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AATA INTERNATIONAL, INC.

April 22, 2010

This meteorology station cost estimate. was compiled using the most current prices)
available from Campbell Scientific, 'Met One. Instruments, and. Climatronics. Actual.
prices may :vary depending on. the ordering date. This cost estimate does not include
taxes and shipping, nor installation, maintenance; and repair. The estimate does 'not,
include anytype of communication device such as cellular or satellite modems, but theý
.data can be downloaded directly from the datalogger.

Meteorology Station Cost Estimate

Item Description Cost
10 meter tower With base, cross arms, and guy wires $1 ,382.00
CR100 datalogger, enclosure, and hand display $2,060.00
Computer software (Loggernet) .$599:0.00
70 Watt solar panel, regulator, and batteries $1000.00
Delta-T temperature sensors at2 and 10 .meters $525.00
Delta-T radiation shields $1,12 5.00
Relative humidity sensor and shield $670.00
Pyranometer and mount $485.00
Rain gage :$396.00
Wind direction and speed '$825.00
Consumables (zip ties, tape, poles, bolts,, etc.) $100.00
Total $9,1167.00

international Environmental Consultants

2240 Blake Stredet Suite 210, Denver, Colorado 80205
Phone: 720-974-2550 Fax: 303-223-1333 Internet: httP:/IwwN.6ata.com





WIND DIRECTION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte

Location: Crawford Nebraska

Technician: Ethan Brown

Date: 8121/20.10

Start: 15:22 8/21/2010

End: 10:20 8/23J2010

Check One:

As Found: q

As Left:

Make: Met One

Model: 034B

SSN: K15391

SENSOR INFORMATION
Operating Range: 0 tod360 degrees

Height Above Ground: 10 meters

CALIBRATION TEST EQUIPMENT

Item: Brunton pocket transit compass

item: R/M.Young, Model 18331, Vaneotorque measurement device

Item:1 R.M.Young, Model 18112, vane: angle fixture

SN: 5080610049

SN: NA

SN: NA

PARtT&B CALIBRATION TEST RESULTS

Local Magnetic Declination:. 8.4 degrees east
(http://www~ngdc.noaa.govfgeomagmodels/Declinatiin.jsp)

Sensor Starting Threshold:. 5.0
gm-cm

Test Accuracy Test, Response

Input Output Error. Pass?

Deg: Deg. Deg. Fail?

2 0 -2 PASS

92 89 -3 PASS

182 179 -3 PASS
.272 269 -3 PASS

,equal to 0.37
mps

Pass? ! Fail?: PASS•ý 06.'50 m'ps

Test- Linearity Test Response

Input Output Nrmlzd* Pass'?
Deg. Deg. Deg. jFail?
0 0 NA NA

30 28 -2 PASS
60 58 0 PAss

90 89 1. PASS

120 118 -1 PASS

150 148 0 PASS

180 178 0 PASS

2.10 209 1 PASS

240 239 0 PASS

270 269 0 PASS

300 300 1 PASS

330 330 0 PASS
* Normahized error in degrees-

COMMENTS,

- The crossarm wasmeasured at 272 degrees to true
north on'8/23/2010. The accuracy test response was
measured against the crossarm, and.therefore is off
by2 .degrees. This is reflecte~d in-the "Test Input Deg.'
,cat egory.

To PASS, the sensor must have... 1) Starting.Torque Threshold = • 0.50 mps.
2) Accuracy TestError = 5 ±5 degrees per test point
3) Linearity Test.Error= :g ±3 degrees per test point

Prepared 81512010



WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte Date: 8/2112010 Check One:

Location; Crawford Nebraska Start: 15:22 812112010 As F0u.nd: '

Technician: Ethan Brown End: 10:20 8/22/2010 As Left:.

SENSOR INFORMATION

,Make- Met One Propeller SN: NA

Model: 034B Operating Range; ot075*mps

SN: K15301 Height:Above Ground; 10 meters

CALIBRATION TEST EQUI1PMENT

Item: Variable motor. R.M.Young, 18820N18830A (200 to 15,000 rpm) SN: CA03277

Item: Variable motor: R.M.Young, 18820A/18831A.(0 to 300 rpm) SN: CA03277

ltem, T0rque disk device. R.M.Young, 18312 SN: NA

PART-B: CALIBRATION TEST RESULTS

SensorStarting Threshold: 0.2 equal to 0.38 Pass? I Fail?: Pass
-gm-,cm rMps 0.50 p

Known Input Observed Data Logger Response

Motor Motor output Error JError] Limit 1Limit 1Pas,??
rpm mps .Dmps rmps % rmps % Fail?.

0.0 0,00. 0.00' 0.00 NA NA. NA NA

150 4:27 4.28, 0.01 0.1 ± 0.20. -- PASS

300 8.27 8.27 0.00 0.0 /0-. • +5% PASS

700 18.92 19.06 0.1t4 0.7 -- 5 <+5% PASS

1,300 34.90 35.63 0.73 2.1 P-- <5% PASS

COMMENTS

- 1,300 was the highest. RMP, obtained with the drive unit
available. 35 mps is equivalent to 78mileswper hour.

-Need to get wind speed attachment0for 034B,

- Accomplished starting threshold by marking the wind speed arm and placingscrew.on arm,

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

Prepared 8/5/20.1,0



TEMPERATURE I ATEMPERATURE CALIBRATION REPORT

PART A:. ANCILLARY INFORMATION

Project- Crow Butte

Location: Crawford Nebraska

Technicia.n: Ethan Brown

Make: Met One

Model: 062 MP

Date: 8/2212010

Start: 10:20

End: 11:20

SENSOR INFORMATION

lCheck One:

As Found: V

As Left:

2-Meter Probe SN: Ki 3981 (1 of 2)

10-Meter Probe SN: 1K13981 (2 of 2)

Operating Range: .50. to +50 C

CALIBRATION TEST EQUIPMENT

Ite:A Ertco-Rutechnics Thermistor ModelB4400 (13900T-45R S)

Item: Insulated water baths with mbchanical stirring.

SN: 306433

SN: NA

PART B:ý CALIBRATION TEST RESULTS

Temperature. Probe Cali- bration

I Known Input .. '"_ " Observed Data Logger Response -

water Temp 2-rn 2-rn Pass? 10-rn 10-rn Pa ss'?
Bath . 0C 0C Error•C j Fail? . Error °C Fail?

ice 0.28 0.28 0.00 PASS 0.28 0.00 PASS

dool 25.74. 25:70 -0.04 PASS 25.70 -0.04 PASS

Hot. 49.53 49.52 -0.01- PASS 49.52 -0.01 PASS

Temperature Difference System CalibratiOn

Known Input . . Observed Response
Water. .1 T 21= TWater ý & [2-10 AT 1 -10 AT Pass
Bath J 0 _C °_C Error Tc Fail?

Ice .0.00 0.00 0.00 PASS

Cool 0.00 0.00 0.00 PASS

Hot 0.00 0.00 0.00 PASS

(NOTE:. The water baths were constantly

agitated With mechanibal stirring during

the calibration tests;)

(NOTE: During the AT calibration, both.

probes were placed together in the same

bath.)

COMMENTS

To PASS, the temperature probes. must have.., Accuracy error =:<•.+0 50 6C pertest point
To PASS, the AT system mrust have... Accuracy error =<0 I10 0C per test point

Prepared 8/5/2010



PRECIPITATION GAUGE CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Projec6t: Crow Butte Date: 812212010 Check One:

Location: Crawford Nebraska Start: 9:32 As Found': 1
Technician: Ethan Brown End: 10:00 As Left: _

SENSOR INFORMATION
Make:.:Me(tOne Gauge Type: Tipping Bucket

Model: TE525WS Operating Range:i NA
SN; NA Height Above Ground: 0.91 meters

CALIBRATiON TEST EQUIPMENT

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

PART.B; CALIBRATION TEST RESULTS

OBSERVED RESPONSE

FKNOWN INPUT DAS Erro3r Ero ass?.

:250 .7.60 7.37 -0.2 -3.1 PS

COMMENTS

- Need toobtain serial number from unit.

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

Prepared 8/512010



SOLAR RADIATION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte

Location: Crawford Nebraska

Technician: EthanBrown

Date: 8/21/2010

Start: 15'.:22:8/21t2010

End: 11:008/23/2010

Check One:

•As Found: 4,

As Left:

Make: LiCor

Model: 200 Pyranorneter

SN: PY68828

SENSOR INFORMATION.

Operating Range: ý0 to 1,400,W/m2

.Height Above .Ground: 1',3meters

CALIBRATION TEST EQUIPMENT

Item: Kipp & Zonen.CM-3.pyranometer

Item; Fluke, Model 289, digital multimeter.(4.5 digits, True RMS)

SNW 58211

SN: 96210097

PART B: CALIBRATION TEST RESULTS

I Known Input' F Observed'DAS RbspOnse

Period JValue DAS Error Err Error Pas
hhmm W/rn W/mr2  W/rnm % %:F.S. paill 4

Covered 0.0 0 0 NA NA NA

17:00 438 443. 5 1.1 0.4 PASS
16:51 469 472 3 0.6 0.2 PASS

16:43 484 492 8 1.7 . 0.6 PASS

14:33. 762 766, 4 0.5 0.3 PASS

12:26 842 836 -6 -0.8 -0.5 PASS

Calibration Curve Results c Slope:.1 0:9960 PASS

Iniercept: 2 [4:302 PASS

Corr. Coeff:.3 0.9999 PASS

COMMENTS

-It was difficult to geta largeý,range of values because of constant-clear skies. The pyrbnorneter performed very Well
against the CM-3

To PAss, the sensor must have.. 1 Slope .1.0 ±0.05
2 intercept. = .1% of Full'Sdale
3 Correlation Coefficient,:,= >-0.9950

4 Error per test point = ±5% ofiobserved

Prepared 8/5/2010



RELATIVE HUMIDITY SENSOR CALIBRATION REPORT

PARTA: ANCILLARY INFORMATION

Project: Crow Butte Date: 8/22/2010 -. 8/2342010 Check One:

Location: Crawford Nebraska Start: 12:54 As Found:. 4
Technician: Ethan.Brown End: 10:00 As Left:

SENSOR INFORMATION

Make: Vaisata Operating-Range: 0-100%
Model' HMP45AC Height Above Ground: 2 meters

SN: F2450239

CALIBRATION TEST EQUIPMENT

Item: Fisher ScientificTraceable Hygrometer,. Thermometer, Dew Point SN: .72366727

PART B: CALIBRATION TEST RESULTS

J OBSERVEDRESPONSE

KNOWN INPUT~ D Error P J I
Test %RH II _RH. __RH Fai?_

Ambient 46.9 [471 O°2 PASS,
Chmbr. 55.2 55.7 0.5 PASS

COMMENTS

-Could not get chamberhigher than 60% relative humidity!. The Vaisalasensor comes with a calibration certificate.
Even though it passed this audit, a new chamber will need to be used forthe 6 month-calibratior. Suggest using salts
instead of the Fisher Scientific Hy'grometer.

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

'Prepared 8/5/2010
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WIND DIRECTION SENSOR CALIBRATION. REPORT

PART A: ANCILLARY INFORMATION

Project:. Crow Butte Date: 12/0112010 Check One:

Location: Crawford Nebraska Start: 10:30 12101i2010 As Found: '1
Technician: Ethan Brown End: 13:00 12/01/2010 As Left: 4

SENSOR INFORMATION

Make: Met One Operating Rangb; 0 to 360 degrees

Modl: 034B Height'Abov& Ground: 10.meters

SN: "K18760,

CALIBRATION TEST EQUIPMENT

Item: Brunton pocket transit compass SN: 5080610049

Item:, R.MYoung, Model 18331, vane torque measurement device SN: NA

Item: R.M.Young, Model 18112, vane angle fixture SN: NA

PARTB.- CALIBRATION TEST RESULTS

Local Magnetic Declination: 8.4 degrees:east

(http:,iwww.ngdc.noaa~gov/geomagmodelSl/Declination.jsp)

Sensor Starting Threshold: 5.0 ,equal to 0:37 Pass? I Fail?:: PASS
gmpcm'. mps < .5rps

Test Accuracy Test Response Test Linearity Test Response

Input Output Error Pass? input. Output, Nrmlzd* Pass?

Deg Deg. Deg. I Fail? Deg. Deg.j Deg. Fail?

2 0 -2 PASS 0 2 NA NA

92 91 -1 PASS 30 33 1 PASS,

182 182 .0 PASS :60 62 -1 PASS

272 270 -3 PASS 90 94 1 PASS

1'20 122 -2 PASS

COMMENTS 1.50 151 ý-1 PASS

- The.crossarm was measured at 272 degrees to true 180 182. 1, PASS
-north on-12/01/2010. The accuracy test response was 210 212 0 PASS
:measured against the crossarm, andtherefore.is off
by 2 degrees, This is reflected in the "Test input Deg." 240 243 1 PASS

category. .270 273 0 PASS

300 302 0 PASS

330• 333 1 PASS

* Normalized error in degrees.

To.PASS, the sehs.or must have... 1) Starting Torque Threshold = _0.50 mps
2) Accuracy Test Error = _<,±5 degrees per test point
3) Linearity Test Error 4- ±3 degrees per test point



WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project Crow Butte.

Location: Crawford Nebraska

Technician: Ethan Brown

Date: 12/01/2010

Start: 10:30 12i/0i2010

End: 13:00 12101120110 0

Check. One:

As Found: 4
As Left: N,

Make: MetOne

Model: 034B

SN:: K18760

SENSOR INFORMATION
Propeller SN: NA.

Operating Range: 0 to 75 mps

Height Above Ground: 10 meters

CALIBRATION TEST EQUIPMENT

Item: Va.riable motor,. R.MK.Yobhg, 1•8820A/18830A (200 to .15,000 rpm)

Item: Variable motor. R.M.Young, 18820N18831A (0 to300'rpm)

Item: Torque disk device. R.M.Young,18312

SN: CA03277

SN: CA03277

SN: NA

PART B: CALIBRATION TEST RESULTS

Sensor Starting Threshold: 0.2 ,equallto 0.38
gm-cm mps

Pass?, / Fail?: Pass
i" 0.50 Mps

Known Input Observed Data Logger Response

Motor Motor Output Error Error Limit Limit Pass?
rpm mmps mps ps mps % mos .% Fail?
0.0 0.00 0.00 0.00 NA NA NA NA

ISO 4.27 4.28 0.01 0.1 :<+_0.20 -- _ PASS

300 8..27 8.27 0.00 0.0 -- , <+5% PASS

700 19.06 19.05 0.00 0.0 ---.. .-+5% PASS

1,300. 35.04 35.63 0.59 1.7 . .... <+5% PASS

COMMENTS.

- 1,300 was the highest RMP obtained with the drive unit
available. 35 rmps is equivalent to 78 miles per hour.

Need to get wind speed attachment..or 0348.

-Accomplished s.tarting threshold. by marking the wind speed arm and placing screw on arm.

To PASS, the sensor mustihave... 1) Starting Torque Threshold.= 0•050 mps
2) Wind speed input<5 .0 mps= ±0.20.mps error
3).Wind speed input >5.0 mps • +5%_ of input Speed



WIND DIRECTION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Priboject: Crow Butte Date: 5/27/2011 Check One:.

Location' Crawford Nebraska Start: 10:20 5/27/2011 As Found: 4/
Technician: Ethan Brown End: 13:55'.5/27/2011 As Left:

SENSOR INFORMATION

Make: Met One Operating Range: 0 to 360 degrees.

Model: 034B Height Above, Ground: 10 meters
.SN:. Kf876(O

CALIBRATION TEST EQUIPMENT

Item; Brunton polcket transit.compass SN: 5080610049
Item: R.M.Young, Model 18331:, vane torque measurement device SN:- NA

Item: R.M.Young, Model 18112, vane angle fixture SN: NA

PART B; CALIBRATION TEST RESULTS

Local MagnetiC. Declination: 8.4 degrees east

(htlp:/lwww.ngdc.noaa-govfgeomagmodels/Declination.jsp)

Sensor Starting Threshold: 2.0 .,equal to .023 Pass? Fail?. PASS
gm-cm mps < 0U0 rps

Test Accuracy Test Response Test Linearity Test Response

Input Output 1Error Pass? Input: Output Nrnlý:d* Pass?
Deg. Deg.J Deg. Fail? Deg. Deg. j Deg. Fail?

0 0 0 PASS 0 0 NA NA
90 91 .1 PASS 30 29 -1 PASS

180 :181 1 PASS 60 58 -1 PASS

270 269 .-1 PASS 90 90 1 PASS,
120 119 0 PASS

COMMENTS ,150 149 0 PASS

180 179 0 PASS

210 209 0 PASS

The crossarm was measured at 270 degrees to true 240 240 1 PASS
north on 5127/2011. 270 269 -1. PASS

300 299, 0 PASS

330 '329 0 PASS

350 350 1 PASS
360 360 0I PASS

•.N~ormalized 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



WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte Date: 5/27/2011 Check One:!

Location: Crawfo .rd Nebraska Start: 10:20.5/27/2011 As Found: V

Technician: Ethan Brown End: 13:555/27/201 1 As Left:

SENSOR INFORMATION

Make: Met One Propeller SN: NA

Model; 034B Operating Range: 0 to 75 mps

SN- K18760 Height Above Ground-: 10 meterS

CALIBRATION TEST EQUIPMENT

Item: Variable motor. R.M.YOung, 18820A18830A (?00to 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:Yourig, 1831:2 SN: NA

PART B: CALIBRATION TEST RESULTS

Sensor Starting Threshold: 0.2 ,equalto 0U38 Pass?,/ Fail?'," Pass
gm-cm mps S 0:50 rp

Known Input _ __ Observed Data Logger Response

Motor Motor Output Error JError ILimit ILimit Pass?
rpm [mps mps mps % %_ ,, mps ..% Fail?,

0.0 0.00 0.00 0.00 NA NA NA NA

1i50 4.27 4.27 0.00 -0.1 :5<±0.20 --- PASS

300 :8.27 8.27 0.00 0.0 --- •< ±5% PASS

700 18.92 19.05 0.13 0.7 --- ±59/ PASS

1,300 .3490 34.63 -0,27 -0.8 ... •+-5% PASS

COMMENTS

- 1,30.0 was the highest RMP obtained with the drive unit
available. 35 imps is equivalent to 78 milesper hour.

• Accomplished:starting threshold by mar.king the windspeed arm arid plcing screw on arm.

'ToWPASS, :the sensor must have..., 1) Starting Torque Threshold = ': 0.50 mps
2) Wind speed input !5.0 mps ±0.020 mps error

,3) Wind speed input >5.0 mps =.<5,5% of input speed

Prepared.81520 .0



TEMPERATURE I ATEMPERATURE CALIBRATION REPORT

PARTA: ANCILLARY INFORMATION

Project: Crow: Butte

Location: Crawford Nebraska

Technician: Ethan Brown

Make: Met One

Model: 062 MP

Date: 5/27/2011

Start: 10:20 5/27/201 1

End: 13:55 5127/2011

SENSOR INFORMATION

Check One:

As Found: q

As Left:.

2-Meter Probe SN' K13981 (1 of 2)

10-Meter Probe SN: K13981 (2.of 2)

Operating" Range: -50 to +50 C

CALIBRATION TEST' EQUIPMENT

Item: Dostmann Electronic GmnbH P650-PT

Item: Insulated water baths withmechanical stirring.
SN: 65010081147

SN: NA.

PART B: CALIBRATION.TEST RESUL ITS

Temperature Probe -Calibration

Known Input __ Observed Data Logger Response

Water Tep 2-rn 2-r Pass 110-rn 10-in Pass?Bath 0C PC . ErrorC .Fail? oPC Error 1C Fail?
Ice -0.15 -0.02. 0.13 PASS -0.03 0.12 PASS

Cool 18.12 18.09 -0.03' PASS 18.04 -0.08 PASS

Hot 36,09 36.06 -0.03. PASS 36.06 -0.03 PASS

Temperature Difference System Calibration

Known Input I Observed Response

Water , 2-,0 AT 2-10 AT. Pass?
It 0G C Error OC, F Fil?

Ice 0.00 0.02. 00ý2 PASS

Cool 0.00 0.0 05 0 05ý PASS.

Hot : 0.00 0.00 0.00 PASS

(NOTE:' The, w~aterbat~h~sýwere constantly

agitated with mechanical stirring during
the calibration tests.)

(NOTE: During0the T Oalibration, both

probes were placed to6gether in the same

bath.)

.COMMENTS

To PASS, the temperature probes must have... Accuracy error ± 60.50 PC per test point
To PASS; -the AT system must have... Accuracy error =±+0 10 -C per test' point

Prepared 8/512010



PRECIPITATION GAUGE CALIBRATION REPORT

PART A:. ANCILLARY INFORMATION

Project: Crow Butte Date: 5/27/2011 Check One:

*Location: Crawford Nebraska Start: 09:30 5/27/2011 As Found: 4.
Technician: Ethan Brown End: 11:04 5/27/2011 As Left:

SENSOR INFORMATION
Make: Met One Gauge Type:; Tipping Bucket

Model: TE525WS Operating Range: NA
SN: 44745J7 10 Height Above Ground: 0.9 1 meters

CALIBRATION TEST. EQUIPMENT

ftem:.. Distiiied water, graduated cyjinders, drip device SN: NA

PART B, CALIBRATION TEST RESULTS

OBSERVED RESPONSE
KNOWN INPUT DAS Error Error Pass?

ml ' H20 mm. 'mm. mm % FaiIV 1

500. 15.10 13.97 -1.13 -7.5 PASS

COMMENTS

To'PASS, the sensor must have... 1) Percent Error 5 10%

Prepared 815/2010



SOLAR RADIATION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project:.Crow Butte. Date: 5127/2011 Check One:

Location: Crawford Nebraska Start: 10:20 5/27/20 1 As Found: q
Technician: Ethan Brown End: 13:55 5/27/2011 As: Left:

SENSOR INFORMATION

Make: LiCor Operating Range: 01o 1,400 W/hn 2

Model: 200 Pyranometer Height Above Ground: 1.3 meters

SN: PY68828

'CALIBRATION TEST EQbUIPMENT

Item: Kipp & Zonen CM-3 pyranometer SN: 58211

Item: Fluke, Model 289, digital multimeter (4.5. digits, True.RMS) SN: 96210097

PART B: CALIBRATION TEST RESULTS

Known Input Observed DAS Response

IPeriod IValue i DAS IError IE~rro Error. Pass?1
hhmm W/m 2  . W/m 2, W/m2 % % F.S, Fail'? 4

10:51 0.0 0 0 NA NA. NA

10:03 933 941 7 0.8 0.5 PASS

10:32 973 .944 -29 -3.0 -2.1 PASS.

11:27 1153 1125 -28 -2.4 -2.0 PASS

11:28 1167 .1142 •-25 -2.1 -1.8 PASS

11:49 1.020 988 -32 -3.1 -2.3 PASS

Calibration Curve Results ,:> Slope: 1 0.9769 PASS

Intercept:9 2.552 'PASS

Corr.. Coeff: 3 0.9995 PASS

COMMENTS

It was difficult to get a large range of values because 'of constant clear skies. The pyronometer performed very well
against the CM-3.

To PASS, the sensor must have... ' Slope = 1.0 A0.05
2 Intercept = ! 1%% of Full Scale

, Correlation Coefficient = a 0.9950
4Error per test point = ±5% of observed

Prepared 815126010



RELATIVE HUMIDITY SENSOR CALIBRATION REPORT

6, PART A: ANCILLARY INFORMATION

Project: Crow Butte

Location: Crawford Nebraska

Technician: Ethan Brown

Make, Vaisala
Model: HMP45AC

SN: F2450239

Date: 5/27/2011

Start: 10:20 5/27/2011

End: 13:55 5/27/2011

SENSOR INFORMATION

CheckOne:

As Found: /

As Left:

Operating Range: 0-100%-
fHeig ht Above GroUnid: 2 meters

CALIBRATION TEST EQUIPMENT

Item: Fisher Scientific Traceable, Hygrometer, Thermometer,.Dew Point SN: 102060060

PART.B: CALIBRATION TEST RESULTS:

F OBSERVED RESPONSE

KNOWNINPU• •DAS Error Pass?

iTest %RH %RH %RH Fail?"

Ambient 38,6 34.4 -4.2 1'PASs S
SCjmbrj t00.0 0 96.5 -15 1 PASS-J

COMMENTS

To PASS, the sensormust have... 1) Percent Error = <1.0%

pr~epa~cd,:8/5!20 iIo



CALIBRATION PROCEDURE

18802/18811 ANEMOMETER DRIVE

YOUNG

DWG: CP18802(C)
REV:: C10I107 PAGE: 4 of 4
BY: TJT DATE: 101M1107
CHK:' J.C W.C. GAS7I2

CERTIFICATE OF CALIBRATION AND TESTING

R. M. Young Company certifies that the equipment listed below was inspected and calibrated priorto
shipment in accordance with established manufacturing and testing procedures. Standards establish.ed
by R.M. Young Company for calibrating the measuring and test equipment usedin controlling product
quality are traceable.to the National Institute of Standards and Technology.

MODEL: (2 18802/1 18811 SERIAL NUMBER: .CADýZi,-
(18802 Comprised of Models. 18820A Control Unit & 18830A Motor Assembly)
(18811 Comprised of Models I 8820AýControt.Unit & 18831A Motor Assembly)

Nominal 27100D Output Calculated Indicated

Motor RPM Frequency-(Hz)- (I) Rpm (1) Rpm (2)

18802 [ CW./ CCW rotation verified

300 5o .0oo •oc

2700 450 27.oo .oo

5100'
7500 , 2~o r-,joo: 1coO7500. -5 75 0 c) 7'o

10,200. 1 o?0_c' 1 02o.o

12,600 2-'10 o 12(00oo
15.000 2Y5oo I SOco t 5OO

18811 Ul OW/CCW rotation verified

30.0 5 0o.o .o

150.0 2-5 CIS .o 150.6
300.0 50 .co.o . Sooo

460.0 SO.O 5o.o
600.0 too_ __o. ______. _

750.0 .125 -750.0 15.

990.0 -l T5q o.o A0__ .__o

(1) Measured frequency output of RM Young Model 27106D standard anemometer attached
to motor shaft - 27106D produces 10 pulses per revolution of the anemometer shaft.

(2) Indicated on the Control Unit LCD display.
I Indicates out of tolerance

: No Qalibration Adjustments Required 0 As Found DAs Left

Traceable frequency meter used. in calibration Model: 574Ao SN: 48,

Date of inspection 27 -" 2:to i
inspection Interval One Year

Tested By

Filename: CP18302(C) doc



CALIBRATION PROCEDURE

18802/18811. ANEMOMETER DRIVE

VG UNI'I

DWG. CP18802(C)
REVý C101107 PAGE: 4of4
BY: TJT DATE: 10111107
CHK: JC W.C. GAS12

CERTIFICATE OF CALIBRATION AND TESTING

R. M. Young Company certifies that the equipment listed below was inspecited and calibrated prior to
shipment in accordancewith established manufacturing and testing procedures.. Standards established
by R.M. Young Company for calibrating the measuring and. test equipment. used.in controlling product
quality are traceable to the National Institute of"Standards and Technology.

MODEL: 18802./ 18811 SERIAL NUMBER:: A 3 3.-
(18802. Comprised of Models. 1820A Control Ulit & 18530A Motor Assembly)
(i88.11 Comprised of Models 18820A-Control Unit & 18831A. Motor. Assembly)

Nominal 27106D Output' Calculated: indicated
Motor RPM 'Frequency (Hz).- (1), Rpm (1) BRprm (2)

18802 - l CW I COW rotation~veriIied

300 r3 Q 2

2700 A5o Z 1C'o 2-.. -1•

,510 0 _ _ _,_ ..... So O
7500 02,C -5cc

10,200 1o, 102c. , tOZOO
12,600 "• tO ..... 0 1_ 0Z . ) .... .

15,000 060oo ,.Ooc 15ooo
18811 [ CW CCW rotation verified!

3o0. o.o 1o3

150.0 2.. C l0.c
300.0 .. J.O 'O0,

450;.0, -"5 'ASO. 4 5o, o

600:0 1.06 Goo. 0 XJ.0

750.0 12-5 -50 ___________

9.90.0 ____. _ o .

Measured frequency output of RM Young. Model 27106D standard anemometer attached
to motor shaft.- 27106D produces 10 pujses per revolution ofthe anemometer shaft.
Indicated on the. Control Unit LCD display.
* Indicates out of tolerance

(1)

(2)

[/No Calibration Adjustments Required -lAs.Found LI As Left

Traceablefrequency meter us~edeincalibration Model: DP5-i4o SN: 4,86ý?

Datelof inspection
,Inspection Interval

1;0 JO~ oi
OineYear

Tested By 16r,

Riename: CP18802(C).doc.



JUL-07"2011 16:42 973 .948 ii12 973 940 1112 P.01/01

.10 Millpond Ddve, Unit 2, L•ayette NJ 07848
T: 973-300.9100 F 973-255-1000

N1S, TRACEABLE CALBRAT ON •• RT•FICAT) I

Calibrati A6017 Calibration Date 12/15/2010 Calibrtton Doe Date

Rep art No.

Customer AATA International Inc.. .

Test Referen]s ASThM- E644-06 Standard tart methods ... .tesistifcet cTu-r
-~__________ ASTM El 1371tesistaice verss Tcmwatrawe._____ .____

NIST Trka~ebl
Calibration Instrument

Model Number

Serial Number

Test Interval'

NIST GMP-11,
,Table 4

Calibration
Date:

Calibration
Due Date

S8/13/2011

Expwided
Uncertainty

70.01m~hins
(WlOO00bms

IF~jt Scientific PRT
Module

Model 1562,
SN: A56655

Anntal ý80V32010

Burns IOOohmPRT Model 562645,
SN: 1085/1086/i095

Description of Clifbration",

The NIST traceable calibration instruments listed above Werd used to caifjbrate the resistance thermometer listed below at the

noted test temperatures by a comparison method. A liquid.bath was maintained at +/- O.03 0C during calibration.
The physical integrity of the thermometer was verified and the accuracy of this system calibration is the root sum square of

the setnsor and meter Any abnprmalities are noted in this report. The jemptratu"re conditions at the time of test

2215C 50%RH

Cafibration Results;

TOTAL, P.01



AccUFLUX
M0 Orville Dr., 5uit - 100
Bohemia, NY 11716
rvwilaccu fluxx~orn

T: 631-796-2308
F: 631-567-0611
E: info@accusfLuxMCom

CERTIFICATE OF CALIBRATION

PYRANOMETER CALIBRATION DATA:

Model: CM3 (Kipp & Zohen)
Serial No: 058211
Sensitivity: 14.16 pV/Nm-2
CalibrationDate: April30, 2010

CALIBTRAION PROCEDURE:

The above pyranometer has been calibrated indoors in accordance with the- ISO-9847 standard,
"Calibration of Field Pyranometers By Comparison to a Reference Pyranometer". The
calibration conditions are: 800 W/m 2 ± 1%. at normal irradiance, 200 C ambient nominal. The CM3
calibration transfer standard pyranometer is traceable to the WRR.

NOTICE:

It is advised to review the manufacturer's instructions manual prior to instrument installation and
,operation. The. manufacturer's suggested calibration cycle for the CM3 model pyranomete.r is
every two years. Calibration recertification per manufacturer recommendations is advised toý.
ensure optimal :sensorperformance and mreasurement accuracy.

Signature-
S4130/2010Date: . .



Calibration complies with ISO 9001
RTE leOIS/IIEC 17025 AND ANSI/NCSL Z540-1

Calibration Ci
Certificale No. 1750.01

Traceable® Certificate of Calibration for Digital Hygrometer
ert. No.: 4085-3268814

Manufactured for and distributed by: Fisher Scientific, P.O. Box 1768; Pittsburgh, PA.1 5230
Instrument Identification:

Model: 11-661-71 S/N: 102060060 Manufacturer:- Control.Company

Sta ndards/lEquipment:
Description Serial Number Due Datel NIST T

Digital Thermometer 90969500 712j1.11
Chilled Mirror Hygrometer 31874IH2048MCR 7/26/11

Certificate Information:
Technician: 61 Procedure: CAL-18 Cal Date: 11/02/10 C
Test Conditions: 23.5!C 41.0 %RH 1013 mBar

Calibration Data: (New Instrument)
Unit(s) I Nomin•a l As Found in Tol Nominal I AsLeft In Tol. Min Ma

raceable Reference
4000-318017.7

8493

al Due:A11/02/12

x TUR I fUr
19,W1 22.01j 0.870 1-.7-1
44.81 J 47,81 ! 0.870 1.7:1
'72.71 75.71 i 0.870 I17:1

.26.66 I 27.46 F 0.059 1 >4-1

This Instrument was calibrated using Instruments Traceable to National Institute of.Standards and Technology:
A Test Uncertainty Ratio of at leant l1 is maintained unless otherwise staled and is calculated using the expanded measurementuncertainty. Unceriainly evaluation includei the instneret undear
test and ls calculaled in accordance will the iSO "Guide to the Expression of uncertainly in Measuremeni" (GUM). The uncertainty represents an expanded uncertainlty using a coverage factor k=2,
to aepproximate a 95% confidence level In tolerance conditions are based on tesiresult sfalling within specified limits with no reduction by. the uncertainly of the measurement. The results containedt
herein relate onlyio tha:itemncalibrated, This certificate shall not be reproduced except in full, without wiiitenapproval of Control Company.

NominatcStaridard's Reading; As Leftl-nstrument's Reading: nTol=lnTTolerance; Min/Max"Acceptance Range ±U=Expanded Measurement Uncertainty; TUR=Ttir Uncertainty Ralio:
Accuracy=-(Max-Miny2; :Min = Nominral(Rounded) - Tolerance; Max =NNominal{Rounded) + Tolerance; Oaie=MM/DDfYY

Nicol Rodriguez, Qualtry Manager Wallace Beary, Technical Manager

Maintaining Accuracy:
In our opinion'ence calibrated your Digital Hygiomeler should mailntain its•ccuracy. There isnn eaect way to determine how long calibration Will be maintained. Digital Hygronrieteis change little, i
anyt at all but can be affected by aging, temperature, shock, and contamination.

Recalibration:
For facolry calibration and re-conlincatlon Iraceabta to National Institute of Standards and Technology contect Control Company.,

CONTROL COMPANY 4455-Rex Road Friendswood,,TX 77546 USA
Phone 281 ;482-1714 Fax 281 482-9448 service@control3.com www.control3.com

Centrol Company is an ISO 17025,2005 Calibration Laboratory Accredited by,(A2LA) American Association for Laboratory Accreditation, Certificate No, 1750,01.
Contrat Company is ISO 9001:2008 Quality Certified by (ONV) Oet.Norskeyvriias. Certiicele No. CERTý01505-2006-AO.HOU-ANAB..

OT lnlernational Laboratory Accreditation Cooperation (ILAC) - Multilateral Rocogntion ArrangrerentfIMRA),

Pille't of:I Trsacýbletis a reisirrig '{dr dtdarmork erfot Corriysny 0 2009 Control Company



Appendix C

Geophysical Boring Logs



CROW BUTTE
RESOURCES, INC.

LOG B-76

530 01-55 S * Ste. 1D
Highind. Ran&, C080129ARCADIS -P: 720-344 3500 F: 720.344-3530



CROW BUTTE
RESOURCES, INC.

LOG C-34

Hsghlonds RanW, CO 80129S: 720-344-3500 F' 720-344-3535-m Dcdv*st lo



w

R CROW BUTTE
-: RESOURCES, INC.

LOG C-36
AR AD C 30OPlICDriv, te, 100

0A AHighlands Ranc, CO 80129

P: 720C344 3500 F: 720-344-3535O.C-rIS .. =-usCC



LD

C-)
= 1•-CROW BUTTE

i RESOURCES, INC.

LOG C-37

£ ~~Highlands Rndh, CO 80129ARinCAruIS P720-344-3500 F: 720-344-3535
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C,!

2L CRO BUTTE
T TRESOURCES, INC.

9 LOG C-38

~~AR(AD i gwn' Randt Co 80120ARCA D I S R720-W4 M0P 720-344-435
Vt -wecdS-us.cot
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CROW BUTTE

RESOURCES,

LOG C-42

IiIUiUISP. 720,344-3500 F 720-344-M353

QACDICI""ý"

NC.



Nil

I anow

I-
Lo

0L

IL,

cr CROW BUTTE
RESOURCES, INC.

CHICOINE 1A LOG

630 Ptot. Dýt SWe 0DARCADIS .........
Ighl7n34 R4.35 , C7 80120ARCA I 'P: 720-344-35G0 F: 720-444.3535



ICROW BUTTE

RESOURCES, INC.

LOG G-44
iH. h 0 d. Rs ch. CO 8D129

A D 720-344-3500 F 720-344-353M



-ifR ES INC[I

3 z1,p;

(0

(L ~~CROWBUT
RESOURCES, INC.

LOG G-50

U. O3P~aaDCCC.Ste 00
EF'i ~ f~f i CgC34n RM&Sd, 0'2ARCADIut,704430
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CROW BUTTE
RESOURCES, INC.
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CROW BUTTE
RESOURCES, INC.

HOLIBAUGH I LOG

6M0 Pt.. D-, S. 7100
H74•iPh0, 3O580129ARCADIS P 720.344.3500 F 720-3ISM3635



1 RESOURCES, INC.



CROW BUTTE
RESOURCES, INC.

LOG M-24

ARCADIS 6.... .....-d-~n -aoC 02



£

5I

S

CROW BUTTE
-- & RESOURCES, INC.

LOG M-29

V2 ARCADIS ._.... _....
I•~ 720-344-3000 F: 720-.344--3030



CROW BUTTE

RESOURCES, INC.

LOG M-31

High~d. Ranoh CO80129
A A 720-344-3500 F: 720-344-3535A.RcADI -u' cor



CROW BUTTE
RESOURCES, INC.

LOG M-35

Highloft Rfld. CO0801295~ AR ADISP 720-344.3500 F 720.344.3535



CROW BUTTE
RESOURCES, INC.

LOG M-36

mighimn Ra0 , Co 80129S P 720-344-3500 F 720-344.3030



CROW BUTTE
RESOURCES, INC.

LOG M-38

Hig lm,• Rnchf , CO02sg

S 720-344-3500 F 720-344.3535wwa AR.CADIS co



CROW BUTTE
RESOURCES, INC.

LOG M-39

HlhW0n6. Rwnd CO 80129
PS 720-344-3500 F' 720-344-S35ARCADIS .. cP" D-.s'conD

&



CROW BUTTE
RESOURCES, INC.

LOG M-47

HighWM Ran. CO 80129

VIS 7M344-3500 F 720-34-35MI .



2

(LI CROW BUTTE
RESOURCES, INC.

LOG M-49

...... R..... Hiwl.ýd. R..W CO 80129

ACDS P. 720344 300 F: 720-344-535

0%i



CROW BUTTE
RESOURCES, INC.

LOG M-51

63O P[s-D,". AtIOD

ARCADI P, 720S344-3 F: 720-344.-M35-~lardicmJ• ~



m

TI :

~ CROW BUTTE
RESOURCES, INC.

LOG M-53

i . gbpýR & OB2
P MýW 7034M

ARAI ..



GCROW BUTTE
RESOURCES, INC.

LOG M-66

Highlands lMnd•, CO80129

P: 720-344 3500 F: 720-344-3535
w w7.rd.con,

&



CROW BUTTE
RESOURCES, INC.

LOG M-72

Hlgl.lnM Ranh. C0 80129
S72034-3500 F 20-344M3535

ARCADIS'm-u cr

(j~I




