Atmaospheric Stability Class

The o method was Used todetermine the:Pasquill-Gifford ‘stability class, where
op refers to the standard deviation of the horizontal wind azimuth® angle in
degrees. This method is also referred to as the oa method (EPA 2000). ltis a
lateral turbulence-based method which uses the standard deviation of the wind
direction in combination with the scalar mean horizontal wind speed. Wind
speed and direction data are recorded hourly at a height of 10 meters. To
minimize the effects of wind meander, the 1-hour og is defined using 15-minute
Op values which are in turn based on more frequent sampling of wind direction
(e.g. every flve seconds). :

According to this method, initial stablhty classes are assigned based solely on
standard deviation of wind direction, or gs. The initial assignments, are then
adjusted for horizontal wind speed. The magnitude of this adjustment depends
on whether the measurement is:taken during daylight or nlghttlme hours, a
diurnal dependency that varies with the time of year.

Regulatory Guide 3. 63 (NRC, 1988) states “For obtaining an indication of the
atmospheric stability,-a method such ‘as one of the following (Refs. 1-4) may be
used: insolation cloud covér and wind speed (Pasquill-Gifford and similar
methods), temperature lapse rate method,-wind fluctuation method, split-sigma
method, or Richardson Number.” The os method.is based on wind fluctuation
and therefore qualifies as an appropnate method for the North Butte Remote
Satellite. : . :

In order to demonstrate its reliability, a comparison was made between the og
method and the SRDT (Solar Radiation Delta Temperature) method at the North
Butte site. Figure 2.5-24 shows this comparison. It can be seen that the two
methods yield similar distributions. The percent of time characterized by stable
air classes (E and F) is slightly higher for the og method. Given that stable air is
less subject to dispersion than neutral or unstable air, it is expected that for North
Butte, the og method will result in more conservative modeling predictions than
the SRDT method.
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Source: Cameco Resources, 2012, data from 12/21/2010 to 1/5/2012.

Figure 2.5-24. North Butte Stability Class Method Comparison.
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Precipitation

Figure 2.5-25 shows the monthly precipitation measured at the North Butte 5|te
Total pre0|p|tat|on during.the baseline monitoring year was approximately 17 7
inches (approximately 450 mm), with over 40% of that falling during the month of
May. Late summer and winter.saw the Iowest amounis of precrprtatlon Th|s is
about 1.5 times greater than the long. term annual average .precipitation
measured at the Antelope Mine site from 1986 to 2012 (11.1 inches per year).

'-N-o_rth Butte 2011 -Menthly Precibitatton
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" Source; Cameco Resources, 2012, data from 12/21/2010 to 1/5/2012.

Figure 2.5-25. North Butte Monthly Precipiteti_on.
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Evapotranspiration

No pan evaporation data were available at Cameco’s North Butte site, so daily
evapotranspiration rates were calculated using the Penman Equation. This
equation uses recorded solar radiation, wind speed, temperature, and relative
humidity to estimate evapotranspiration rates, which were then summed to give
monthly rates. These monthly rates are shown in Figure 2.5-26 for the baseline
monitoring period. From these calculations, the annual evapotranspiration is
approximately 61 inches. Excluding the months of December through March, the
total becomes approximately 52 inches, which compares favorably to the long-
term pan evaporation rate of 51 inches observed at the Gillette AP site 41 miles
away (no pan evaporation was measured here for December through March).
The North Butte evapotranspiration also shows a similar trend to the pan
evaporation rates seen at Gillette AP, with higher rates observed during the
warmer summer months.

North Butte Monthly Evapotranspiration
12

10 / ,P‘\c\
Letd \
Fal N

BF—
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Month

Sources: Calculation based on Penman Equation, from data supplied by Cameco Resources,
from 12/21/2010 to 1/5/2012.

Figure 2.5-26. North Butte Potential Monthly Evapotranspiration.
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Justification of Baseline Year as Representative of Long Term

The North Butte Remote Satellite is located in northeast Wyoming. The baseline
meteorological monitoring period extended approximately one year, from
December 21, 2010 through January 5, 2012. To demonstrate that this baseline
year is representative of the longer term wind conditions, the Antelope Mine site
was analyzed. Among the weather stations in the region with available data, the
Antelope site was the closest to the North Butte Remote Satellite site. Antelope
is approximately 36 miles southeast of the project site, with an elevation roughly
400 feet lower than North Butte. Hourly data were available at the Antelope site
from January 1987 to January 2012, representing just over 25 years.

Figure 2.5-27 shows wind roses for the Antelope Mine. The left wind rose
displays 25 years of monitoring, while the one on the right reflects just the time
during the North Butte baseline monitoring period. These wind roses show that
the wind speeds and directions are very similar between these two monitoring
periods.
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Figure 2.5-27. Antelope Mine 25-Year vs. Baseline Year Wind Roses.

Figure 2.5-28 compares the wind speed frequency distributions between the 25-
year and baseline periods at Antelope. The percent of the time the wind blows in
each of the six wind speed categories shown is quite similar for the two
monitoring periods.

Figure 2.5-29 compares the wind direction frequency distributions of the 25-year
and baseline periods at Antelope. The percent of the time the wind blows from
each of the sixteen wind directions shown is quite similar for the two monitoring
periods.



Antelope Mine Annual vs. Long-Term Wind Speed Distributions
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Source: Inter-Mountain Labs, 2012, hourly data from 1987 through 2012.
Figure 2.5-28. Antelope Mine 25-Year vs. Baseline Year Wind Speeds.
Antelope Mine Annual vs. Long Term Wind Direction Distributions ‘
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Source: Inter-Mountain Labs, 2012, hourly data from 1987 through 2012.

Figure 2.5-29. Antelope Mine 25-Year vs. Baseline Year Wind Directions. ‘

45




In order to quantify this similarity, it is useful to isolate wind speed and wind
direction variables and to correlaié short-term:«and long-term frequency
distributions. This constitutes-a statistical ‘methodology for assessing the degree
to which the distributions of wind speed class and wind direction frequen0|es
from oné year of monitoring at a particular location represent the long-term
distributions at that same location.

For the joint frequency wind distribution used in the MILDOS-AREA model, wind
speeds are divided into six classifications ranging from mild (0 — 3 mph)'to strong
(> 24 mph), as illustrated in Table 2.5-5 and Figure 2.5-28 abové. Likewise,
wind directions are divided into 16 categories corresponding to the .compass
directions illustrated in the wind roses presented above and in Figure 2.5-29.

The percent of the time that winds occur in each of the six wind speed categories
can be calculated to produce a wind speed frequency drstnbutron -The percent
of the time that winds blow from each of the sixteen directions can be calculated
to produce a wind direction frequency distribution. For each parameter, the one-
year and 25-year distributions can then be compared. Linear regression analysis
provides a useful tool to assess the degree of correlation between short and
long-term dlstrlbutlons

Figure 2530 presents thls correlatlon for the wrnd speed drstrlbutlons at
Afitelopé Mine. ~Each point represents oné of the six wind speed classes. The x
coordinate corresponds to the percent of the one-year period during which the
wind speed fell in a_given class, while the y coordinate corresponds to the
percent of the 25-year period during which’ the’ wind speed fell in that same class.

The regressron line (red) in Figure 2. 5 30 represents the least- squares fit to the
six data points. The corresponding R? value of 97.7% implies very strong linear
correlation.

A similar analysis can-be performed for wind direction frequencies. Figure 2.5-
31 presents this correlation, again for the Antelope Mine site. Each point
represents one of the sixteen wind direction categories. ‘The x coordinate
corresponds to the percent of the one-year period during which the wind blew
from a given direction, while the y coordinate corresponds to the percent of the
25-year perlod durrng which the wind biew from that same direction.

The regression line (red) in Figure 2.5-31 represents the least-squares fit to the

sixteen data points. The correspondlng R? value of 95.3% |mpl|es very strong
linear correlation. : :
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Antelope Mine Wind Speed Correlation ‘
Baseline Year vs. Long Term
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Figure 2.5-30. Antelope Mine 25-Year vs. Baseline Year Wind Speed Distributions.

Antelope Mine Wind Direction Correlation
Baseline Year vs. Long Term

18%

3

L)

Dt
/ .

y=0.7863x + 0.0134
R*=0.9533

oy
&

]
&

25Year Direction Frequen
@ 3
® R
”

4% r
e

2% +°

0% T T T
0% 5% 10% 15% 20%

1-Year Direction Frequency

Sources: Analysis by IML Air Science using hourly data from 1987 to 2011.

Figure 2.5-31. Antelope Mine 25-Yr vs. Baseline Yr Wind Direction Distributions. .




Figures 2.5-30 and 2.5-31 offer conclusive evidence that the 2011 baseline
monitoring year adequately represents the last 25 years at Antelope Mine.
Statistically, the p-value provides a measure of the probability that no linear
relationship exists between the short and long-term wind data dlstrlbutlons ‘A p-
value of O reflects the highest confidence possible that a linear relatronshlp
exists. The regression analyses of wind speed distributions and wind direction
distributions both show p-values of 0.000. This result justifies a high degree of
confidence that the R? values are real and that the use of baseline-year-wind
data to predict long-term wind behavror is Iegltlmate

On-Site Meteorological Instrument Spec'ifications .

Table 2.5-15 lists the meteorological instruments employed at the North Butte
meteorological monitoring-station. The table shows instrument models, accuracy
specifications, and instrument helghts above the ground Callbratlon records for
the meteorological instruments are contained in Appendlx Ato th|s document

Meteorological data collection, management and repomng methods at the pro;ect
site conform to' NRC atmospherlc dispersion modeling requirements for uranium
milling operatlons and meet the acceptance crltena established in the: NRCs
NUREG-1569.. Theé on-site monitoring program was developed according: to
NRC Regulatory Guide 3.63, “Onsite Meteorological Measurement Program For
Uranium Recovery Facilities — Data Acquisition and Reporting.” ‘Hourly avérage
values for wihd speed, wind direction, sigma theta, temperature, relative
humidity, precipitation and solar radiation are generated by field instruments and
recorded by continuous data loggers. Data recovery exceeded 98% for the 12-
month monitoring period. "All hourly data have been downloaded to a relational
database for quality assurance, statistical analysis and reporting purposes. -
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Manufacturer

Sampling ™ -

Measurement .Averaging-. Measurement Instrument Monitoring
Parameter Method a;ﬂmg:fl Frequency. Period Range Reading Accuracy Height
Horizontal Wind RM Young . R "
Speed Frequency 05305-AQ 1 sepond _ Mmute/HqurIy 0-50.m/s +0.2 m/s _ 10 meters
, o Precision RM Young , T AT WP | . o ° : .
Wind Direction potentiometer 05305-AQ 1-secop_d .Mm_tl_Jte/Hourly : 0-360 +3 1Qmeters
Ambient . . e S o v " o +0,05° C
Temperature Thermistor Met One 062 1 lsecond Mlnute/Hourly _-50°to TSO C 10-meters_--_
Ambient . . . o o . o 2 meters
Temperature Thermistor Met One 062 1-se;ond Mlnute/HourIy :-50 to +50° C +0.05° C .
Ambient . Vaisala RITELEE VT oy o o . 2 meters
Temperature Thermistor HMP45C 1.second _ Mmqte/Hourly -45°to0 +60° C +0.5°C .
Dew Point Minute/Hourly N/A 2.meters
Temperature Calculated Calculated Calculated Calculated “N/A )
Differential . . ; 2 -10 meters
Temperature Calculated Calculated 1 second Minute/Hourly N/A N/A i -
Relative Capacitive Vaisala - 1 oags Ot 100 +2% (0-90%RH) S,
Humidity | polymer H-chip |  HMP45C t.second  ‘Minute/Hourly | 0.8%101100% | 50/ 90.1005,RH). | 2 Meters
Silicon Camobell . E _ ]
Solar Radiation photovoltaic LIZgOX 1second | Minute/Hourly | 0-2000 W/m? 5% . 2 méeters
detector : -
Texas | Finite, . :
Precipitation Tipping Bucket Instruments Event Data . | Minute/Hourly increments of..| . *+1% 75cm
TE525WS : : : tip of rainfall. '

Sou'r'ce":,Cémécd~'-Reéources, 2012

Table 2.5-15. North Butte Monitoring Details




Upper Atmosphere Characterization

Mixing height is the height of the atmosphere above the ground that is well mixed
due either to mechanical turbulence or convective turbulence. The air layer
abogve, this, height is stable. Higher mixing heights are_associated. with .greater
dlspersron all. other. parameters belng the same. Stable perrods have much
lower mixing herghts and accompanying Iapse rates aIIowrng for less temperature
variation. The MILDOS -AREA model uses mixing height, along with other wrnd
parameters, to predlct pollutant drspersron Unstable air Iads to more
dispersion, which leads to lower predicted impacts, on ambient air quality. The
default mixing herght used by MILDOS AREA is 100 meters a very conservatlve
value . e e : _

i

The nearest upper a|r data avarlable from the Natlonal Weather Serwce are from
Lander Wyomlng, approxrmately 150 miles west of. the site. Average mixing
herghts were derived from the AERMOD calculations used for, dispersion
modeling, based on hourly data obtained from the National Weather Service
station .in Lander  (upper .air). .. The AERMOD. calculation is based on.a
combrnatlon of mechanrcally and convectlvely drlven boundary Iayer processes
The results of these calculatrons are provrded for. mornrng and afternoon periods
in Table 2. 5- 16 The 24 hour annual average mlxmg height i is 916 meters

. . e e
R . EE

Time Period (Flltered) ”' .' Averatge“lvtix'iné / Inversion Heidht

>Morning(2am ”7am)” |- . . 579 meters _
Afternoon. 2 pm—-7pm) . .. |- A 1123 meters -

. Sources:*IML computatlon based on:data from National Climate Data Center, 2011
T'a'ble 2.5-1 6. i.ander Mixtng Heights.

The mrxrng or mversuon helghts are entered as |nputs to the MILDOS AREA .
model for poIIutant dlspersron modelirig. Forthe North Butte Prolect the ,
MILDOS modeling run used the default mixing helght of 100 meters, which is
more conservative than the measured mixing heights at Lander.

Bodies of Water and Special Terrain Features

There are no significant bodies of water near the proposed North Butte project
which would have an impact on meteorology.

The nearest and most dominant terrain feature is North Butte, located
approximately 2 miles to the northwest. North Butte acts to shield the project
area from the northwest winds found in the region and introduces some diurnal
convection winds. However, the predominant winds in the region are from the
west, west-southwest, and southwest, and are not affected by the proximity of
the site to North Bultte.
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Conclusion

The North Butte Remote Satellite in northeast Wyomlng is Iocated ina semi-arid
or steppe climate. The-area is characterrzed by abundant stinshine, low télative
humidity, and sustained winds which lead- to* high evaporatlve demand ‘The
regron has Iarge d|urnal and annual vanatlons in temperature -

Three meteorologrcal stations’ were used ‘to characterize regronal weather
patterns. ‘The region-is” characterized seasonally by cold winters; warm, dry
summers, and cool springs and autumns. Temperature extremes range -fiom
approximately -40° F in the winter to 100° F in the summer. The region generally
réceives -little - precrpltatron with’ ‘annual averages between 4 and 19 inches.
Spring and-early summer precrprtatron events are responsrble for the majorlty of
the yearly average

The region is characterizéd by annual average wind speeds of 9 to 12.5 mph.
Winds at the North Butte site are expected to average abolit 10 mph annually,
with summer averages dropplng below 9 mph and winter and ‘spring averages
exceeding 11 mph. “Thé prédominant wind direction is from ‘the west-southwest,
with stronger western components at the Antelope Mine and stronger
southwestern components in the North Butte Remote Satellite area.

The Antelope Mine meteorological station was included in the site specific
analysis to validate the temporal representativeness of on-sité wind data by
incorporating. wind ‘monitoring results from a longer- period :of record. The
Antelope Mine site is located 36 miles southeast of the North Buitte project site.
The distributions of wind speeds and directions at Antelope Mine during the
baseline monitoring period have been shown to cIoser represent Antelope’s 25-
year distributions of wind speeds and directions. This evidence strongly supports
the assertion that winds at the'North Buite prolect site durlng the baselrne year of
2011 are representatlve of the Iong term.
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Appendix A

North Butte Meteorological Station Calibration Records
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WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: North Butte Date: 12/22/2010 Check One:
Location: Wyoming Start: 10:50 12/22/2010 As Found: v
Technician: Ethan Brown End: 10:55 12/22/2010 As Left:

SENSOR INFORMATION

Make: RM Young Propeller SN:
Model: 05305-5 Wind Monitor - AQ Operating Range: 0 to 50 mps
SN: WM106261 Height Above Ground: 10 meters

CALIBRATION TEST EQUIPMENT

Item: Variable motor. R.M.Young, 18820A/18830A (200 to 15,000 rpm) SN: CA03277
Item: Variable motor. R.M.Young, 18820A/18831A (0 to 300 rpm) SN: CA03277
Item: Torque disk device. R.M.Young, 18312 SN: NA

PART B: CALIBRATION TEST RESULTS

Sensor Starting Threshold: 0.2 ,equal to 0.38 Pass?/ Fail?: Pass
~gm-cm — mps < 0.50 mps

Known Input Observed Data Logger Response
Motor Motor Output Error Error Limit Limit Pass?

rpm mps mps mps % mps % Fail?

0.0 0.00 0.00 0.00 NA NA NA NA

150 1.72 1.70 -0.02 -1.0 < 0.20 PASS

700 8.02 8.01 -0.01 -0.1 --- < +5% PASS
2,000 22.90 22.90 0.00 0.0 < +5% PASS
4,000 45.80 45.80 0.00 0.0 < +5% PASS
6,000 68.70 68.70 0.00 0.0 < 5% PASS
8,000 91.60 91.60 | 0.00 0.0 < £5% PASS

COMMENTS

To PASS, the sensor must have... 1) Starting Torque Threshold = < 0.50 mps
2) Wind speed input <5.0 mps = < +0.20 mps error
3) Wind speed input >5.0 mps = < +5% of input speed

Prepared 8/5/2010




WIND DIRECTION SENSOR CALIBRATION REPORT

PAH T A: ANCILLAR Y INFORMA TION

Project: North Butte . Date: 12/22/2010 . - Check One:
Location: Wyoming o Start: 10:35 12/22/2010 As Found: ..
Technician: Ethan Brown .. End: 11:44 12/22/2010 Asleft: .

SENSOR INFORMATION

Make: RM Young - . . o Propeller SN: . L
Model: "05305-5 Wind Monitor - AQ Operating Range: 0 to.50 mps
©OSN: WM106261 .. ... Height Above Ground: 10 meters

CALIBRATION TEST EQUIPMENT

Item: Brunton pocket transit compass L e SN: 5080610049
‘Item: R.M.Young, Model 18331, vane torque measurement device ., ... . . SN: ... NA.
ltem: R.M.Young, Mode! 18112, vane angle fixture. . -.,.. .. .. - . . . TI8N: . ...NA

PART B: CALIBRATION TEST RESULTS

Local Magnetic Declination: 10 degrees east

(http://www.ngdc.noaa;gov/geomagmodels/Declination.jsp)

SR

Sensor Starting Th.re-sh'olt-:l: ., 2.0 . ,equat to 023 ' ; Pass?lFaiI?: PASS '
' gm-cm "mps <050 mps
Test i Accuracy Test Response 1B "F_ést 1 Lrnearlty Test Response
Input Output E__rror 1, P.(a_ss? Iﬁput Output Nrmlzd' ' Pass"'
Deg. - D'e@. Deg. |° Fail?” ' Deg. | Deg. | Deg.' Fa|I’7
0 0 0 PASS oo ] 0o . NA | NA. .
90 90 0 PASS 30 30 | o |'pAss”
180 179, | -1 PASS | " ° |60 . | 60 | 0 '| PASS -
270 271 .. 1 PASS | 17 e0. | 88 -1 PASS
e , 120 .| 120 1 PASS
COMMENTS 150 | 1490 | 1 | PASS
- The crossarm was measured at 272 degrees to true 180 - 178 -1 PASS
north on 8/23/2010. The acciracy test response was 1 210, " 211 | 3 " PASS”
measured against the-crossarm, and therefore is off — g .
by 2 degrees. This is reflected in the- “Test lnput _ 240 _240 —1— '_1 _ PASS
Deg." category. ' . ]..270 270 0 PASS -
- 300 300 0 PASS
330 330 0 PASS

* Normalized error in degrees.

To PASS the sensor must have.. 1) Startlng Torque Threshold =< 0 50 mps . S
2) Accuracy Test Error = < £5 degrees per:test pornt
3)-Linearity Test Error = < +3 degrees per test point

Prepared 8/5/2010
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TEMPERATURE / ATEMPERATURE CALIBRATION REPORT

o]

PART A: ANCILLARY INFORMATION ;
Project: North Biitte Date: 12/23/2010 © Check One:
Location: Wyoming .. Start: '13:00 12/23/2010 AsFound: . v .
Technician: Ethan Brown © End: 14:00 12/23/2010 As Left:

SENSOR INFORMATION
Make: Met One ' 2-Meter Probe SN: J10798 (2 of 2)
Model: D2MP 7 T 10-Meter Probe'SN: J10798 . (1 6f2)
. i ' Operating Range: :50 t0 ¥50C

CALIBRATION TEST EQUIPMENT

ltem: ° Item: Dostmann Electronic GmbH P650-PT . L e .. 7 _SN: 65010081147 .

Item: ltem: Insulated water baths with.mechanical stifring. Sl N SN: T NA

" PARTB: CALIBRA_TION TEST RESULTS

Temperature Probe Calibration

Cool' | 2263 || 2283 .| 040 | PAss || 2247 | -0/16 | PAss .
Hot 4080 | 4943 | 037 | PAss || 4946 | -034 | PASS

Temg'.erat"ure -Difference_ System Calibration

Knowninput || =~ -Observed DataLogger Response

water | Temp. || - 2-m 2-m. Pass? || 10-m 10-m |~ Pass?. ‘
Bath °C °C Error °C Eail? °C Error °C Fail?

- lce -] ..0.01 . 0.02 . |-=-0.01 . PASS -.0.02 . 0.01. |- PASS. |

Known input . ‘Observed Resp{:nse 7. (NOTE: The water baths wefe constantly

Water AT 2-10 AT | 2-10 AT |} Pass? |: agitated with mechanical stirring during

Bath . °C .. °%C Error°C | Fail? the calibration tests.)

e | 0.00 0.00 0.00 |. PASS

Gool | 000 fl 006 |-006 | PASs (NOTE: During the AT calibration, both
" "Hot 0.00 -0.03 -0.03 | PASS probes were pl:a_llc':ed together in the same

' ' - o _bath.) :
- COMMENTS

To F.’ASS-,- the t_er'riberafur.e p}oﬁéé rri'u'ét have... ”Accijr'aby error = < £0.50 °C per test bdirit A
To PASS, thé AT system must'hg've.,. Accuracy error = < +£0.10 °C per test point

Prepared 8/5/2010
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SOLAR RADIATION SENSOR CALIBRATION REPORT

°

Project:

PART A ANCILLARY INFORMA TION

Location:

Technician:

Noith Butte Date: 12/22/2010 )
Wyoming - ' Start: 10:25 12/22/2010 As Found:
Ethan Brown End: 10:0012/09/2010 As Left:

Mak_e:

SENSOR INFORMATION

LiCor : S Operating Ran_Qe:

Model:

SN:

Item:

[ Item:

200 Pyranometer Height Above Ground:
PY57334 ' )

CALIBRATION TEST EQUIPMENT
Kipp & Zonen CM-3 pyranometer R : - -SN:
Fluke, Model 289, digital multimeter (4.5 digifs, True RMS) ) o SN:

‘Check One:

0 to 1,400 W/m?,

1.8 meters

.. 58211

96210097

PART B: CALIBRATION TEST RESULTS

I

Known Input ' " Observed DAS Response
Period Value DAS” | " Eror | Error | Emor | Pass?
hhmm | Wm? | wm? | wim® % | %Fs. | Fail?*
Covered 0.2 0 0 NA NA PASS
1025 | 473 173 | o .| 02 | .00 |.Pass.|
11:03 | 320 330 a0 | 3.4 0.7 PASS
11:30 | 413 425 12 2.8 0.8 PASS
11:81 | sa7 Usss || et 2 ] 08 | PAss’
12:35 | 233 239 5 23 | .04 .| pass

Calibration Curve Results &  Slope: '| 1.0259 PASS

Intercept: 2l _0.938 PASS

Corr. Coeff: }| 0.9999 PASS

COMMENTS

- It was difficult to get a large range of values due to increasing cloud cover throughout the day.

" To PASS, the sensor must have... ' Slope = 1.0 £0.05

2 Intercept = < 1% of Full Scale

3 Correlation Coefficient = 2 0.9950
* Error per test point = +5% of observed

Prepared 8/5/2010



RELATIVE HUMIDITY SENSOR CALIBRATION REPORT

“PART A: ANCILLARY INFORMATION

Project: North Butte Date: 12/22/2010 - _ Check One:
Location: Wyoming -~ = Start: 11:27 12/22/2010 As Found: ___ <
Technician: Ethan Brown  : .. End: 10:00 12/22/2010 As Left:
SENSOR INFORMATION

Make: Vaisala . - Operating Range: 0-100%
_ Model: HMP45AC - . . . Height Above Ground: 2 meters
SN: C1920086.

CALIBRATION TEST EQUIPMENT

Item: Fisher Scientific Traceable Hygr’ofﬁéte’ﬂ Theffnométe'r; Dew Point SN: 72366727

PART B: CALIBRATION TEST RESULTS _

S OBSERVED RESPONSE
KNOWN INPUT DAS “Error Pass?
Test- .| %RH || %RH | %RH..| Fai2' [ "
Ambient | 64.0.°| '68.0_"| .40 .| . PASS
Chmbr. | 947 | 954 07 | PASS
C ’ ' COMMENTS T

- Could not get chamber high_er than 60 % relative 'humidity. ':The Vaisélé' sénsor bomés'withﬁa'calibration certificate.
Even though it passed this audit, a new chamber will need to be used for the 6 month calibration. Suggest using salts
instead of the Fisher Scientific Hygrometer.’ .

1

To PASS, the sensor must have... 1) Percent Error = < 10%

Prepared 8/5/2010



PRECIPITATION GAUGE CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: North Butte Date: 12/22/2010 Check One:
Location: Wyoming Start: 9:00 12/22/2010 As Found: vV
Technician: Ethan Brown End: 10:00 12/22/2010 As Left:

SENSOR INFORMATION

Make: Met One Gauge Type: Tipping Bucket
Model: TR525USW Operating Range: NA
SN: 45508-1010 Height Above Ground: 76.20 cm

CALIBRATION TEST EQUIPMENT

Item: Distilled water, graduated cylinders, drip device SN: NA

PART B: CALIBRATION TEST RESULTS

OBSERVED RESPONSE
([ KNOWN INPUT DAS Error Error Pass?
[| m! H0 mm mm mm % Fail?’
[ 250 7.60 7.37 -0.23 -3.1 PASS
COMMENTS

To PASS, the sensor must have... 1) Percent Error = < 10%

Prepared 8/5/2010




WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: North Butte Date: 07/14/2011 Check One:
Location: Wyoming Start: 11:20 07/14/2011 As Found: v
Technician: Ethan Brown End: 10:55 12/22/2010 As Left:

SENSOR INFORMATION

Make: RM Young Propeller SN:
Model: 05305-5 Wind Monitor - AQ Operating Range: 0 to 50 mps
SN: WM106261 Height Above Ground: 10 meters

CALIBRATION TEST EQUIPMENT

Item: Variable motor. R.M.Young, 18820A/18830A (200 to 15,000 rpm) SN: CA03277
Item: Variable motor. R.M.Young, 18820A/18831A (0 to 300 rpm) SN: CA03277
Item: Torque disk device. R.M.Young, 18312 SN: NA

PART B: CALIBRATION TEST RESULTS

Sensor Starting Threshold: 2.0 .equalto  0.38 Pass?/Fail?: Pass
~gm-cm “mps < 050 mps

Known Input Observed Data Logger Response
Motor Motor Output Error Error Limit Limit Pass?

rpm mph mph mps % mps Y% Fail?

0.0 0.00 0.00 0.00 NA NA NA NA

300 3.44 3.44 0.00 0.1 < 0.20 PASS
1,000 11.45 11.45 0.00 0.0 --- < 5% PASS
2,000 22.90 22.90 0.00 0.0 < 5% PASS
4,000 45.80 45.80 0.00 0.0 --- < +5% PASS
6,000 68.70 68.70 0.00 0.0 < +5% PASS
8,000 91.60 91.60 | 0.00 0.0 <+5% PASS

COMMENTS

To PASS, the sensor must have... 1) Starting Torque Threshold = < 0.50 mps
2) Wind speed input £5.0 mps = < £0.20 mps error
3) Wind speed input >5.0 mps = < +5% of input speed

Prepared 8/5/2010




WIND DIRECTION SENSOR CALlBRATION REPORT

PART A: ANCILLAR Y INFORMA TION

Project: North Butte Date: 07/14/2011 Check One: .
Location: Wyoming Start: 11:20 07/14/2011 AsFound: . N
Technician: Ethan Brown End;-1b:'55 12/22/2010 As Left: '
SENSOR INFORMATION
Make: RM Young Propeller SN:
Model: 05305-5 Wind. Monitor - AQ : Operating Range: 0 to 50 mps
~ SN: WM106261 Height Above Ground: 10 meters
CALIBRATION TEST EQUIPMF_NT
Item: Brunton pocket transit compass , SN: 5080610049
Item R.M.Young, Model 18331 vane torque measurement dewce . SNﬁ NA .
item: R.M.Young, Model 181 12, - vane angle fixture SN: - NA
PART B: CALIBRATION TEST RESULTS
Local Magnetic Declination: 10 degrees east
(http AW, ngdc noaa. gov/geomagmodels/Dechnatlon ]Sp) N
Sensor Starting Threshold: 7.0 ,equalto _ 0. 43 ' Pass? l Fa|I‘7: PASS -
Test Accuracy Test Response Test Llnearlty Test Response
Input Output Error { Pass')” Input Output Nrmlzd* ' Pass‘7
Deg. Deg. ] li'eg. 1 Fail? Deé‘. Deg. Deg. " Fail?
0 1 1 PASS w0, et NA. . ].- NA. -
90 91 1 PASS 30 32 1 PASS
180. 179 .. -1 | PASS . 60.: | 61 1. | PASS |
270 | - 271 1 PASS 90 90 1 | pass
120 120 0 PASS
COMMENTS 150: | 149 1 | Pass .
- The crossarm was measured at 272 degrees to true 180 179 0 PASS
north on 8/23/2010. The accuracy test response was 210.. 209 1, PASS
measured against the crossarm, and therefore is off
by 2 degrees. This is reflected in the "Test Input Deg." 24(_) 239 1 PASS
category. . 270 269 1 PASS
' 300 299 PASS
330 329 PASS
350 349 -1 PASS

* Normalized error in degrees.

To PASS, the sensor must have...

1) Starting Torque Threshold =. < 0.50 mps
2) Accuracy Test Error = < £5 degrees per test point
3) Linearity Test Error = < 3 degrees per test point

Prepared 8/5/2010
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TEMPERATURE / ATEMPERATURE CALIBRATION REPORT

PART A: 'ANCILLARY INEORMATION

Project: North Butte Date: 07/14/2011 . Check One:
Location: Wyoming - Start: 11:20 07/14/2011- As Found: N '
Technician: Ethan Brown End: 10:55 12/22/2010 As Left:
SENSOR INFORMATION -
Make: Met One 2-Meter Probe SN: J10798 (2 of 2) _
Model: 062 MP. - 10-Meter Probe SN: J10798 (1 0f2) f

Operating Range: -50t0 +50 C_

CALIBRATION TEST EQUIPMENT

Item: Item: Dostmann Electronic GmbH P650-PT B - -8N: 65010081147

item: = [Item: Insulated water baths with mechanical stirring.. o ‘-'_ .~ SN: " INA

PART B: CALIBRATION TEST RESULTS

Temperature Probe Calibration

Known Input _- |- .0 © _":Observed Data Logger Response

Water | Temp. 2-m 2-m Pass? 10-m 10-m | Pass? .
Bath °C °C Error °C Fail? °C*-. | Error°C Fail?
_lce -8.60 -8.59 0.01, .| PASS -8.51 .. 0.09 PASS .

Cool | 2044 || 2036 | -0.08 | PAss || 2037 | .f0.07 | pass
Hot' | 38.04 || 38.04 000 | PAss || 38047 | 0.00 | PaAss

Temperature Difference §vsiem Calibration
. S

M

-Known‘Input Observed Response (NOTE: The water baths were constantly

Water AT 2-10 AT | 2-10 AT " Pass? agitated with mechanical stirring during

“Bath °C °C Error °C |- Fail? the calibration tests.)

- Ice 0.00 -0.08 -0.08 PASS

‘Cool 0.00 -0.02 -0.02 PASS (NOTE: During the AT calibration, both

- Hot’ 0.00 0.00 0.00 PASS probes were placed together in the same
' ' - bath.) _ o

COMMENTS

To PASS, the temperature probes 'must'ﬁave... Accuracy error = < +0.50 °C per test point

. To PASS, the AT system must have... Accuracy error = < £0.10 °C per test point

Prepared 8/5/2010



SOLAR RADIATION SENSOR CALlBRATION REPORT

PA RT A: ANCILLARY INFORMA TION

Project: North Butte Date: 07/14/2011 > . Check One: -
Location: Wyoming - ‘Start: 11:20.07/14/2011 As Found: Vo
Technician: Ethan Brown . " End: 10:55.12/22/2010 As Left:

. _ SENSOR INFORMATION , ,
Make: LiCor. .. . . o Operating Range: O to 1,400 W/m®
Model: 200 Pyranometer Height Above Ground: 1.8 meters |
SN: PY57334

CALlBRATlON TEST EQUIPMENT

ltem: Kipp & Zonen CM3pyranometer - v el t L .- . SN: 58211
Item: Fluke, Model 289, digital miltimeter (4.5 digits, True RMS) B SN: 96210097

PART B:. CALIBRATION TESTRESULTS |

| .
it () L] S

Known Input ‘]P“‘._';f; " “Observed DAS Resporise

Period value || -DAS | Ermor | Eror | [Emor | Pass? :
hhmm | Wim? || Wim? | " Wime "% | %ESs. | Fail?*
Covered 0.2 0 0 NA NA PASS
4 71820 | 726 f| .8 .4  11..]. 06 | Pass |[.
766 779 || i3] 1.8 1.0 PASS
802 819 17 2.1 1.2 PASS
T Tgsa | sdo | T e’ 19 | 11 | PASs.
856 | 876 20 2.3 14 . | PASS -

Calibration Curve Results =  Slope: "I 1.0199 PASS
Intercept: ?| -0.838 PASS
Corr. Coeff: *| 1.0000 | PASS

COMMENTS

.- It was difficult to get a large range of values due to increasing cloud cover throughout the day.

To PASS, the sensor must have... ' Slope = 1.0 +0.05
2 Intercept = < 1% of Full Scale
® Correlation Coefficient = 2 0.9950
* Error per test point = +5% of observed

Prepared 8/5/2010




RELATIVE HUMIDITY SENSOR CALIBRATION REPORT

Project:
Location:
Technician:

Make:
Model:
SN:

Item:

PART A ANCILLAR Y INFORMA TION

‘North Butte Date: 07/14/2011 Check One:
Wyoming _ Start: :11:20.07/14/2011 AsFound: - . -
Ethan Brown : End: .10:55 12/22/2010 As Left:.

SENSOR INFORMATION

Vaisala ‘ R Operating Range: 0-100%
HMP45AC - Height Above Ground: 2 meters

1920086

CALIBRATION TEST EQUIPMENT

Fisher Scientific Traceable Hygrometer, Thermometer, Dew Paint - -° SN: 72366727

PART B: CALIBRATION TEST RESULTS

. OBSERVED RESPONSE
KNOWN INPUT DAS Error Pass?
“Test .| %RH %RH %RH .| Fail?.l_f .
Ambient.| .'388: | 329 |.-59 .| .-PASS | ..
Chmbr. | "9655 91.1 ‘54 | PASS ;|

'COMMEN'I'S S

- Could not get chamber hlgher than 60 % relatlve humidity. The Valsala sensor comes with a calibration certificate.
Even though it passed this audit, a new chamber will need fo be used for the 6 month calibration. Suggest using salts
instead of the Fisher Scientific Hygrometer o :

To PASS, the sensor must have... 1) Percent Error = <10%

Prepared 8/5/2010



PRECIPITATION GAUGE CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: North Butte Date: 07/14/2011 Check One:
Location: Wyoming Start: 11:20 07/14/2011 As Found: y
Technician: Ethan Brown End: 10:55 12/22/2010 As Left:

SENSOR INFORMATION

Make: Met One Gauge Type: Tipping Bucket
Model: TR525USW Operating Range: NA
SN: 45508-1010 Height Above Ground: 76.20 cm

CALIBRATION TEST EQUIPMENT

Item: Distilled water, graduated cylinders, drip device SN: NA

PART B: CALIBRATION TEST RESULTS

7 OBSERVED RESPONSE

[ KNOWN INPUT DAS Error Error | Pass?

| mi, HO mm mm mm % Fail? '

250 7.60 7.11 -0.49 -6.4 PASS
COMMENTS

To PASS, the sensor must have... 1) Percent Error = <10%

Prepared 8/5/2010




WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: North Butte Date: 1/11/2012 Check One:
Location: Wyoming Start: 11:00 1/11/2012 As Found: v
Technician: Will Kaage End: 15:00 1/11/2012 As Left:
SENSOR INFORMATION
Make: RM Young Propeller SN:
Model: 05305-5 Wind Monitor - AQ Operating Range: 0 to 50 mps
SN: WM106261 Height Above Ground: 10 meters

CALIBRATION TEST EQUIPMENT

item: Variable motor. R.M.Young, 18820A/18830A (200 to 15,000 rpm) SN: CA03277
ltem: Variable motor. R.M.Young, 18820A/18831A (0 to 300 rpm) SN: CA03277
Iltem: Torque disk device. R.M.Young, 18312 SN: NA

PART B: CALIBRATION TEST RESULTS

Sensor Starting Threshold: 3.0 ,equalto  0.38 Pass?/Fail?: Pass
~gmcm ~ mps < 0.50mps

Known Input Observed Data Logger Response
Motor Motor Output Error Error Limit Limit Pass?

rpm mph mph mps %o mps % Fail?

0.0 0.00 0.00 0.00 NA NA NA NA

200 2.29 2.29 0.00 0.0 <+0.20 PASS

500 5.73 5.73 0.00 0.0 < +5% PASS

800 9.16 9.16 0.00 0.0 < +5% PASS
1,000 11.45 11.45 0.00 0.0 <+5% PASS
3,000 34.35 34.35 0.00 0.0 < +5% PASS
8,000 91.60 91.60 | 0.00 0.0 < 5% PASS

COMMENTS

To PASS, the sensor must have... 1) Starting Torque Threshold = < 0.50 mps
2) Wind speed input <5.0 mps = < +0.20 mps error
3) Wind speed input >5.0 mps = < +5% of input speed

Prepared 8/5/2010




WIND DIRECTION SENSOR CALIBRATION REPORT

PART A ANCILLARY INFORMA TION

- * Normalized error in degrees.

Project: North Butte Date: 1/11/2012: ...\ Check One
Location: Wyoming Start: 11:00 1/11/2012 AsFound: N .
Technician: Will Kaage End: 15:00 1/11/2012 As Left: . )
S_ENSOR INFO_RMATIONA '
Make: RM Young ] s - o - Propeller SN: Lt
Model: 05305 5 W|nd Monitor - AQ -: Opéraﬁﬁg Rangé: 0 tyoi50 mps ...
Sf‘!: WM106261 L Height Above Ground: 10 meters
CALIBRATION TEST.EQUIPMENT
-.Iltem:: Brunton pocket transit compass :SN: .5080610049
uém: R.M.Young, Model 18331, vane torque measurement de\)ice 1 SN: CL NA-
- Ite;'n:.-'FLM.Young, Model 18112,-véne angle fixture - - - s z SN: -~ . : NA
PART B: CALIBRATION TEST RESULTS
Local Magnetlc Dechnatlon 9.46 degrees east T )
(http //www ngdc noaa gov/geomagmodels/Decl|nat|on jSp) w_ .
Sensor Startlng Threshold: 50 equal to ’ 0. 37 Pas_;? / Fail?: PASS . ,
Test . Accuracy Test'Res'ponse' ] Test Llneanty Test; Response
Input Output | Eror.. Pass'7 . input Outpuf NrmI;d* P;§S7
Deg. , De_‘g‘j.." ; |5eg 1 R - Ijegw (Deg._ i ,Deg | Faii2 ,
0 0 0 PASS Cuslaeo Toi0s o NA [ LNA
91 89 2 PASS | 30 29 -1 PASS
L 181 181 1 PASS | 60| 61 | 1 .|.PASS : "
271 | . 271 - . 0 .| PASS | 90 89 -2 PASS :
120 119 1 PASS
COMMENTS [ 150 149 -1, | pass ;
S ‘ 180 178 -1 PASS i
Crossarm was measured at 271 degrees The 210 208 .0 PASS
accuracy test response was measured against the
crossarm, and therefore is off by 1 degrees. This is 240 237 1 PASS
reflected in the "Test Input Deg." category. . 270 269 2 PASS
300 299 0 PASS
330 331 2 PASS
350 349 1 PASS

To PASS, the sensor must have...

1) Starting Torque Threshold = <0.50.mps. .’
2) Accuracy Test Error = < 5 degrees per test point
3) Linearity Test Error = < +3 degrees per test point

Prepared 8/5/2010




TEMPERATURE / ATEMPERATURE CALIBRATION REPORT

Project:
Location:
Technician: |

Make:
Model:

Item:
Item:

PART A: ANCILLARY INFORMATION

North Butte Date: 1/11/2012 _ Check Onei”
Wyoming o Start: 11:00 1/11/2012 As Found: N
Will Kaage - - End: 15:00 1/11/2012 As Left:
SENSOR INFORMATION
MetOne - * . 2-Meter Probe SN: J10798 ° (2 of 2)
062 MP o E 10-Meter Probe SN: J10798 - (1 6f 2) ~
oo ' Operating Range: -50.t0 50 C
CALIBRATION TEST EQUIPMENT.
“Item: Dostmann Electronic GmbH P650-PT S SN: " 65010081147
ltem: Insulated water baths with mechanical stirring. St o8NP e oNA

-~ - PARTB: CALIBRATION TEST RESULTS -

Temperature Probe Calibration

. _ Cool |+27.99 ‘||..27.76 -0.23 PASS 27.83 -016 . PASS -

| subzero | -12.04 || 1226 | -0.22 | PAss ||.-12.26 |i -0:22 | . PASS

Known Input " || *~. . "Observed Data Logger Response

Water | -Temp.-Jl . 2-m 2-m Eass? - 10-m 10-m | Pass?
Bath °C °C Efror °C Fail? °C .| Error°C Eail?
_dce |_.171_ )| 169 | -0.02 | PASS | .1.75,}| .0.04 PASS.

- -Hot” 48.56° || 48.46 2010 | PASS |i: 48527 | -0.04 | .PASS

Temperature Difference System Calibration o

R
[ AT

‘Known input ‘Observed Response (NOTE: The water baths were constantly

Water AT 2-10.AT | 2-10AT | Pass? || agitated with mechanical sﬁirringjiuring
vBath °C °C Error°C | Fail? the calibration tests.)
" lce’ 0.00 -0.06 | -0.06 PASS - .
: .Cool 0.00 -0.07 -0.07 PASS (NOTE: During the AT calibration, both
|  Hot 0.00 -0.06 -0.06 PASS ' probes were placed together in‘the $arme
- : bath) | ' s
COMMENTS

To PASS, the temperatu’?e prc;bes mhéi have... Accuracy error = < £0.50 °C per test point

To PASS, the AT system must have... ‘Accuracy error = < +0.10 °C per test point . - -

°

Prepared 8/5/2010



SOLAR RADIATION SENSOR CALIBRATION REPORT

PABTA: ANCILLARY INFORMATION

Project: North Butte Date: 1/11/2012. : ~ Check One:
Location: Wyoming Start: 11:00 1/11/2012 As Found:
Technician: Will Kaage " ° ~ End: 15:00 1/11/2012 As Left: :
. SENSOR INFORMATION L
Make: LiCor.. Operating Range: 0 to 1,400 W/m?
Model: 200 Pyranometer Height Above Ground: 1.8 meters '
SN: PY57334
CALIBRATION TES]’ EQl‘JI~PMEN.T .
Iltem: Kipp & Zonen-CM-3 pyranometer L . o SN:. ... -58211
Item: Fluke, Model 289, dlgltal miiltimeter (45 dlglts True RMS) o SN: 96210097
PART B: CALIBRATION TEST RESULTS

Known input : “Observed DAS Response ]
Period | Value [ "DAS | Eror | "Eror [ Eror | Pass?

hhmm | wm? || Wim? | Wwm® | % | %Fs | Fail?*
Covered 0.2 0 0 NA NA PASS

.11:40 .| 42433 |... 422 - ||. ---2. :|.-05 .. =01 - PASS ..
12:08 472 485 [l 12| 28 0.9 PASS
12:40 424 429 5 1.2 0.4 PASS

13:23 . 383...|. 396. 12 3.2 0.9 _PASS
14:39 293 301 8 2.7 0.6 PASS
14:42 314 307 -7 -2.1 -0.5 PASS
Calibration Curve Results =  Slope: 'l 1.0163 PASS
Intercept: 2| -1.306 PASS
Corr. Coeff: *| 0.9991 PASS

COMMENTS

- It was difficult to get a large range of values due to increasing cloud cover throughout the day.

To PASS, the sensor must have...

" Slope = 1.0 £0.05

2 Intercept = < 1% of Full Scale
3 Correlation Coefficient = = 0.9950
* Error per test point = +5% of observed

Prepared 8/5/2010




“RELATIVE HUMIDITY SENSOR CALIBRATION REPORT _

PART A: ANCILLARY INFORMATION

Project: -North Butte Date: 1/11/2012 Check One: -
Location: Wyoming . - Start: 11:00 1/11/2012 As Foqnd:_ N o
Technician: Will Kaage . End: 15:00 1/11/2012 As Left: _.
_S_ENS_O.R I_NFORMATION
Make: Vaisala S : ' Operating Range: 0-100%
Model: HMP45AC Height Above Ground: 2 meters
SN: C1920086
CALIBRATION TEST EQUIPMENT
Item: Fisher Scientific Traceable Hygrométer, Tﬁérm‘ométér, Deiv Péint - SN: 72366727

PART B: CALIBRATION TEST RESUL TS:

OBSERVED RES

PONSE .

KNOWN INPUT DAS Error Pass?
Test %RH %RH %RH .| Failz.!
Ambient | . 505.. | 485 7| :2.0. |. PASS -
Chmbr. 844 | 809 -3.2 PASS
COMMENTS

Te
H

*Difficult reaching 100% saturation. \/e‘ry cold temperatures would start to freeze the watef before the sensors would

steady.

To PASS, the sensor must have... 1) Percent Error = < 10%

Prepared 8/5/2010



PRECIPITATION GAUGE CALIBRATION REPORT

Project:
Location:

Technician:

Make:
Model:
SN:

Item:

PART A: ANCILLARY INFORMATION

North Butte Date: 1/11/2012
Wyoming Start: 11:00 1/11/2012
Will Kaage End: 15:00 1/11/2012
SENSOR INFORMATION
Met One
TR525USW
45508-1010
CALIBRATION TEST EQUIPMENT
Distilled water, graduated cylinders, drip device

As Found
As Left

Gauge Type

Operating Range
Height Above Ground

SN:

Check One:
N

: Tipping Bucket
: NA
: 76.20

cm

NA

PART B: CALIBRATION TEST RESULTS

OBSERVED RESPONSE

I KNOWN INPUT DAS Error Error Pass?

[ M.HO | mm mm mm % Fail? '

| 250 7.60 7.36 -0.24 -3.2 PASS
COMMENTS

To PASS, the sensor must have... 1) Percent Error= < 10%

Prepared 8/5/2010
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| Introdu'ction |

The Gas Hills Remote Satellite in central Wyoming is located in a semi-arid or- -
steppe climate. The area is characterized by abundant sunshine, low relative
humidity, and sustained winds which lead to high evaporative demand. The ;« -
region is characterized seasonally by cold winters, warm dry summers, and cool
springs and autumns. Temperature extremes range from roughly -30° F in the
winter to 100° F in the summer, There are also Iarge diurnal variations in
temperature. The “last freeze” occurs during early t6 mid June and the “first
freeze” in early September due to the high-elevation.

Yearly precrpltatlon typlcally averages from 8to 12 mches The Gas H|IIs District
is proné to severe thunderstorm events throughout the spring and early summer
months. - Spring snowstorms and spring/summer thunderstorm events account
for the majority .of the precipitation during this time period. In a typical year, the
region will see 3 or 4 severe thunderstorm events (as defined by the National
Weather Service criteria) and 30 to 40 thunderstorm days. Snow falls in the
region throughout late fall, winter and-early spring months,.totaling:around 70 .
inches per year but varying widely with location and elevation. Snowfall
contrlbutes substantrally to the annual pre0|p|tat|on totals -

Windy condltlons are falrly common to the region. - Average annual W|nd speeds
range from 8 mph at lower-elevations to'd14 mph at higher elevations such as the
Gas Hills Remote Satellite area. Higher:average wind speeds occur during the -
fall and winter months at higher elevations, while-léss seasonal variation is
observed in the lowlands. The predorhinant wind direction-is geherally from the’
southwest, with stronger westerly and noithwesterly.comporients ‘at ‘Rivefton and
tronger southerly components in the Gas Hills Remote Satelllte area '

For the reglonal analysis, meteorologlcal data were complled forflve sntes R
surrounding the Gas Hills Remote Satellite area. Hourly average data were -
acquired from the National Weather Service (NWS) Casper and Riverton airport
(AP) sites, through the National Climate Data Center (NCDC, 2012). Data from -
the South Pass site were acquired from the Wyoming Department of
Environmental Quality (WDEQ), and historical data from the Gas Hills 4E site .
were acquwed from the Water Resources Data. System (WRDS) managed by the
UnlverS|ty of Wyomrng Pan evaporatlon data from the Pathflnder Dam were
obtalned from the Western Reglon Climate Center (WRCC) Among these
regronal srtes the Riverton AP site is the closest NWS weather statlon to.the Gas
Hills Remote Satellite (48 miles away). Riverton is also the closest station with
available hourly wind data. :

For the srte specrflc analyS|s meteorologlcal data from Cameco 'S Gas HrIIs .
Remote Satellite meteorologlcal station were used These data were collected
during an approximately one-year basehne monitoring penod extending from



December 8, 2010 through January 27, 2012, Meteorological data from the Gas

Hills site include wind speed, wind direction, temperature at 2 meters height, ‘
relative humrdrty, precrprtatlon solar radratlon and temperature at 10 meters

height.. . . .. .

Table 2. 5 1 lists the reglonal and on- -site meteorologrcal statrons used for thls

analysrs along W|th coordlnates elevation, and perrod of record

Name 5_ - 'Agen'(:y Lon'g _ _Lat - _Z (ft) Ye"ars Q_fb‘atfa’

Casper ~ NWS . -106°28' .42°54' 5331  2004-2011
Riverton NWS* . . -108°27'  43°4' 5417 .« 1996-2012
South Pass | WDEQ ~ -108°43  42°32 8267  2007-2011
GasHils4E. . WRDC “07°31  42°50° 6470 1970 1989
Pathfinder Dam. . WRDG. --107°31'- 42°50' 6470 . 1948 -1991

Gas Hius'_'on-'s'i‘téi #° Cameco "=-1‘o7’53'1':  42° 5"0' 16840  2010-2012 ©

Table 2 5 1 Meteorologlcal Statrons Included in Cllmate Analy5|s

These sites have been analyzed collectlvely to provrde a regronal range of
monthly average temperatures, wind speeds and directions, precipitation, relative
humidity, evaporation .and snowfall.;The Gasper, Riverton, South Pass and .
Pathfinder.Dam sites form a quadrrlateral with the Gas Hills site roughly in the
center. Figure 2.5-1 shows the locations of these sites,-along with the Gas Hills
license/permit boundary. The location of the Gais Hills 4E historical :
meteorological site, which was-removed:i in 1989 and provided temperature and .
precipitation-data only, is a short distance from the Gameco Gas Hills on-site -
station. The Pathfinder. Dam site provided only evaporation data: On-site . .
evapotranspiration rates were calculated for the Gas Hills project site by applyrng
Penman’s .equation to available solar. radlatron wind. speed temperature and
relatrve humrdrty data. : : :

Reglonal and Site Spec1f1c Meteorologlcal Characterlzatlon

In the rnformatron that follows, a regronal overview'is presented first. This section
includes a discussion of the maximum and minimum temperature and relatrve
humrdrty, annual precrprtatlon |nclud|ng ‘showfall estlmates and a brlef wind -
speed and diréction summary A 'combination of monrtorrng stations is analyzed
for thé reglonal overvrew of temperature snowfall and total precrprtatlon

A site specific analysrs follows the regional overview. Most of this analys‘rs is

based on the on-site monitoring. An in-depth wind analysis summarizes average

wind speeds and directions, wind roses, wind speed frequency drstrrbutrons and

a joint (wrnd speed and direction) frequency distribution to characterize the wind

data for the Gas Hills site by atmospheric $tability class. The method of stability ‘




class determlnatlon is descrlbed and |IIustrated A dlscussron of monthly and
seasonal data is included for the temperature precrprtatron evapotransprratron
and wrnd parameters. General upper atmosphere data'from the National -,
Weather Service station at Lander Wyomrng are used to represent mrxrng
helghts at the pro;ect site.. : - :
The site specmc anaIysrs mcludes a justlflcatlon for usmg wrnd data from the
baseline monltorlng year to predict meteorological conditions over the long term
This is necessary to.validate air samplrng locations and MILDOS dispersion
modeling mputs The short and long term wind data from the Riverton AP site are
correlated for this purpose. ThIS procedure is repeated for the Casper AP srte
yreldrng S|m||ar results R : . R
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Temperatur

Regional Overview

The annual average temperature for the reglon contalnmg the Gas Hills ranges from
37.8° F at South Pass (elevation 8,287 ft) to 44.7° at Riverton (elevation 5,417 ft). The
Gas Hills 4E meteorological station (elevation 6,470 ft) recorded a 20- year average
temperature of 42.6°, sllghtly less than the Rlverton average. :

Figure 2.5- 2 shows monthly average temperatures for the Riverton (AP) site, monthly
average daily highs and lows, and the monthly maximum and minimum temperatures
over the last 15 years. July typrcally has the highest average monthly temperature
(73.5° F), foIIowed by August. December typically records the lowest average
temperatures for the year (19.7° F), followed by January Table 2.5-2 shows monthly
temperature statistics for the Riverton AP site.. Low temperatures in thé region can
drop to nearly -30° F, while high teniperatures can-be as‘high as 102° F.

Large diurnal temperature variations oécur in the region due in part to its high altitude
and low humidity. Figure 2.5-3 depicts the monthly diurnal temperature variation for the
Riverton AP site from November, 1996 through January, 2012. Spring and summer
daily variations of 25° F are typical, with maximum temperature variations exceeding
40° F during extremely dry periods. Less daily’ variation is observed during the cooler
portions of the year as fall and winter have average variations of approxirnately 15° F
This can be attributed to the more stable atmospheric conditions in the region during the
fall and winter months. Stable periods have much lower mixing heights and
accompanying lapse rates allowmg for less temperature variation.

Figure 2.5-4 shows monthly temperature statlstlcs for regional meteorological stations,
with the Cameco Gas Hills .on-Site station mcluded for reference. On a seasonal basis,
temperatures in the region average between 20° and 30° F- during winter months and
between 60° and 75° F during summer months.. In general, regional temperatures are
inversely related to elevation. :



Temperature Statistics (2 F) -

Month Monthly Monthly Monthly Average Average| .

Average Maxnmum Minimum Dally High| Daily Low|

Jan 21.0 - 62 -20 ~295! 7 0.3|°
Feb 245" 62 - -26 37.4 7.3
Mar . 349 92 - -6 48.2 .18.6
Apr 42.9 .83 - 8 99.0 29.0
May 52.6 93 20 69.2 38.5
Jun 629 98 . 32 79.5 46.2
Jul 735 102 40 88.8 51.9
Aug - '70.0 99| - S8l 865 149.2
.Sép - 59.1 92| - 2a4f: 75.3| 394
Oct 445 .. . 83 < 10 - 818|285
- Nov 3121 - 69] . -9 42.9 14.5
1: Dec 19.7 57| . -23 31.2 3.2

Source: Natlonal Cllmate Data Center 2012 hourly data from 1996 through 2012

Table 2.5-2. Annual and Monthly Temperature Sta_’gistics_ for Riverton AP.
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Source: National Climate Data Center, 2012, hourly data from 1996 through 2012

Figure 2.5-2. Riverton AP Monthly Temperature Statistics
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Figure 2.5-3. Riverton AP Seasonal Diurnal Temperature Variations.
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Relative Humidity

The Riverton, Casper, and South Pass sites record hourly average relative
humidity. Figure 2.5-5 charts monthly average relative humidity values for these
sites. The Cameco on-site (Gas Hills) relative humidity averages are also shown
for reference. It can be seen that July and August have the driest air with relative
humidity averaging around 40%. The winter months of December, January and
February make up the most humid part of the year, with average relative humidity
between 60% and 70%. The annual average relative humidity is 54% at the
Riverton AP site.

Regional Average Relative Humidity
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Figure 2.5-5. Monthly Relative Humidity Statistics for the Region

Relative humidity is a temperature based calculation which reflects the fraction of
moisture present relative to the amount of moisture for saturated air at that
temperature. Warmer air holds more moisture at saturation than colder air. For a
given amount of moisture in the air, then, maximum relative humidity values
occur more frequently in the early mornings while minimum values typically occur
during the mid afternoon hours. The summer months exhibit a much greater
variation in relative humidity between morning and afternoon values due to
greater temperature variations. Figure 2.5-6 shows the diurnal variations in
relative humidity at Riverton, by season.
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Figure 2.5-6. Diurnal Variation in Relative Humidity for Riverton by Season
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Precipitation

The region is semi-arid and characterized by mostly dry conditions. The Riverton
AP site received measurable (>0.01 in) precipitation on an average of 64 days
per year between 1997 and 2011 (NCDC, 2012). Average annual precipitation
during that period was 8.9 inches per year. In general, the region has an annual

precipitation average of approximately 8 to 12 inches. Typical of the region,
spring snowstorms, showers and thunderstorms during April through June

produce nearly half of the precipitation at the historical Gas Hills 4E site (Figure
2.5-7). May is typically the wettest month of the year; with most of the region

receiving an average of approximately 2 inches for that month. January, in

contrast, is the driest month of the year with precipitation typically averaging one
half inch or less. The winter months (Dec-Feb) typically account for less than
15% of the yearly precipitation totals. Only moderate precipitation occurs in late

summer, when atmospheric conditions are more stable and the absence of

convective activity limits storm development.
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Figure 2.5-7. Monthly Average Precipitation in Region

Severe weather does occur throughout the region, but is limited on average to 5
or 6 severe events per year. These severe events are generally split between
hail, blizzards and damaging wind events.
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Average annual snowfall varies widely throughout the region, as depicted in ‘
Figure 2.5-8. Major snowstorms (more than 5 in/day) are relatively infrequent in

the region, which typically experiences less than three major snowstorms per

year. Casper has the highest annual snowfall of the sites recording snowfall,

with an average of 76.9 inches, while Riverton has the lowest average at 34.2

inches per year. Monthly average snow amounts in Figure 2.5-8 show the

highest snowfall in March and April.

Regional Average Snowfall

14

12 e s

-

s CASpET
wme Gas Hills 4E
SN e s R RERRR weees Riverton
‘Q)" |
Vol
o 'y’
4 o 5 - SHEHSTS. S 54*"

k
0 T T T r : SIS

Jan Feb Mar Apr May Jun Jul
Month

10

Snowfall (in)

Sources: NCDC, WDEQ, WRDS

Figure 2.5-8. Regional Average Monthly Snowfall.
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Wind Patterns

Year-round wind speeds in the area average bétween 8 and 14 mph. Table 2.5-3
shows monthly averages for the Riverton AP site. The overall average wind
speed at this site was 7.4 mph for the 1996-2012 period analyzed in this study.
Mean monthly average wind speeds are lowest in the winter months and highest
in April at nearly.9 mph. This is atypical of the region, however, as winds at
Riverton are moderated by the proximity of the Wind River mountain range.

- Hourly Average Wind Speeds (mph)
Month Monthly Monthly Monthly
Average| Maximum Minimum,
Jan 6.5 43 0
Feb 6.5 M 0
Mar 8.2 39 0
Apr 8.8 39 =~ 0
May 8.4 46 0
Jun 8.2 43 0
Jul 7.8 41 0
Aug 7.6 44 0
Sep 7.3 37 0
Oct 7.3 _ 46 0
Nov 6.4 40 0
Dec 6.0 41 0

Source: National Climate Data Center, 2011, hourly'data'from 1996 through 2011

Table 2.5-3. Riverton AP Monthly Wind Parameters Summary.

Figure 2.5-9 shows reglonal monthly average wind speeds. Like Riverton, the
South Pass site also experiences a wind sheltering effect from the Wind River..
mountain range. Farther east, however, hlgh wind events are fairly common from
Novémberto April. Winds at Casper average more than 12 mph, W|th hourly
averages exceeding 20 mph nearly 15% of thé time (NCDC 2012)
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Figure 2.5-9. Regional Average Wind Speeds

Figure 2.5-10 shows the 15-year wind rose for the Riverton AP site. Predominant
winds are generally from the west to northwesterly direction. These winds are
often associated with storm fronts during the late fall, winter, and spring seasons.
Otherwise light breezes trend more or less evenly from all directions except the
southeasterly sector.

Figure 2.5-11 shows a 5-year wind rose for the South Pass site. Here,
southwesterly winds dominate, with a secondary node from the northerly
direction. Figure 2.5-12 shows an 8-year wind rose for the Casper site. Winds are
much stronger at Casper than at South Pass and Riverton, with dominant
southwesterly winds influenced by the nearby Casper Mountain.

Dramatic differences in terrain and elevation across the region make it
impossible to assign a single wind pattern to all locations. Southwesterly flow
emerges as the common wind characteristic in high and unobstructed areas. As
discussed below in justifying the on-site baseline year as representative of the
long term, spatial variations in wind patterns across the region are pronounced,
while temporal variations for any given site are relatively minor.
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‘ Figure 2.5-10. Riverton AP 15-Year Wind Rose
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‘ Figure 2.5-11. South Pass 5-Year Wind Rose
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Figure 2.5-12. Casper 8-Year Wind Rose

Winds throughout the region exhibit a diurnal pattern. Figure 2.5-13 shows this
pattern at Riverton for each season of the year. While the diurnal variation is less
pronounced during the fall months, wind speeds peak during the late afternoon
for winter, spring and summer seasons. This is largely due to the predominant
effect of solar heating on wind patterns. Figure 2.5-13 also shows that the
highest average wind speeds occur during the spring season, when the
atmosphere tends to be least stable and storm systems are the strongest. The
lowest wind speeds occur during fall, when the atmosphere is the most stable.
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Figure 2.5-13. Riverton AP Diurnal Wind Speeds by Season
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Heating, Cooling and Growing Degree Days .- .

Figure 2.5-14 summarizes the monthly cooling, heatmg, and growing degree
days for Riverton. The heating and cooling degree days are included to show
deviation of the average daily temperature from a predefined base temperature.
In this case, 55° F has been selected as the base temperature for computation of
heating and growing degree days. The base temperature for computing cooling
degree days is 65° F. The number of heating degree days is computed by taking
the -average of the high and low temperature occurring that day and subtracting it
frorn the base temperature. The calculation for growing and cooling degree days
is the same, except that the base temperature is subtracted from the average of
the high and low temperature for the day. Negatlve values are disregarded | for
both calculations.

As expected, the graphs of heating degree days and cooling degree days are
mversely related and the growing and cooling degree days are directly related.
The maximum number of heating degree days occurs in December and January,
at roughly 1,200 degree days per month. This coincides with the months having
the lowest minimum average temperatures. Conversely, July registers the most
growing degree days with nearly 500, and the most cooling degree days at less
than 200. This also corresponds to July having the highest average temperature.
The The Gas Hills Remote Satellite area is expected to exhibit a higher value for
heating degree days and lower values for cooling and growmg degree days due
to its highef elevation relative to Riverton.

Riverton Degree Days
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800 \ /
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Source: Western Regional Climate Center, 2011, data from 1893 to 2010

Figure 2.5-14. Riverton Airport Cooling, Heating, and Growing Degree Days.
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Evapotranspiration

The region is characterized by high evaporative demand during much of the year.
This demand is related to dry air (low dew points), warm daytime temperatures
and moderate to high wind speeds. The Pathfinder Dam, roughly 40 miles east-
southeast of the Gas Hills project site, is the closest station with historical
evaporation data. With an elevation of 5,860 ft. and average annual precipitation
of 9.8 inches, this site is believed to have average evaporation rates
representative of the Gas Hills Remote Satellite area.

Figure 2.5-15 graphs monthly pan evaporation rates, measured in inches of
water per month, at the Pathfinder Dam site. Evaporation rates are highest in
July, at over 10 inches, and lowest in December through February. Annual
evaporation at Pathfinder Dam averages 58 inches per year.

Pathfinder Dam Monthly Pan Evaporation
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Figure 2.5-15. Pathfinder Dam Pan Evaporation.
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S Site Specific Analysis
Background ' ' R
The site specmc discussion is limited to on -site meteorologlcal data collected for
the baseline monitoring perlod of December 8, 2010 through January 27,2012,
Thesé'on-site data aré supplemented by meteorologlcal data from the nearby
Riverton AP site, collected during the 15-year perlod from late 1996 throligh“early
2012. The Riverton site is in¢ludéd to incorporate wind monitoring results from a
longer period of record and to demonstrate that for this region, winds during the
baseline monltorlng penod are representatlve of the’ Ionger term. As the closest
NWS weather station, the Riverton site i$ located léss than 50 miles. west-
northwest of the Gas Hills Remote Satelllte NotWIthstandmg its prOX|m|ty, _
Riverton is over a thousand feet lower in elevation than the satellite area, and is
surrounded by farmland in contrast to the generally dry and broken terrain of the
satellite area.

Temperature

The annual average site temperature js similar to the regional average
temperature at approximately 42° F. The maximum temperature for the baseline
monitoring year was 89° F and the minimum temperature was -21° F. Figure 2.5-
16 shows the monthly average, minimum and maximum temperatures for the
project site. Table 2.5-4 provides the same data in tabular form. Daily average
temperatures range from near 20° F in the winter months to near 70° in the
summer months. '

Gas Hills Monthly Temperatures
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‘ Figure 2.5-16. Gas Hills Monthly Temperatures.

Temperature Statistics (° F)

Month Monthly Monthly Monthly| Average| Average
Average| Maximum Minimum| Daily High| Daily Low

Jan 23.2 42 -11 29.4 16.5
Feb 17 40 -21 24.9 9.6
Mar 31.6 57 12 38.5 246
Apr 36.5 63 18 45.9 28.2
May 42.8 69 22 51.8 34.7
Jun 58.2 85 35 69.1 47.6
Jul 70.0 89 49 81.2 58.5
Aug 69.6 87 51 81.7 57.6
Sep 58.8 81 33 69.9 47.7
Oct 45.0 77 23 54.2 37.4
Nov 29.0 49 8 36.4 21.1
Dec 22.3 42 -12 28.1 16.7

Source: Cameco Resources, 2012, data from 12/8/2010 to 1/27/2012

Table 2.5-4. Gas Hills Max, Min, and Avg Monthly Temperatures

Diurnal temperature variations at the Gas Hills Remote Satellite site are slightly
less pronounced than at Riverton. Figure 2.5-17 shows diurnal swings ranging
from 20° F in the summer to less than 10° F in the winter.
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Relative Humidity

The annual average site relative humidity is 55.4%. On-site monthly average
relative humidity values are graphed along with regional averages in Figure 2.5-
5. The graph shows relative humidity at the Gas Hills site to mirror regional
trends.

Relative humidity is a temperature based calculation which reflects the fraction of
moisture present relative to the amount of moisture for saturated air at that
temperature. Warmer air holds more moisture at saturation than colder air. For a
given amount of moisture in the air, then, maximum relative humidity values
occur more frequently in the early morning hours while minimum values typically
occur during the mid afternoon hours. The summer months exhibit a much
greater variation in relative humidity between morning and afternoon values due
to greater temperature variations. Summer and Spring also exhibit lower overall
relative humidity values due to higher average temperatures. This is confirmed
by Figure 2.5-18, which graphs average relative humidity by time of day and
season.

Gas Hills Diurnal Average Relative Humidity
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Figure 2.5-18. Gas Hills Diurnal Relative Humidity.
Source: Cameco Resources, 2012, data from 12/8/2010 to 1/27/2012

Figure 2.5-19 provides a meteorological summary for the Gas Hills Remote
Satellite site for the baseline monitoring year. The averages, maximums, and
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minimums are specified for each parameter recorded at the site along with the

data recovery rate for each The recovery rates were nearly 100% for all

parameters.

“Wind Spéed (mph)

Sigma-Theta ()

Temperature (F)

10m Temperature (F)
Relative Humidity (%)
Precrprtatron (mm)

-Solar. Radratron (w/m"2)

Cameco Gas Hills*-

Meteorologrca! Data Summary

., 12/8/2010 - 1/27/2012

Hourly Data
Average/Total “Max
' '.-”fizi.o ' T 437
16.8 " '983
39.8 . _i89‘.2-
40.1 .87.6
55.4 100.0
24765 14.48
1847 " 1,013.0

Min

03
o

214
-18.7
6.6

Predominant wind direction was from the SSW sector,

accounting for

Parameter

B i
w;hd.spéé.d
Wind -Direction
Sigma-Theta
Temperature
10m Temperature
Reletlve_Humldrty
Precipitation

Solar Radiation

20.7% -of the possible . winds

Data Recovery

Possible Reported
(hours) (hours)

9962 9957
9962 _9955
9962 9957
9962 9957
9962, - 9957
9962 9957
9962 9957
9962 9957

_Recovery

99.95%
99.93%
99.95%
99.95%
99.95%
99.95%
99.95%
99.95%

Source Cameco Resources 2012 data from 12/8/2010 to 1/27/2012

Figure 2.5-19. Gas Hllls-Meteor"oIdglcal Summary.

Wind Patterns

23



Figures 2.5-20 presents a wind rose for the project site’ durlng ‘the 13- month a
baseline moitoring period. The predominant wind directions'are south- "~ -~ .
southwesterly and southwesterly, with the highest wind speeds also coming from

those directions. Figure 2.5-21 shows seasonal wind roses for the Gas Hills

Remote Satellite area. Spring and summer experience the greatest variability in

wind direction with secondary modes as a result of the synoptic scale transition

period that occurs during this time. During periods of fair weather, particularly in

late spring and summer months, high pressure located over the northern plains

produces east-northeasterly breezes at the site. Synoptic weather systems

generally interrupt this pattern, producing northwesterly winds.

Figure 2.5-22 presents a diurnal graph of wind speeds at the site by season.
During the fall season, very little diurnal variation is observed. For the rest of the
year, wind speeds peak during the late afternoon. Summer winds exhibit a
secondary peak around midnight, possibly associated W|th downslope convection
winds. Winds during the fall plateau at an average of 15 mph, While winter wind
speeds average 16 mph and peak at 18 mph. The spring season exhibits the
greatest average diurnal variation, from-11 mph at night to 16 mph in the
afternoon. : : -

Figure 2.5-23 shows the time distribution of wind speeds ‘at the site. Half of the
time wind speeds are more than 12 mph, while winds ‘exceed 20 mph 16% of the
time.

The average wind speed for the project site was 14 mph over the 13 months of
monitoring. The monthly average and maximum hourly wind speeds at the
project site are summarized in Flgure 2. 5 24. The graph shows lower wind
speeds in the summer.

Figure 2.5-25 prowdes a breakdown of wind speeds by wind diréction. Wind
speeds average more than 15 mph when the wind blows from the south, south-
southwest, and southwest directions. A secondary maximum occurs for east-
northeasterly winds, averaglng over 14 mph. Southeast wind-speeds average
less than 9 mph. _

The Joint Frequency Dlstrlbutlon (JFD) provides more detail on wmd speed
distribution by wind direction and atmospheric stability class. The distribution
shows the fréquencies of hourly average wind speed for €ach diréction based on
stability class. Tables 2.5-5 and 2.5-6 list the annual JFD for the:Gas Hills
meteorological station. Tables 2.5-7 through 2.5-14 list the seasonal JFD’s. A
majority of the winds at the project site fall into stability class D wh|ch represents
near neutral to sllghtly unstable conditions. The light-to-caim winds which
accompany stable environments are reflected in the stability class F summatry.
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Figure 2.5-20. Gas Hills Wind Rose.
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Figure 2.5-21. Gas Hills Seasonal Wind Roses




Gas Hills Diurnal Average Wind Speed
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Source: Cameco Resources, 2012, data from 12/8/2010 to 1/27/2012

Figure 2.5-22. Gas Hills Diurnal Wind Speeds.
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Figure 2.5-23. Gas Hills Wind Speed Distribution.
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Figure 2.5-24. Gas Hills Monthly Average Wind Speeds
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Wind Data Summary

12/8/2010 2:00:00 PM - 1/27/2012 4:00:00 PM

Hourly Data

Average Max Min_ -
Wind Speed (mph) 13.97 43.73 0.28
Sigma Theta (9) 16.84 98.30 . 1.03 .
Wind Direction :
N 9.90 .23.69" 1.04
NNE .8.33 19.40 0.:66
NE 10.25 29.19 0.28 "
ENE 14.04 30.86 1.20
E 10.85 34.82 1.35
ESE 9.25 26.61 0.78
SE 7.43 24.75 101
SSE 12.26 -36.30 0.65
S '16.59° 4373 131
SSW 17.65 42.31 0.96
sw 15.17 42.94 0.55:
WSW 13.13 39.08 0.93
W 11.24 33.34 0.66
WNW 11.29 -32.71 1.51
NW 9.75 31.97 0.66
NNW 10.39 29.13 1.15
Predominant wind direction was from the SSW sector, accounting for 20.7%
of the winds, the average wind direction was 210°.
Data Recovery
Possible Reported Recovery
(hours) (hours)
Wind Speed 9986 9957 99.71%
Sigma Theta 9986 9957 99.71%
Wind Direction 9986 9955 99.69%

Source: Cameco Resources, 2012, data from 12/8/2010 to 1/27/2012

Figure 2.5-25. Gas Hills Wind Summary.
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Stability] Wind Wind Speed (mph) - Baseline Year )
Class | Direction| <3 4-7 8-12 13- 18 19 - 24 >24 | Row Total
" AT N 0.000490] 0.000464] - 1T o ' ~0.000953
NNE 0.000490; - - 0.000490
.INE 0.000979] 0.000464 4-0.001443
.|ENE . 0.000490{ 0.000928 0.001417
E _..10.001391 . 0.001391
ESE 0.000979] 0.001855 0.002834
SE 0.000979} 0.000464 .0.001443
SSE 0.001469] 0.000928 0.002396
St. - 0.000979] 0.001855 0.002834
SsSw 0.000490{ 0.000464 0.000953
|SW 0.001469] 0.001855 0.003324
WSW 0.001958] 0.002319 1. 0.004277
w 0.002448; 0.002319 -1- 0.004767
WNW 0.001469] 0.001391 -1:.0.002860
Nw 0.001958 : 0.001958
.. |INNW 0.001469| - 0.001469
B [N 0.000928 1 0.000928
NNE 0.000464 - 0.000464
NE 0.000464 - 0.000464
ENE 0.000464 -0.000464
E
ESE 0.000464 0.000464
SE 0.000464 0.000464
SSE 0.001391 L - 0.001391
S 0.000928; 0.000464 0.001391
- . |SSW 0.000490} 0.001391 : 0.001881
. ISW 0.000928 0.000928
(WSw 0.000464 .0.000464
W
IWNW 0.001855 '0.001855
C L INW 0.000928 ; 0.000928
I . INNW 0.000928] 0.000464 . 0.001391
C |N 0.000464 0.000464
NNE 0.000464 0.000464
NE 0.000928 0.000928
ENE 0.000464] 0.000928 0.001391
E
ESE
SE 0.001391 -0.001391
SSE
S 0.001391{ 0.002783 0.004174
SSw 0.0004901 0.000464! 0.007421 0.008375
Sw 0.001391! 0.004638 0.006030
WSW 0.000490] 0.000928! 0.006030 0.007447
W 0.002783] 0.003247 0.006030
WNW 0.000464] 0.002319 N 0.002783
NW 0.000464] 0.001391 0.001855
NNW 0.000464 .1 0.000464

Source: Cameco Resources, 2012, data from 1 2/8]?61'0 to 1/27/_2_0."1'_2

Table 2.5-5. Gas Hills Annual Joint Frequency.Distribution.
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Stability| Wind ~ Wind Speed (mph) - Baseline Year ]
| Class | Direction <3 4-7 8-12 13-18 19-24 >24 |Row Total
D N 0.002783] 0.001855} 0.001391] -~ -~ 1 0.006030
. NNE 0.001391] 0.000464 P ) 0.001855
INE 0.002783] 0.001855] 0.000464| 0.000464| 0.005566
1ENE 0.001391] 0.006494] 0.006030] 0.003247| 0.000464| 0.017625
E 0.000464| 0.000464| 0.002783] 0.000928 0.004638
ESE 0.002783} 0.001855] =~ 0.001391 0.006030
SE 0.000490{ 0.005102| 0.001855| 0.003711} = - - »10.011157
SSE 0.000979} 0.003711] 0.010204! 0.020872; 0.005102 '+ 0.040868
S 0.000490] 0.005102| 0.028293| 0.067718| 0.033395; 0.012987; 0.147985
SSW 0.000979] 0.006494; 0.035250! 0.088126] 0.083952! 0.043135}:0.257937
SW 0.010668! 0.044991] 0.054731{ 0.043599) 0.015770] 0.169759
T JWSW 0.000490} 0.006494| 0.022727| 0.013815} 0.007421| 0.001391] 0.052438
W 0.000490] 0.004174] 0.015770] 0.005102{ 0.002783] 0.000464| 0.028783
IWNW 0.000490} 0.003711] 0.004638| 0.007885! 0.003247] 0.002319{ 0.022289
NW 0.004174! 0.002319| 0.004174] 0.000928; 0.000928! 0.012523
NNW 0.006494! 0.003711; 0.000464 ' 0.010668
-E "IN 0.000464 o 0.000464
"+ INNE
NE 0.000928 0.000928
“IENE _
E 0.000464 0.000464
ESE 0.000464 0.000464
“ " |SE 0.000979] 0.000928 0.001907
SSE 0.000979] 0.001855! 0.000928 0.003762
S 0.002783; 0.003711] 0.006494
SSW 0.000928| 0.002783 0.003711
SwW 0.000490! 0.005102] 0.002319 0.007911
WSW 0.000490{ 0.000928! 0.004174 0.005592
W 0.001391] 0.000464 1 0.001855
IWNW 0.000979] 0.000464 0.001443
NW 0.001391 0.001391
L NNW 0.001391 0.001391
‘F N 0.000490] 0.001391 0.001881
B NNE 0.0019581 0.000928 0.002886
NE 0.001958 0.001958
ENE 0.001958] 0.000464 0.002422
E 0.001469] 0.001391 0.002860
ESE 0.001958] 0.002783 0.004741
SE 0.003917] 0.001391 0.005308
SSE 0.003427{ 0.003711 0.007138
) 0.003917] 0.007421 0.011338
N SSW 0.001958] 0.003247 0.005205
SwW 0.006365] 0.002319 0.008684
WSW 0.004896] 0.002783 0.007679
w 0.002448] 0.001391 0.003839
WNW 0.001958; 0.002783 0.004741
NW 0.003427¢ 0.001391 0.004819
NNW 0.000490 0.000490

Source: Cameco Resources, 2012, data from 12/8/2010 to 1/27/2012

Table 2.5-6. Gas Hills Annual Joint Frequéncy Distribution (continued).
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. Stability| Wind L __Wind Speed (mph) - 1st Quarter ]
Class | Direction <3 | 4-7 | 8-12 | 13-18 19-24 | >24 |Row Total|
A [N.F77 71 0.000490] 0.000464 S T E 0.000953
NNE "~ | 0.000490 _ ; . 0.000490
NE =7 0.000979} 0.000464| . T 0.001443
ENE:" '0.000490!°0.000928/ - | -7 - T ) 0.001417
E 0.001391} -~ - I ' 0.001391
ESE 0.000979{ 0.001855 R R 0.002834
SE 0.000979] 0.000464! R T 0.001443
SSE 0.001469{ 0.000928] " il I T 0.002396
S, '0.000979; 0.001855 ' 1 i ‘ 0.002834
SSW 0.000490] 0.0004641 . S ” 0.000953
SW. . |.0.001469] 0.001855! oL ._ 0.003324
WSW 0.001958/-0.002319; , | . I 0.004277
W_.. | 0.002448!0.002319 . T 0.004767
WNW 0.001469}.0.001391, ., - g 0.002860
NW. 10001958l .~ | .: ... : 0.001958
NNW 0.001469] NI 0.001469
B |N 0.000928 0.000928
NNE. 0.000464 o 0.000464
NE 0.000464 0.000464
ENE* 0.000464 4 0.000464
E 7 - ] S e n
ESE. - 0.000464 T T 0.000464
SE-v 0.000464 T A R 0:000464
SSE- 0.001391 C i 0.001391
S - 0.000928| 0.000464] =~ - | 0.001391
‘ SSW | 0.000490! 0.001391 ' - ' ‘ 0.001881
SW.; 0.000928 o 0.000928
WSW . 0.000464 i T 0.000464
W, . Ao ' L
WNW. ! 0.001855 L 0.001855
o | 0.000928 o 0.000928
| 0.000928| 0.000464 o - 0.001391
Cc 0.000464 L 0.000464
0.000464 : L : 0.000464
0.000928 NE o 0.000928
' 0.000464! 0.000928 - - . 0.001391
= - 0.001391 T 0.001391
SSE - v " - T
SR 0.001391; 0.002783 IE BRE 0.004174
SSW 0.000490; 0.000464| 0.007421 ] IR “0.008375
sw 0.001391] 0.004638 0.006030
WSW. 0.000490 0.000928! 0.006030 N 0.007447
w7 0.002783! 0.003247 ' n 0.006030
WNW 0.000464; 0.002319 , 0.002783
NW ' 0.0004641 0.001391 e IS ' 0.001855
NNW 0.000464 0.000464

Sourcé: Cameco'Rasources,; 2012, data from 12/8/2010 to™1727/2012 °

Table 2.5-7. Gas Hills Winter Joint Frequency Distribution.
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P = T

Stabilty | Wind

| - __ Wind Speed (mph) - 1st Quarier T Tl
i Clags | Direction| <3 | 4-7 8-12 | 13-18 | 19-24 | >24 |RowTotal| -
i D [N, 0.002783] 0.001855{ 0.001391{ :: ™ .~ | i, | 0.006030
| - INNE 0.0013911 0.000464 -~ ___.2f | 0.001855
{ - INE - 0.002783] 0.001855!.0.000464] -0.000464] 0.005566
‘ +|ENE: 0.001391| 0.006494! 0.006030!:-0.003247| 0.000464! 0.017625
\E_, 0.000464] 0.000464] 0.002783] 0.000928 0.004638
|ESE 0.002783] 0.001855 0.001391] .. . | 0.006030
. |SE 0.000490; 0.005102/ 0.001855] 0.003711] .. . . | . .. 0.011157
" ..ISSE 0.000979! 0.003711] 0.010204] 0.020872}. 0.005102] . . | 0.040868
NEN 0.000490; 0.005102] 0.028293! 0.067718;.0.033395| 0.012987| 0.147985
|Ssw 0.000979! 0.006494! 0.035250! 0.088126] '0.083952! 0.043135; 0.257937
-[sw 0.010668: 0.044991! 0.054731} 0.043599] 0.015770] 0.169759
- [wsw 0.000490] 0.006494| 0.022727| 0.013915}°0.007421{ 0.001391] 0.052438
W 0.000490] 0.004174] 0.015770; 0.005102] 0.002783! 0.000464] 0.028783
T [WNW 0.000490! 0.003711] 0.004638! 0.007885; 0.003247] 0.002319] 0.022289
“INW 0.004174] 0.002319; 0.004174] 0.000928] 0.000928] 0.012523
‘INN 0.006494| 0.003711] 0.000464] - -~ | 0.010668
E "IN 0.000464 , 0.000464
. [NNE: TR ;
{NE - 0.000928 A 0.000928
ENE T
E- 0.000464 R 0.000464
ESE 0.000464 0.000464
SE « 0.000979; 0.000928 Co 0.001907
|SSE 0.000979! 0.001855! 0.000928 R 0.003762
S 0.002783] 0.003711 e 0.006494
SSW 0.000928! 0.002783 0.003711
SW 0.000490] 0.005102} 0.002319] L ; 0.007911
WSW 0.000490; 0.000928! 0.004174 0.005592
1 W 0.001391] 0.000464 0.001855
| WNW 0.000979; 0.000464 T 0.001443
NW 0.001391 _ 0.001391
' INNW 0.001391 T 0.001391
| FOqN Y 0.000490: 0.001391 R 0.001881
| - INNE 0.001958| 0.000928 T 0.002886
" ANE- 0.001958 0.001958
|ENE 0.001958{ 0.000464 N 0.002422
1E 0.001469] 0.001391 . 0.002860]
- |ESE 0.001958] 0.002783 I 0.004741
SE 0.003917] 0.001391 0.005308
SS 0.003427| 0.003711 0.007138
S:. 0.003917| 0.007421 b 0.011338;
SSwW 0.001958| 0.003247 0.005205
SW.. 0.006365| 0.002319 R 0.008684
wsw 0.004896! 0.002783 s 4. 0.007679
W, 0.002448; 0.001391 RN 0.003839
WNW 0.001958! 0.002783 . . .. 0.004741
|NW, 0.003427 0.001391 ] _ 0.004819
. INNW 0.000490 B 0.000490

" Source: Cameco Resources, 2012, data from 1_-?(8/2010 to 1/27/2012 .

Table 2.5-8. Gas Hills Winter Joint Frequén__dy Distributjon (continued). :
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Wind Speed (mph) - 2nd Qua_rt_ér,

Stability] Wind ) :
Class | Direction <3 4-7 8-12 13- 18 19-24 >24 Row Total | -
A [N 0.000933!.0.001832] 0.002765
NN 0.001399] 0.000458 0.001857
NE 0.003265/°0.000916 N 0.004181
ENE- - |.0.000466] 0.001832 0.002299
E' -0.000933! '0.000458" 0.001391
ESE - JERN B
SE - 0.001399] - * 0.001399
SSE - 0.000466; 0.001374 0.001841
S 0.0004661 -0.002290 0.002757
SSW - | 0.001399} 0.002749 0.004148
SW" " 170.001866! 0.003665 K - I 0.005530
WSW 70.000466! 0.005039 IR 0.005505
W - [70.001399! 0.004123 K = 0.005522
WNW- | = 1°0.002749 ‘ ' 0.002749
NW 0.0018661 0.004581 0.006447
NNW 0.003207 0.003207

B [N~ 0.003207 0.000458 0.003665
NNE 0.002749 0.002749
NE " 0.000458 0.000458
ENE -~ 0.000458 0.000458
E 0.000458 0.000458
ESE 0.000466! 0.001374 0.001841
SE 0.000466| 0.000916] 0.000458 0.001841
SSE 0.000458 . . 0.000458
ST 0.002749 0.002749
SSW 0.001832] 0.000916] . = 0.002749
SW 0.001374] 0.000458 0.001832
WSW 0.000933] 0.001374 0.002307
W . 0.005955 0.005955
WNW 0.004123{ 0.000916 e 0.005039
NW 0.004123| 0.000458 e 0.004581
'NNW 0.004581] 0.000458 0.005039
Cc IN. 0.007787 0.007787
NNE 0.001374 0.001374
NE 0.000916{ 0.000458 0.001374
ENE 0.000458] 0.001832 0.002290
E - 0.002749 - 0.002749
ESE 0.002290 g 0.002290
SE 0.000933] 0.000916] 0.002290 0.004139
SSE 0.000916 0.000916
S 0.004581 0.004581
'SSW 0.001374] 0.009162 0.010536
SW . 0.000916| 0.007329 0.008246
WSW. 0.001832] 0.008704 0.010536
By 0.002290| 0.009162 0.011452
WNW. 0.001832] 0.008704 P 0.010536
NW - 0.000466! 0.001832] 0.009162 0.011460
NNW 1.0.000458] 0.004123] 0.004581

Source: Camec

o Resources, 2012, d

ata from 12/8/2010 to 1/27/2012

Table 2.5-9. Gas Hills Spring Joint Frequency Distribution.
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IR

Stabilty| Wind

-\-Nir-1d épeedu(ne'ph) - énd Quarter

Row Total ‘

Class | Direction <3 4-7 8-12 13-18 19-24 > 24

D <N '0.004123] 0.007329 o.oo7329-oooog1s. ~, o1 | 0.019698
NNE 0.001374] 0.003207] 0.001832] . - .~ = | | 0.006413
-INE 0.000916! 0.003665] 0.001374] .0. 000458 o, | 0.006413
ENE 0.000458] 0.008704! 0.022446] -0.003207] 0.000458| 0.035273
E o 0.006871] 0.006871{..0.002749! 0.000458] 0.016949
ESE 0.001832] 0.005039{ 0.005497| 0.001374 0.013743
SE. - 0.002332] 0.002290] 0.007787! 0.002749] 0.001832] . - { 0.016991
SSE 0.002332] 0.004581] 0.027943! 0.026569{ 0.005039!.. - - . | 0.066464
S - . 0.005497! 0.025195| 0.028401! 0.007329%,0.000458] 0.066880
1SSW 0.008246] 0.025195! 0.036189}.0.016491] 0.001832] 0.087952
1SW 0.000466} 0.013284] 0.029317] 0.036647| 0.022446] 0.002290; 0.104452
JWSW 0.006871] 0.020156! 0.029317| 0.025195| 0.008246] 0.089785
W 0.000466] 0.003207] 0.020614] 0.019240| 0.006871| 0.001374] 0.051772
WNW 0.000466! 0.004581] 0.017407] 0.020156] 0.003665] 0.000916{ 0.047191
NW - 0.003207] 0.011910] 0.010078[.0.002749! _. ... 0.027943
INNW 0.000466] 0.004581] 0.007329] 0.007329} 0.003207 0.022913
E |N.... 0.000458 ; 0.000458
NNE
NE 0.000916 0.000916
[ENE 0.000916 0.000916
E . 0.000458 0.000458
ESE 0.002290 0.002290]
SE 0.000933} 0.003665| 0.000458] 0.005056
SSE 0.001832] 0.003207 0.005039
S 0.004123] 0.002749 0.006871
SSW 0.002749] 0.001832 0.004581
SW 0.000466{ 0.005955! 0.003665] . . 0.010086
WSW 0.000466; 0.004581] 0.001374] ~ ~ . 0.006422
W 0.001374] 0.000458 - 0.001832
WNW 0.001374 0.001374
NW 0.000916 0.000916
_INNW 0.000916 ’ 0.000916
F “IN ~ 0.003265] 0.000916 0.004181
[NNE 0.002332; 0.000458 0.002790
NE - 0.002798| 0.001374 0.004173
ENE 0.000466] 0.000916 : 0.001383
E 0.002332] 0.001832 0.004164
ESE 0.001866/ 0.002749 0.004614
'[SE” 0.009328] 0.004581 0.013909
|SSE 0.002798! 0.002749 0.005547
ME 0.002798] 0.003665 0.006463
{SSW 0.005597! 0.002749 0.008345
~|SW.T 0.004664] 0.002290 0.006955
Wsw 0.003731! 0.003207 0.006938
w 0.002332! 0.002749 0.005081
TWNW 0.000916 0.000916
NW - 0.002332] 0.000916 0.003248
NNW 0.002332] 0.001374 0003706

Source Cameco Resources 2012 data from 12/8/2010to 1/27/2012

Table 2.5-10. Gas Hills Sprmg Joint Frequency Distribution (contl_nued).
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Stability| Wind Wind Speed (mph) - 3rd Quarter L o
Class | Direction <3 4-7 8-12 13- 18 19-24 | >24 |RowTotall.". °
A "IN - 0.001822| 0.002266 N 0.004087
JINNE: * 0.000911} 0,001812§ .. . 0.002723
“INE' . .0.002277] '0.001812;. ... 0.004089
ENE . .0.000911} 0.000453 0.001364
E: " '0.0022771.0.001812 0.004089
SE - .. 0.000911] 0.002266} 0.003176
SE: " 0.002732; 0.002719 0.005451
SSE - 0.002277{ 0.003625 0.005902
1S . . 0.001822{ .0.004531: 0.006353
SSW. ;- 0.001822-0.004984 0.006806
1SW - 0.002732; 0.007250} 0.009982
WSW- 0.005009;..0.005890} - 0.010900
W 0.002732] 0.009062{ . 0.011794
WNW 0.003188} 0.005890] ' .. : .. 0.009078
NW 0.002277} 0.006343 N 0.008620
NNW 0.002732{ 0.005890! *« .. 1. A 0.008623
B N. - 0.000906] 0.000453 L 0.001359
NN 0.004078| 0.000453 R 0.004531
NE 0.002266 e 0.002266
EN 0.000455! 0.001359 N 0.001815
E..: 0.000455] 0.000906 L I 0.001362
ES 0.001359 K ' : 0.001359
|SE 0.002266 1. : 0.002266
ISSE .- 0.000455] 0.000453| 0.000453;. <y 0.001362
S. . 0.002719 L ; Co 0.002719
*{SSW 0.004531 s 0.004531
ISW 0.004984| 0.000906} . 0.005890
WSW 0.010874¢ 0.002266 L 0.013140
AW 0.011328; 0.000906 0.012234
- IWNW . 0.000455 0.009062 0.009517
NW ::- 0.000455] 0.008156] 0.001812 0.010424
JINNW - 0.004078] 0.000453 0.004531
C (N 0.001359 0.001359
NNE 0.003625 0.003625
NE .. 0.001812 . s - 0.001812
ENE . 0.000453{ 0.004531 VL ; 0.004984
E .. 0.000906] 0.002719 ’ ’ 0.003625
ESE 0.000906] 0.002719 0.003625
ISE. 0.000453} 0.002266 0.002719
{SSE 0.000906{ 0.002719 0.003625
N 0.000453] 0.003625 0.004078
- |ISSW 0.000906] 0.007250 0.008156
HSW 0.000455! 0.000906] 0.013593 0.014955
WSW 0.000453| 0.012234 0.012687
W 0.001359; 0.014046 0.015406
WNW ; 0.000455} 0.001359] 0.015859 e 0.017673
NW ;- 0.011328 L 0.011328
INNW 0.004531 don s b 0.004531

‘Source: Cameco Résources,-2012, data from

12/8/2010 to 1/27/2012

Table 2.5-11. Gas Hills' Summer Joint Frequency Distribution.
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Stability| Wind _ ~ Wind Speed (mph) - 3rd Quarter I
Class | Direction <3 4-7 8-12 i3-18 19-24 | >24 |Row Total}. ..
D '[N 0.000906} 0.002266 R 0.003172
JINNE - 0.001359} 0.001359] 0.000453% %...* .47 4 0.003172
ZINE 0.000906| 0.003172] 0.001812] 0.000453} ‘0.000453! 0.006797
ENE 0.002266] 0.011328] 0.014499; 0.008156}' 0.000453; 0.036701
J|E - 0.000455| 0.002266! 0.008156] 0.009515! 0.000906; 0.000453! 0.021751
.|ESE 0.0049841 0.009968] 0.005830 = ’ fo 0.020843
ISEL .. 0.000455] 0.007703] 0.021296] 0.006343; .~ = | 0.035797
SSE - 0.000911} 0.006797] 0.025374| 0.032623} .0.002719 0.068423
S 0.000455 0.006797 0.028092| 0.038514] :0.005437} - - 0.079295
. |SSW 0.000455) 0.009968{ 0.021749] 0.041686!-0.003625] 0.000453! 0.077936
SW - 0.000911] 0.014499] 0.021749; 0.026280} 0.004078 ) 0.067517
WSW 0.000455{ 0.004984! 0.018124{ 0.021749] 0.005437}. - 0.050750
W . 0.000906! 0.009515] 0.013140;-0.000906 " 0.024468
T[WNW 0.000906] 0.007250; 0.011781] 0.000453} 0.020390
3 ANW . 0.002719] 0.006797} 0.004984; 0.000453 0.014952
\ NNW . 0.002719} 0.003625] 0.001359! -0.000453] 0.008156
i E N . 0.000455; 0.001359 L 0.001815
NNE"‘ 0.000906 0.000906
INE" 0.001359 ; 0.001359
f 1ENE- 0.000453 0.000453
‘ 1E . 0.000455| 0.002266 0.002721
ESE. 0.000911{ 0.002719} 0.000453 0.004082
:|SE 0.007250; 0.004078 ¢ 0.011328
SSE 0.004531] 0.004531 ' 0.009062
; 18 .. 0.000455; 0.001359] 0.001359 0.003174
5 : SSW 0.005890 0.000906 0.006797
ﬁ SW 0.000455] 0.009515} 0.005890}| 0.015861
WSwW 0.000911; 0.002266 ES : 0.003176
W 0.002266 ! 0.002266
WNW 0.000453 0.000453
INW ..~ 0.002266 0.002266
. INNW 0.002266 0.002266
F (N~ 0.000455 0.000453 . 0.000908
INNE . 0.001359 - 0.001359
NE 0.001366; 0.000906 e 0.002272
1ENE :. 0.001366{ 0.004078 ah 0.005444
E 0.001822] 0.002266 ! 0.004087
ESE 0.003643} 0.003172 0.006815
SE - 0.007741} 0.009968 . 0.017710
SSE 0.003643] 0.005890 ; 0.009533
18 0.003188{ 0.003172 0.006359
1SSW 0.004098; 0.003172 0.007270
SW 0.009108} 0.005890 0.014998
WSW 0.003188; 0.004078 0.007266
W 0.001822{ 0.000453 . 0.002275
WNW 0.000455{ 0.001359 ) 0.001815
- INW 0.000455] 0.003172 0.003627
NNW 0.000911; 0.002719 0.003629

Sodrce Cameco ‘Resources, 2012, data from 12/8/2010 to 1/27/2012

Table 2.5-12. Gas Hills Summer Joint Frequéency Distribution (¢ontinued). -
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Stability| Wind Wind Speed (mph) - 4th Quarter
Class | Direction] <3 4-7 8-12 | 13-18 19-24 | >24 |RowTotalj"
A N . 0.000352] 0.000683} "7 | . {ae 170.001035
NNE 0.001055] 0.000342}." 0.001397
NE-. | 0.001407/-0.001025}".. 0.002432
ENE . [10.001055]. "~ =~ N 3 0.001055
E:- . | 0.001055!0.000342] 0.001397
ESE . | 0.000352 - 0.000352
SE '0.001055] 0.000683 0.001738
SS '0.001055} 0.000683] 0.001738
S .. "7 |'0.001055] 0.003415] - B 0.004471
SSW : - | T 10002732] E 0.002732
SW - . |.0.000703} 0.002732:. 0.003436
WSW_ ~ |'0.002814{-0.002732} .. " 0.005546
W--" 1:0.002110{ 0.003757 0.005867
WNW - | 0.002110! 0.002732] 0.004843
NW - | 0.002462{ 0.002391 0.004853
NNW ©0.000703] 0.001708 0.002411
B N7 < 0.000342 0.000342
NNE 0.001366] 0.000342 0.001708
NE 0.001366 j 0.001366
ENE 0.001025 3} - 0.001025
[E~T 0.000683{ 0.000342 0.001025
ESE "' . 0.000683 0.000683
SE - 0.001025 e : 0.001025
SSE-" 0.000352| 0.001025 T 0.001376
g 0.001366 ] B 0.001366
SSW' 0.002732{ 0.000342{"" : ' 0.003074
SW.'F 0.000352] 0.004098 T 0.004450
WSW 0.004440] 0.000683] - ' 0.005123
W 0.000352| 0.004098] 0.000342 0.004792
WN 0.004098] 0.000683 0.004781
NW - | 0.000352] 0.003415 : 0.003767
NNW 0.003074 e 0.003074
c [N -7 0.001366 0.001366
NNE - 0.000683] 0.002391 0.003074
NE - 0.001366! 0.001025 0.002391
ENE " 0.000683| 0.002732 K 0.003415
E ™ 0.000683] 0.002049 ’ 0.002732
ESE 0.001366 : 0.001366
'SE 0.000683 ‘ 0.000683
SSE 0.000342] 0.000342 B 0.000683
S- 0.000342] 0.001708 v 0.002049
SSW - 0.000342] 0.003074 ’ 0.003415
SW’ 0.000703] 0.001366] 0.003074 0.005143
WSW 0.000352] 0.002732] 0.005464 0.008548
W 0.000683! 0.005806 0.006489
WNW 0.000703} 0.001708! 0.007172 j 0.009583
NW- 0.000342] 0.004781 0.005123
NNW - 0.000342] 0.000683 0.001025

"Solirce: Cameco Resources, 2012, data froin 12/8/2010 to 1/27/2012

Table 2.5-13. Gas Hills Fail Joint Fréquency Distribution.
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Stability| Wind Wind Speed (mph) - 4th Quarter )
Class | Direction| <3 4-7 8-12 13-18 | 19-24 >24 | Row Total| -
D (N .. . 0.001708! 0.003074] 0.003074}.0.000342{ " -/ | 0.008197]
NNE - - 0.001366] 0.002049{ 0.001708} - ..-7 . {. . .. | 0.005123
NE + 0.002049; 0.004440; 0.008880| 0.001708].0.000342| 0.017418
ENE - 0.002049{ 0.007514] 0.014344! 0.005806] .0.000683] 0.030396
E ¢ 0.002049] 0.004098] 0.004781} .0.000683{ :0.000342; 0.011954
E'SE_ -~ 1 0.000352] 0.001708! 0.004098; 0.003074 © o | 0.009232
SE, - 0.003517] 0.002049; 0.010929| 0.000683| . oty 1 0.017179
SSE 0.001759] 0.005464] 0.017760] 0.011612] "0.002391| 0.002732{ 0.041718
S 0.000703] 0.009563| 0.023224| 0.037568} 0.033811} 0.021175; 0.126045
! SSW 0.011270] 0.047131} 0.074112} 0.043033; 0.021175! 0.196721
SW- - 1 0.001055| 0.017760] 0.038251! 0.037568}.0.018784| 0.016393{ 0.129812
WSW 0.000352] 0.005806] 0.021858! 0.020833{- 0.010587| 0.002391] 0.061827
W. 0.002049! 0.007855! 0.004098| 0.002391| 0.000342{ 0.016735
1WNW 0.000352{ 0.001366] 0.006831] 0.003415{:0.001025] . x> | 0.012988
INW: .- . 0.002391] 0.004440! 0.002391/:0.000683}: ". ... .«: | 0.009904
NNW 0.001025{ 0.002732] 0.003074{-0.000683] 0.000342! 0.007855

E N . 0.000352| 0.001708 J 0.002059
INNE, 0.000342 AT . 0.000342
NE. . 0.001025] 0.000342 T 0.001366
ENE- .. | 0.000352{ 0.000342| 0.000342 ) . 0.001035
1e - 0.000352{ 0.001366 R T . 0.001718
|ESE . 0.001055] 0.001366 L 0.002421
SE . . | 0.001055] 0.003415] 0.002049 T 0.006520
SSE_._- 0.001055] 0.003415] 0.004098 e o 0.008569
S.. - 0.000352{ 0.002391] 0.005123 Co - 0.007865
SSW » 0.000352{ 0.008880{ 0.003757; : . 0.012988
SW - .. 0.000703} 0.009904| 0.006489 . -1 0.017097
WSW. 0.000352f 0.001366] 0.000683; b L 0.002401
W, - 0.000352] 0.001366 RN : 0.001718
WNW ;. 0.000352} 0.000342 R ; 0.000693
NW 0.001708! 0.000342 e 0.002049
NNW 0.000352} 0.001708 R 0.002059
F N. ... 0.000703} 0.001366 Gt 0.002070
NNE . 0.000703} 0.001025 : . 0.001728
NE - 0.000703{ 0.001025 ) 0.001728

: ENE 0.002110{ 0.001708 . L 0.003818
E - | 0.002814] 0.002049 Tl 0.004863
ESE . . 0.004221{ 0.002391 AT 0.006612
SE. . 0.006683! 0.005806 s 0.012489
SSE, 0.004924 0.004098 R 0.009023
18 . 0.003517) 0.002391 C s 0.005908
] S__SW 0.003517{ 0.003757 L N 0.007274
IR 0.0045731 0.006148 s R 0.010720
WSW | 0.003517¢ 0.001708 L N 0.005225
W, - 0.001759{ 0.001708 o . 0.003466
WNW 0.003166] 0.001366 L , ST 0.004532
NW . 0.001055} 0.001366 o . \ 0.002421
NNW 0.000703} 0.002049 0.002753

Source Cameco Resources 2012, data from 12/8/2010to 1/27/2012

Table 2.5-14. Gas Hills Fall Joint Frequency Distribution (continued).
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Atmospheric Stability Class

The 0 method was used o détermine the Pasquill- -Gifford stablhty class, where
og refers to the standard deviation of the horizontal wind azimuth angle in
degrees. This method is also referred to as the oa method (EPA 2000). Itis a
lateral turbulence based method which uses the standard deviation of the§win_d
direction in combination with the scalar mean horizontal wind speed. Wind
speed and direction data are recorded hourly at a helght of 10 meters. To
minimize the effects of wind meander the 1-hour o is defined using 15- minute
og values which are in turn based on more frequent sampling of wind direction
(e.g. every five seconds). :

Accordlng to this method, initial stablllty classes are assigned based solely on
standard deviation of wind direction, or og.-The initial assignments are then
adjusted for horizontal wind speed, The magnitude of this adjustment depends
on whether the measurement is taken during daylight or nighttime hours, a
diurnal dependency that varies W|th the time of year.

Regulatory Guide 3.63 (NRC, 1988) states “For obtaining an indication of the
atmospheric stablllty, a-method such as one: of the' following (Refs. 1-4) may be
used: insolation cloud cover and wind speed (Pasquill-Gifford and similar
methods), temperature lapse rate method, wind fluctuation method, split-sigma
method, or Richardson.Number.” The gg method is based on wind fluctuation and
therefore quallfles as an approprlate method for the Gas Hills Remote Satelllte

In order to demonstrate its rellablllty, a companson was made between the Op
method and the SRDT (Solar Radiation Delta Temperature) method at the Gas
Hills site. Figure 2.5-26 shows this comparison. It can be seen that the two
methods yield similar distributions. The percent of time characterized by stable
air classes (E and F) is slightly higher for the og method. Given that stable air is
less subject to dispersion than neutral or unstable air, it is expected that for Gas

Hills the og method will result in more conservative modeling predictions than the
SRDT method.
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Figure 2.5-26. Gas Hills Stability Class Method Comparison.
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Precipitation
Figure 2.5-27 shows monthly.precipitation at the site during the baseline

monitoring year. Total precipitation was slightly less than 200 mm (7.8 inches),
with a third of that falling during the month of May. Very little precipitation fell
during the late summer and winter months. Based on long-term records at other
weather stations in the region, precipitation recorded during the basellne
monitoring year may be slightly less than that expected over the long term. A 20-
year, annual average precipitation of 9.2 |nches was recorded at the nearby
historical Gas Hills 4E station (1970 to 1989).

Gas Hills Monthly Precipitation

80
70

ol YT

Precip (mm) -

Month

Source: Cameco Resources, 2012, data from 12/8/2010 to 1/27/2012
Figure 2.5-27. Gas Hills Monthly Precipitation.

Evapotranspiration

No pan evaporation measurements were available at Cameco’s Gas Hills station.
Daily evapotranspiration rates were calculated for the site by applying Penman’s
equation to recorded solar radiation, wind speed, temperature and relative
humidity data. These calculations were then summed for each month. Figure 2.5-
28 shows projected monthly evapotranspiration at the project site during the
baseline monitoring period. From these calculations, annual evapotranspiration is
approximately 68 inches. Excluding the months of December through February,
the total of 61 inches compares favorably to the long-term average pan
evaporation of 58 inches at the Pathfinder Dam site 40 miles away (no pan
evaporation was measured for December through February).
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(from Penman Equatlon)

Gas Hills Monthly’ Evapotransplratlon
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Sources: Calculation based on Penman Equatuon from data supplied by Cameco Resources

from 12/8/2010 to 1/27/201 2

Figure 2.5-28. Gas Hills Potential Monthly Evapotranspiration.

44




Justification of Baseline Year as Representative of Long Term

The Gas Hills Remote Satellite is situated in west-central Wyoming. The
baseline meteorological monitoring period extended approximately one year,
from December 8, 2010 through January 27, 2012. To demonstrate that this
baseline year is representative of the longer term wind conditions, the Riverton
AP site was analyzed. Among the weather stations in this region with available
wind data, the Riverton AP was selected as the closest to Gas Hills. Riverton is
less than 50 miles south of the project site, with an elevation roughly 1,000 ft
lower than the licensed area. It is also the closest NWS station to the project site.
Available hourly data from Riverton span from November, 1996 to the January,
2012 and therefore represent slightly more than 15 years.

Figure 2.5-29 shows wind roses for Riverton AP. The wind rose on the left
reflects 15 years of monitoring, while the one on the right reflects the Gas Hills
site baseline monitoring period only. It can be seen that wind speeds and
directions are very similar between the 15-year and one-year monitoring periods.

15-Year Wind Rose Baseline Year Wind Rose

i N
Riverton Weather Station !‘l . Riverton Weatgver Station

wy %
111171996 W 1 1o 2182012 Hr. | y ‘ 112011 He. 1 10 1231/2011 Hr. 23

”

Nz e

W e vy ot E W Be— i Ce—ad  E
var: . || \ar
- s - o 70 "-" = . S ‘ "mm e w

Figure 2.5-29. Riverton 15-Year vs Baseline Year Wind Roses.

Figure 2.5-30 compares the wind speed frequency distributions between the 15-
year and baseline periods at Riverton. The percent of the time the wind blows in
each of the six wind speed categories shown, is quite similar for the two
monitoring periods.
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Riverton Annual vs. Long-Term Wind Speed Distributions
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Source: National Climate Data Center, 2012, hourly data from 1996 through 2012

Figure 2.5-30. Riverton 15-Year vs Baseline Year Wind Speeds.

Figure 2.5-31 compares the wind direction frequency distributions of the 15-year
and baseline periods at Riverton. The percent of the time the wind blows from
each of the sixteen wind directions shown, is quite similar for the two monitoring
periods.
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‘ Riverton Annual vs. Long Term Wind Direction Distributions
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Figure 2.5-31. Riverton 15-Year vs Baseline Year Wind Speeds.

In order to quantify this similarity, it is useful to isolate wind speed and wind
direction variables and to correlate short-term and long-term frequency
distributions. This constitutes a statistical methodology for assessing the degree
to which the distributions of wind speed class and wind direction frequencies
from one year of monitoring at a particular location represent the long-term
distributions at that same location.

For the joint frequency wind distribution used in the MILDOS-AREA model, wind
speeds are divided into six classifications ranging from mild (0 — 3 mph) to strong
(> 24 mph), as illustrated in Table 2.5-5 and Figure 2.5-30 above. Likewise, wind
directions are divided into 16 categories corresponding to the compass directions
illustrated in the wind roses presented above and in Figure 2.5-31.

The percent of the time that winds occur in each of the six wind speed categories

can be calculated to produce a wind speed frequency distribution. The percent of

the time that winds blow from each of the sixteen directions can be calculated to

produce a wind direction frequency distribution. For each parameter, the one-

year and 15-year distributions can then be compared. Linear regression analysis

provides a useful tool to assess the degree of correlation between short and
‘ long-term distributions.
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Figure 2.5-32 presents this correlation for the wind speed distributions at
Riverton. Each point represents one of the six wind speed classes. The x
coordinate corresponds to the percent of the one-year period during which the
wind speed fell in a given class, while the y coordinate corresponds to the
percent of the 15-year period during which the wind speed fell in that same class.

Riverton Wind Speed Correlation
Baseline Year vs. Long Term
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Sources: Analysis by IML Air Science using hourly data supplied by National Climate Data Center
from 1996 to 2012

Figure 2.5-32. Riverton 15-Year vs Baseline Year Wind Speed Distributions.

The regression line (red) in Figure 2.5-32 represents the least-squares fit to the
six data points. The corresponding R? value of 94.7% implies very strong linear
correlation.

A similar analysis can be performed for wind direction frequencies. Figure 2.5-33
presents this correlation, again for the Riverton AP site. Each point represents
one of the sixteen wind direction categories. The x coordinate corresponds to the
percent of the one-year period during which the wind blew from a given direction,
while the y coordinate corresponds to the percent of the 15-year period during
which the wind blew from that same direction.

The regression line (red) in Figure 2.5-33 represents the least-squares fit to the
sixteen data points. The corresponding R? value of 93.9% implies very strong
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linear correlation. This correlation would likely be even stronger except for low
resolution provided in the wind direction data from the Riverton AP site. The
NWS records hourly average wind directions, or azimuth angles, to the nearest
10°. Given that each wind direction category spans only 22.5°, this coarse
resolution compromises the correlation analysis between short and long-term
wind directions.

Riverton Wind Direction Correlation
Baseline Year vs. Long Term
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Figure 2.5-33. Riverton 15-Yr vs Baseline Yr Wind Direction Distributions.

Despite this limitation, Figures 2.5-32 and 2.5-33 offer conclusive evidence that
the 2011 baseline monitoring year adequately represents the last 15 years at
Riverton.

The same argument can be made for the Casper site. Although 10 miles farther
from the project site than Riverton, Casper has higher wind speeds that more
closely match Gas Hills on-site wind speeds. Moreover, the dominant
southwesterly winds at Casper resemble the prevailing south-southwesterly
winds at Gas Hills. Figure 2.5-34 shows 8-year and baseline-year wind roses at
Casper to be nearly identical. Figures 2.5-35 and 2.5-36 show the Casper wind
speed and direction frequency correlations, respectively, between the baseline
year of 2011 and the 8-year period for which data were obtained.
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Figure 2.5-34. Casper 8-Yr vs Baseline Yr Wind Roses.

Casper Wind Speed Correlation
Baseline Year vs. Long Term
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Figure 2.5-35. Casper 8-Yr vs Baseline Yr Wind Speed Distributions.
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Casper Wind Direction Correlation
Baseline Year vs. Long Term

25%
/
5. 20%
(4]
=
(]
-
o
&’ 15% *
= y = 0.8937x + 0.0066
S R2 = 0.9804
8
E 10%
(& ]
&
(]
>.'
® 5o %
L 2
00/0 T T T T T
0% 5% 10% 15% 20% 25% 30%

1-Year Direction Frequency

SourcésﬁABalysm by IML Air Science using hourly dai’t;éﬁb'plied by National Climate Data Center
from 2004 to 2011

Figure 2.5-36. Casper 8-Yr vs Baseline Yr Wind Direction Distributions.

The R? values of 94.8% for wind speed and 98.0% for wind direction indicate
even stronger correlation between the short and long term winds at Casper.
Although the Casper long term data span only 8 years (vs. 15 for Riverton), a
very strong linear correlation is evident.

Since the one-year wind data serve as reliable predictors of the long-term wind
conditions at Riverton and Casper, and since the Gas Hills site experiences
similar regional weather patterns, it is proposed here that the one-year baseline
monitoring represents long-term meteorological conditions at the Gas Hills
Remote Satellite site.
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On-Site Meteorological Instrument Specn‘lcatlons

Table 2.5-15 lists the meteorologlcal instruments employed at the Gas Hills
meteorological monitoring station. The table shows instrument models, accuracy
specifications, and instrument heights above the ground. Calibration records for
the meteorological instruments are contained in Appendix A to this document.

‘

Meteorological data collection, management and reporting methods at the project
site conform to NRC atmospheric dispersion modeling requirements for uranium
milling operations, and meet the acceptance criteria established in the NRC’s
NUREG-1569. The on-site monltonng program was developed according to NRC
Regulatory Gwde 3. 63, “Onsite Meteorological Measurement Program For
Uranium Recovery Facilities — Data Acquisition and Reporting.” Hourly average
values for wind speed, wind direction, sigma theta, temperature, relative -
humidity, precipitation and solar radiation are generated by field instruments and
recorded by continuous data loggers. Data recovery exceeded 99% for the 13-
month monitoring period. All hourly data have been downloaded to a relational
database for quality assurance, statistical analysis and reporting purposes.
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Table 2.5-15. Gas Hills Monitoring Details

Parameter Measurement M:::fna;'zt‘;g;er Sampling' Averaging Measurement Instrument .° |- :-'Monitbring
. Method Number Frequéncy - “Period . '~ Range = | Reading Accuracy | . Height
Horizontal Wind . RM Young L - . ' . L
Speed Frequenc.y 05305-AQ 1 second Minute/Hourly 0-50m/s +0.2 rn/s.- 10 mgters
. Precision RM Young ' agne o .
Wind Direction potentiometer. 05305-AQ. 1 secorlc_j I\/_Ilnute/HourIy. 0-360 +3 10 meters
Ambient N . . L 3 Lo o o +0.05° C. _
Temperature Thermistor 3 Met One 062 1 segond . Mtlnute/Hourlyll j50 to +50° C : - 10--mgters
Ambient . : s L : o 4m L Enc~ | § RS (5. 2 meters
Temperature ._Th_ermlstqr_ . Met One 0§2 1 second. - | Minute/Hourly | -50°to +50 C | +0.05° C: :
Ambient e Vaisala. . ' . . o ino | o . 2-meters
Temperatiire .Th_;ermlstor_-l HMP45C. 1 segond Mlngte/HourIy ' ,-_45 to_+6__0 C; +0.5°C | S
Dew Point _ : ; : Minute/Hourly | . N/A ‘ - 2.meters
Temperature Cg[cul_atgd_ Calculated Calculated “Calculated [~ N/A — o S
Differential ; - . y R A N | 2-10 meters
Temperatiire Calculated - Calculated 1 second Minute/Hourly s N/A N/A Sl
Relative. _Capacitive Vaisala- . \ o o 2% (0-90%RH) | -,
Humidity | polymer H-chip |. HMP45C. 1second | Minute/Hourly | 0.8%10100% | .39 (90-100%RH) 2| 2 Meters
) Silicon Camobell o - S ,
Solar Radiagtion | ‘photovoltaic - LI2§0X- 1 second Minute/Hourly “* | 0-2000 W/m® . +5% | - ~2'meters
~detector T L R '
: ) Texas P , ' ¢~ Finite S L
Precipitation Tipping-Bu‘ckt—:-_t.. - Instruments Event Data Minute/Hourly .| .increments of | 1% | 75¢cm

TE525WS

Source: _Caméco Resources, 2012
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Upper Atmosphere Characterlzatron

Mixing height is the herght of the atmosphere above the ground that is well mixed
due either to mechanical turbulence or convective turbulence. The air layer '
above this height is stable. Hrgher mixing heights are associated with greater
dlspersmn all other parameters being the:same. Stable perlods have much lower
mixing heights and accompanying lapse rates aIIowmg for less temperature
variation. The MILDOS-AREA model uses mixing height, along with other wind
parameters, to predict pollutant, dispersion. Unstable air leads to mére drspersmn
which leads to lower predicted |mpacts on amblent air quality. The default.i mixing
height used by MILDOS-AREA is 100 meters, a very conservative value: .

The nearest upper-air data available from the National Weather Service are from
Lander, Wyoming, approximately 70 miles west of the site. Average mixing -
heights were derived from the AERMOD calculations used for dispersion "~
modeling, based on hourly data obtained frori the National Weather Service
station in Lander (upper air). The AERMOD calculation is based on a
combination of mechanically and convectively driven boundary Iayer processes.
The results of these calculations are provided for morning and afternoon periods
in Table 2.5-16. The 24-hour annual average mrxrng herght is 916 meters

oo

Time Period (Filtered) A\rerage M.ixing / l'nvers’ion—Height '"

Morning (2 am ~ 7 am) 579 meters
Afternoon (2 pm -7 pm). - 1,123 méters

Sources: IML computatlon based on data from ‘National Climate Data Cehter 2011

Table 2.5-16. Lander ermg Heights.

The mixing or inversion heights are entered as inputs to the MILDOS-AREA
model for pollutant dispersion modeling. For the Gas Hills Remote Satellite, the
1997 MILDOS modeling run used 400 meters for the morning mixing height and
2,400 meters for the afternoon mrxrng height.

Bodies of Water and SpeC|aI Terrain Features _

The nearest significant body of water to the proposed Gas Hills project is the
Sweetwater River, approxrmately 20 miles south of the Gaas Hills Remote
Satellite site. This is a relatively small tributary flowmg into:the North Platte River
approximately 40 miles southeast of the site. It is hlghly unlikely that the influence
of such a small stream tould be measured 20 miles away with a standard .
humidity probe. '

The nearest mountain ranges to the Gas _Hi_tts site are:

e the Rattlesnake Mounta_ins,'appr_oximately 10 miles to the éast
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. o the southern extreme of the Bighorn Mountains, apprOX|mately 35 mlles to
the north S ;

It is believed that the Bighorn Mountains have little if any impact on meteorology
at the site. The Rattlesnake Mountains rise to over 8,000 ft. in elevation and may
block relatively uncommon easterly winds or redirect them to a more ,
northeasterly direction (Flgure 2.5- -20). Since the prevailing winds jin the reglon .
are southwesterly, the Rattlesnake Mountains exert only a peripheral impact on
the domjnant wind pattern, introducing a more southerly component to the
southwesterly flow observed in other parts of the region. .

The Beaver Rim i |s a promlnent erosmnal escarpment extendlng from the ,
Rattlesnake Mountalns westward to the Wind River Mountains. Rrsmg several
hundred feet, it cuts through the southern portion of the Gas Hills site. It is likely
that this geographrc feature -exerts some influence on local meteorology, .
especially dlfferentlatmg wind pattems atop the rim from those below the rim.
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Conclusion

The Gas Hills Remote Satellite in west-central Wyoming is located in a semi-arid
or steppe climate. The area is charactérizéd by abundant-sunshine, low relative
humidity, and sustained winds which lead to high evaporative demand. The .
region has Iarge d|urna| and annual varratlons in temperature -

Five meteorologrcal statlons were used to characteriZe régional wéather patterns.
The region experlences average daily maximum temperatiires near 80° in July
and average daily minimum temperatures around 10° F in January. There are
large diurnal-and‘annual variations in temperature The region has cold harsh
winters, warm dry summers; and cool springs and autumns; Temperature
extremes range from approxmately -30° F in the winter to over 100° F in the
summer. The on-site average temperature during the baseéline’ monltorlng year
at Gas Hills was 42° F with extremes of -21° to +89° F.- The region génerally
receives little precipitation with annual averages between 8 and 12 inches.
Spring and early summer precipitation events are responsible for the majority of
the yearly average.

The region is characterized by annual average wind speeds of 8 to 15 mph.
Winds at the Gas Hills site are expected to average 14 mph annually, with
summer averages dipping to near 10 mph and winter averages exceeding 16
mph. The predominant wind directions are from the south-southwest and
southwest.

The Riverton AP And Casper AP meteorological stations were included in the
site specific analysis to validate the temporal representativeness of on-site wind
data by incorporating wind monitoring results from a longer period of record. The
Riverton site is located 48 miles west-northwest of the Gas Hills site while the
Casper site is 58 miles east of the Gas Hills site. The distributions of wind
speeds and directions at Riverton during the baseline monitoring period have
been shown to closely represent Riverton’s 15-year distributions of wind speeds
and directions. The same has been shown for Casper’s 8-year distributions. The
evidence strongly supports the assertion that winds during the baseline year of
2011 at the Gas Hills Remote Satellite site are representative of the long term.
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Appendix A

Gas, Hills Meteorological Station Calibration
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WIND SPEED SENSOR CALIBRATION REPORT

'PART A: ANCILLARY INFORMATION

Project: Gas Hills Date: 7/13/2011 _ _ Check One:
Location: Wyoming Start: 13:00 7/13/2011 AsFound: _ V
Technician: Ethan Biown End: 16:00 7/13/2011 Asleft:
: SENSOR INFORMATION
Make: Met One . ) o o ' Propeller SN: NA
Model: 05305 5 Wmd Monltor AQ . ) Operating Range: 0 to 50 rhps
SN:‘WM106265 ) Height Above Ground: 10 métérs

CALIBRATION TEST EQUIPMENT

Item: Variable motor. R.M.Young, 18820A/18830A (200 to 15 000 rpm) SN: CA03277
Item: Varlable motor. R.M. Young, 18820A/18831A (0 to 300 rpm) : L SN CA03277

ltem: Torque disk dévice. RM.Young, 18312 - - =~ - L T L SN CNAT

PART B:  CALIBRATION TEST RESULTS

Sensor Starting Threshold: 0.2 .equalto  0.38 - Pass?/Fail?: Pass
-Known Input . - -/ *Observed Data Logger Response:
"Motor Motor Output " Error Error | Limit Limit Pass?
apm. |- mps . ||--mps.:| -mps % - mps .|« % Fail?.
“00 0 000 Ufl @ | T To.00 NA - | NA| "NA- [ ZNA--
450 | 1724 | 1720 | “oo00 00 | <1020 | 7 | "PASS
2700 | . Bo2.. || o2 -|.000 | 00 .| .-~ | <5% ‘| pAss

|- 2,600 22.90. "22;96 "0.00° 00 .| " —- | <t5% P'A“SS .

4000 | 4580 .|| "45.80 | ‘0.00. 00 .| .— |=<i5% | pASs .
6,000 6870 |l -.68.70 | -0.00: 00 | —~ |<i5% | pass
8000. | 9160 ¥91.60.| . 0.00. 0.0 - — | <t5% | PASs :

' ' COMMENTS

To _PASS, the sensor must have... 1) Starting Torque Threshold = < 0.50 mps
’ . 2) Wind speed input <5.0 mps = < +0.20 mps error
. 3) Wind speed input >5.0 mps = < +5% of input speed

Prepared 8/5/2010



WIND DIRECTION SENSOR CALIBRATION REPORT

‘PART A: ANCILLARYINFORMATION

Project: Gas Hills . Date: 7/13/2011 : Chieck One:
Location: Wyoming =~ = = Start: 13:00 7/13/2011 -AsFound: -~ + - _ .
Technician: Ethan Brown =~ End: 16:00 7/13/2011 . Asleft: -~ ; :
'SENSOR INFORMATION '”
Make: MetOne Operatlng Range: -0 to 360 degrees
Model: 034B T Height Above Ground: 10 meters e

SN: K15391

CALIBRATION TEST EQUIPMENT

“Item: Brunton pocket transit compass : . . s "'_ B - : 'SN: '508,0610049
Item: R M. Young, Model 18331, vane torque measurement devrce - '_SN: 'NA _
Itern: R.M.Young, Model 18112, vane angle fixture” =~ ST SN: o NA o

"PARTB: CALIBRATION TEST RESULTS

Local Magnetic Declination: 8.4 degrees east . o L SR

(http:/Amww.ngdc.noaa.govigeomagmodels/Declination jsp)

Sensor Startlng Threshold -, 9'0 '-,'eq;uéﬂl 16 j 0.49 ' Pass') I;Féil?: .-.-'PA:—SS K '
e . —gm Cm. .'... R — mpS' . . Coes . -_TSU-—-S . 2 mps
Test Accuracy Test Response o  Test Lmearlty Test Response ’ '
Input Output Error Rqss?. Input - Output Nrmlzd*} Pass’>
Deg. Deg. Deg. Fail? - ..Deg. " Deg.' | Deg. | Fail?”
358 360 2 | pAss 0 | .o | NA | NA .
88 92 3 PASS 30 317 | 1 | pAss’
178 | 181 2 PASS | - 60 | .62 1 PASS’i
268 | 269 A PASS .90 | ;93 1] PASSr
o T 120~ |° 122’ 1| _PAss’
COMMENTS 150 151 -1 PASS
180 180 -1 PASS
- The crossarm was measured at 88.4 degrees to true 210 209 1 PASS
north on 6/13/2011. The accuracy test response was
measured against the crossarm. This is reflected in 240 239 il PASS
the "Test Input Deg." category. 270 268 -1 PASS
300 298 0 PASS
330 328 1 PASS
350 349 2 PASS

* Normalized error in degrees.

To PASS, the sensor must have... 1) Starting Torque Threshold = < 0.50 mps
- T 2 Accuracy Test Error = < 15 degrees per test point
" 3) Linearity Test Error = <13 degrees per test p0|nt

Prepared 8/5/2010



TEMPERATURE / ATEMPERATURE CALIBRATION REPORT

.. PARTA: ANCILLARY.INFORMATION
Project: Gas Hills Date: 7/13/2011 , Check One:
Location: Wyoming .. ., . . §tart: 13:00 ?/13/2,011 As Found: AN
Technician: Ethan Brown . " End:-16:007/13/2011 S As Left: . ..

SENSOR INFORMATION

Make: Met One . e 2-Meter Probe SN: K13983 (2 of 2)
Model: 062 MP . . o 10-Meter Probe SN: K13983 (1 of 2)

Operating Range: -50 to +50 C_

CALIBRATION TEST EQUIPMENT

Item: Dostmann Electronic GmbH P650-PT .. SN: 65010081147
“ltem: Insulated water baths with mechanical stirring. =~ .~ . . .. SN: NA .

PART B: CALIBRATION TEST RESULTS

Temperature Probe Calibration : T
Known Iriput B Observed Data Logger Response _
._ Water '| Temp. || 2-m 2[m - -P_a_ss,?'f-f'_lT 10m [ 10m *f Pass?
Bath /| -°C. J| °C | Emor°Cy| Fail? | -°C -|-Eror°C'| .Fail?--
’ lce | "000 | o000 { oo i PAss-‘|--0.02-:] -002 {| PASS :
: Cool | 2300 |[--22.91 :| 009 | PAss || 2287 | -013 | PASsS
Hot | 4005 {| 4005 | o000 | Pass | 4005 | o000 | PASS’
Tempergtun‘ejbifférer!ce System _Calibratibn l
Known Input Observed Response - (NOTE: The water baths were constantly
Water AT - 1 2-10 AT 2-10 AT | Pass? "’ agitated with mechanical stirring during
: Bath C0 %G o] Emor®C . Fail? the calibration tests.)
: lce | 000 '] 002 | .002. [ PASS
.' Cool _0.00 :0.05 0.05.. )| PASS (NOTE: During the AT calibration, both
Hot 0.00 - 0.00 0.00 PASS probes were placed together in the same
bath.)
COMMENTS
To PASS, the temperature probes must have... Accuracy error = £ +0.50 °C per test point
‘ ' Y ' To PASS, the AT system must have... Accuracy error = < $0.10 °C per test point
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~SOLAR RADIATION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Gas Hills . Date: 7/13/2011 .. . Check One:
Location: Wyoming - ' . Start: 13:00 7/13/2011 . _AsFound: . .N. .
Technician: Ethan Brown End: 16:00 7/13/2011 As Left: .
SENSOR INFORMATION %
Make: LiCor-.’ - Operating Range: 0.t0-1,400 W/m )
Model: 200 Pyranometer  *~ Height Above Ground: 1.8'meters -
SN: PY69340 Lo
!
'CALIBRATION TEST EQUIPMENT X
. Item: Kipp & Zonen CM-3 pyranometer . .. K A SN:' ..58211 ©
~ Item: Fluke Model 289 d|g|tal multlmeter (45d|g|ts True RMS) PP P - | 96210097
PART B:" CALIBRATION TEST RESULTS ;
Known Input Observed DAS Response =~~~
il "Period Value 1| * DAS |, “Error  }7° Error Error - Pass'7 N
' ohbimm | wWim? | Wim? L wim? . ¢, | RS, o Fail??:
JCovered [ .00 | 0 i .0 | . NA, NA PASS |
1 1347 112 112 o o] 05 | 06 |t pass
1456 | - 481 J-“a76 | -5 | 29 | 04| PASS-
1435 | 1034 | 1070 | 36 | 35 | 26 :PASS L
14.42 975 -1 010 | 35 | 36 | 25 PASS -
1450 162 154 -8 51 . -0.6 FAIL . ]
1454 210 203 7 | 32 | 05 PAss |~ ;
Calibration Curve Resuits & Slope: ’[ 1 0435 ;| . PASS
_ Intercept: 2| -9.412 .| PASS
" Corr.Coeff: °| 0.9999 | PASS '_
COMMENTS
- It was difficult to get a large range of values due to increasing cloud cover throughout the day.
To PASS, the sensor must have... ' Slope = 1.0 0.05 e o :
2 Intercept = < 1% of Full Scale ’
% Correlation Coefficient = = 0.9950

* Error per test point = 5% of observed
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RELATIVE HUMIDITY SENSOR CALIBRATION REPORT =~

@

" "PART A: ANCILLARY INFORMATION

Project: Gas Hills

Location: Wyoming

Technician: Ethan Brown

Make: Vaisala

Date: 7/13/2011
Start: 13:00'7/13/2011
End: 16:00 7/13/2011

Model: TIMP45AC

SN: F3630128

SENSOR INFORMATION

Check One:

As Found:

3
As Left:

Operating Range: 0-100% .

CALIBRATION TEST EQUIPMENT

Height Above Ground: 2 meters"

102060060

Item: Fisher Scientific Traceable Hygrometer, Thermometer, Dew Point

SN:

"~ PARTB; CALIBRATION TEST RESULTS

~ OBSERVED RESPONSE J

KNOWN INPUT DAS Erfor | Pass? -] :
Test | %RH || %RH | %RH /| Fail?' |-
Ambient | 308 | 278 -] 30 ] PAsS ‘]

Chmbr. | 930 | 945 ] 15 PASS |-

COMMENTS

To PASS, the sensor must have... 1) Percent Error = < 10%
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PRECIPITATION GAUGE CALIBRATION REPORT

Project:
Location:
Technician:

Make:
Model:
SN:

item:

PART A ANCILLARY INFORMA TION

Gas Hills Date: 7/13/2011 . . Check One:
Wyoming ' Start: 13:00 7/13/2011 As Found: V-
Ethan Brown . End: 16:00.7/13/2011 As Left:
'SENSOR INFORMATION

Met One Gauge Type: Tlpplng Bucket
TR525USW ) o Operating Range:-NA ~
45573-1010 Height Above Ground: 76.20- " cm

CALIBRATION TEST EQUIPMENT

Distilled water, graduated cylinders, drip device ' -- - - SN: NA. -

PART B- CALIBRATION TEST RESULTS

I .. OBSERVED RESPONSE .

KNOWN INPUT || "DAS | Eror Error | Pass? .

mLbHO [ mm ]| mm. | mm | %, [ Fal?’

500 1510 | 1448 ] 062 | -41 | PASS
COMMENTS

To PASS, the sensor must have... 1) Percent Error = < 10%
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