized Height Normalized Height Normahzed Height
= FO1_full . F02_-100' = FO05_full _ F06_-100' o FO9_full _F10_-100'
o F03 _ top - F04 _no o FO7 _top - FO08_no +F11_top F12_no
TABLE 19 Model Ridge Velocity Profile Test Results; Triangular Shape, 1:2 Slope
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USWP Task 2 Test Results

USW_VEL2.WK3 Sheet A:

Turbulent Intensity Profile Comparisons

Plwid Dynamces and Diffucion Labaratony - Colorads State University
UWind Engineoring Reseanch and Application Specialists

F Series Tests
02/18/93

Tuvbulent Intensity Proﬁle Comparisons

Turbulent Intensuty Proﬁle Compansons
0' Tree T

Trianqular Hlll, 1:2 Slope; 2
eigh 1
S il roe’: . - fi 10 <4 1
0.04 13.6 13.9 13.5 22.1 0.04 14.3 14.7 17.0 0.04 14.5 15.4 18.4
0.08 15.2 14.4 13.6 12.8 0.08 15.7 15.3 15.8 14.6 0.08 16.6 16.4 16.2 17.4
0.12 14.7 14.2 14.4 13.6 0.12 16.2 15.6 15.8 14.4 0.12 16.1 15.8 16.2 15.1
0.16 14.7 14.1 135 14.0 0.16 15.3 15.5 15.1 15.1 0.16 15.5 15.5 15.9 15.5
0.20 134 13.5 133 134 0.20 14.8 15.0 14.1 14.5 0.20 15.1 15.2 14.5 15.5
0.30 12.8 12.7 12.3 123 0.30 13.2 13.3 13.2 13.7 0.30 128 13.8 13.1 14.2
0.42 11.8 1.9 10.8 11.6 0.42 114 12.1 11.7 12.1 0.42 11.4 11.5 11.8 11.6
0.60 10.8 10.9 10.6 10.6 0.60 10.7 10.4 10.2 10.7 0.60 10.3 10.7 10.6 10.7
0.80 9.2 9.4 8.8 8.9 0.80 9.1 9.1 8.9 9.3 0.80 9.1 9.1 8.9 9.0
1.00 7.7 78 7.8 79 1.00 8.2 79 78] 8.2 1.00 7.8 7.9 7.9 8.2
Ur@30.5cm = 864 867 877 878 Ur@30.5cm = 870 860 873 872 Ur@30.5cm = 859 857 862 864
| Ur@6.1cm = 514 514 517 516 Ur@6.1cm = 516 508 516 517 Ur@6.1cm = 508 508 509 510
Href (cm) = 30.5 30.5 30.5 30.5 Href (cm) = 30.5 30.5 30.5 30.5 Href (cm) = 30.5 30.5 30.5 30.5

Triangular Hill; 1:2 Slope; 20' Tree Tests

Triangular Hill; 1:2 Slope; 40' Tree Tests

Triangular Hill; 1:2 Slope; 60' Tree Tests

F Series Tests F Series Tests F Series Tests
30.00 30.00 30.00
2500 __25.00 _25.00
S ) s
%20.00 m\ -Ezo.oo %20.00
= c c
[} \ [0] [7]
E1500 - E1500 —%%&\ Zi1500 —2%
=510.00 S10.00 510.00
8 £ 2
=} = 3
F 500 F 500 F 500
0.00 0.00 0.00
0 0.1 0.3 0.4 0 0.1 0.2 0.3 0.4 0 0.1 0.2 03 0.4
Normallzed Height Normalized Height Normalized Height
= FO1_full _,_F02_-100' =« FOS5_full _, F06_-100' = F09_full . F10_-100'
+F03_top - F04_no +.FO7_top - FO08 no +F11_top .F12_no
TABLE 20 Model Ridge Turbulence Profile Test Results; Triangular Shape, 1:2 Slope
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Pluid Dynamcies and Diffusion Laboratovy - (Colorads State Univercdty
Wend Exngincoring Reseanch and spplication Specinlists

USWP Task 2 Test Results G Series Tests

USW_VELO.WK3 Sheet B: 02/18/93

Velocity Profile Data Velocity Profile Data
Run GO1» Trianv uIar_HiII' 1:3 Slope; 20° : Run Goz : Trian ulgr Hill: 1:3 _Slo - 20' Trees: -100' Cut

1.2 632 12.8 858 506 1.70 1.2 637 13.6 854 512 1.67
24 640 14.1 855 515 1.66 24 654 13.6 852 513 1.66
37 650 14.1 851 512 1.66 37 670 14.0 860 502 1.71
4.9 679 135 857 518 1.65 49 678 14.1 859 512 1.68
6.1 674 13.5 860 513 1.68 6.1 701 12.8 857 513 1.67
9.1 710 12.3 853 511 1.67 9.1 717 124 856 510 1.68
12.9 746 11.5 855 502 1.70 12.9 757 11.1 856 510 1.68
18.3 782 10.3 855 510 1.68 18.3 795 10.0 861 506 1.70
24.4 827 9.0 858 506 1.70 244 827 9.4 853 508 1.68
30.5 868 7.9 863 507 1.70 30.5 870 7.5 863 507 1.70
Average = 857 510 1.68 Average = 857 509 1.68]
Velocity Profile Data Velocity Profile Data

Run GO3 Trian ular Hill: 1:3 Slope: Run GO4_ _ Triangular Hill; 1:3 Slope; 20' »TI’GES' N

1.2 655 13.6 862 509 1.69 1.2 612 14.7 869 513 1.69
2.4 669 13.6 867 519 1.67 24 646 133 863 513 1.68
37 683 13.8 865 525 1.65 37 667 13.6 867 516 1.68
4.9 694 13.6 865 521 1.66 4.9 677 13.7 867 517 1.68
6.1 704 13.3 872 515 1.69 6.1 692 13.6 865 506 1.71
9.1 740 11.9 872 515 1.69 9.1 728 123 864 505 1.71
12.9 761 11.2 868 510 1.70 12.9 752 11.4 863 511 1.69
18.3 793 10.2 864 513 1.69 18.3 795 10.3 867 512 1.69
24.4 846 8.7 871 511 1.71 24.4 841 8.8 870 508 1.71
30.5 878 7.4 867 507 1.71 30.5 875 7.5 868 502 1.73
Average = 867 514 1.69 Average = 866 510 1.70

TABLE 21 Model Ridﬁe Test Datai Ti riangular Sht.lgei 1:3 Sloeei 20' Trees
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Plutd Dynamecs and Diffusion Laboratory - Colorads State Univercdty
PWend Engineering Research and Application Specialists

USWP Task 2 Test Results G Series Tests

USW_VELO0.WK3 Sheet B: 02/18/93
Velocity Profile Data Velocity Profile Data
Run GO5___Triangular Hill; 1:3 Slope; 40' Trees; Full Cut Run G068 Trianqular Hill; 1:3 Slope; 40'_Trees: -100' Cut
m 3 B - ! IS):
1.2 633 14.5 854 508 1.68
2.4 649 14.8 847 510 1.66
3.7 663 15.0 858 505 1.70
4.9 674 14.3 854 506 1.69
. . . 6.1 697 14.0 857 506 1.69
9.1 713 12.8 856 499 1.71 9.1 728 12.4 856 486 1.76
12.9 749 11.6 862 509 1.69 12.9 749 11.2 848 504 1.68
18.3 782 10.7 855 51 1.67 18.3 794 10.3 857 504 1.70
24.4 837 9.0 863 502 1.72 24.4 834 8.9 855 504 1.70
30.5 877 7.6 865 510 1.70 30.5 873 7.9 859 504 1.70
verage = 860 507 1.70 Average = 855 504 170
Velocity Profile Data Velocity Profile Data
Run G07___ Triangular Hill; 1:3 Slope; 40' Trees; Top Cut Run G08 __Triangular Hill, 1:3 Slope; 40' Trees; No Cut
3 m S /o B
1.2 602 17.2 856 501 1.71 1.2
2.4 646 15.1 855 503 1.70 24 608 14.7 848 500 1.70
37 655 14.8 850 501 1.70 37 628 14.8 847 500 1.69
4.9 683 14.3 851 495 1.72 4.9 651 14.6 854 510 167}
6.1 681 13.8 848 487 1.74 6.1 676 14.1 857 502 1.71
9.1 726 122 850 495 1.72 9.1 705 13.5 850 503 1.69
12.9 750 11.4 851 501 1.70 12.9 747 11.2 852 497 1.71
18.3 789 10.3 851 504 1.69 18.3 782 10.4 847 496 1.71
24.4 830 9.2 846 503 1.68 24.4 832 9.1 853 497 1.71
30.5 865 7.8 854 493 1.73 30.5 860 8.0 850 499 1.70
Average = 851 498 1.71 Average = 851 501 1.70

TABLE 22  Model Ridge Test Datai' T rian&ular Shaeei 1:3 Sloeei 40' Trees .
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Plucd Dynameics and Diffusion Laboratory - Colorads State Univensity
Wend Engenceving Research and s¥pplication Specinlists

USWP Task 2 Test Results G Series Tests

USW_VELO.WK3 Sheet B: 02/18/93
Velocity Profile Data Velocity Profile Data
Run G09 __ Triangular Hill; 1:3 Slope; 60'_Trees; Full Cut Run G10___Triangular Hill; 1:3 Slope; 60' Trees; -100' Cut
o %)
1.2 607 14.7 860 507 1.69 1.2
24 613 15.2 857 509 1.68 24 618 16.0 861 513 1.68
3.7 625 15.7 855 507 1.69 37 641 15.9 858 507 1.69
4.9 661 15.5 861 504 1.71 49 657 14.8 856 502 1.71
6.1 669 14.9 860 507 1.70 6.1 682 147 857 509 1.68
9.1 703 12.9 861 508 1.70 9.1 714 13.3 864 503 1.72
12.9 742 11.9 856 500 1.71 12.9 753 11.9 862 512 1.68
18.3 785 10.5 859 510 1.68 18.3 791 10.5 860 503 1.71
24.4 832 9.4 862 513 1.68 244 832 9.1 863 509 1.70
30.5 871 7.9 864 497 1.74 30.5 868 8.1 865 507 1.71
Average = 859 506 1.70 Average = : 861 507 1.70
Velocity Profile Data Velocity Profile Data
Triangular Hill: 1:3 Slope; 60' Trees; Top Cut

Run G11

Triangular Hill; 1:3 Slope;
5 o

Heigh sloci b Ve el

1.2 568 18 506 1.68 .
24 611 15.5 505 1.69 2.4 591 16.1 853 509 1.68
3.7 633 16.7 509 1.68 3.7 621 14.9 854 501 1.70
49 655 16.0 504 1.70 49 634 15.7 852 500 1.70
6.1 673 15.3 502 1.70 6.1 652 14.7 851 494 1.72
9.1 698 134 497 1.72 9.1 699 13.6 861 506 1.70
12.9 744 12.0 495 1.72 129 734 122 857 508 1.69
18.3 779 10.5 497 1.72 18.3 780 10.5 860 503 1.71
24.4 824 9.0 500 1.71 24.4 825 9.0 857 498 1.72
30.5 866 7.6 497 1.74 30.5 860 8.3 861 502 1.71
Average = 501 1.71 Average = 856 502 1.70

TABLE 23 Model Ridse Test Datai' T rianﬁular Sh‘-'ﬂei 1:3 Sloeei 60' Trees
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Ploctd Dynamies and Diffucion Laboratony ~ Colorads State Univenaity
Wend Engineering Reseanch and Application Specialists

USWP Task 2 Test Results G Series Tests
USW_VEL1.WK3 Sheet B: 02/18/93
Velocity Profile Comparisons Veloclty Prof Ie Compansons Velocity Profile Comparisons
Triangular Hill; 1:3 Slogg, 0' Tree Tests : Trian ular HI" 1 3 Slo : 60° Tree Tests
eightf::V, el¢ ]
3 400¢ 28 4 (o] - & 3::30
0.04 0.74 0.75 0.76 0.70 0.04 0.71 0.67
0.08 0.75 0.77 0.77 0.75 0.08 0.71 0.72 0.72 0.69
0.12 0.76 0.78 0.79 0.77 0.12 0.73 0.75 0.74 0.73
0.16 0.79 0.79 0.80 0.78 0.16 0.77 0.77 0.76 0.74
0.20 0.78 0.82 0.81 0.80 0.20 0.78 0.80 0.79 0.77
0.30 0.83 0.84 0.85 0.84 0.30 0.82 0.83 0.82 0.81
0.42 0.87 0.88 0.88 0.87 0.42 0.87 0.87 0.87 0.86
0.60 0.91 0.92 0.92 0.92 0.60 0.91 0.92 0.91 0.91
0.80 0.96 0.97 0.97 0.97 0.80 0.97 0.96 0.96 0.96
1.00 1.01 1.01 1.01 1.01 ‘ 1.00 1.01 1.00 1.00 1.00]
Ur@30.5cm = 857 857 867 866 Ur@30.5cm = 859 861 855 856
Ur@6.1cm = 510 509 514 510 Ur@6.1cm = 507 504 498 501 Ur@6.icm = 506 507 501 502
Href (cm) = 30.5 305 305 305] Href (cm) = 305 305 305 305 Href (cm) = 30.5 30.5 305 305
Triangular Hill; 1:3 Slope; 20' Tree Tests Triangular Hill; 1:3 Slope; 40' Tree Tests Triangular Hill; 1:3 Slope; 60' Tree Tests
G Series Tests G Series Tests G Series Tests
1.00 1.00 1.00
0.90 0.90 0.90
£ £ ——— Fy
8 0.30 8 0.80 3 0.80
So. = So. So.
> % > % >
Bo.70 Boo o] Bo70 ——74‘
N N N
‘© ‘© ©
Eo.60 Eo.60 E 0.60
[=] (=] [=]
4 -4 4
0.50 0.50 0.50
0.40 0.40 0.40
0 0.1 0.3 0.4 0.1 03 0.4 0 0.1 03 0.4
Normallzed Height Normallzed Height Normahzed Height
+GO1_full _.G02_-100' = GO05_full _.G06_-100' = G09_full _,.G10_-100'
+G03_top 5G04 _no 2G07_top 5GO08_no +G11_top -G12_no
TABLE 24 Model Ridge Velocity Profile Test Results; Triangular Shape, 1:3 Slope
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Pletd Dynamecs and Diffusion Laboratony - Colovads State Uncuerclty
Wend Engencering Research and Application Speciatiote
USWP Task 2 Test Results G Series Tests

USW_VEL2 WK3 Sheet B: 11/06/92
Turbulent Intensity Profile Comparisons Turbulent Intensity Profile Comparisons Turbulent Intensny Profile Comparisons
Triangutar Hill; 1:3 Slope; 2 : 40° 1 60' Tree Tests
0.04 12.8 14.7 . . . . . . 18.7
0.08 14.1 133 0.08 15.4 148 15.1 14.7 0.08 15.2 16.0 155 16.1
0.12 14.1 13.6 0.12 15.5 15.0 14.8 14.8 0.12 15.7 15.9 16.7 14.9
0.16 13.5 13.7 0.16 14.6 143 14.3 14.6 0.16 15.5 14.8 16.0 15.7
0.20 135 13.6 0.20 13.8 14.0 13.9 14.1 0.20 14.9 14.7 15.3 14.7
0.30 12.3 12.3 0.30 128 124 12.2 135 0.30 12.9 133 13.4 13.6
0.42 115 114 0.42 116 11.2 114 11.2 0.42 119 11.8 12.0 12.2
0.60 10.3 10.3 0.60 10.7 10.3 10.3 10.4 0.60 105 10.5 105 10.5
0.80 9.0 8.8 0.80 9.0 8.9 9.2 9.1 0.80 9.4 9.1 9.0 8.0
1.00 7.9 7.5 1.00 7.6 7.9 7.8 8.0 1.00 7.9 8.1 76 8.3
Ur@30.5cm = 857 866 Ur@30.5cm = 860 855 851 851 Ur@30.5cm = 859 861 855 856
Ur@6.1cm = 510 510 Ur@6.1cm = 507 504 498 501 Ur@6.1cm = 506 507 501 502
Href (cm) = 30.5 30.5 Href {cm) = 30.5 30.5 30.5 30.5 Href {cm) = 30.5 30.5 30.5 30.5

Triangular Hill; 1:3 Slope; 20" Tree Tests Triangular Hill; 1:3 Slope; 40' Tree Tests Triangular Hill; 1:3 Slope; 60' Tree Tests

G Series Tests G Series Tests G Series Tests
30.00 30.00 30.00
_.25.00 2500 _25.00
£'20.00 £'20.00 £20.00
[72] (7] [}
= c [ =4
£ = £ \k
E1500 E1500 —%N Ei1500 N
8 i I s o
S 10.00 S 10.00 3 10.00
£ £ £
5 5 5
F 500 F 500 F 500
0.00 0.00 0.00
0 0.1 03 0.4 0 0.1 03 0.4 0 0.1 03 0.4
Normallzed Height Normallzed Height Normallzed Height
= GO01_full . G02_-100' 2 G05_full _.G06_-100' «G09_full . G10_-100'
+G03 top .G04_no +G07_top 5GO08_no +G11_top 5G12_no

TABLE 25 Model Ridge Turbulence Pro{tle Test Resultsi' T riangular Shaee‘ 1:3 Sloee
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Pluct Dynamics and Diffusion Laboratory - Colorads State University
Wend Engincering Research and Application Specialiots

USWP Task 2 Test Results H Series Tests

USW_VELO.WK3 Sheet C: 02/18/93

Velocity Profile Data Velocity Profile Data
Run HO1 . Trian_ ular Hill: 1:5 Slope; 20' Trees: Full Cut — Run H02 . Triangular Hill 1:5 Slope; 20'

1.2 678 12.9 854 501 1.70 1.2 642 135 844 494 1.7

2.4 676 13.7 857 518 1.66 24 671 13.5 845 511 1.66

37 689 13.8 859 505 1.70 37 677 13.5 846 504 1.68

49 700 13.3 856 498 1.72 4.9 686 131 848 506 1.68

6.1 707 129 855 508 1.68 6.1 706 12.8 849 503 1.69

9.1 742 12.0 856 509 1.68 9.1 724 11.8 853 512 1.67

12.9 751 11.5 854 511 1.67 12.9 751 114 851 494 1.72

18.3 784 10.4 851 499 1.71 18.3 780 10.3 846 502 1.69

244 822 9.1 847 501 1.69 244 822 8.8 848 506 1.68

30.5 855 7.8 852 500 1.71 30.5 854 76 850 509 1.67
Average = 854 505 1.69 Average = 848 504 1.68

Velocity Profile Data Velocity Profile Data
HO3 iangqu ianqular Hi

1.2 ) 12 543 : 509
24 659 14.2 861 511 24 638 13.2 854 509
37 668 13.9 864 508 1.70 37 653 13.9 858 503 1.71
4.9 686 141 864 513 1.68 4.9 676 12.8 859 503 1.71)
6.1 698 13.8 867 515 1.68 6.1 689 12.8 861 504 1.71
9.1 732 121 866 507 1.71 9.1 715 12.0 860 513 1.68
12.9 755 11.1 863 507 1.70] - 12.9 760 11.2 868 511 1.70
18.3 793 10.2 865 509 1.70 18.3 792 10.2 863 507 1.70
244 836 8.6 864 510 1.69 24.4 831 8.5 865 508 1.70
30.5 866 7.5 865 510 1.70 30.5 864 77 868 497 1.75
Average = 864 509 1.70 Average = 861 506 1.70

TABLE 26 Model Ridse Test Datai' Triangular Shaeei 1:5 Sloeei 20' Trees
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Plucd Dynamics and Diffucston Laboratory - Colorads State University
UWeind Engineoring Research and rApplication Specinliots

USWP Task 2 Test Results H Series Tests

USW_VELO.WK3 Sheet C: 02/18/93
Velocity Profile Data Velocity Profile Data
Run HO5  Trianqular Hill: 1:5 Slope: 40’ Trees: Full Cut Run HO6  Trianqular Hil: 1:5 Slope: 40' Trees: -100' Cut
1.2 646 13.6 844 506 1.67 1.2 638 15.0 861 510 1.69
2.4 651 14.2 847 506 1.67 2.4 654 15.2 860 511 1.68
37 656 14.1 840 500 1.68 3.7 660 14.7 859 513 1.67
4.9 668 14.1 842 504 1.67 4.9 690 13.5 867 507 1.71
6.1 680 14.7 841 500 1.68 6.1 686 14.2 857 506 1.69
9.1 717 12.3 846 494 1.71 9.1 716 12.7 864 512 1.69
12.9 733 11.9 840 501 1.68 12.9 742 11.9 863 498 1.73
18.3 773 10.3 839 504 1.67 18.3 779 10.4 856 517 1.66
24.4 813 9.1 849 497 1.71 24.4 821 9.3 861 497 1.73
30.5 849 7.8 852 498 1.71 30.5 858 7.6 861 507 1.70
Average = 844 501 1.68 Average = 861 508 1.70
Velocity Profile Data Velocity Profile Data
Run HO7  Triangular Hil: 1:5 Slope; Run HO8 __ Triangutar Hilk 1:5 Slope; 40°' Trees; N
P = e AP e —
[ 1.2 533 21.4 856 502 1.71 1.2
24 618 15.7 860 498 1.73 2.4 592 16.4 850 501 1.70
37 642 15.2 852 502 1.70 37 639 15.1 850 496 1.71
4.9 657 15.3 858 496 1.73 4.9 659 14.0 853 496 1.72
6.1 673 14.6 857 507 1.69 6.1 681 13.5 856 492 1.74
9.1 696 13.1 854 507 1.68 9.1 715 12.6 852 495 1.72
12.9 749 11.4 857 500 1.71 12.9 739 11.4 848 499 1.70
18.3 782 10.5 857 497 1.72 18.3 781 10.2 851 500 1.70
24.4 823 9.2 857 507 1.69 24.4 829 8.5 855 494 1.73
30.5 855 7.8 856 500 1.71 30.5 859 7.8 858 490 1.75
Average = 856 502 1.71 Average = 853 496 1.72]

TABLE 27 Model Ridge Test Datai' Triangular Shaee= 1:5 Sloeei 40' Trees
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Pluwid Dynamice and Diffusion Laboratovy - Colorads State Univenacty
Wend Engincoring Recearch and spplication Specialiste

USWP Task 2 Test Results H Series Tests

USW_VELO0.WK3 Sheet C: 02/18/93
Velocity Proﬁle Data Velocity Profile Data
ill; 1: : : Triangular Hill, 1.5 Slope; 60'
1.2 626 14.3 865 506 1.71 12 623 15.7 859 502 1.71
24 646 156.2 856 504 1.70 24 626 16.3 856 501 1.71
37 661 15.1 852 511 1.67 37 648 16.1 851 508 1.68
4.9 673 14.7 858 497 1.73 4.9 663 14.8 854 512 1.67
6.1 683 14.7 851 494 1.72 6.1 678 14.6 854 512 1.67
9.1 714 13.2 855 505 1.69 9.1 701 134 856 509 1.68
12.9 752 11.6 857 509 1.68 12.9 736 11.8 855 496 1.72
18.3 785 10.7 858 512 1.68 18.3 778 10.3 851 505 1.69
244 827 9.2 859 514 1.67 24.4 823 9.0 855 496 1.72
30.5 870 7.6 866 500 1.73 30.5 857 7.6 858 503 1.70
Average = 858 505 1.70 Average = 855 504 1.69]
Velocity Profile Data Velocity Proﬁle Data

H1 iangular Hill: 1: A T Run H1
1.2 525 211 846 500 1.69 1.2
24 591 17.0 852 508 1.67 24 581 17.5 841 500 1.68
3.7 617 16.8 846 497 1.70 3.7 621 14.7 840 503 1.67
4.9 645 15.7 857 503 1.70 4.9 642 14.8 848 494 1.72)
6.1 648 15.5 850 N 1.66 6.1 656 15.1 847 497 1.70
9.1 683 14.2 852 500 1.70 9.1 700 13.1 847 498 1.70
12.9 730 121 844 514 1.64 12.9 729 116 849 497 1.71
18.3 771 10.4 851 509 1.67 18.3 766 10.3 841 496 1.69
24.4 821 9.1 852 503 1.69 244 821 9.2 848 493 1.72
30.5 864 8.1 860 500 1.72) 30.5 851 8.1 851 492 1,73
Average = 851 505 1.69 Average = 846 497 1.70

TABLE 28 Model Ridﬁe Test Datai T riangular Shagei 1:5 Sloze‘ 60' Trees |
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Plucd Dynamcics and Diffusion Laboratory - Colorads State University
Wend Engineoring Research and Application Specinliste

USWP Task 2 Test Results H Series Tests

USW_VEL1.WK3 Sheet C: 02/18/93

Velocity Proﬁle Comparisons Velocity Profile Compansons
: Tri Hill; 1:

Velocity Profi Ie Compansons
Tri Hill; 1:

Triangular Hill; 1:5 Slope; 20' Tree Tests

H Series Tests
1.00
0.90
g _——
S 0.50 "
R s
o /f
& 0.70
By
Eo.60
(o]
Z
0.50
0.40
0 0.1 03 0.4
Normallzed Height
= HO1_full . HO02_-100'

»HO3 top 5 HO4 no

Triangular Hill; 1:5 Slope; 40' Tree Tests

H Series Tests
1.00
0.90
z
% 0.80 —
> —
Bo.70
N
©
Eo.0
(=]
b4
0.50
0.40
0 0.1 0.3 0.4
Normallzed Height
= HO05_full _, HO6_-100'

4 HO7_top - HO8 no

Ur@30.5cm = 844 861 856 Ur@30.5cm = 855 846
Ur@6.1cm = 501 508 502 496 Ur@6.1cm = 505 504 497
Href (cm) = 30.5 30.5 305 305] Href (cm) = 305 30.5 305 305 Href (cm) = 305 _305 305

Triangular Hill; 1:5 Slope; 60' Tree Tests
H Series Tests

1.00

)
-4

e
00
S

e
3

==

e
o
S

=
/

Normalized Velocity

e
W
(-]

o
£

0.1

0.3 0.4

Normallzed Height
= HOS_full
+H11_top < H12_no

+H10_-100'

TABLE 29 Model Ridge Veloci

Profile Test Results; Triangular Shape, 1:5 Slope
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Ploutd Dynamdics and Diffuston Laboratory - Colonade State Univeralty
VWend Engineening Reseanch and ripflication Specinliots
USWP Task 2 Test Results

USW_VEL2.WK3 Sheet C:

H Series Tests
11/06/92

Turbulent Intensity Profile Comparisons Turbulent lntensrty Proﬁle Comparisons

Turbulent lntensity Profile Comparisons

: 60' Tree Tests
fu y top 4110 11 : : 11:fo
0.04 12.9 135 15.5 16.9 0.04 13.6 15.0 21.4 0.04 14.3 15.7 21.1
0.08 13.7 135 14.2 13.2 0.08 14.2 15.2 15.7 16.4 0.08 152 16.3 17.0 17.5
0.12 13.8 135 139 139 0.12 14.1 14.7 15.2 15.1 0.12 15.1 16.1 16.8 147
0.16 13.3 131 14.1 12.8 0.16 14.1 135 15.3 14.0 0.16 14.7 148 15.7 14.8
0.20 12.9 12.8 13.8 12.8 0.20 147 142 146 135 0.20 147 14.6 155 154
0.30 12.0 11.8 124 12.0 0.30 12.3 12.7 131 12.6 0.30 132 13.4 14.2 13.1
0.42 1.5 1.4 11.1 11.2 0.42 11.9 11.9 11.4 11.4 0.42 11.6 11.8 12.1 116
0.60 10.4 10.3 10.2 10.2 0.60 103 10.4 105 10.2 0.60 10.7 103 104 103
0.80 9.1 8.8 86 85 0.80 9.1 9.3 9.2 85 0.80 9.2 9.0 9.1 92
1.00 7.8 7.6 75 7.7 1.00 78 76 7.8 78 1.00 76 76 8.1 8.1
Ur@30.5cm = 854 848 864 861] [Ur@305cm= 844 861 856 853] [Ur@30.5cm = 858 855 851 846
Ur@6.1cm = 505 504 509 506 Ur@6.1cm = 501 508 502 496 Ur@6.1cm = 505 504 505 497
Href (cm) = 305 305 305 305 Href (cm) = 305 305 305 305] Href (cm) = 0.5 305 305 305
Triangular Hill; 1:5 Slope; 20' Tree Tests Triangular Hill; 1:5 Slope; 40' Tree Tests Triangular Hill; 1:5 Slope; 60' Tree Tests
H Series Tests H Series Tests H Series Tests
30.00 30.00 30.00
2500 2500 2500
) < e
£20.00 22000 — 220,00 —2\
[7/] [7/] [7/]
g AN 2 _o¥ 3 0}3&
- E—] -t
E 15.00 | € 15.00 £ 1500 —= %ﬂ
%, m E M—N *g' '%
S 10.00 S 10.00 S 10.00
L Q2 o]
B [ [
= = =
5.00 5.00 5.00
0.00 0.00 0.00
0 0.1 02 0.3 0.4 0 0.1 0.2 0.3 0.4 0 0.1 03 0.4
Normalized Height Normalized Height Normallzed Height
< HO1_full . HO2_-100' = HO5_full . HO6_-100' = HO09 full . H10_-100'

+-HO3_top - HO4 ne - HO7_top - HO8_no +H11_top -H12_no

TABLE 30 Model Ridge Turbulence Protlle Test Resultsi' Triangular Shaeei 1:5 Sloee |
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Flued Dynamecs and Diffuston Laboratory - Colorads State Untversity
Wend Engineering Recearch and Application Specinliots

USWP Task 2 Test Results I Series Tests

USW_VELO.WK3 Sheet D: 02/18/93

Velocity Profile Data Velocity Profile Data

Run 101___Trianqular Hill 1,10 Slope; 20' Trees; Full Cut_ Run102__ Trianqular Hil; 1:10 Slope; 20' Trees; -100" Cut

| b
1.2 637 13.6 852 513 1.66 1.2 616 852 508 1.68
24 659 13.2 849 509 1.67 24 634 850 512 1.66
37 673 134 851 505 1.68 37 664 851 505 1.68
4.9 676 13.8 853 506 1.69 4.9 671 853 511 1.67
6.1 684 13.2 856 518 1.65 6.1 692 . 853 505 1.69
9.1 718 12.3 858 516 1.66 9.1 712 848 511 1.66
12.9 742 11.7 851 511 1.67 12.9 740 853 515 1.66
18.3 782 10.3 856 506 1.69 18.3 785 854 508 1.68
24.4 822 9.3 856 508 1.68 244 821 . 851 510 1.67
30.5 860 7.7 860 507 1.70 30.5 854 . 855 511 1.67
Average = 854 510 1.68 Average = 852 510 167
Velocity Profile Data Velocity Profile Data
Run 103 Triangular Hill; 1:10 Slope; 20' Trees; Top Cut Run 104 Triangular Hill; 1:10 Slope; 20" Trees; No Cut
eigh eloci Ve elocit el bul Velc
1.2 436 227 855 505 1.69
24 620 15.5 862 503 1.71
3.7 658 13.8 861 511 1.68
4.9 680 13.5 861 509 1.69
. 6.1 680 13.2 859 515 1.67
9.1 502 1.71 9.1 722 12.7 864 508 1.70
12.9 505 1.71 12.9 738 12.0 854 504 1.69
18.3 507 1.70 18.3 777 11.0 852 508 1.68
24.4 525 1.65 244 818 9.2 848 502 1.69
30.5 512 1.69 30.5 859 7.7 857 496 1.73
Average = 509 1.69 Average = 857 506 1.69

TABLE 31 Model Ridﬁe Test Data" Triangular Shaeei 1:10 Sloee, 20' Trees |
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Plucd Dynamice and. Diffusion Laboratory - Colonads State University
Wind Engeineering Research and slpplication Specialists

USWP Task 2 Test Results I Series Tests

USW_VEL0.WK3 Sheet D: 02/18/93
Velocity Profile Data Velocity Profile Data '
Run 105 ___ Triangular Hill, 1.10 Slope; 40' Trees; Full Cut Run 106 Triangular Hill; 1:10 Slope; 40" Trees; -100' Cut
m ; : m ; ; mis).
1.2 612 14.9 852 510 1.67 1.2 612 15.9 860 499 1.72
24 646 14.0 854 492 1.74 24 630 15.4 861 513 1.68
37 662 147 857 504 1.70 37 652 15.8 858 499 1.72
49 673 14.2 858 505 1.70 4.9 673 14.3 861 506 1.70
6.1 686 14.0 861 508 1.69 6.1 678 14.8 857 508 1.69
9.1 712 13.2 856 507 1.69 9.1 721 12.6 861 503 1.71
12.9 750 11.8 851 505 1.69 129 758 11.6 860 513 1.68
18.3 790 10.4 854 503 1.70 18.3 795 10.1 860 504 1.71
244 831 9.1 856 495 1.73 244 835 8.8 861 509 1.69]
30.5 868 8.1 859 507 1.69 30.5 867 8.2 859 507 1.69
Average = 856 504 1.70 Average = 860 506 1.70
Velocity Profile Data Velocity Profile Data
Run 107 __Triangular Hill; 1:10 Slope; 40' Trees; Top Cut Run 108 __ Triangular Hill; 1:10 Slope; 40' Trees; No Cut
m
1.2
. . 24 562 18.7 859 499 1.72
37 607 16.7 849 503 1.69 37 624 15.4 853 501 1.70
49 641 15.0 849 499 1.70 49 653 14.2 849 502 1.691
6.1 648 15.0 851 495 1.72 6.1 681 14.3 859 503 1.71
9.1 693 13.3 847 496 1.71 9.1 720 12.6 858 509 1.69
12.9 735 11.8 847 494 1.71 12.9 743 11.8 849 511 1.66
18.3 770 10.5 843 505 1.67 18.3 794 10.0 858 508 1.69
244 817 9.2 845 502 1.68 244 830 9.1 859 503 1.71
30.5 857 8.0 850 504 1.69 30.5 872 7.7 864 506 1.71
Average = 847 499 1.70 Average = 856 505 1.70

TABLE 32 Model Ridge Test Datai' Triangular Shggei 1:10 Sloze‘ 40' Trees
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Plutd Dynameics and Diffusion Laboratory - Colorads State University
Wend Engineering Besearch and sfplication Specinliots

USWP Task 2 Test Results I Series Tests

USW_VELO0.WK3 Sheet D: 02/18/93
Velocity Profile Data Velocity Profile Data
Run 109 Triangular Hill: 1:10 Slope; : Run 110 Triangular Hill; 1:10 Slope;
1.2 616 16.5 853 506 1.69 1.2 584 16.2 853 503 1.69
2.4 636 14.7 859 508 1.69 2.4 613 15.4 850 508 1.67
3.7 650 15.0 858 503 1.70 3.7 628 15.0 857 505 1.70
4.9 663 15.1 857 506 1.69 4.9 651 15.2 851 506 1.68
6.1 672 14.8 849 501 1.69 6.1 661 14.8 853 511 1.67
9.1 708 13.8 857 505 1.70 9.1 689 13.7 840 500 1.68
12.9 741 12.0 860 509 1.69 12.9 737 12.1 847 491 1.72
18.3 789 10.1 857 504 1.70 18.3 778 10.2 841 505 1.66
244 828 9.2 855 495 1.73 244 816 9.4 842 514 1.64
30.5 871 77 863 507 1.70 30.5 858 7.6 852 493 1.73
Average = 857 504 1,70 L Average = 849 504 1.68
Velocity Profile Data Velocity Profile Data
Run 111 Triangular Hill; 1:10 Slope; 60°' Trees; Run (12 Triangutar Hill; 1:10 Slope; 60' Trees;
1.2 482 21.0 843 505 1.67 | 1.2
2.4 554 19.8 849 504 1.68 24 509 226 859 511 1.68
37 601 17.9 848 504 1.68 37 604 18.0 859 511 1.68
4.9 616 16.6 841 496 1.70 4.9 654 15.4 858 509 1.69
6.1 644 15.3 845 496 1.70 6.1 675 14.8 862 498 1.73
9.1 684 14.0 843 501 1.68 9.1 712 13.4 868 518 1.68
12.9 716 12.9 838 502 1.67 12.9 761 11.5 871 504 1.73
18.3 767 10.7 842 500 1.68 18.3 807 10.2 876 508 1.72
24.4 814 9.1 841 495 1.70 244 841 9.1 868 504 1.72
30.5 851 8.2 845 501 1.69 30.5 880 7.7 873 511 1.71
Average = ' 844 500 1.69 Average = 866 508 1.70

TABLE 33 Model Ridﬁe Test Datﬁ' T riangular Shaeei 1:10 Slogei 60' Trees
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Ploutd Dynamics and Diffuscon Laboratony - Colorads State University
Wend Engeineening Research and stpplication Specialists
USWP Task 2 Test Results I Series Tests

USW_VEL1.WK3 Sheet D: 02/18/93
Velocity Profile Comparisons Veloctty Prof Ie Compansons Velocity Profile Comparisons
Triangular Hill; 1:10 Slope; 20" Tree Tests : Triangular Hill: 1:10 Slope; 60’ Tree Tests
.......... 107 ull | 02 400t 104 . OB RIIEL 108-5000%1 107 : 09 falif I hiee
0.04 0.75 0.72 0.62 0.51 0.04 0.72 0.71 0.57 0.04 0.72 0.69 0.57
0.08 0.78 0.75 0.72 0.72 0.08 0.76 0.73 0.66 0.65 0.08 0.74 0.72 0.65 0.59
0.12 0.79 0.78 0.75 0.76 0.12 0.77 0.76 0.72 0.73 0.12 0.76 0.73 0.71 0.70
0.16 0.79 0.79 0.76 0.79 0.16 0.78 0.78 0.75 0.77 0.16 0.77 0.77 0.73 0.76
0.20 0.80 0.81 0.79 0.79 0.20 0.80 0.79 0.76 0.79 0.20 0.79 0.77 076] - 078
0.30 0.84 0.84 0.82 0.84 0.30 0.83 0.84 0.82 0.84 0.30 0.83 0.82 0.81 0.82
0.42 0.87 0.87 0.86 0.86 0.42 0.88 0.88 0.87 0.88 0.42 0.86 0.87 0.85 0.87
0.60 0.91 0.92 0.91 0.91 0.60 0.93 0.92 0.91 0.93 0.60 0.92 0.92 0.91 0.92
0.80 0.96 0.96 0.96 0.96 0.80 0.97 0.97 0.97 0.97 0.80 0.97 0.97 0.97 0.97
1,00 1.00 1.00 1.00 1.00] 1.00 1.01 1.01 1.01 1.01] 1.00 1.01 1.01 1.01 1.01]
Ur@30.5cm = 854 852 862 857] [Ur@30.5cm = 856 860 847 856] [Ur@30.5cm = 857 849 844 866
Ur@6.icm = 510 510 509 506 Ur@6.1cm = 504 506 499 505] | Ur@6.icm= 504 504 500 508
Href (cm) = 305 305 305 30.5] Href (cm) = 305 305 30.5 30.5 Href (cm) = 30.5 305 305 305
Triangular Hill; 1:10 Slope; 20' Tree Tests Triangular Hill; 1:10 Slope; 40' Tree Tests Triangular Hill; 1:10 Slope; 60' Tree Tests
| Series Tests | Series Tests | Series Tests
1.00 1.00 1.00

e
&
o
&
°
&

%070 0/;; %070 %%’ %070 .//::%
2./ A N

E 0.60 g 0.60 g 0.60 g/

3 / ] Pd ] P4

P4 pd Z

[

W

(=]
e
W
[
(=]
W
(=]

0.40

0.40 0.40
0 0.1 03 0.4 0 0.1 03 0.4 0 0.1 0.2 03 0.4
Normallzed Height Normallzed Height Normalized Height
= 101_full . 102_-100' «105_full . 106_-100" «-109_full - 110_-100'
103 _top .104_no +107_top 5108 _no +111_top 512 no

TABLE 34 Model Ridee Velocity Profile Test Results; Triangular Shape, 1:10 Slope
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Pl Dynamics and Diffusion AM - Colorads State Univereity
VWend Engineening Reseanch and rtpplication Specialists
USWP Task 2 Test Results I Series Tests

USW_VEL2.WK3 | Sheet D: 11/06/92
Turbulent Intensity Profile COmpaﬁsons Turbulent lntensity Profile Compansons Turbulent Intensity Profile Comparisons
T"_ans.tiaf_*"!..w&'oes..w Treo Tests
ight 1y Int:
full 1O 3 fop
. A . . . . . . 0.04 15.5 16.2 210
0.08 13.2 14.3 15.4 15.5 0.08 14.0 15.4 19.1 18.7 0.08 14.7 154 19.8 226
0.12 134 135 14.1 13.8 0.12 147 15.8 16.7 154 0.12 15.0 15.0 17.9 18.0
0.16 13.8 13.5 14.4 135 0.16 14.2 14.3 15.0 14.2 0.16 1541 15.2 16.6 15.4
0.20 13.2 135 134 13.2 0.20 14.0 14.8 15.0 14.3 0.20 14.8 14.8 153] - 148
0.30 12.3 12.5 12.2 12.7 0.30 13.2 12.6 133 12.6 0.30 13.8 13.7 14.0 134
0.42 11.7 11.6 11.9 12.0 0.42 11.8 11.6 11.8 11.8 0.42 12.0 12.1 129 115
0.60 10.3 10.3 10.3 11.0 0.60 104 10.1 10.5 10.0 0.60 10.1 10.2 10.7 10.2
0.80 9.3 9.3 9.6 9.2 0.80 9.1 8.8 9.2 9.1 0.80 9.2 9.4 9.1 9.1
1.00 7.7 8.6 7.8 7.7 1.00 8.1 82 8.0 7.7 1.00 7.7 7.6 8.2 7.7
Ur@30.5cm = 854 852 862 857 Ur@30.5cm = 856 860 847 856 Ur@30.5cm = 857 849 844 866
Ur@6.1cm = 510 510 509 506 Ur@6.1cm = 504 506 499 505 Ur@6.1cm = 504 504 500 508
Href (cm) = 30.5 305 30.5 30.5 Href (cm) = 30,5 30.5 30.5 30.5] Href (cm) = 30.5 30.5 305 0.5 |

Triangular Hill; 1:10 Slope; 20' Tree Tests Triangular Hill; 1:10 Slope; 40' Tree Tests Triangular Hill; 1:10 Slope; 60' Tree Tests

| Series Tests | Series Tests | Series Tests
30.00 30.00 30,00

25.00 25.00 25.00

)

15.00

10.00

10.00

g

Turbulent Intensity (%)
A
Turbulent Intensity (%)
= ]
Turbulent Intensity (%)
]

by
=)
S

5.00

by
=)
S

0.00 0.00 0.00
0 0.1 03 0.4 0 0.1 02 03 0.4 0 0.1 03 0.4
Normallzed Height Normalized Height Normallzed Height

= 101_full  _.102_-100' = 105_full L 106_-100 «=-109_full _110_-100'
+103_top =104 _no «107_top _-108_no ' 111_top =112_no

TABLE 35 Model Ridﬁe Turbulence Proﬁtle Test Resultsi' Triangular Shaeei 1:10 Sloee '
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Plutd Dynamdce and Diffustsn Laboratory - Colorads State Uncveraity
Wend Engineering Reseanch and rApplication Sgecialiste

USWP Task 2 Test Results J Series Tests

USW_VELO.WK3 Sheet E: 02/18/93
Velocity Profile Data Velocity Profile Data
Run JO1 Sinusoidal Hill; 1:2 Slope; 20' Trees; Full Cut Run J02 . 20' Trees: -100' Cut
ule: ity Ve
/o i i ] o
1.2 663 12.6 839 500 1.68 1.2 644 13.1 849 501 1.69
2.4 655 135 836 503 1.66 2.4 672 13.2 855 505 1.69
37 - 663 13.7 838 504 1.66 37 668 134 849 506 1.68
4.9 677 13.5 846 500 1.69 4.9 684 13.5 857 511 1.68
6.1 686 13.4 846 504 1.68 6.1 688 13.2 860 506 1.70
9.1 702 13.0 847 505 1.68 9.1 718 12.5 859 507 1.69
12.9 743 11.1 848 492 1.73 12.9 745 11.6 857 507 1.69
18.3 777 10.1 849 498 1.70 18.3 786 10.2 858 512 1.68
24.4 817 8.7 845 502 1.68 24.4 828 8.9 855 505 1.69
30.5 844 7.6 840 494 1.70 30.5 859 7.7 855 507 1.69
Average = 843 500 1.69 Average = 855 507 1.69
Velocity Profile Data Velocity Profile Data
Run JO3 __Sinusoidal Hill, 1:2 Slope; 20' Trees; Top Cut Run J04 ___Sinusoidal Hill; 1:2 Slope; 20' Trees; No Cut
sun 2 inusoidal T, L Slope, 20 irees, ! m— o ole Y PR TS
 { m fo mis o ] :
1.2 656 13.6 857 508 1.69 1.2 617 15.0 858 516 1.66
2.4 673 13.4 860 507 1.70 2.4 654 12.9 856 509 1.68
3.7 679 13.6 856 505 1.69 37 657 13.7 855 496 1.73
4.9 689 13.0 854 506 1.69 49 668 13.3 855 513 1.67]
6.1 704 12.4 852 504 1.69 6.1 681 135 852 504 1.69
9.1 733 11.8 858 508 1.69 9.1 715 12.1 854 498 1.72
12.9 760 11.4 859 505 1.70 12.9 742 1.4 858 507 1.69
18.3 792 10.3 855 507 1.69 18.3 781 10.2 855 504 1.70
244 843 8.9 865 516 1.68 24.4 832 8.8 859 502 1.71
30.5 879 7.7 871 515 1.69 30.5 868 7.6 865 508 1.70
Average = 859 508 1.69 Average = 857 506 1.69

TABLE 36 Model Ridﬁe Test Datai' Sinusoidal Shaeei 1:2 Sloeei 20' Trees
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Ploucd Dynamcics and Diffusion Laboratory - Colorads State Uncvenslty
Wend Engeneening Research and rApplication Specialists

USWP Task 2 Test Results J Series Tests

USW_VELO.WK3 Sheet E: 02/18/93
Velocity Profile Data Velocity Profile Data
Run J05 ___ Sinusoidal Hill, 1:2 Slope; 40' Trees; Full Cut Run J06 inusoidal Hill; 1:2 Slope;
1.2 648 14.0 855 513 1.67 1.2 653 14.6 865 511 1.69
24 649 15.4 865 508 1.70 24 666 14.6 866 511 1.70
37 671 15.3 869 513 1.69 37 668 14.5 861 514 1.68
4.9 681 14.3 868 511 1.70 _ 4.9 686 14.8 865 508 1.70
6.1 701 135 865 507 1.71 6.1 697 13.9 863 514 1.68
9.1 731 125 867 507 1.71 9.1 723 129 863 509 1.70
12.9 755 121 865 507 1.71 12.9 753 11.5 865 515 1.68
18.3 793 10.4 860 511 1.68 18.3 796 10.3 859 513 1.68
24.4 838 9.1 865 506 1.71 24.4 831 9.5 859 516 1.67
30.5 879 7.9 868 515 1.68 30.5 879 7.6 872 513 1.70
L Average = 865 510 1.70 Average = 864 512 1.69
Velocity Profile Data Velocity Profile Data
Run JO7 __ Sinusoidal Hill; 1:2 Slope; 40' Trees; Top Cut Run J08 __Sinusoidal Hill, 1:2 Slope; 40' Trees; No Cut
1.2 582 19.0 858 505 1.70 1.2
24 637 14.7 860 508 1.69 24 618 14.2 844 497 1.70
3.7 659 14.8 859 510 1.68 3.7 639 14.1 861 507 1.70
4.9 666 156.3 854 514 1.66 4.9 645 14.7 854 503 1.70
6.1 689 13.9 852 507 1.68 6.1 666 14.1 851 506 1.68
9.1 716 13.0 855 509 1.68 9.1 691 13.1 850 503 1.69
12.9 758 11.3 863 512 1.69 12.9 730 12.3 855 491 1.74
18.3 791 10.6 859 505 1.70 18.3 777 10.7 853 495 1.72
244 828 9.2 855 |. 509 1.68 24.4 828 9.2 857 507 1.69
30.5 876 7.6 865 509 1.70 30.5 866 7.8 858 501 1.71
Average = 858 509 1.69 Average = 854 501 1.70

TABLE 37 Model Ridge Test Datai' Sinusoidal Shaeei 1:2 Sloeei 40’ Trees
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Placd Dynamics and Diffusion Laboratory - Colorads State Univensity
VWend Engeincering Reseanch and Application Specialists

USWP Task 2 Test Results J Series Tests

USW_VELO0.WK3 Sheet E: 02/18/93

Velocity Profile Data Velocity Profile Data
Run JO9 . Sinusoidal Hill: 1:2 Slope: 60' Trees: Full Cut Run J1'O . Sinusoidal Hill: 1:2 Slope; 60' Trees: -100' Cut“

1.2 644 15.0 853 505 1.69 1.2 653 14.9 855 506 1.69
24 646 15.7 856 499 1.72 24 659 154 853 493 1.73
37 649 15.8 856 504 1.70 37 656 15.6 852 506 1.68
4.9 661 15.0 851 501 1.70 49 675 147 851 497 1.71
6.1 677 14.0 852 498 1.71 6.1 679 14.6 846 502 1.69
9.1 704 131 854 498 1.71 9.1 713 13.1 854 505 1.69
12.9 741 11.5 849 503 1.69 129 755 11.1 855 504 1.70
18.3 778 10.3 848 506 1.68 18.3 790 10.3 853 501 1.70
244 823 9.1 855 507 1.69 24.4 831 9.2 855 508 1.68
30.5 860 8.0 858 504 1.70 30.5 864 7.6 857 499 1.72
Average = 853 502 1.70 Average = 853 502 1.70
Velocity Profile Data Velocity Profile Data
11 i i i [ 1 inusoidal Hi

1.2 538 20.9 851 493 1.2

2.4 624 14.9 853 499 24 606 15.3 848 504 168

37 636 15.8 842 490 1.72 37 626 14.8 854 495 1.72

49 651 15.7 845 498 1.70 49 635 14.9 852 503 169

6.1 668 145 844 492 1.72 6.1 647 14.5 856 499 172

9.1 700 13.0 840 492 1.71 9.1 694 13.6 848 489 1.73
12.9 738 1.7 846 497 1.70 12.9 737 15 850 493 172
18.3 772 10.6 850 503 1.69 18.3 773 10.4 846 491 1.72
24.4 815 92 846 495 1.71 24.4 820 9.0 856 493 173
30.5 857 7.9 851 498 1.71 305 853 8.0 850 497 1.71

Average = 847 496 1.71 Average = 851 496 1.72]

TABLE 38 Model Ridﬁe Test Datai' Sinusoidal Shaeei 1:2 Sloeei 60' Trees
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Plutd Dynanciecs and Diffusion Laboratory - Colorads State Univeraity

Wend Engeneering Research and Application Specialiots
USWP Task 2 Test Results J Series Tests

USW_VEL1.WK3 Sheet E: 02/18/93
Veloclty Proﬁle Comparisons Velocnty Proﬁle Comparlsons Velocny Proﬁle Compansons
- 4 : 20 Tree T S
_
0.68 0.76
0.74 073 0.77
0.77 0.74 0.7
0.78 0.76 0.79
0.81 0.78 0.80
0.84 0.81 0.84
0.88 0.85 0.88
X X X X X 0.92 0.91 0.93
0.80 0.97 0.97 0.97 0.97 0.80 0.97 0.97 0.97 0.97 0.97 X
1.00 1.00 1.00 1.01 100] | 100 1.01 1.01 1.01 1.01 X 1.01 01
Ur@30.5cm = 843 855 859 857] [Ur@30.5cm = 865 864 858 854] [Ur@305cm= 853 853 847 851
Ur@6.1cm = 500 507 508 506 Ur@6.1cm = 510 512 509 501 Ur@6.1cm = 502 502 496 496
Href (cm) = 305 30.5 305 305 Href (cm) = 30.5 305 305 305 Href (cm) = 305 0.5 30.5 30.5
Sinusoidal Hill; 1:2 Slope; 20' Tree Tests Sinusoidal Hill; 1:2 Slope; 40' Tree Tests Sinusoidal Hill; 1:2 Slope; 60' Tree Tests
J Series Tests J Series Tests J Series Tests
1.00 1.00 1.00
0.90 0.90 0.90
S 080 | —5— S 0.80 r//“/ 8 0.50
o ?“ ) o
D070 B 070 — B 0.70
N N N /
© © ‘©
E o060 E 0.60 £ 0.60
[e] (<] [«]
z Z 4
0.50 0.50 0.50
0.40 0.40 0.40
0 0.1 0.2 0.3 0.4 0 0.1 02 03 0.4 0 0.1 0.2 0.3 0.4
Normalized Height Normalized Height Normalized Height
=J01_full . J02_-100' «J05_full . J06_-100' =J09_full J10_-100'
+J03_top =J04 no +J07_top 5J08_no J11_top J12_no

TABLE 39 Model Ridge Velocity Profile Test Results; Sinusoidal Shape, 1:2 Slope
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USWP Task 2 Test Results

USW_VEL2.WK3 Sheet E: 11/06/92

Turbulent Intensity Profile Comparisons

Plucd Dynamice and Diffuston Laboratory - Colsrads State University
Wend. Engineering Reseanch and rtpplication Specialiots

J Series Tests

Turbulent Intenslty Profile Comparisons

Turbulent Intensity Profile Comparisons
lope; 60° Tree Test

o Tree Tests : 40' Tree Tests
0] 2 : ( o "] o
0.04 126 13.1 13.6 15.0 0.04 14.0 14.6 19.0 0.04 15.0 14.9 20.9
0.08 135 132 13.4 12.9 0.08 15.4 14.6 147 142 0.08 15.7 154 14.9 15.3
0.12 13.7 134 136 13.7 0.12 153 145 14.8 14.1 0.12 158 15.6 15.8 14.8
0.16 135 135 13.0 133 0.16 143 14.8 153 147 0.16 15.0 14.7 15.7 14.9
0.20 134 132 12.4 135 0.20 135 139 13.9 14.1 0.20 14.0 14.6 14.5 145
0.30 13.0 125 11.8 121 0.30 125 12.9 13.0 131 0.30 131 13.1 13.0 13.6
0.42 111 11.6 1.4 1.4 0.42 12.1 1.5 1.3 12.3 0.42 1.5 1.1 11.7 1.5
0.60 104 10.2 103 102 0.60 104 103 106 10.7 0.60 10.3 10.3 10.6 10.4
0.80 8.7 8.9 8.9 8.8 0.80 9.1 95 9.2 9.2 0.80 9.1 9.2 9.2 9.0
‘ 1,00 76 7.7 7.7 7.6] 1,00 79 76 7.6 7.8 1.00 8.0 761 79| 8.0
Ur@30.5cm = 843 855 859 857] [Ur@30.5cm= 865 864 858 854] [Ur@30.5cm= 853 853 847 851
| Ur@6.1cm = 500 507 508 506] | Ur@6.1cm= 510 512 509 501] [ Ur@6.icm= 502 502 496 496
Href (cm) = 30.5 30.5 305 305 Href (cm) = 30.5 30.5 30.5 30.5] Href (cm) = 30.5 30.5 30.5 30.5]
Sinusoidal Hill; 1:2 Slope; 20' Tree Tests Sinusotdal Hill; 1:2 Slope; 40' Tree Tests Sinusoidal Hill; 1:2 Slope; 60' Tree Tests
J Series Tests J Series Tests J Series Tests
30.00 30.00 30.00
2500 _25.00 _.25.00
X xX x
N N’ N
£2000 £20.00 22000 —A
[77] [7] [77]
| = | = c
(] (3] [0)]
€ 1500 |—= € 1500 € 1500
€ ert—e—— | ¥ g
9 9 S
S 10.00 S 10.00 S 10.00
0 o] £
[ [ [
= = =
5.00 5.00 5.00
0.00 0.00 0.00
0 0.1 02 03 0.4 0 0.1 0.2 03 0.4 0 0.1 02 03 0.4
Normalized Height Normalized Height Normalized Height
=JO1_full . J02_-100' «J05_full . J06_-100 =J09_full _J10_-100'
+J03 top J04 no +J07_top =J08 no +J11_top 5J12_no
TABLE 40 Model Ridge Turbulence Profile Test Results; Sinusoidal Shape, 1:2 Slope
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Plucd Dynamics and Diffuston Laboratory - Colorade State Uncwersity
Wend Engineening Research and rpplication Specialists

USWP Task 2 Test Results K Series Tests

USW_VELO.WK3 Sheet F: 02/18/93

Velocity Profile Data Velocity Profile Data
inusoidal Hill; 1 3 SlogeI 20' Trees, Full Cut musoudal Hill; 1 3 Sloge

; /s : ): LA v B

1.2 659 13.5 851 500 1.70 1.2 715 13.0 862 509 1.69

24 673 13.6 840 502 1.68 2.4 712 13.4 858 501 1.71

37 678 14.4 847 507 1.67 37 710 134 858 517 1.66

4.9 697 13.0 846 504 1.68 4.9 715 12.9 861 515 1.67

6.1 692 13.1 844 503 1.68 6.1 716 12.7 862 507 1.70

9.1 718 11.9 848 509 1.67 9.1 735 12.3 859 516 1.66

12.9 743 11.2 851 511 1.67 129 765 10.6 854 512 1.67

18.3 772 10.4 844 512 1.65 18.3 796 9.6 856 506 1.69

24.4 824 8.6 850 504 1.69 244 835 8.9 864 511 1.69

30.5 855 7.8 849 512 1.66 30.5 863 7.9 859 517 1.66

Average = 847 506 167 Average = 859 51 1.68
Velocity Profile Data Velocity Profile Data

Run K03 Smusotdal Hill: 1: 3 Sloge 20' _Trees; op Cut_

Slnusmdal H|I|'I 1 3 Sloge
) 1 Tutbul

1.2 632 15.7 854 510 1.68

2.4 672 13.5 851 514 1.66

37 677 136 853 506 1.69

4.9 687 13.2 854 508 1.68

6.1 703 125 850 520 1.64

9.1 718 12.3 854 504 1.69 . .
12.9 750 11.1 851 495 1.72 12.9 870 528 1.65
18.3 783 9.9 854 511 1.67 18.3 868 508 1.71
24.4 820 8.8 854 502 1.70 244 868 518 1.67
30.5 856 7.8 859 510 1.68 30.5 . 870 507 1.72]

Average = 853 508 1.68 L_Average = 869 517 1.68

TABLE 41 Model Ridge Test Datai' Sinusoidal Shaeei 1:3 Sloeei 20' Trees
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USWP Task 2 Test Results K Series Tests

Sheet F:

USW_VELO

\WK3

Velocity Profile Data

KO

02/18/93

1.2 639 14.3 852 513 1.66

2.4 648 15.4 859 512 1.68

37 666 16.2 853 510 1.67

4.9 678 14.4 853 501 1.70

6.1 687 14.7 853 496 1.72

9.1 715 134 850 505 1.68

129 744 117 849 503 1.69

18.3 784 10.2 856 502 1.71

24.4 824 8.8 853 508 1.68

30.5 867 7.6 859 497 173
Average = 854 505 1.69

Velocity Profile Data
Run KO7  Sinusoidal

3.7 658 14.5 857 508 1.69

49 676 14.9 858 505 1.70

6.1 690 14.1 862 508 1.70

9.1 719 12.8 863 507 1.70

12.9 752 11.4 861 511 1.69
18.3 791 10.1 861 504 1.71

24.4 834 9.0 862 509 1.69

30.5 866 7.9 862 509 1.69
Average = 860 507 1.70

Pt Dynamics and Diffuston Laboratory - Colorads State University
UWend Engineening Reseanch and Application Specialists

Velocity Profile Data
1.2 658 15.0 843 504 1.67
24 672 14.7 847 504 1.68
37 687 13.7 844 501 1.69
4.9 693 14.5 844 499 1.69
6.1 696 14.2 850 498 1.71
9.1 719 124 845 500 1.69
12.9 744 11.5 844 494 1.71
18.3 795 9.9 850 505 1.68
24.4 827 9.2 853 501 1.70
30.5 864 7.8 856 504 1.70
Average = 848 501 1.69
Velocity Profile Data
Run K08 inusoidal
1.2
24 569 19.1 853 505 1.69
3.7 635 141 857 505 1.70
4.9 648 14.7 848 505 1681
6.1 677 14.5 852 501 1.70
9.1 704 13.0 854 502 1.70
12.9 741 11.6 850 499 1.70
18.3 783 9.8 855 502 1.70
244 814 9.0 851 501 1.70
30.5 855 7.7 855 497 1.72)
Average = 853 502 1.70

TABLE 42 Model Ridge Test Datai Sinusoidal Shaeei 1:3 Sloeei 40' Trees
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Plutd Dynamcics and Diffusion Laboratony - Colorads State Univercity
Wend Engineoring Reseanch and Application Specialicts

USWP Task 2 Test Results K Series Tests

USW_VELO.WK3 Sheet F: 02/18/93
Velocity Profile Data Velocity Profile Data
Run K09 __ Sinusoidal Hill; 1:3 Slope; 60' Trees; Full Cut Run K10 __Sinusoidal Hill: 1:3 Slope;
1.2 623 15.6 844 503 1.68 1.2 643 15.0 839 487 1.72
24 628 16.1 838 508 1.65 24 649 15.6 841 494 1.70
37 636 16.0 843 509 1.66 37 653 15.2 841 487 1.73
4.9 647 15.8 844 494 1.71 49 668 14.8 838 500 1.68
6.1 675 14.2 847 506 1.67 6.1 675 14.4 835 509 1.64
9.1 710 134 841 495 1.70 9.1 717 123 837 493 1.70
12.9 732 11.7 842 509 1.65 12.9 736 114 838 505 1.66
18.3 771 10.1 849 503 1.69 18.3 772 9.8 837 489 1.71
244 809 9.6 845 509 1.66 244 809 9.1 836 497 1.68
30.5 849 8.0 847 501 1.69 30.5 846 7.8 839 496 1.69
Average = 844 504 1.68 Average = 838 496 1.69
Velocity Profile Data Velocity Profile Data
Run K11___ Sinusoidal Hill; 1:3 Slope; 60' Trees; Top Cut Run K12 __Sinusoidal Hill; 1.3 Cut_
- Jeloe] Ul VelocituT Velo - Tl Veloci = Veloci
1.2 506 22, 882 528 1.67 1.2
24 653 16.7 879 514 1.71 24 423 29.3 848 505 1.68
37 663 15.5 879 523 1.68 37 631 14.1 851 511 1.67
4.9 684 15.1 879 511 1.72 4.9 657 14.5 857 500 1.71
6.1 698 145 881 523 1.68 6.1 666 14.2 855 508 1.68
9.1 733 13.3 879 524 1.68 9.1 706 13.6 855 502 1.70
12.9 763 11.9 884 527 1.68 129 732 12.1 851 499 1.71
18.3 811 10.1 879 519 1.69 18.3 786 10.1 856 502 1.71
244 848 9.3 885 519 1.71 244 818 9.0 851 499 1.71
30.5 890 7.8 888 516 172} 30.5 851 7.8 851 499 1.71
Average = 882 520 1.69 Average = 853 503 1.70

TABLE 43 Model Ridge Test Datai° Sinusoidal Shaeei 1:3 Sloeei 60' Trees
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Plucd Dynamics and Diffucisn Laboratory - Colorads State Uncversity
Wend Engineening Research and Application Specialists

USWP Task 2 Test Results K Series Tests
USW_VEL1.WK3 Sheet F: 02/18/93
Veloclty Profle Comparisons Veloclty Proﬁle Comparisons Velocity Profile Comparisons
;1 1 40‘ Tree Tests Sinusoidal Hill; 1:3 Slope; 60' Tree Tests
+100" 0
X . . . . . 0.04 0.74 0.77 0.57
0.08 0.80 0.83 0.79 0.78 0.08 0.67 0.08 0.75 0.77 0.74 0.50
0.12 0.80 0.83 0.79 0.79 0.12 0.74 0.12 0.75 0.78 0.75 0.74
0.16 0.82 0.83 0.80 0.80 0.16 0.76 0.16 0.77 0.80 0.78 0.77
0.20 0.82 0.83 0.83 0.81 0.20 . 0.80 0.20 0.80 0.81 0.79 0.78
0.30 0.85 0.86 0.84 0.84 0.30 X 0.82 0.30 0.84 0.86 0.83 0.83
0.42 0.87 0.90 0.88 0.86 0.42 X 0.87 0.42 0.87 0.88 0.86 0.86
0.60 0.91 0.93 0.92 0.91 0.60 . 0.92 0.60 0.91 0.92 0.92 0.92
0.80 0.97 0.97 0.96 0.96 0.80 . 0.96 0.80 0.96 0.97 0.96 0.96
1.00 1.01 1.00 1.00 0.99 1.00 0 101 1.00 1.00 1,00 1.01 1.00 1,00
Ur@30.5cm = 847 859 853 869 Ur@30.5cm = 854 848 853 | Ur@30.5cm = 844 838 882 853
Ur@6.1cm = 506 511 508 517 Ur@6.1cm = 505 501 502 Ur@6.1cm = 504 496 520 503
Href (cm) = 30.5 30.5 30.5 30.5] Href (cm) = 30.5 30,5 305 30.5] Href (cm) = 305 305 305 30.5

Sinusoidal Hill; 1:3 Slope; 20' Tree Tests

Sinusoidal Hill; 1:3 Slope; 40' Tree Tests

Sinusoidal Hill; 1:3 Slope; 60' Tree Tests

K Series Tests K Series Tests K Series Tests
1.00 1.00 1.00
0.90 0.90 0.9
go 80 M % go 80 go 80 = |
o0, oo. — oo. ——
S ; ; s -——7‘ S .-//P'
Bo0 Bo.70 Boo
N N o N
g |/ : 1/ i1/
E 0.60 m/ E 0.60 E 0.60 — /
Z ps ps
0.50 0.50 0.50 &
0.40 0.40 0.40
0 0.1 0.3 04 0 0.1 02 03 0.4 0 0.1 02 0.3 0.4
Normahzed Height Normalized Height Normalized Height
< KO1_full . K02_-100' 2KO5_full _.K06_-100" =KO09_full . K10_-100'
K03 _top K04 _no +KO7 _top KO8 no +Ki1_top oK12_no
TABLE 44 Model Ridge Velocity Profile Test Results; Sinusoidal Shape, 1:3 Slope

Page T44



Pluct Dynamice and Diffesion Laboratory - Colorads State Univeraity
Wend Engineoring Research and Application Specialists
USWP Task 2 Test Results K Series Tests

USW_VEL2.WK3 Sheet F: 11/06/92
Turbulent Intensity Profile Comparisons Turbulent intensity Proﬁle Comparisons ' Turbulent |ntensrty Proﬁle Comparisons
Sinusoidal Hill; 1:3 Slope; 20" Tree Tests i i i 60' Tree Tests
0.04 13.5 13.0 15.7 23.6 0.04 14.3 15.0 22.0 0.04 15.6 15.0 22.6
0.08 13.6 13.4 13.5 126 0.08 15.4 147 14.8 19.1 0.08 1641 15.6 15.7 293
0.12 14.4 134 13.6 13.1 0.12 15.2 13.7 145 14.1 0.12 16.0 15.2 15.5 14.1
0.16 13.0 12.9 13.2 133 0.16 14.4 14.5 14.9 14.7 0.16 15.8 148 15.1 145
0.20 13.1 127 12.5 12.7 0.20 14.7 14.2 14.1 145 0.20 14.2 14.4 145 14.2
0.30 1.9 12.3 123 11.9 0.30 13.4 12.4 12.8 13.0 0.30 13.4 123 133 13.6
0.42 1.2 10.6 1.1 11.5 0.42 1.7 115 11.4 11.6 0.42 1.7 11.4 11.9 12.1
0.60 10.4 9.6 9.9 10.0 0.60 10.2 8.9 10.1 9.8 0.60 10.1 9.8 10.1 10.1
0.80 8.6 8.9 8.8 9.0 0.80 8.8 9.2 9.0 9.0 0.80 9.6 9.1 9.3 9.0
1.00 7.8 7.9 738 7.9 1.00 7.6 7.8 7.9 77 1.00 8.0 7.8 7.8 7.8
Ur@30.5cm = 847 859 853 869] [Ur@30.5cm = 854 848 860 853 Ur@30.5cm = 844 838 882 853
Ur@6.1cm = 506 511 508 517 Ur@6.1cm = 505 501 507 502 Ur@6.1cm = 504 496 520 503
Href (cm) = 305 30.5 305 30.5] Href (cm) = 305 305 305 305 Href (cm) = 305 30.5 305 30.5
Sinusoidal Hill; 1:3 Slope; 20' Tree Tests Sinusoidal Hill; 1:3 Slope; 40' Tree Tests Sinusoidal Hill; 1:3 Slope; 60' Tree Tests
K Series Tests K Series Tests K Series Tests
30.00 30.00 30.00 ‘X
st.oo \?zs.oo @25.00
) r\ S \ & \
£°20.00 £°20.00 £°20.00
[72] (7] [72]
[ = \ [ = B\ [ =
[} Q [0]
> ‘\ et >
£15.00 £15.00 £15.00 —G;
9 S 9 ]
S 10.00 S 10.00 S 10.00
0 el 0
[ [ [
= e =
5.00 5.00 5.00
0.00 0.00 0.00
0 0.1 0.2 0.3 0.4 0 0.1 0.3 0.4 0 0.1 0.3 0.4
Normalized Height Normahzed Height Normahzed Height
= KO1_full . K02_-100' = KO5_full _,KO06_-100' « K09 _full _K10_-100'
4 KO3_top K04 _no - KO7_top - KO08_no +Kii_top -K12_no

TABLE 45 Model Ridge Turbulence Profile Test Results; Sinusoidal Shape, 1:3 Slope
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Plucd Dynamics and Diffusion Laboratory - Colorads State Univernsity
Wend Engineoring Research and sfpplication Specialiots

USWP Task 2 Test Results L Series Tests

USW_VEL0.WK3 Sheet G: 02/18/93
Velocity Profile Data Velocity Profile Data
Run LO1 __ Sinusoidal Hill: 1:5 Slope; 20' Trees: Full Cut Run LO2 _ Sinusoidal Hill: 1:5 Slope: 20' Trees: -100' Cut
—Vé — m— e ———— T VeIot
" ; 1oy i : i ey
1.2 651 13.1 848 511 1.66 1.2 662 13.6 866 514 1.68
24 674 13.3 842 513 1.64 24 679 134 866 517 1.68
37 679 12.9 850 510 1.67 37 699 13.4 864 517 1.67
49 687 13.5 844 498 1.69 4.9 700 13.5 863 518 1.67
6.1 702 13.3 850 510 1.67 6.1 719 13.1 861 515 1.67
9.1 722 12.1 848 506 1.68 9.1 741 124 863 511 1.69
12.9 746 11.9 846 509 1.66 12.9 764 10.7 858 519 1.65
18.3 785 10.1 855 505 1.69 18.3 795 10.2 866 517 1.68
24.4 822 8.9 856 505 1.70 : 244 833 9.0 858 504 1.70
30.5 855 7.7 856 508 1.68 30.5 864 7.8 860 515 1.67
Average = 850 508 1.67 Average = 863 515 168
Velocity Profile Data Velocity Profile Data
Run LO3___Sinusoidal Hill; 1:5 Slope; 20" Trees; Top Cut Run L04 __ Sinusoidal Hill; 1.5 Slope; 20' Trees; No Cut
g rbul elocit slocity el Ul Veloc ity
o 0! : /s): o ' cm/s):
1.2 597 16.0 838 493 1.70 1.2 494 21.0 849 501 1.69
24 649 14.0 837 493 1.70 24 660 13.0 850 502 1.69
37 664 13.9 845 499 1.69 3.7 672 13.0 852 501 1.70
4.9 678 13.7 839 494 1.70 4.9 687 12.8 858 500 1.72}
61 689 127 841 490 1.71 6.1 701 12.9 853 509 1.67
9.1 714 11.9 843 500 1.69 9.1 731 11.9 858 502 1.71
129 732 11.3 839 498 1.68 12.9 755 11.1 851 499 1.70
18.3 769 10.8 838 497 1.68 18.3 780 10.3 851 504 1.69
24.4 811 8.9 842 501 1.68 244 822 8.8 848 500 1.69
30.5 850 7.5 848 496 1.71 30.5 857 8.1 855 494 1.73
Average = 841 496 1.69 Average = 852 501 1.70

TABLE 46 Model Ridﬂe Test Datai Sinusoidal Shggei 1.5 Sloeei 20’ Trees
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Plutd Dynamics and Diffusion Laboratony - Colorads State Uncversity
Wind Engineoring Recearch and rpplication Specialiots

USWP Task 2 Test Results L Series Tests

USW_VELO.WK3 Sheet G: 02/18/93
Velocity Profile Data Velocity Profile Data
Run L0OS musmdal Hill; 1:5 Slope 40 Trees Full Cut Run L06 __ Sinusocidal Hill: 1:5 Slope; 40' Trees; -100' Cut
1.2 144 502 1.69 1.2 14.7 855 509 1.68
24 14.8 513 1.65 24 14.8 860 510 1.69
37 14.9 511 1.67 37 14.6 857 516 1.66
4.9 143 504 1.67 4.9 14.3 857 510 1.68
6.1 14.2 517 1.65 6.1 13.9 856 514 1.66
9.1 13.1 508 1.67 9.1 13.0 856 511 1.67
12.9 12.0 506 1.67 12.9 11.2 858 505 1.70
18.3 9.9 510 1.67 18.3 10.0 855 507 1.69
244 9.1 508 1.68 244 9.1 861 507 1.70
30.5 7.7 505 1.70 30.5 8.0 859 511 1.68
L Average = 508 1.67 Average = : 857 510 1.68]
Velocity Profile Data Velocity Profile Data

Run L07 Smusmda| Hilk 1:5 Siope 40‘ Trees Top Cut Run L08 __ Sinusoidal Hill; 1:5 Slope; 40' Trees; No Cut

] %] ( mi m

1.2 19.4 505 1.67 1.2
2.4 15.4 499 1.70 24 584 17.0 838 500 1.67
3.7 14.4 498 1.70 37 655 13.8 838 487 1.72
49 14.7 496 1.71 4.9 673 13.8 842 497 1.68
6.1 14.3 506 1.68 6.1 666 14.2 842 504 1.67
9.1 13.0 496 1.71 9.1 705 13.0 844 503 1.68
12.9 11.4 501 1.69 12.9 738 114 850 499 1.70
18.3 10.0 506 1.67 18.3 780 10.1 848 504 1.68
24.4 9.0 501 1.70 244 816 9.0 852 499 1.71
30.5 2 7.8 495 1.71 30.5 846 7.8 851 497 171
Average = 500 1.69 Average = 845 499 1.69

TABLE 47 Model Ridge Test Datai Sinusoidal Shaeei 1:5 Sloeei 40’ Trees
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Placd Dynamecs and Diffuscon Laboratory ~ Colovads State Uncveradty
VWend Engineoring Research and Application Specialists

USWP Task 2 Test Results L Series Tests

USW_VELO0.WK3 Sheet G: 02/18/93

Velocity Profile Data Velocity Profile Data

Run L09  Sinusoidal Hill: 1:5 Slope; 60' Trees; Full Cut Run L10 __ Sinusoidal Hill: 1:5 Slope: 60' Trees: -100' Cut

P ———————

1.2 614 14.9 849 522 1.63 1.2 603 15.7 855 514 1.66

24 640 15.6 850 505 1.68 24 643 15.6 855 510 1.68

37 651 15.4 848 503 1.69 37 663 15.6 855 501 1.71

4.9 664 15.2 848 509 1.66 4.9 674 14.6 855 514 1.66

6.1 672 15.1 852 511 1.67 6.1 696 14.3 851 511 1.66

9.1 706 13.1 849 507 1.67 9.1 719 13.2 856 503 1.70

12.9 737 117 855 506 1.69 129 753 11.7 861 510 1.69
18.3 776 10.4 854 511 1.67 18.3 788 10.1 860 508 1.69

244 810 9.0 849 501 1.70 244 828 9.0 860 500 1.72

30.5 849 7.9 854 501 1.71 30.5 868 7.5 864 511 1.69
Average = 851 508 1.68 L Average = 857 508 1.69

Velocity Profile Data Velocity Profile Data

inusoidal Hill; 1:5 Slope;

Run L11 Sinusoidal Hill; 1:5 Slope; 60' Trees; 1

m ¥ i) -
1.2 541 20.0 852 505 1.69 .
24 608 16.3 857 510 1.68 2.4 491 23.2 840 486 1.73
3.7 639 15.3 849 505 1.68 3.7 629 15.1 841 490 1.71
4.9 654 15.5 851 514 1.66 4.9 656 14.0 833 493 1.69]
6.1 680 14.3 851 500 1.70 6.1 676 14.3 843 498 1.69
9.1 711 13.0 859 499 1.72 9.1 708 12.9 846 492 1.72
12.9 742 11.7 853 505 1.69 12.9 741 11.6 849 493 1.72
18.3 777 10.6 857 504 1.70 18.3 780 10.2 846 494 1.71
244 823 9.0 857 509 1.68 24.4 817 8.9 844 492 1.7
30.5 859 7.8 857 505 1.70 30.5 854 75 850 492 173
Average = 854 506 1.69 Average = 844 492 1.71

TABLE 48 Model Ridge Test Datai Sinusoidal Shaﬂei 1:5 Sloeei 60' Trees
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USWP Task 2 Test Results

USW_VEL1.WK3 Sheet G: 02/18/93

Plucd Dynancics and Diffuston Laboratory ~ Colorads State University
Wend Engincening Recearch and spplication Specirlists

L Series Tests

Velocity Profile Comparisons Velocity Profile Comparisons Velocity Profile Comparisons
Sinusoidal Hill; 1:5 Slope; 20' Tree Tests Sinusoidal Hill: 1:5 Slope: 40' Tree Tests Sinusoidal Hill; 1:5 Slope; 60" Tree Tests
ight{ = :Velogit eloci elocity 1 Velocity:{::Velocity [ ::Velocity: eig| Veloc| e
301 100" 10
0.04 0.77 0.76 0.71 0.58 .
0.08 0.80 0.78 0.78 0.78 0.08 0.76 0.73 0.70
0.12 0.80 0.81 0.78 0.79 0.12 0.78 0.76 0.78
0.16 0.81 0.81 0.81 0.80 0.16 0.80 0.78 0.80
0.20 0.83 0.84 0.82 0.82 0.20 0.81 0.78 0.78
0.30 0.85 0.86 0.85 0.85 0.30 0.85 0.83 0.84
0.42 0.88 0.89 0.87 0.89 0.42 0.88 0.87 0.87
0.60 0.92 0.92 0.92 0.92 0.60 0.92 0.92 0.92 .
0.80 0.96 0.97 0.96 0.97 0.80 0.97 0.96 0.96 . .
1.00 1.00 1.01 1.00 1.00 1.00 1.00 1.00 0.99 1.00 0.99 1.00
Ur@30.5cm = 850 863 841 852 Ur@30.5cm = 857 847 845 Ur@30.5cm = 851 857
Ur@6.1cm = 508 515 496 501 Ur@6.icm = 510 500 499 Ur@6.icm = 508 508
Href (cm) = 30.5 30.5 30.5 30.5 Href (cm) = 30.5 30.5 30.5 Href (cm) = 30.5 30.5

Sinusoidal Hill; 1:5 Slope; 20' Tree Tests

Sinusoidal Hill; 1:5 Slope; 40' Tree Tests

Sinusoidal Hill; 1:5 Slope; 60' Tree Tests

L Series Tests L Series Tests L Series Tests
1.00 1.00 1.00
0.90 0.90 0.90
(5] (37 [3]
©0.80 a- ©0.80 ©0.80
=i S| e g
B o0 B o0 L7 B o.70 /‘2
N N 4 N / /
® / ® ®
E 060 — E 0.60 E 0.60 d
O [=] (=]
pd z Z
0.50 0.50 0.50
0.40 0.40 0.40
0 0.1 02 03 0.4 0 0.1 02 03 0.4 0 0.1 0.2 03 0.4
Normalized Height Normalized Height Normalized Height
= L01_full LO2_-100' = L05 full _ L06_-100' = L09 full L L10_-100'
+L03_top o LO4 no +L07 _top o LO8 no «L11_top 5L12 no
‘ABLE 49 Model Ridge Velocity Profile Test Results; Sinusoidal Shape, 1:5 Slope
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Plutd Dynamics and Diffusion Laboratony - Colorads State Univensity
Weind Engineoring Research and s¥pplication Specinliots
USWP Task 2 Test Results

USW_VEL2.WK3 Sheet G:

L Series Tests
11/06/92

Turbulent Intensity Profile Comparisons Turbulent Intensity Profile Comparisons

Turbulent Intensity Profile Comparisons
i T

Sinusoidal Hill: 1:5 Slope: 20' Tree Tests Sinusoidal Hill; 1:5 Slope; 60" Tree Tests
Turbiint:

0.04 131 13.6 16.0 21.0 . . R 0.04 149 15.7 20.0
0.08 133 134 14.0 13.0 0.08 14.8 14 8 15.4 17.0 0.08 15.6 15.6 16.3 23.2
0.12 12.9 134 13.9 13.0 0.12 14.9 14.6 14.4 13.8 0.12 154 15.6 153 15.1
0.16 135 135 13.7 12.8 0.16 14.3 143 14.7 13.8 0.16 15.2 14.6 155 14.0
0.20 13.3 13.1 12.7 12.9 0.20 14.2 138 143 142 0.20 15.1 14.3 143 143
0.30 12.1 124 119 11.9 0.30 13.1 13.0 13.0 13.0 0.30 13.1 13.2 13.0 129
0.42 11.9 10.7 113 1.1 0.42 12.0 1.2 11.4 11.4 0.42 11.7 11.7 1.7 11.6
0.60 10.1 10.2 10.8 10.3 0.60 9.9 10.0 10.0 10.1 0.60 10.4 10.1 10.6 10.2
0.80 8.9 9.0 8.9 8.8 0.80 9.1 9.1 9.0 9.0 0.80 9.0 9.0 9.0 8.9
1.00 7.7 7.8 7.5 8.1 1.00 7.7 8.0 7.8 7.8 1.00 7.9 75 7.8 7.5]
Ur@30.5cm = 850 863 841 852 Ur@30.5cm =| 850 857 847 845 Ur@30.5cm = 851 857 854 844
Ur@6.1cm = 508 515 496 501 Ur@6.1cm = 508 510 500 499 | Ur@6.1cm = 508 508 506 492
Href (cm) = 305 305 30.5 30.5 Href (cm) = 30.5 30.5 30.5 30.5 Href (cm) = 30.5 30.5 30.5 30.5)

Sinusoidal Hill; 1:5 Slope; 20" Tree Tests Sinusoidal Hill; 1:5 Slope; 40' Tree Tests Sinusoidal Hill; 1:5 Slope; 60' Tree Tests

L Series Tests L Series Tests L Series Tests
30.00 30.00 30.00
_25.00 _.25.00 2500
g g g |
22000 |— 220,00 220.00 —a
2 2 2
= 15.00 c1s. T1s. :
1= B’*N B %\ <
2 2 2
S 10.00 S 10.00 S 10.00
Fe] Fe] n
5 5 5
F 500 F 500 F 500
0.00 0.00 0.00
0 0.1 03 0.4 0 0.1 02 0.3 0.4 0 0.1 0.2 03 0.4
Normallzed Height Normalized Height Normalized Height
«L01_full 102 -100' = L05 full . L06_-100 «L09 full . L10_-100'
4103 _top . L04 no +L07_top - L08 no +L11_top =L12_no
TABLE 50 Model Ridge Turbulence Profile Test Results; Sinusoidal Shape, 1:5 Slope
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Plicd Dynamcice and Diffusion Laboratory - Colonads State Univensity
UWeind Engineoning Research and sApplication Specialiots

USWP Task 2 Test Results M Series Tests

USW_VELO.WK3 Sheet H: 02/18/93
Velocity Profile Data Velocity Profile Data
Run M01___Sinusoidal Hill; 1:10 Slope; 20°' Trees; Full Cut Run M02___Sinusoidal Hill; 1: 10 Sloge 20'
1.2 578 15.4 850 503 1.69 1.2 567 16.1 844 501 1.69
2.4 635 14.1 848 508 1.67 24 612 14.4 837 502 1.67
37 658 13.3 842 502 1.68 37 636 14.3 836 494 1.69
4.9 673 13.6 845 508 1.66 4.9 653 137 837 496 1.69
6.1 683 133 848 502 1.69 6.1 668 13.6 843 496 1.70
9.1 708 125 851 504 1.69 9.1 706 124 837 491 1.71
12.9 743 11.5 850 504 1.69 12.9 741 11.3 837 495 1.69
18.3 780 10.3 852 503 1.70 18.3 775 10.6 839 495 1.69
244 820 9.2 850 506 1.68 244 809 9.1 839 503 1.67
30.5 862 7.8 859 508 1.69 30.5 845 7.7 843 498 1.69
Average = 849 505 1.68 Average = 839 497 1.69
Velocity Profile Data Velocity Profile Data
Run M03__ Sinusoidal Hill; 1: 10 Sloge 20' Run M04 Smusoudal Hill; 1 10 Slope;
Jo \
1.2 19.9 854 504 1.69 1.2
24 156.3 858 510 1.68 24 600 16.0 864 511 1.69
37 13.9 852 499 1.71 37 651 14.0 857 509 1.68
4.9 14.0 857 508 1.69 4.9 671 13.2 867 514 1.69
6.1 14.1 857 501 1.71 6.1 694 133 864 501 1.73
9.1 12.6 855 505 1.70 9.1 723 12.3 860 503 1.71
12.9 12.1 852 509 1.67 12.9 751 11.4 859 495 1.73
18.3 10.2 855 503 1.70 18.3 792 10.3 863 514 1.68
244 9.0 858 500 1.72 244 832 8.9 861 509 1.69
30.5 7.6 864 500 1.73 30.5 865 8.0 861 504 1.71
Average = 856 504 1.70 Average = 862 507 170

TABLE 51 Model Ridﬁe Test Datai' Sinusoidal Shaeei 1:10 Sloee‘ 20’ Trees
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Plued Dynamcics and Diffuscon Laboratory - Colorads State University
Wend Engincoring Research and rfplication Specinlicts

USWP Task 2 Test Results M Series Tests

USW_VELO.WK3 Sheet H: 02/18/93
Velocity Profile Data Velocity Profile Data
MO5__Sinusoidal Hill; 1:10 Slope; 40°' Trees; Full Cu Run M06___Sinusoidal Hill: 1:10 Slope; 40' Trees; -100' Cut
X 0 = 2 | o 3 = ¥{] o e
1.2 557 16.3 844 507 1.66 1.2 545 16.8 848 504 1.68
24 617 15.1 846 509 1.66 24 597 15.4 848 506 1.68
37 640 14.2 848 510 1.66 37 623 15.1 846 501 1.69
4.9 654 14.5 847 501 1.69 4.9 646 14.9 851 504 1.69
6.1 673 14.4 843 502 1.68 6.1 662 147 846 500 1.69
9.1 698 133 842 510 1.65 9.1 698 12.9 847 497 1.70
12.9 739 12.4 849 497 1.71 12.9 733 12.0 843 505 1.67
18.3 773 10.5 851 508 1.68 18.3 766 11.2 848 504 1.68
24.4 823 9.2 853 513 1.67 24.4 816 9.4 849 505 1.68
30.5 851 8.5 850 509 1.67 30.5 853 8.3 850 501 1.70
Average = 848 507 1.67 Average = 848 503 1.69
Velocity Profile Data Velocity Profile Data

M07 Si usoi;ial Hill; 1: Slog A O'v rees;

inusoidal

1.2 485 20.4 836 493 1.70 .

24 558 16.9 830 485 1.71 24 456 26.4 859 507 1.69

3.7 594 15.5 834 497 1.68 3.7 598 17.0 864 508 1.70

4.9 620 15.1 837 506 1.65 4.9 649 14.7 863 506 1.70]

6.1 639 14.8 830 507 1.64 6.1 666 13.7 856 499 1.72

9.1 670 13.9 836 498 1.68 9.1 717 12.9 864 504 1.71
12.9 711 11.7 830 488 1.70 12.9 741 11.9 861 509 1.69
18.3 755 11.0 838 495 1.69 18.3 784 10.8 859 504 1.71
244 798 9.4 832 491 1.69 244 825 9.0 860 508 1.69
30.5 842 7.8 840 489 1.72] 30.5 857 8.3 860 499 1.72]

Average = 834 495 1.69 Average = 861 505 1.70

TABLE 52 Model Ridge Test Data" Sinusoidal Shaeei 1:10 SloEei 40' Trees
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Plutd Dynaméce and Diffuscon Laboratony - Colorads State Universdty
Wend Engineening Research and rApplication Specialists

USWP Task 2 Test Results M Series Tests

USW_VELO0.WK3 Sheet H: 02/18/93

Velocity Profile Data ' A Velocity Profile Data
Run M09 Slnusmda| Hill: 1: 10 Slope 60' Trees Full Cut i j

1.2 16.1 842 501 1.68 1.2 534 17.4 842 1.65
2.4 14.5 847 509 1.66 24 592 16.4 847 1.68
37 15.0 849 507 1.68 37 624 15.3 850 1.66
4.9 14.7 848 505 1.68 4.9 633 15.1 850 1.70
6.1 14.1 847 511 1.66 6.1 657 14.5 850 1.67
9.1 13.8 847 508 1.67 9.1 701 134 851 1.71
12.9 12.2 843 490 1.72 129 726 125 847 1.67
18.3 10.2 843 499 1.69 18.3 782 10.4 850 1.69
24.4 9.2 843 506 1.67 24.4 817 9.6 849 1.69
30.5 8.0 851 499 1.71 30.5 860 8.3 858 1.71
Average = 846 503 1.68 Average = 849 1.68
Velocity Profile Data Velocity Profile Data
Run M11__ Sinusoidal Hill_1. 10 SlogeI 60' Treesl Top Cut Run M12 Smusoudal HI||' 1 10 Slope 60’ Trees; No Cut
: Wyl emlebl eyt il b el st ey T el em
[ 1.2 20.6 851 506 1.68 1.2
24 19.2 848 504 1.68 24 414 28.3 854 504 1.69
3.7 17.2 851 504 1.69 37 577 18.5 856 500 1.71
4.9 15.5 851 508 1.67 49 635 15.2 853 498 1.71
6.1 15.0 847 496 1.71 6.1 656 14.6 852 493 1.73
9.1 135 849 507 1.67 9.1 699 134 856 503 1.70
12.9 12.3 849 499 1.70 129 734 12.3 853 495 1.72
18.3 10.7 847 502 1.69 18.3 780 10.6 857 499 1.72
24.4 9.2 852 492 1.73 244 820 9.1 856 487 1.76
30.5 8.2 854 503 1.70 30.5 859 7.8 861 502 172
L _Average = 850 502 1.69 Average = 855 498 1.72

TABLE 53 Model Ridse Test Data{ Sinusoidal ShaEei 1:10 Sloeei 60’ Trees
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Plucd Dynamecs and Diffesion Laboratory - Colorads State Uncvensity
Wend Engineering Research and spplication Specialists
USWP Task 2 Test Results M Series Tests

USW_VEL1.WK3 Sheet H: 02/18/93
Velocity Profile Comparisons Velocity Profile Comparisons Velocity Profile Comparison
Sinusoidal Hill; 1:10 Slope; 20" Tree Tests Sinusoidal Hill; 1:10 Slope; 40" Tree Tests Sinusoidal Hill: 1:10 Slope; 60' Tree Tests
9005 MO3itop . MOsirie] | SRl M1 4
X 0.67 0.04 0.68 0.63 0.56
0.75 0.73 X . X . X X 0.08 0.71 0.70 0.65 0.48
0.78 0.76 0.75 0.76 0.12 0.75 0.74 0.71 0.69 0.12 0.74 0.73 0.71 0.67
0.80 0.78 0.77 0.77 0.16 0.7 0.76 0.74 0.75 0.16 0.76 0.74 0.72 0.74
0.81 0.79 0.78 0.80 0.20 0.80 0.78 0.77 0.78 0.20 0.78 0.77 0.77 0.77
0.83 0.84 0.82 0.84 0.30 0.83 0.82 0.80 0.83 0.30 0.82 0.82 0.82 0.82
0.87 0.88 0.86 0.87 0.42 0.87 0.87 0.86 0.86 0.42 0.87 0.86 0.85 0.86
0.92 0.92 0.91 0.92 0.60 0.91 0.90 0.90 0.91 0.60 0.92 0.92 0.91 0.91
0.96 0.96 0.96 0.97 0.80 0.96 0.96 0.96 0.96 0.80 0.97 0.96 0.96 0.96
1.00 1,00 1.00 1.00 1,00 1,00 1.00 1.00 1.00 1.00 1,00 1.01 1.00 1.00 1.00
Ur@30.5cm = 849 839 856 862] |ur@30.5cm= 848 848 834 861 Ur@30.5cm = 846 849 850 855
Ur@6.1cm = 505 497 504 507 Ur@6.1cm = 507 503 495 505 Ur@6.1cm = 503 504 502 498
|_Href (cm) = 305 30.5 305 305] |_Hrefcm)= 305 305 30.5 30.5 Href (cm) = 30.5 305 305 305
Sinusoidal Hill; 1:10 Slope; 20' Tree Tests Sinusoidal Hill; 1:10 Slope; 40' Tree Tests Sinusoidal Hill; 1:10 Slope; 60' Tree Tests
M Series Tests M Series Tests M Series Tests
1.00 1.00 1.00
0.90 0.90 0.90
S o080 : So.s0 S 0.80
© | o g © ©
> /-/ > >
Boo %% Bo e Boo ¥ =
o oL o
A 87 T
@ ® E /
E 060 E 060 — E 0.60 V|
(=] O [*]
2 Z 2 /
0.50 0.50 0.50 d
®
0.40 0.40 0.40
0 0.1 0.2 03 0.4 0 0.1 0.2 0.3 0.4 0 0.1 0.2 03 0.4
Normalized Height Normalized Height Normalized Height
= MO1_full _,.M02_-100' = MO05_full _.MO06_-100' «MO09_full _M10_-100'
+M03_top 5MO04_no +-M07_top <MO8_no +Mii_top M12_no

TABLE 54 Model Ridge Velociﬁ Pro‘zle Test Resultsi' Sinusoidal Shaee‘ 1:10 Sloee |
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Placd Dynamees and Diffusion Laboratory - Colorads State Universtty
Wend Engineering Reseanch and Application Specialists
USWP Task 2 Test Results M Series Tests

USW_VEL2.WK3 Sheet H: 11/06/92
Turbulent Intensity Profile Comparisons Turbulent Intensity Profile Comparisons Turbulent Intensity Profile Comparisons
Sinusoidal Hill; 1:10 Slope; 20’ Tree Tests Sinusoidal Hill; 1:10 Slo| 40‘ Tree Tests ill; 1'10 SloE, 60' Tree Tests
——"i'ht T o — - = - -
MO¥:tu 00 0 : 08 :rio: M09 M 0
0.04 15.4 16.1 19.9 0.04 16.3 16.8 20.4 0.04 16.1 17.4 20.6
0.08 141 14.4 15.3 16.0 0.08 151 15.4 16.9 26.4 0.08 14.5 16.4 19.2 28.3
0.12 13.3 14.3 13.9 14.0 0.12 142 151 15.5 17.0 0.12 15.0 15.3 17.2 18.5
0.16 13.6 13.7 14.0 13.2 0.16 145 14.9 15.1 14.7 0.16 14.7 15.1 15.5 15.2
0.20 133 13.6 141 133 0.20 144 14.7 14.8 13.7 0.20 14.1 14.5 15.0 14.6
0.30 125 12.4 12.6 12.3 0.30 133 12.9 13.9 12.9 0.30 13.8 134 135 134
0.42 1.5 113 12.1 11.4 0.42 12.4 12.0 1.7 11.9 0.42 12.2 125 123 123
0.60 10.3 10.6 10.2 10.3 0.60 105 1.2 11.0 10.8 0.60 10.2 10.4 10.7 10.6
0.80 9.2 9.1 9.0 8.9 0.80 9.2 9.4 9.4 9.0 0.80 9.2 9.6 9.2 9.1
1.00 7.8 7.7 7.6 8.0 1.00 8.5 8.3 7.8 8.3 1.00 8.0 8.3 8.2] 7.8
Ur@30.5cm = 849 839 856 862 Ur@30.5cm = 848 848 834 861 Ur@30.5cm = 846 849 850 855
Ur@6.1cm = 505 497 504 507 Ur@6.icm = 507 503 495 505 Ur@6.1cm = 503 504 502 498
Href (cm) = 30.5 30.5 30.5 30.5 Href (cm) = 30,5 30.5 30.5 30.5 Href (cm) = 30.5 305 30.5 30,5

Sinusoidal Hill; 1:10 Slope; 20' Tree Tests Sinusoidal Hill; 1:10 Slope; 40' Tree Tests Sinusoidal Hill; 1:10 Slope; 60' Tree Tests

M Series Tests M Series Tests M Series Tests
30.00 30.00 30.00

25.00 25.00

25.00

2
1=
S
S
o
=3
N
o

il
e

15.00

*N

—
e
=
S
L
4
°
S

10.00

Turbulent Intensity (%)
g

Turbulent Intensity (%)
s

Turbulent Intensity (%)

g

5.00 5.00

0.00 0.00 0.00
0 0.1 03 0.4 0 0.1 0.3 0.4 0 0.1 03 04
Normallzed Height Normaluzed Height Normallzed Height

= MO1_full  _MO02_-100' »MO05_full . M06_-100' «MO09_full . M10_-100'
+M03_top M04_no - MO7_top _<MO08_no +Mii_top M12 no

TABLE 55 Model Ridge Turbulence Pm‘tle Test Results" Sinusoidal Shaee, 1:10 Sloee |
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Wind Engineering Research and s pplication Specialists

USWP Task 2 Test Results
USW_VEL3.WK3 Sheet A: 02/18/93
Normalized Velocity Test Results
Y i "Clearcut)
)
FO1| Trang] 12| 20 full| 0.70] 0.71| 0.73| 0.75| 0.78| 082| 086] 0.91| 096] 1.00 514 864
F02| Trang] 12| 20| _-100'| 0.70] 0.73] 0.74] 0.76] 0.78] 0.82| 0.86] 091| 096] 1.00 514 867
FO3| Trang] 12| 20 top||_0.73] 0.75] 0.76] 0.79] 0.80] 0.83] 0.88] 091| 097] 1.01 517 877
Fo4| Triang| 121 20 noll 0571 074] 0761 077 078] 082] 0861 0911 096] 1.00 516 878
FO5| Trang| 12| 40 full | 0.68] 0.70] 0.72] 0.76] 0.76] 0.82] 0.86] 0.91] 0.95] 1.00 516 870
FO8| Triang| 12| 40| _-100'| 0.68] 0.71] 0.73]| 0.75]| 0.77| 0.82] 0.85| 091] 0.96] 1.00 508 860
FO7| Triang] 12| 40 top|| 067| 0.72| 0.74| 0.77| 0.78] 0.82| 0.86| 091 0.96] 1.00 516 873
F08] Triang| 12| 40 no 0.70] 0.72] 0.75 0.77] 081 0.5 091] 0.96] 101} 517 872
FOS] Trang| 12| 60 full | 067] 069] 0.71] 0.74] 0.76] 0.82] 0.86] 091] 0.96] 1.00 508 859
F10] Triang] 12| 60| _-100'| 067] 0.70] 0.72| 0.75] 0.77| 081] 0.86] 01| 097 1.00 508 857
F11] Trang| 12| 60 top|| 0.65| 0.70| 0.73] 0.76] 0.79| 0.82| 0.87] 091] 0.97] 1.00 509 862
F12]_ Tii 1260 no| 1 068 071 0.74] 076 081] 086 091 096] 1.00 510 864
— GO1|_Triang] 13] 20 full | 0.74] 0.75] 0.76] 0.79] 0.78] 0.83] 0.87] 091] 0.96] 1.01 510] 857
G02| Triang| 13| 20| _-100'| 0.75] 0.77] 0.78] 0.79] 0.82] 0.84] 0.88] 092] 097] 1.01 509 857
GO03] Triang| 13| 20 top| 0.76] 0.77] 0.79] 0.80] 0.81] 0.85] 0.88] 092] 097] 1.01 514 867
G04|_Triang| 13| 20 nol 0701 0.75] 0771 078 0801 084] 0871 0921 097] 101 510 866
—_GO05] Triang] 13| 40 full | 0.73] 0.74] 0.75] 0.77] 0.80] 083] 0.87] 081] 097 1.01 507 860
GO08| Triang| 13| 40| _-100°'| 0.74] 0.77] 0.77] 0.79] 0.81] 085] 0.88] 093] 0.98] 1.02 504 855
G07| Triang| 13| 40 top| 0.70] 0.75| 0.77] 0.80] 0.80] 0.85] 0.88] 0.93 098] 1.01 498 851
GO08|_ Triang| _1:3] 40 no 072] 0.74] 0761 0.79] 083 088 092] 0.98[ 1.01 501 851
— GO09[ Triang] 13| 60 full | 0.71] 0.71] 0.73] 0.77] 0.78] 0.82] 087] 091] 097] 101 506 859
G10] Trang| 13| 60| __ -100' 0.72| _0.75] 0.77] 0.80] 0.83] 087] 092| 0.96] 1.00 507 861
G11]_ Triang| _1:3] 60 top| 067| 0.72] 0.74] 0.76] 0.79] 0.82] 0.87| 091] 0.96] 1.00 501 855
G12]_ Triang| _1:3] 60 no 0691 073 0741 077] 0811 086] 0911 0961 100 502 856
—_HO1| Trang| 15[ 20 full [ 0.79] 0.79] 0.80] 0.52] 0.83] 087] 0.88] 092] 0.97] 1.00 505 854
HO2| Triang| 1:5] 20| -100'| 0.76] 0.79] 0.80] 0.81] 083] 0.85] 0.88] 0.92] 0.97] 1.01 504 848
HO3[ Triang| 15[ 20 top| 0.71] 0.76] 0.77| 0.79]| 0.80| 0.85] 0.88] 0.92] 0.97] 1.00 509 864
[ HO4[_Trang]__1:5] 20 noll 063] 075 076 0.79] 080 053] 088] 092] 0.96] 1,00 506 861
HO5|  Triang]  15] 40 full | 0.77] 0.77] 0.78] 0.79] 0.81] 0.85] 0.87] 0962] 0.96] 1.00 501 844
HO6| Triang| 1:5] 40| -100'| 0.74] 0.76] 0.77| 0.80] 0.80| 0.83] 0.86] 0.91] 0.95] 1.00 508 861
HO7| Trang| 15| 40 top| 062] 0.72] 0.75] 0.77] 0.79] 0.81] 0.87] 091 096] 1.00 502 856
[ Ho8| i 5[40 no 070 0.75] 0.77] 080] 084] 087] 092] 097 100 496 853
HOS[ Triang| 15| 60 full| 0.72] 0.75] 0.78] 0.78] 0.80] 0.84] 0.88] 052] 096 1.01 505]  858]
H10| Triang| 1:5] 60| -100'| 0.72] 0.73] 0.76] 0.78] 0.79]| 0.82] 0.86] 0.91] 0.96] 1.00 504 855
H11] Triang] 1:5] 60 top] 0.62] 0.69] 0.73] 0.75] 0.76] 0.80] 0.87| 091]| 096] 1.00 505 851
H12| Triangl 1:5] 60 no 0691 074] 0761 0771 083] 0861 0911 097] 1.00 497 846
101] Triang] 1:10] 20 full | 0.75] 0.78] 0.79] 0.79] 0.80] 0.84] 0.87] 091] 0.96] 1.00 510] 854
102] Triang] 1:10] 20| -100'| 0.72] 0.75] 0.78] 0.79] 0.81] 0.84| 0.87] 0.82] 0.96] 1.00 510 852
103] Triang| 1:10] 20 top| 062] 0.72] 0.75] 0.76] 0.79| 0.82| 0.86] 0.91] 0.96] 1.00 509 862
104] Triang| 1:10] _ 20 nol_051] 072 076] 079] 0791 084] 086] 091] 096] 1.00 506 857
105] Triang]| 1:10] 40 full | 0.72] 0.76] 0.77] 0.78] 0.80] 0.83] 0.88] 053] 097] 1.01 504 856
106] Triang| 1:10] 40|  -100°| 0.74] 0.73| 0.76] 0.78] 0.79] 0.84] 0.88] 0.52| 0987] 1.01 506 860
107 Triang| 1:10] 40 top| 057| 066 0.72] 0.75]| 0.76] 0.82] 0.87] 091 0.97] 1.01 499 847
j08] _Triang| 1:10] 40 no| 065 073] 0771 079] 084] 088] 093] 097 101 505 856
109 Triang] 1:10] 60 full | 0.72] 0.74] 0.76] 0.77] 0.79] 0.83] 0.86] 092] 0.97] 1.01 504] 857
MO Triang| 1:10] 60| -100'| 0.69] 0.72| 0.73| 0.77] 0.77| 0.82] 0.87] 082] 097] 1.01 504 849
M1 _ Triang| 1:10] 60 top]| 057| 065] 0.71] 0.73| 0.76] 0.81] 0.85] 0.91] 097] 1.01 500 844
H2] _Triang[ 1:10[ 60 no 059] 070 076] 078] 082 087 092] 097] 101 508 866
TABLE 56 Model Ridge Normalized Velocity Profile Comparisons; Triangular Shape
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USWP Task 2 Test Results
USW_VEL3.WK3 Sheet A: 02/18/93
Normalized Velocity Test Results
il learcu

Jo1 Sine| 12| 20 full |_0.79] 0.78] 0.79] 0.80] 0.81] 0.83] 0.88| 092| 097| 1.00 500 843
J02| Sine| 1:2] 20| -100'| 076] 079] 0.79] 0.80| 0.80] 0.84] 0.87| 0.92] 0.97| 1.00 507 855
Jo3 sine| 12| 20 top|| 0.77] 0.78] 0.79] 0.81] 083| 0.85| 0.89] 093] 097] 1.01 508 859
J04|__ Sine 2 20 nol 072] 0761 0771 078] o080l 084 086] 091 097 1.00 506 857
[—_J05]__Sine] 12] 40 full| 0.76] 0.75] 0.77] 0.78] 081] 084] 087] 092] 0.97] 1.01 510 865
Jos]  sine| 1:2] 40| -100'| 0.75] 0.77] 0.78| 0.79] 0.81| 084 087| 093] 0.97| 1.01 512 864
Jo7[__sSine| 1:22] 40 top|| 0.68] 0.74] 0.77] 0.78] 081 0.84| 0.88] 092| 097] 1.01 509 858
Jos|__ Sinel 1:2] 40 no| 0.73] 074 076] 078] 081] 085! 091| 087 1.01 501 854
Jo9] __ Sine] 12| 60 full | 0.75] 0.75] 0.76] 0.78] 0.79] 0.82] 0.87] 0.92] 0.96] 1.00 502 853
J10| _ sine| 12| 60| -100'| 0.76] 0.77] 0.77] 0.79] 0.80| 0.84| 0.88] 0.93] 0.97| 1.01 502 853
Ji1 Sine| 12| 60 top]| 0.63| 0.73| 0.76] 0.77] 0.79] 0.83| 0.87] 091| 096] 1.01 496 847
J12l Sine 2 60 no | 071] 073 075] o0.76] 0821 0871 081! 096 1.00 496 851
Ko1 Sine]  1:3] 20 full]__0.77] 0.80] 0.80] 0.82] 0.82] 0.85] 0.87] 091] 097] 1.01 506 847
K02| _ sSine| 1:3| 20| -100'| 0.83] 0.83] 0.83] 0.83] 0.83] 0.86] 0.90] 0.93] 0.97] 1.00 511 859
Ko3[ _ sine| 1:3] 20 topi 0.74| 0.79| 0.79] 0.80| 0.83| 0.84| 0.88] 092] 096] 1.00 508 853
K04 sinel 1:3] 20 noj _055] 078] 0.79] 080] 081] 084| 086! 091! 096 0.9 517 869
KO5| _ Sine| 13| 40 full 0.75] 0.75] 0.78] 0.79] 0.81] 0.84] 088] 0.92] 0.97] 1.0 505 854
KOS _ Sine| 13| 40| -00°) 0.78] 0.79] 0.81] 082 082] 085] 088 093] 0.97] 1.01 501 848
KO7| __Sine| 13| 40 top| 060| 0.75] 077] 0.79] 080 0.83] 0.87| 092 097] 1.00 507 860
Kos| __ sSine| 1:3] 40 no 067 074 076] 080 082] 087] 092] 096] 1.00 502 853
KO9[ __ Sine| 13| 60 full | 0.74] 0.75] 0.75] 0.77] 0.80] 0.84] 087] 091] 0.96] 1.00 504 844
K10 __sSine| 13| 60| -100'| 0.77] 0.77] 0.78] 0.80] 0.81] 0.86] 0.88] 0.92] 0.97] 1.01 496 838
K11 Sine| 1:3] 60 top|_057] 0.74] 0.75] 0.78] 0.79| 083| 0.86] 0.92] 096] 1.00 520 882
K12l sine| 131 60 no| | 050 0741 077] 0.78] 083 086] 092] 096 1.00 503 853
[ L01[__ Sine| 15[ 20 ful]|_0.77] 0.80] 0.80] 0.81] 0.83] 0.85] 0.88] 0.92] 006] 1.00 508 850
L02|  sine| 15| 20| -100'| 0.76] 0.78] 0.81] 0.81]| 0.84] 0.86] 089 092] 097! 1.01 515 863
Lo3[  sine| 15| 20 top]|_0.71| 0.78] 0.78| 081| 0.82] 085 0.87] 052] 086 1.00 496 841
104 sinel 151 20 nol 0581 078l 0.79] 080] _082] 085 089] 082! 097 1. 501 852
[ LOS| __Sine| 15] 40 full || 0.74] 0.77] 0.78] 0.80] 0.80] 083] 0.87] 052] 095] 1.00 508 850
Los| _ sSine| 15| 40| -100'| 0.73] 076 0.78] 0.80] 0.81] 085| 0.88] 092] 097| 1.00 510 857
L07[__Sine| 15| 40 top| 065] 0.73] 0.76] 0.79] 0.79]| 083]| 087 0.52] 096] 1.00 500 847
L8[ sSine| 15] 40 no 070! 078 080] 079] 084 087] 092] 096 099 499 845
L09]  Sine| 15| 60 full] 0.72] 0.75] 0.77] 0.78] 0.79] 0.83] 0.86] 0.91] 095] 0.9 508 851
L10[ _sine| 1:5| 60| -100') 0.70] 0.75| 0.78] 0.79] 0.82| 0.84| 087 092| 096] 1.00 508 857
L1 Sine| 15| 60 topjl 0.63] 0.71] 0.75] 0.77] 0.80] 0.83] 0.87| 0.91] 0.6 1.00 506 854
Sinel 15| 60 no 0581 075 0791 080 084] 087] 092] 087! 1.00 492 844
MO1 Sine| 1:10] 20 full | 0.68] 0.75] 0.78] 0.80] 081] 0.83] 0.87] 092] 096] 1.00 505 849
MO2[__ Sine| 1:0] 20| -100'| 067| 0.73| 076] 0.78] 0.79| 0.84| 0.88] 092 096] 1.00 497 839
MO3[__ Sine| 1:10] 20 top|| 058] 0.71] 0.75] 0.77] 0.78] 0.82] 0.86] 091| 096] 1.00 504 856
MO4[__ sine| 1:10] 20 no 069] 076/ 077] 080] 084 087] 092] 097 1.00 507 862
MO5] __ Sine| 1:10] 40 full|_0.66] 0.73] 0.75] 0.77] 0.80] 0.83] 087] 091] 096] 1.00 507 848
MOS| __ Sine| 1:10] 40| -100'| 0.64]| 0.70| 0.74! 0.76] 0.78] 0.82| 0.87| 0.90] 086] 1.00 503 848
MO7|__ Sine| 1:10] 40 top|| 0.58] 0.67] 0.71] 0.74] 0.77]| 0.80| 0.86] 090] 0.96] 1.00 495 834
Mos8[ _ Sine| 1:10] 40 “no 053] 0691 075! 078] 083] 086 051 096 1.00 505 861
MO9S __ Sine| 1:10] 60 full | 068] 0.71] 0.74] 0.76] 0.78] 0.82] 0.87] 092] 097] 101) __ 503] 846
M10[ __ Sine| 1:10] 60| -100'| 0.63] 0.70] 0.73] 0.74] 077 0.82] 0.86] 092 096] 1.00 504 849
M11 Sine| 1:10] 60 top|| 0.56] 065| 071] 0.72| 0.77| 0.82| 0.85] 091 096] 1.00 502 850
M12| __ Sinel 1:10] 60 no 048] 067] 074] 077! 082] 086] 091] 096 1.00 498 855
Average (all tests) = 506 856
Co1[_ No Hil - 0 all 046] 054 062| 065] 0.72] 080] 0.87] 094 1.00 530 827
c02| _No Hill - 0 all| 056| 063 066] 069] 071 0.77| 0.81] 089 095 1.00 521 819
c03[_No Hill 20 no|| 035] 051] 059] 065| 068] 0.74] 0.81] 0.88] 0.95] 1.00 510 806
C04] _No Hill - 40 no 0.40] 052 059| 0.64| 0.73| 0.80] 0.87| 095 0.99 498 794
CO05_No Hill - 60 no 034 047] 0561 062] 071 079! 083 094] 101 518 822

Note: Run C01 was at - 200 cm upwind

TABLE 57 Model Ridge Normalized Velociz ProEle Comearisons; Sinusoidal Shaee
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USWP Task 2 Test Results
USW_VEL3.WK3 Sheet B: 02/18/93
Fractional Speedup Factor Test Results (percent values
1) {ft). 1) |
FOU Triang| 1:2] 20 full| 117 47 32| 24] 220 7] 13] 10| 8] 6
FO2| Triang| 12| 20 -100'( 118] 52| 34| 26| 22| 17| 13| 10| 8] 7
FO3| Triang| 12| 20 topl| 127] 57| 39 31[ 26 19| 6] 11 9 7
FO4! _ Triang 1:2 20 no 7 55 38 28 23 19 15 12 9 8
FO5 Triang| 1:2] 40 ful 83] 45 37| 25] 19| 14| 11 8 6
FO6|  Triang 1:2 40 -100' 86 48 35 27 19 13 11 8 7
FO7| Triang 1:2 40 top 88 50 39 29 19 14 11 8 7
FO8 ian, 1:2 40 no, 84 46 35 27 17 13 11 8 7
FOS|  Triang 1:2 60 full 114 60 40 31 23 16 10 8 6
F10|  Triang 1:2 60 -100" 115 64 41 32 22 15 10 8 5
F11| Triang 1:2 60 top 118 65 43 36 24 18 10 9 6
F1 ian 1.2 60 0 110 62 39 31 22 16 10 8 6
_ GOI[ Triang] 1:3] 20 ful| 1277 65] 37] 30] 23] 19] 5] 11 8 7
G02| _ Triang 1:3 20 -100' 130 59 40 30 28 20 16 12 9 7
GO3| Triang{ 1:3] 20 topl 135] 60| 43[ 33] 27] 22| 18] 11 9| 8
G04 rian, 13 20 no 119 57 40 30 27 22 16 12 10 8
GO5[ Triang| 1:3] 40 ful 94] 53] 41] 32 21 6] 12] 9] 9
G06| _ Triang 1:3 40 -100' 102 57 43 35 24 18 14 10 9
GO7| _Triang| 1:3] 40 top 100 58| 47| 34| 25 18] 15| 11 9
G08[ _ Triang 1:3 40 no 89 51 39 31 21 17 14 10 9
GO09|  Triang 1:3 60 full 122 66 45 35 23 17 11 9 7
G10|  Triang 13 €0 -100' 123 70 45 38 25 18 12 9 7
G11| _ Triang 1:3 60 top 123 69 45 37 24 18 12 10 7
G12| _ Triang 1:3 €0 no 116 66 H# 34 23 16 11 9 6
HO1|  Triang 1:5 20 full 146 64 45 36 31 25 16 12 10 7
HO2| Triang| 15| 20| 100’} 135] €5] 44 33[ 30| 21| 18] 12| o[ 7
HO3|  Trang| 15| 20 top| 122] 60| 40] 32 27| 22[ 6] 12[ o 7
HO4| _ Triang 1:5 20 no 98 57 39 N 27 20 17 12 9 7
HOS| Trang] 15| 40 ful 101] 57| 43] 33| 23] 15] 12| 7] 6
HOG| Triang| 15[ 40] -100 100 56[ 45| 33 21] 15| 12[ 7] 7
HO7|  Triang 1:5 40 top ol 54 40 31 20 17 13 9 8
HO8| Triang| 1:5] 40 no 86| 55| 42| 34| 24 18] 14 11 9
HO9|  Triang 1:5 60 full 134 76 49 39 26 19 11 9 7
H10| Triang 1:5 60 -100" 127 73 47 38 23 16 11 9 6
H11]  Triang 1:5 60 top 114 65 42 31 20 16 10 8 6
H12l _Triang] 15| 60 no 115 69| 44] 35] 25] 16| 11| 10| 6
I01] Triang| 1:10 20 full 130 60 42 30 25 19 14 10 7 6
102 Triang| 1:10] 20[ -100'| 122[ 54| 40| 20 26| 19| 3] 11 8 5
103 Triang| 1:10 20 top 92 50 36 26 24 18 14 10 8 6
104 _ Triang| 1:10 20 no 59 50 39 31 25 21 4 11 9 7
I05] Triang] 1:10] 40 ful 100] 57] 43] 32] 22] 18] 14] O] ©
I06] Triang| 1:10[ 40| -100° 93] 55| 42| 31| 22| 18] 14| 10| 8
I07] Triang| 1:10 40 top 74 45 37 26 20 16 12 9 8
o8] Triang| 1:10[ 40 no 72 49| a0l | 22| 17] 4] ol
109 Trang| 1:10 60 full 130 72 47 37 25 16 12 10 7
MO| Triang| 1:10[ 60| -100° 122 66| 44| 33] 23] 17| 12 o] 6
M1]  Triang| 1:10[ 60 top 101 60| 38] 31| 22[ 15| 10] ol s
112l Triang! 1:10] 60 no 85| 61 45| 36[ 24 18 13 10 7

TABLE 58 Model Ridge Fractional Seeed UE ProEle Comearisons; Trianﬁular Shaee
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USWP Task 2 Test Results

USW_VEL3.WK3 Sheet B: 02/18/93
JO1 Sine 1:2 20 full 144 63 43 32 28 19 15 11 9 7
J02 Sine 1:2 20 -100' 135 63 42 32 26 20 15 11 9 7
JO3 Sine 1:2 20 top 137 63 44 34 30 23 17 13 10 7
JO4 _Sine 1:2 20 no 123 59 40 30 26 21 15 11 10 7
JO5 Sine 1:2 40 full 98 57 42 34 23 16 13 9 8
JOB| Sine 1:2 40 -100' 102 57 43 33 21 15 13 8 7
JO7| Sine 1:2 40 top 94 55 41 33 22 16 12 8 8
JO8| Sine 1:2 40 no 94 51 38 30 19 14 12 9 9
JO9 Sine 1:2 60 full 134 73 47 38 25 18 12 9 6
J10 Sine 1:2 60 -100' 140 75 50 39 26 19 13 10 7
J11 Sine 1.2 60 top 129 73 47 38 27 19 11 10 8
J12 Sine 1:2 60 no 124 69 43 33 25 18 12 10 8

| KOt Sine 1:3 20 full 138 65 43 35 28 21 14 10 8 6
K02, Sine 1:3 20 -100' 156 72 49 37 30 22 18 13 9 6
K03 Sine 1:3 20 top 128 64 43 32 30 20 16 11 8 6
K04 Sine 1:3 20 no 71 61 42| 32 27 20 13 11 7 5
K05 Sine 1:3 40 full 98 58 44 33 22 17 12 8 8
K06 Sine 1:3 40 -100' 109 65 49 35 24 17 14 9 8
KO7| Sine 1:3 40 top 97 56 43 33 22 17 13 9 8
KO8 Sine 1:3 40 no 76 51 39 32 20 16 13 8 7
K09 Sine 1:3 60 full 129 69 43 36 26 16 9 7 5
K10 Sine 1:3 60 -100' 139 76 50 40 29 18 12 9 7
K11 Sine 1:3 60 top 130{. 71 47 37 26 16 12 8 6
K12| Sine 1:3 60 no 55 69 45 35 25 16 12 9 6
LO1 Sine 1:5 20 full 136 65 43 33 29 21 16 11 7 5
L02 Sine 1:5 20 -100' 135 62 45 33 31 22 17 11 9 6
LO3 Sine 1:5 20 top 121 62 42 34 30 22 16 12 9 7
LO4 Sine 1:5 20 no 82 63 43 33 30 23 18 12 10 7
LO5 Sine 1:5 40 full 99 56 42 30 19 14 11 6 5
LO6| Sine 1:5 40 -100' 97 58 44 33 23 17 12 8 7
LO7| Sine 1:5 40 top 93 53 43 31 22 16 12 8 7
LO8 Sine 1:5 40 no 84 58 45 31 22 16 13 8 6
LO9 Sine 1:5 60 full 131 72 47 35 24 15 9 7 4
L10 Sine 1:5 60 -100' 132 75 48 41 26 17 11 8 6
L11 Sine 1:5 60 top 119 70 45 38 24 17 10 8 6
L12 Sine 1:5 60 no 83 72 50 40 28 19 13 11 8
MO1 Sine 1:10 20 full 110 55 41 31 26 19 15 11 8 6
M02 Sine 1:10 20 -100 108 52 38 29 25 21 17 12 9 7
MO3 Sine 1:10 20 top 82 49 37 28 24 19 15 12 9 7
MO04 Sine 1:10 20 no 46 38 29 27 22 16 12 10 8
MO05 Sine 1:10 40 full 89 51 38 30 19 14 10 7 6
M06 Sine 1:10 40 -100' 84 49 37 29 20 15 10 8 7
MO7| Sine 1:10 40 top 76 44 34 27 16 14 10 7 7
MO8 Sine 1:10 40 no 41 41 37 30 22 15 13 8 7
M09 Sine 1:10 60 full 120 66 43 34 23 17 11 8 6
M10| Sine 1:10 60 -100 115 66 40 33 23 15 11 8 6
M11 Sine 1:10 60 top 102 61 36 33 24 14 10 9 6
M1gl §ine 1:10 60 no 52 55 43 35 2_5 17 12 10 7

TABLE 59 Model Ridge Fractional Seeed UE Proﬁle Comgarisons; Sinusoidal Shaee
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USWP Task 2 Test Results

USW_VEL3.WK3 Sheet E: 02/18/93

Percent Power Decrease Over Full Clearcut Option Test Result_s (Positive values are a power decrease)

o
FO1 Triang 1:2 20 full 0 0 0 0 0 0 0 0 0 0
FO2| Triang 1:2 20 -100' -1 -10 -5 -4 -0 -1 -1 1 -1 -1
FO3| Triang 1.2 20 top -15 -23 -15 -18 9 -6 -9 -3 -4 -3
FO4| _ Triang 1:2 20 no 46 -18 -14 -1 -3 -4 -6 -4 -4 -4
F05| Triang 1.2 40 full 0 0 0 0 0 0 0 0 0 0
F06{ Triang 1:2 40 -100' 2 -4 -8 2 -4 0 2 -0 -0 0
FO7{ _ Triang 1:2 40 top 6 -8 -12 -6 9 0 0 -1 -1 2
FO8! _ Triang 1:2 40 no -2 -3 3 -5 4 3 -1 -0 2
FO9|  Triang 1:2 60 full 0 0 0 0 0 0 0 0 0 0
F10|  Triang 1:2 60 -100 1 -1 6 -2 -3 3 4 1 0 2
F11 Triang 1:2 60 top 11 -5 -8 -7 -11 -3 -4 0 -2 0
F12| Triang 1:2 60 no 6 -3 1 -0 3 0 0 -0 1
G01 Triang 1:3 20 full 0 0 0 0 0 0 0 0 0 0
G02[ Triang 1:3 20 -100' -4 -9 -7 0 -15 -3 5 -3 -2 -1
G03{ Triang 1.3 20 top -11 -11 -12 5 -11 -8 -3 2 -3 -3
G04] __Triang 1:3 20 no 10 -4 -6 1 -10 -7 -3 -4 -4 -4
GO05|  Triang 1:3 40 full 0 0 0 0 0 0 0 0 0 0
G06| Triang 1:3 40 -100' -6 -13 -8 -6 -5 -6 -5 -4 2 -1
G07| Triang 1:3 40 top 7 -11 -9 -14 -4 -10 -7 -7 -5 -2
G08| __ Triang 1:3 40 no 7 4 4 3 0 -4 -4 -2 -0
GQ09| Triang 1.3 60 full 0 0 0 0 0 0 0 0 0 0
G10| _ Triang 1:3 60 -100' -1 -7 0 -6 -3 -2 -1 1 1
G11 Triang 1:3 60 top 14 -2 -6 0 -5 -1 -3 -1 -1 1
G12| _ Triang | 1:3 60 no 8 0 8 4 ol 3] 1 -0 2
HO1 Triang 1.5 20 full 0 0 0 0 0 0 0 0 0 0
HO2| Triang 1.5 20 -100' 14 -1 3 5 0 8 1 2 2 1
HO3,  Triang 1.5 20 top 27 8 10 8 7 6 1 1 1 0
HO4| Trian 1.5 20 no 48 13 13 10 8 10 0 0 2 1
HO5|  Triang 1.5 40 full 0 0 0 0 0 0 0 0 0 0
HO6| Triang 1.5 40 -100' 8 1 3 -3 1 4 2 2 -1 -2
HO7| Triang 1:5 40 top 44 15 6 6 4 7 -5 -1 -5 5
HO8|  Triang 1:5 40 no 21 5 2 -2 -3 -6 -5 -10 -8
HO9|  Triang 15 60 full 0 0 0 0 0 0 0 0 0 0
H10|  Triang 15 60 -100° 0 9 6 3 4 7 6 1 1 2
H11 Triang 1.5 60 top 38 24 19 13 16 13 6 5 2 2
H12|  Triang 1:5 60 no 23 13 9 9 2 5 0 -2 1
01 Triang| 1:10 20 full 0 0 0 0 0 0 0 0 0 0
102  Triang| 1:10 20 -100' 10 12 5 3 -4 -1 2 -2 -1 1
103 Triang 1:10 20 top 42 17 12 9 2 3 1 -1 -2 -2
104, Trang| 1:10 20 no 67 18 7 -2 -1 -3 0 -3 -5 -4
105 Triang| 1:10 40 full 0 0 0 0 0 0 0 0 0 0
106 Triang| 1:10 40 -100 3 10 5 1 2 -2 0 0 0 0
107 Triang| 1:10 40 top 50 34 21 11 13 5 5 4 1 1
108 Triang| 1:10 40 no 36 15 6 2 2 3 0 2 1
109] Triang| 1:10 60 full 0 0 0 0 0 0 0 0 0 0
10| Triang | 1:10 60 -100' 17 10 11 6 8 5 0 1 2 3
111 Triang| 1:10 60 top 51 33 20 17 12 8 5 5 3 3
12| _Trang| 1:10 60 no 48 19 3 2 1 -5 -1 -1 -0

TABLE 60 Model Ridge Percent Power Decrease Proale Comearisons; T riansular Shaee
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USWP Task 2 Test Results

USW_VEL3.WK3 Sheet E: 02/18/93

Percent Power Decrease Over Full Clearcut Option Test Results (Positive values are a power decrease)

41l Il C ed the:Hil
) 4 G H)

JO1 Sine 1:2 20 full 0 0 0 0 0 0 0 0 0 0
J02 Sine 1:2 20 -100' 11 -1 2 1 4 -3 2 -0 -1 0
JO3 Sine 1:2 20 top 8 -1 -2 -3 -7 -11 -4 -4 -3 -2
JO4 Sine 1:2 20 no 24 6 7 6 3 -5 2 -1 -2 -1
JOS Sine 1:2 40 full 0 0 0 0 0 0 0 0 0 0
JO6 Sine 1:2 40 -100' 3 -6 0 -2 3 4 3 0 2 3
JO7| Sine 1:2 40 top 30 5 4 3 2 4 0 2 2 2
JO8 Sine 1.2 40 no 6 10 9 9 10 5 2 -0 -0
JO9 Sine 1:2 60 full 0 0 0 0 0 0 0 0 0 0
J10 Sine 1:2 60 -100 -4 -8 -5 -7 -3 -4 -4 -3 -4 -2
J11 Sine 1:2 60 top 40 7 -1 1 -0 -5 -2 1 -3 -3
J12 Sine 1:2 60 no 12 7 9f 11 -1 -1 -2 -2 -4
KO1 Sine 1:3 20 full 0 0 0 0 0 0 0 0 0 0
K02 Sine 1:3 20 -100' -25 -13 -12 -4 -5 -5 -10 -7 -1 -1
KO3 Sine 1:3 20 top 11 3 1 6 -4 1 -4 -2 1 2
K04 Sine 1:3 20 no 63 7 7 3 2 3 -1 3 3
K05 Sine 1:3 40 full 0 0 0 0 0 0 0 0 0 0
K06/ Sine 1:3 40 -100' -13 -16 -14 -10 -5 -3 -2 -6 -1 -0
K07 Sine 1:3 40 top 47 2 4 2 1 2 -0 -1 -2 1
K08 Sinel 1:3 40 no 30 13 10 2 5 0 -1 1 2
K09 Sine 1:3 60 full 0 0 0 0 0 0 0 0 0 0
K10 Sine 1:3 60 -100' -15 -13 -12 -16 -7 -7 -6 -8 -6 -5
K11 Sine 1:3 60 top 52 -1 -4 -8 -1 0 -1 -9 -3 -3
K12 Sine 1:3] 60 _No | 69 1 -4 3 3 -1 -8 5 -3
LO1 Sine 1:5 20 full 0 0 0 0 0 0 0 0 0 0
LO2) Sine 1:5 20 -100' 1 6 -4 1 -4 -3 -3 -0 -4 2
LO3| Sine 1:5 20 top 17 6 2 -2 -2 -2 -0 -4 -5 -5
LO4 Sine 1:5 20 no 54 4 -1 0 -3 -5 -7 -4 -8 6
L0O5 Sine 1:5 40 full 0 0 0 0 0 0 0 0 0 0
L06 Sine 1:5 40 -100' 1 2 -5 -4 -8 -9 -8 -5 -8 -4
LO7| Sine 15 40 top 29 10 4 -1 -3 -6 -7 -4 -7 -6
LO8 Sine 1:5 40 no 22 -6 -5 -2 -7 -4 -5 5 -3
LO9 Sine 1:5 60 full 0 0 0 0 0 0 0 0 0 0
L10 Sine 15 60 -100' 6 -2 5 -3 -13 -5 -6 -4 -5 -5
L11 Sine 1:5 60 top 31 15 4 4 -6 -1 -5 -2 -4 -5
L12 Sine 1:5 60 no 50 1 -8 =12 -9 -1 -12 -11 -10
MO1 Sine 1:10 20 full 0 0 0 0 0 0 0 0 0 0
MO02 Sine 1:10 20 -100' 2 6 6 5 4 -5 -4 -4 -1 -0
MO3 Sine 1:10 20 top 34 12 8 8 6 1 1 -3 -1 -1
MO4 Sine 1:10 20 no 17 5 5 -2 -7 -3 -4 -4 4
MO5 Sine 1:10 40 full 0 0 0 0 0 0 0 0 0 0
MO6| Sine 1:10 40 -100' 5 8 5 2 4 -1 -2 -1 -1 -3
MO7| Sine 1:10 40 top 30 20 14 9 8 7 2 -0 -0 -3
MO8| Sine 1:10 40 no 59 18 2 2 -6 -2 -8 -4 -4
MQ9| Sine 1:10 60 full 0 0 0 0 0 0 0 0 0 0
M10! Sine 1:10 60 -100' 17 6 0 6 2 -1 5 -0 0 1
M11 Sine 1:10 60 top 41 2 9 12 1 -2 6 2 -1 -1
M12| Sine 1:10 60 no 67 18 0 -3 -4 -2 -3 -4 -4

Note: Model Average Reference Velocity was 506 cm/s at 6.1 cm Height, 200 cm upwind of hill

TABLE 61 Model Ridﬂe Percent Power Decrease Pro&le Comearisons; Sinusoidal Shﬁe
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200’ Ridge Height (field units)
6lmm “ ’ (model scale)
1:10 Plot:Model scale

g% 12 Triangle Ridge
ﬁ% 113 Triangle Ridge
ﬁ% 15 Triangle Ridge

1110 Triangle Ridge

60’trees . —- % 12 Sine Ridge
2PN - - —

g% 1.3 Sine Ridge

%% 115 Sine Ridge

110 Sine Ridge

FIGURE1 Model Ridge Cross-Sectional Pro&les :
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FIGURE 2 Model Forest Matting For 60, 40 And 20 Foot High Trees

Page F2



Wind Engincering Reseanch and Application Specialivts

1:3 Sine Ridge

200’ Ridge Height (field units)
6lmm “ d (model scale>
1:5 Plot:Model scale

full cut

hilltop cut

.................
! Q)

--------
..........
............
............................
...................................................
...................................................................................................

.................................... e

...................................................................

-----
..........
.............
----------------
..............................
............
..........
..........
.................
.................
.....
..............
--------------------
...........................................................................................................................................................
...........................................................................

///////// ...................................

-----------------------------------

..................................................................

FIGURE 3 Model Forest Clearings For 60' Trees On 1:3 Sloee Sine Ridge
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USWP Task 2 Test Results

USW_VEL4.WK3 Sheet C: 02/18/93
Percent Power Decrease Over Full Clearcut Option Test Results
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FIGURE 5 Model Ridge Percent Power Decrease Comearisons; 40' Measurement Height
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USWP Task 2 Test Results
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FIGURE 6 Model Ridﬂe Percent Power Decrease Comearisons; 80' Measurement HeiEht
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USWP Task 2 Test Results
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FIGURE 7 Model Ridge Percent Power Decrease Comearisons; 120' Measurement Heiﬂht
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