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AATA INTERNATIONAL, INC.

April 22, 20'10

This meteorology station cost estimate was compiled using the 'most current prices
.ayailable fr-om Campbell Scientific, Met One Instruments, and Climatronics. Actual
prices may vary depending on the ordering date. This. cost :estimate doe's not include
taxes and shipping nor .installation, maintenance, and repair. The estimate does. not
include any type of communication device such as cellular ot satellite im6dems, but the
data can be'downloaded directly from the datalogger.

Meteorology Station Cost Estimate

Item Description Cost
10 meter tower With base, cross a.rms, and guy wires $1,382.00
CR100 datalogger, enclosure, .and hand display $2,060.00
Computer software (Loggernet) $599.00
70 Watt solar panel, regulator, and batteries $1000.00
Delta-T temperature sensors at 2 and 10 meters $525.00
Delta-T radiation shields $1,125.00
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 $9,167.00

International Environmental Consultants

.2240 Blake Street, Suite.210, Denver, Colorado 80205
Phone: 720-974-2550 Fax: 303-223-1333 Internet http:/Iwww.aata.com





WIND DIRECTION SENSOR CALIBRATION REPORT

PART A: ANCILLARY'INFORMATION

Project: Crow Butte Dlate: 8/21/2010 Check One:

Location: Crawford Nebraska Start: 15:22 8/21/20,10 As Found: 41

Technician: Ethan Brown End: 10:20 8/23/2010 As Left:

SENSOR INFORMATION'

Make:. Met One Operating. Range: 0 to 360 degrees
Model- 034B Height Above Ground: 10 meters

•SN: K15391

CALIBRATION TEST EQUIPMENT

Item: Brunton pocket transit compass ýSN: 5080610049

Item: R.M.Young, Model 18331, vane torque rmeasurement device SN: NA

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

PART&B CALIBRATION TEST RESULTS

Local Magnetic Declination: 8.4 degrees east

(http:/Awwv.ngdc.noaa.gov/geomagmbdels/Declination.jsp)

Sensor Starting Threshold: 5:0 equal to 0137 Pass?/ Fail?: PASS
gm-cm mps 0.50 mps

Test Accuracy Test Response Test Linearity Test Response

Input Output j Error 1Pass? Input Output 1Nrnmizd* Pass?
Degý Deg. Deg..D. Fail? Deg: Deg. Deg. ;Fail?

2 :0 -2 PASS 0 0 NA NA
92 89 -3 PASS: 30 28 -.2 PASS

182 1,79 -3 PASS, 60 58 0 PAss
272 269 -3 PASS 90 89 1 PASS

120 118 -1 PASS

COMMENTS 150 148 0 PASS

-. The crossarm was measured at 272 degrees to true 180 178 0 PASS
north on. 823/2010. The accuracy ltest response was 210 '209 1 PASS
measured against the dcossarm..and therefore is off
by 2 degrees. This is reflected in-the "Test Input Deg." 24Q 239 0. PASS.

category; 270 269 0 PASS

300 300 1 PASS

330 330 0. PASS

* Nornalized 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.Erfor = • ±3 degrees per, test point

0

Prepared 815/2610



WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte Date: 8121/2010 Check One:

Location: Crawford Nebraska Start' 15:22 812112010 As Found: -

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

SENSOR INFORMATION

Make: Met One. Propeller.SN: NA

Model: 034B Operating.Range: 0 to 75 mpst

SN: K15391 Height Above Ground- 10 meters

CALIBRATION TEST EQUIPMENT

Item: Variable motor. R.M.Young, 18820A118830A (200 to 15,000 rpm) SN: CA03277

Item: Variable motor. RM.MYoung, 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 038 Pass? I Fail?: Pass
gm-cm rMps . p

Known Input ___, Observed Data Logger Response

Motor Motor Output Error Error Limit Limit Pass?

rpm mps jf mps I mpsý % Iaps P % Fail?I

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

150 4.27 4.28 '0.0d1 0,1 -±0.20 --- PASS

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

700 18.92 19.06 '0.t14 0.7 --- <+5%. PASS

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

COMMENTS

1•300 was the .highest RMP obtained with the drive unit

:available. 35 mpsis equivalerntto 78 miles per hour.

- Need .to get wind speed attachment for 034B.

- Accomplished starting threshold by marking the wind speedarm and placing screw on arm.

ToPASS, the sensor musthave... 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 8/5/20,10



TEMPERATURE I ATEMPERATURE CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte Date: 8/2212010 ýCheck One:

Location: Crawford Nebraska Start: 10'20 As Found: 4

Technician: Ethan Brown End: 11:,20 As Left:

SENSOR INFORMATION

Make: Met.One. 2-Meter Probe SN: Ki 3981 (1 of 2)
Model: 062iMP 10-Meter Probe SN: K13981 (2.of2)

Operating Range: -50 to +50 C

CALIBRATION TEST EQUIPMENT

Item: Ertco-Eutechrnics Thermistor Model 4400 (139000-45RS) SN:. 306433

Item: Insulated water baths with mechanical stirring.. SN:. NA

PART B: CALIBRATION TEST RESULTS

Temperature Probe Calibration

Known Input. , _1,, , Observed Data Logger Response

water jTem.i 2-in 2-mn jass? 1f 10i 0-rn Pass? I
Bath., " oC .. I C ,erdr°GC ] Fail? .. j Error *C. Fail?
Ice 0.28 0.28' 0:00 PASS 0.28 0.00 PASS

Cool 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 ]I ObservedResponse (NOTE: The water baths werelconstantly

Bath o C . C Error 0C Fail? thetcalibration tests.)

Ice .0.00 0.00 0.00 PASS

Cool 0.00 j0,00 0.00 PASS (NOTE: During theAT calibration, bo.th

Hot [ 0 00, 0.00 0.00 PASS. probes Were pla~ced together in thesame

bath.)

COMMENTS

To PASS, the temperature probes must have... Accuracy error = ±0.5_00 C per test point

To PASS, the AT system must have ... Accuracy error = + ±0.10• lC per test point

0

Prepared 8/5/2010



PRECIPITATION GAUGE CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Prbject- Crow Butte Date: 812212010 Check One:

Location: Crawford Nebraska Start: 9:32 As Found: 4

Technician: Ethan B-rown End: 10:00 As Left:_

SENSORINFORMATION

Make: Met One Gauge Type: Tippihg Bucket
Model:. TE525WS Operating Range:: NA

SN: NA HHeight Above GroUnd:' 0.91 meters

CALIBRATION TEST EQUIPMENT

Iterm: Distilled Water, graduated cylinders, drip device SN: NA

PART B: CALIBRATION TEST RESULTS

OBSERVED RESPONSE

KNOWN INPUT DAS Error Error Pass?'

rill H,2O mm mmI mm % Fail? 1

250 7.60 7.37 -0.023 -3.1 PASS

COMMENTS

-•Needto obtain serial number ffom uhit

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

Prepared 8/5/2010



SOLAR RADIATION SENSOR CALIBRATION REPORT

PART A:: ANCILLARY INFORMATION

Project: Crow Butte

Location: Crawford Nebraska

Technician: Ethan Brown

Date: 8/21/2010

Start: 15:22 8/21/2010

End: 1.1:00,8/23/2010

Check One:

As, Found: 1
As Left:

Make: LiCor

SENSOR INFORMATION

Operating Range: ,0 to 1,400,W/m
2

Height Above ,Ground: 1.3'metersModel:, 200 ýPyranometer

SN:.PY68828

•CALIBRATION TEST EQUIPMENT

item: KippC, Zonen C-3.Lpyranometer
Item: Fluke, Model 289, digital mnultimeter (4.5 digits, true RMS)

SN: 58211

SN: 96210097

PART& BI CALI IBRA:TION TEST .RESULTS

, Known input: __ Observed DAS. Response

Period Value OAS IError E Erorror rrIPass?
I / ý 2 I 2 rI ra 4,I

hhmm W/m W/m W/rn % %F.S. Fail? 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

i0

4- I~ 4 4 4- 4

4- II 4 4 4-

.Calibration Curve Results * Slope: 1 0.9960 PASS

Intercept: 2 4:302 PASS

Corr. Coeff: 3 0.9999 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... 1 Slope = 1.0 ±0.05
2.Intercept 1% of Fu!l Sdale

%3 Correlation Coefficient = >' 0.9950

SError per test point = ±5% of observed

Prepared 8/5/2010



RELATIVE HUMIDITY SENSOR CALIBRATION REPORT

PARTA: ANCILLARY INFORMATION

Project: Crow Butte Date: 8122/2010 - 8/23/2010 Check One:

Location: Crawford Nebraska Start:, 12:54 As Found:. "1

Technician: EthanBrown End: 10:00 As Left:

SENSOR INFORMATION

Make: Vaisala Ooerating Range:,0-100%
Model: HMP45AC Height Above Ground: 2 meters

SN: F2450239

CALIBRATION TEST EQUIPMENT

Item:. Fisher Scientific'Traceable Hygrometeri Thermometer, Dew Point SN:, .'72366727

PART B: CALIBRATION TEST RESULTS

OBSERVED RESPONSE

r -KNOWN INPUT, DAS j Error Pass?

Test %RH %RH 6%RH Fail? ý1 I
Ambient ,. 46.9 47.1 02 -PASS
JChmbr. 552 55.7 j, 0 5 PASS

COMMENTS

-. Could not get chamber higher than 60 % relative humidity The Vaisala sensor com6es with a calibration certificate.
Even though it passed this audit, a new'chamber will need to be used for the6rmdnth:calibration. Suggest using salts
instead of the Fisher-Scientific Hygrometer.

To PASS, the sensor must have... 1) Percent Error _0%

Prepared:8/5/20 10
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WIND DIRECTION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte

Location: Crawford Nebraska

Technician: EthanBrown

Date .12/01/2010

Start: .10:30 12/01/2010

.End: 13:00 12/01/20:10

Check One:

As Found: 4

As Left: 4

Make:. Met One

Model: 034B

SN::K18760

SENSOR INFORMATION

Operating Range: 0 to 360 degrees,

Height Above Ground: 10 meters

CALIBRATION TEST EQUIPMENT

Item: Bruntonh0pocket transitpormpass

Item: R.M.Young, Model 18331,, vaneitOrluebmeasurementdevice

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

SN: 5080610049

SN: NA

SN: NA

PART B: CALIBRATION TEST RESULTS

Local Magnetic Declination: 8A.4degr~ees east

(http:!Avwwwngdc.noaa~gov/lgeomagmodels/Declination.jsp)

Sensor Starting Threshold: 5.0 'equal to 0.37
gm-cm mps:

Pass? I Fail?: PASS
<_ U-71 raps

Test Accuracy Test Response

Input Output Error Pass?

Deg. . Deg. Deg. Fail?

2ý 0 -2 PASS

92 91 -.1i PASS

182 1 182 0 PASS

272 270 -3 PASS

Test Linearity Test Response

Input Output Nrmlzd* Pass?

Deg. " Deg. Deg. Fail?

0 2 NA NA

30 33 1 PASS

60 62 -i PASS

90 94 1 PASS

120 122 -2 PASS

1.50 151 -1 PASS

180 182 1 PASS

210 2.12 0 PASS

240 243 1 PASS

270 273 0 PASS

300 302 0 PASS

330 333 1 PASS
* Normalized error in degrees.

COMMENTS

-.The crossarm was measured at 272 d•egees to true
north on 12101/2010. The accuracy test response was
measured against th6 'crossarm, and therefore is off
by 2 degrees. This is reflected in:the-"T6st Input Deg."
category.

ToPASS, the sehsor must have... 1) Starting Torque Threshold = <0.50 mps
2) Accuracy Test Error ± <5 degrees per test point.
3) Lirearity Test Error < • ±3 degrees per test point



WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte Date: 12/01/2010 Check One:

Location: Crawford Nebraska Start: 10:30 1201i/20i0 As:Found: 4
Technician: Ethan.Brown End: 13:00 12/01/201 0 .. As Left: V

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.YoUhg, 18820A/1 8830A.(200 to 15,000 rpm) SN:, CA03277

Item: Variable motdr. R.M.Young, 18820A/188381A (0 to 300'rpm) SN: CA03277

Item: Torque disk devi•e. R.M.Y6ung,'18312 SN:. NA

PART B: CALIBRATION TEST RESULTS

Sensor Starting Threshold: 0.2 ,equal to 0.38 Pass?, I Fail?: Pass
gm-cm mps: "W".rps

Known Input _ _ Observed Data Logger Response

Motor Motor jfOutput 1Error 1Error 1Limit Limit. 1Pass?1
rpm mps mps mps % mps % 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 0.0.0 0.0 --- ,+5% PASS

700 19.06 19;06 0.00 0.0 --- 5:1±+5% ,PASS

1,300 35.04 35-63 0.59 1.7 ... .±5% PASS

COMMENTS

- 1,30.0 was the highestRMP obtained with the drive unit

available. 35 mps is equivalent to 78 miles per hour.

Need .to get wind speed atfachm.ent.for 034B.

-Accomplished starting threshold by marking thewind speed arm and placing screw onarm.

To PASS, the sensor must have... 1) Starting Torque Threshold = •0;50 rps
2) Windspeed n rput5.0 rips- <-so±0.20 mps error
3) Wind speed input >5.0 mps ±+5% of input speed



WIND DIRECTION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte Date: :5/27/2011 Check One:.
Location: Crawford Nebraska Start: 10:20 5/27/2011 As Found.: 4'

Technician: Ethan Brown ýEnd: 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: K18760

CALIBRATION TEST EQUIPMENT

Item: Brunton pocket transit compass SN: 5080610049

Item: R.M.Young, Model 18331, vaneitorque measurement device SN:' NA

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

PART B; CALIBRATION TESTRESULTS

Local Magnetic Declination:. 8.4degreeseast

A (http//www.ngdc.rioaa.'govfgeombagmrodels/Declination.jsp)

Sensor Starting Threshold: 2.0' .,equal, to :0.23 Pass?/Fail?: PASS
gm-cm mps • 0.50 rps

Test Accuracy Test Response Test Linearity Test Response

Input Output Error. Pass? Input. Output. Nrmlzd* Pass?
Deg. Deg.. Deg. Fail? jD'eg. .Deg. Deg. J ail?

0 0 0 PASS 0 0 NA NA

90 91 .1 PASS 0o 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

1180 179 0 PASS

210 209 0 PASS

The crossarm was measured at 270 degrees to Itrue 240 240 1 PASS

north on 5/27/2011. 270 269 -1 PAss

300 299 0 PASS

330 329 0 PASS

350 350. 1 PASS,

360 360 0. PASS.

* Normalized. errorin degrees.

To0.PASS, the sensor must have... '1) Starting Torque Threshold:= :- 0.50.mps
2) AccuracyTest Error= < _5degrees per± est.point

3) Linearity Test Error = :s; ±3 degrees per test point



WIND SPEED SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

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

Location: Crawford Nebraska Start: 10:20 5/27/2011 As Found: -.

Technician: Ethan Brown End: 113:55 5/2712011 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

Itemn Variable motor. R.M.Young, 18820A/18830A (200 to 15,000 rpm) SN: CA03277

Item: Variable motbr. R.M.Young, 18820CA18831A (0.to 300 rpm) SN: CAM0327

'item: Torque diskdevice. R.M.Young, 18312 SN: NA

PART B: CALIBRATION TEST RESULTS

Sensor Starting Threshold: 0.2. ,equal to 0.38 Pass?,/`FaiI?:, Pass
gm-cm raps: 0.50 mps

Known' Input b____ Observed Data Logger Response

Motor Motor Output Error Eror Limit 'Limit Pass?

rpm mps mps mpss Fail?,

0.0 .,0.00 0.00 0.00 NA NA NA NA

150 4.27" 4.27 0.00 -0.1 •±0.20 --- PASS

300 6827 8.27 0.00 0.0 --.- _ 1<+5% PASS

•700 18.92 19'.05 0.13 0.7 --- <+5% PASS

1,300 34:90 3463 -.0.27 -0.8 --- -+5% PASS

COMMENTS,

"!,300-Was the highest RMP oblained with the drive unit
available. 35 mps is ecluivalent to 78:miles'per hour.

-Accomplished starting threshold by marking tile'wind speed arm and placing screw on arm.

To PASS, the, sensor must have... 1) Starting Torque Threshold =0.50 mps
2) Wind speed input.;5.0 mps = _5 ±0.20 mps error
3) Wind speed input >5.0 mrps =!<5+5% of input speed

Prepared 815/20 010



TEMPERATURE /ATEMPERATURE CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte, Date: 5/27/201 I Check One:

Location: Crawford Nebraska Start: 10:20 5/27/2011 As Found:. /

Technician: Ethan Brown End: 13:555/27/2011 As Left:.

SENSOR INFORMATION

Make: Met One *2-Meter Probe SN: K1,3981 (1 f 2)

ModeL 062 MP 0-Meter Probe: SN: K13981 (2 of 2)

Operating Range: -50 to, +50 C

CALIBRATION TEST EQUIPMENT

Item: Dostmann Electronic GmbH P650-PT SN:. .65010081147.

Item: Insulated water baths with mechanical stirring. SN: NA.

PART B:. CALIBRATION TEST RESULTS

Temperature Probe Calibration

Known input ___ Observed Data Logger Response

Water Temp. 12-rn 24rn Pass 10-n [ 6-lrn Pass?
Bath , C °C Err 0 C Fail? , C ErroroC Fail?:

Ice -0,15 -0.02 0.1.3 PASS -0.03 0.12 PASS

Cool 18.12 18.09 -0.03 PASS'. 18.04 -0.08 PASS

Hot , 3609 J 36.06 -0.03 PASS 36.06 -0.03 PASS

Temperature Difference System Caiibration

Known Input Observed Response (NOTE: The Water baths were :constantly

Water, AT 2-10 AT 2-1 oAT Pass?, agitated with mechanica~lstirringduring:
Bath 0C IC Error 0C Fail? the calibration tests.)

Ice 0.00 0.02 0.02 PASS

Cool 0.00 0.05 0.05 PASS (NOTE: During the AT calibration, both

Hot, 00.00 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 0C per test point

To PASS, the AT system must have... Accuracy error • _5±0.10 IC per test point

0

,Prepared 8/5/2010



PRECIPITATION GAUGE CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

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

Location: Crawford Nebraska Start: 09:30 5/271/2011 As Found: 4.

Technician: Ethan Brown ýEnd: 11 04 5127/2011 As Left: _ _

SENSOR INFORMATION

Make: Met One Gauge Type: Tipping Bucket
Mode'l: TE525WS Operating Range: NA

SN: 44-45-710 Height AboveGround: 0.91 meters,

CALIBRATION TEST EQUIPMENT

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

PARTB B: CALIBRATION TEST'RESULTS

OBSERVED.RESPONSE

F1 .KNOWN INPUT II DAS Error Error Pass?

rml,o H , mmr mm: J mm % Fail? 1ý

5o00 15A0 13.o97 -1.13 -7.5 PASS

COMMENTS

To PASS, the senisor must have... 1) Percent Error •5, 10%.

Prepared 815/2010



SOLAR RADIATION SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: -Crow Butte

Location: Crawford Nebraska

Technician: Ethan Brown

Date: 5/27/2011

Start: 10:20 5/27/2011

End: 13:55.5i27/2011

Check One:

As Found: 4

As Left:

Make: LiCor

Model: 200 Pyranometer

SN: PY68828

SENSOR, INFORMATION

Operating Range: 01to 1,400w/r 2

H,eightAboveGround: 1.3 meters

C'LIBRATION TEST EQUIPMENT

Item: Kipp & Zonen CM73: pyranometTr

Item:, Fluke, Model:289,. digital multimeter (4.5. digits, True RM .S)

SN: 58211

SN: 96210097

PART B: CALIBRATION TEST RESULTS

Known, Input I_ Observed DAS Response -

IPeriod jValue'i DAS IError IError [Error IPass?
hhmm w/m Wirm2 W/m2 0% . % F.S. Fail? 4

10:.51 0.0 0 0 NA NA NA

10:03 933 941 7 0.8 0.5 PASS

1•0:32 973 944 -29 -3.0 -2.1 PASS

11:27 1153 1125 -28. -2.4 -2,0 PASS

11t:28 1167 1142 -25 -2.1 -1.8 1 PASS

11:49 1020 988 .- 32 -3.1 -2.3 -PASS

Calibration Curve Results > Slope:- 0;9769 PASS

Intercept: 2 2.552 PASS

Corr. Coeff: ý "0.9995 PASS,

COMMENTS.

- It was difficult, to get a large range of values becauseof constant clear skies. The pyronometer performed verywell
againstthe CM-3.

To PASS, the sensor must have... "Slope = 1J.0 0.05
'2 Intercept =. 1% of Full Scale

G3Correlation Coeflicient,.= > 0.9950
4Error per test point = ±5% of observed S

Prepared ,8/5/20,10



RELATIVE HUMIDITY SENSOR CALIBRATION REPORT

PART A: ANCILLARY INFORMATION

Project: Crow Butte Date: 5/27/2011 Checkbone:

Location: Crawford Nebraska Start: 10:20 5127/2011 As Found: 4

Technician: Ethan Brown End: 13:55:5/27/2011 As Left.

SENSOR INFORMATION
Make: Vaisala Operating Range: 0-100%

Model: HMP45AC Height Above Ground: '2 meters
SN: F2450239

CALIBRATION TEST EQUIPMENT

Item: Fisher Scientific Traceable Hygmmeter, Thermometer, Dew Point SN: 102060060

PARTB: -CALIBRATION TEST RESULTS

OBSERVED RESPONSE II
F .KNOWN INPUT DAS Error Pass?

ETest %RH %RH %RH Fai?

Ambient 38.6 J34.4 -42 PASS.
I Chmbr. 1,00.0 96.5 -3.5' PASS

COMMENTS

To PASS, the sensor must have... 1 Percent Error= <-110%

Prleparedl 8/5/2G] 00,



CALIBRATION PROCEDURE
18802/18811 ANEMOMETER DRIVE

YOUNG

DWG: .CP1 8802(C)
REV: C101107 PAGE: .4 of 4
BY: TJT DATE: 10111107
CHK- JC W.C. GAS-12

CERTIFICATE OF CALIBRATION AND TESTING

R. M. Young Company certifies that the equipment listed below was inspected and calibrated prior,.to
shipment ih accordance with established manufacturing and testing procedures. Standards established
by,RNM. Young Company~for calibrating the measuring andtest equipment used in controlling product
quality are traceable to the National Institute of Standards and Technology.

MODEL: ED 188021/ 0,18811 SERIAL NUMBER: CAoQ,.")
(18802 Comprised of Models 18.820A Control unit & I8830A Motor Assembly).
(18811 Comprised of Models 18820A Control Uni t & 1,8831• Molor Assembly)

Nominal 271050 Output Calculated Indicated
Motor RPM J Frequency (Hz)`.1' (1) Rpm:(1) Rpm (2)

18802 - i• CW CCW rotation verified

300 So Ioo 3oo
2700 450 "070 _.OO

5100..____,__,, , S•oo
7500 ,Zo -s,, "•oo

10,200 -Plo 1O2o0 , 10o,

12,600 1,. ,2. ,o00 ._,2,(000__

15.000 6Aoc I 50cc t5ooo
18811 CW ICCW rotationverified

30.0 5 'o6 o "____o

150.0 _ 5 ____50 ____o.o

300.0. 0 Co.o r.> oý
45m,0 --7 4so'.0 Aio~o
600.0 t 1 00 (,0oo, 0 (00o.o

750.0 9.as "rh .0 150.0

'990!0 , _ l_,_____ lcVo ________.

(1)
(2)

Measured frequency:output of RM Young Model 27106D standard anemometer, attachted
to motor shaft - 27106D produces 10 pulses per revolution of the anemometer shaft.:
Ihdicated on the Control Unit LCD display.
* IhIndicates out of tolerance

[Z No Calibration Adjustments Required [3 As Found E1,As Left

Traceable frequency meter used in calibration Model: 57AO SN: 480.3

Date of inspection 27- p.o o 1 -6.
Inspection Interval One Year

Tested By •

Filename: CP18802(C) doc



CALIBRATION PROCEDURE

18802118811 ANEMOMETER DRIVE

YoLJurg

DWG: CP18802(C)
REV: C101107 PAGE: 4of4
BY: TJT tIATE: 10/11/07
CHK: JC W.C. GAS-12

CERTIFICATE OF CALIBRATION AND TESTING

R. M, Young Company certifies that the equipment.listed below Was inspected and calibrated prior to
shipment in accordance with established manufacturing and testing procedures.. Standards§established
by R.M. Young Company for calibrating the measuring and test .quipment used in controlling product
quality-are traceable to the National Institute of'Standards and Technology.

MODEL:- 18802/18811 SERIAL NUMBER: 0,Av,32T-7ý
(18802 Comprised of Models 18820A Control Unit & 18830A Motor Assembly)
(18811 Comprised of Models 18820A Control Unit & 18831A.Motor Assembly)

"Nominal 271.0.6D Output Calculated' Indicated
Motor RPM Frequency (Hz) -(1) Rpm (1) Rpm (2)

18802 91 CW / CCW rotation verified

300o 50 " ?:2 00

,2700 A•o Z.oc Zlvc

5100 ISO 1• ) Qo

7500 S"oo "150

10,200 l:. 0 .

12.600 "t oo I1Zo-

15,000 ZSoo looc

18811 - - CW CCW rotation verified.

30.0 15 ,, 9)v_. C)o

150.0 2o5 l.o o •x)
300.0 _ _ _ ? __.______, _

.. ..450.0 qAso.o 05:,0

600.0 1oo Goo.o 0_ __ _ _

750.0 2Z5 -o..1,50. o_
990.0) _______ ClcO.O Q~QO:O

(1)
(2)

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

E/No Calibration Adjustments Required I--As Found n As Left

Traceablefreqqency meter used in calibration Model: DPS-14o SN: 3413(oA

Dateof inspection ^26J U " 20o1,
.Inspection Interval One Year

Tested By .• .-

Filenameý CFP18802(C).doc



JUL-07-2011 16:42 973) 940 i1i12 973 940 1112 P:-01/01

10 Millpond Drive, Unit 2, Lafayette. NJ 07848
T: 973,300-910& F: 973-255-1000

NIS, TRACEALE Ck1 .BRAT-oN ,CRRTI=ICATE

,Reapibration A6017 C"hibraion Date 12/15/2010 Calibration Due .Date

SAATA International Inc.

7 f ASTM E-1L37 Resistance y. Tcmperamtre. .

DgoCriafi~h of Calibration:

Tbe.NIST traceable calibration instrume-ts listed above were used to calibrate the resistance thertnometer.listed below at the,

noted test temperatres by acomparison method. A liquid bath was maintained at +/- 0,03'C during calibration.

The physical integrity of the thermometer was verified and the accuracy of this system calibration is theroot sum square of

the sensor and mneter.Aiy abnprmalities are noted in this report. The temperature conditions at the time of test

225C 500/%RH

Calibration Results;

Ther-morneter

ACCD65OI3 D6F
Plati"UM PT 100

Therm
ID

Scale error, max PreviousTCalibration
Test Teip. /

Therm, Reedinig
(.°C),

Now Calibration
TestTemnp

Therm. Reading(0C)

650-008 1147 t-- 03C10!05F N/A, N/A -20.00 -20-0.01

Meter! probe# 0.00 0.01
100941. 4.00 4.01

37.00 37.01

.% 50.06 50.01

Cairto ehnician )-•-

Correction

+/- (°O

+0.0 1
:-0.01
-0.01

,-001

TOTAL P..01



Accurate Light & Thermal Flux Measurement

'80 Orville Dr., Suite 100
Bohernia, NY 1.1716
www~accuflutx.comr

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

CERTIFICATE OF CALIBRATION

PYRANOMETER CALIBRATION DATA:

Modelf CM3 (Kipp. & Zoneh)
Serial No: 058211
Sensitivity: 14.16 pVlWmm
Calibration Date: April.30, 2010

CALIBTRAION PROCEDURE:

The above pyranometer has been calibrated: indoors in accdrdance With the ISO-9847 sttandard,
"'Calibration of Field Pyranometers By Comparison to a Reference Pyranometer". The
calibration conditions are: 800 W/m 2 ± 1%, at normalirradiance, 20 C ambient nominal. The CM3
calibration transfer standard pyranometer is traceable to the WRR.

NOTICE:

It is advised.to reviewthe manufacturer's instructions manual prior to instrument installation and
pperationt The-manufacturer's suggested calibration cycle for the CM3 model pyranometer is
every two years. Calibration recertification permanufacturer recommendations is advised to
ensure optimal sensor perfdrmance and measurement accuracy.

:Sig6atLire,: :
4/30/2010Date: . . .



Calibration complies with ISO 9001
- l ISO/lEC 17025 AND ANSI/NCSL Z540-1

Catibration C'
Certificate No; 1750.01

Traceable® Certificate of Calibration for Digital Hygrometer
~268814ert. No.: 4085-3

Manufactured for and distributed by: Fisher Scientific, P.O. Box 1768, Pittsburgh, PA 15230

Instrument Identification:

Model: 11.-661-7B S/N: 102060060 Manufacturer: Control.Company

Standards/Equipment:
Description

Digital Thermometer
Chilled Mirror Hygrometer

Certificate Information:
Technician' 61 Procedur
Test Conditions: 23.50 C. 41.

Serial Number
90969500

31874/H2048MCR

Due D
7121/
7/26/

late. NIST Traceable Reference
'11 4000-3180177
Ii .. 8493

e: CAL-18
O%RH 1013mBar

CalDate: 11/02/10 Cal Due: 11102/12

Calibration Data: (New Instrument)
Unit(s), Nominal. AsýFound IIn-Tol

%RH J N.A.
%RH I N.A;

This Instrument was calibrated using Instruments Traceable to National Institute of Standards and Technology:
A Test Uncertainty Ratio 6t at least 4:1 is maintalned unless otherwiseostoled and is calculated using tIhe expanded measurement uncertainty. Uncertainty ealuatiorifncludes the instrument under
test and is calculated in accordance with the ISO "Guide to the Expression of Uncertainty in Measurement (GuM).:The uncertainty represents an expanded uncertainty using a coverage factor k=2
to approximate a 95% oonlidence level. tn tolerance, conditions 0re bosed on test results tailing within specified limits •with no reduction by the uncertainty ot the measurement. The -esutls conained
herein relate only to the item calibrated, Thiscertirreete shall not be reproduced except in lull, without written approval of Control Company.

Nominat=Standard's Reading; As Left=lnsttumenfs Reading; In Tol=In Tolerance; MirnMax=Acceptance.Range: ±U=Expanded Measurement Uncertairity: TUR=Tesl Uncertainty Ratio;
Accuracy='(Max.MinWi2; Min = Noreinal(Rounded) - Tolerance; Max = Nominal(Rounded) + Tolerance; DateoMMIDDfYY

Nicol Rodriguez, CQ~uity Manager Wallace Berry. Technical Manager

Maintaining Accuracy:
In our opinion once calierated your Digitat Hy•,romeltri should maintain its accuracry. There is no exactmway to determine hmw long calibration will be maintained. Digitel Hygrormeters change little, if
any at at!, but can be affected by aging. temperature,.shock.and contamlnation:

Recalibration:,
For factory calibration and re~corlilicetlon traceable to National Institute of Standards and Technnotgy contact Control Company.

CONTROL COMPANY 445 Rex Road Friendswood,,TX 77546 USA
Phone.281 482-17.14 Fax.281 482-9448 service@controi3.com www.control3.com

Control Company is an ISO 17o25,OS 2 Calibration Laboratory Accredited by iA2LA) American Association for Laboratory Accreditation, Cerltiicate No. 1750,01
ControlaCompany is ISO 9001;2008 Quality Certifiedby (ONV) Det Norsk Vaitas, Ceniacete No. CERT-01805-2006-AO-HOU-ANAB.

internaisnaLobrt`ry Accreditation Cooperaeion I(LAC) -,Miltilaterat Recoglto Arrangement CMRA.

Page I or. I Trace or Tr arbteO is a rrgiistred trsdrworb of Caonet Corsrifiny 0 2009 Conutio Company



Appendix C

Geophysical Boring Logs



CROW BUTTE
RESOURCES, INC.

LOG B-76

SM Pk.- Dth$t. St* 10D
Hihln.d. P•d, CO 80129SARCADIS -P. 720-344-3500 F: 20,344-3535

WW.W."".,-Ulcr
.1
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2CROW BUTTE
RESOURCES, INC.

LOG C-34

ARCADIS ........
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ 6012
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a- CROW BUTTE
RESOURCES, INC.

= =LOG C-36

H*ghbn= Ron&, C 80129
_A 72D3"435GO F: 720-344-3535ARCAD ,S '3'."Dls*s*c0'



CROW BUTTE
RESOURCES, INC.

LOG C-37

ARCADIS otn0....... 50....HiSflacl7ns Ran3 , CO 80129
P. 72()-344-3500 F: 720-344-3535ARCA IS 60 PIw, Drive'-sn' 00

.1
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L 6 CROW BUTTE
RESOURCES, INC.

LOG C-38
U. 

fh mf l~. 3O PIaz Cr5 SC. COO

k p iH 
I ahI d R n ~ C 8 0 1 2 9

A R CA DIS 1, 72r1M32CONC 72 4.335
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a. CROW BUTTE
RESOURCES,INC.

LOG C-42

0 -... flf I I Highk=$. Ran&, CO 02
2o~V u ARCADIS P,7 20-444.350 P 720,344.3535

- anCWC.C.
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CROW BUTTE
RESOURCES, INC.

CHICOINE IA LOG

Hlphlr• RMO), Co 80129
P. 720,34-M0 F: 720-3"4-3536
wýw.a_~d=-s
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Jim!.
2 •CROW BUTTE

RESOURCES, INC.

LOG G-44

- 0hnft3R3ancCO 80121

S P720-344-3500 F: 720-344-3535

u) -cad(-u.cm
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CROW BUTTE
Oh ý RESOURCES, INC.

LOG G-50

~- ~ A CADI Hilnto Rwndt CO 80129

A C D S ~ 2-44 390 F 72-34-3639



LOG G-65
S

-~--*-*** P, 720-144-3500 F: 120-3443535
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CROW BUTTE
RESOURCES, INC.
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6CROW BUTTE
RESOURCES, INC.

HOLIBAUGH 1 LOG

HthvOPbO..S. Co m~

~ S P 720-344-3500 F 720-344-3030
L



CROW BUTTE
RESOURCES, INC.

LOG M-3

L~AI~FA tphbný Rcný. CO 80129
P720-344.3800 Fý 720 344 353



CROW BUTTE
RESOURCES, INC.

LOG M-24

%~ARCADIS . ,,.oS P 720.,344-3500 F 720-344-353ARwADIS 630 Pii -. ' c 0D
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ICROW BUTTE
RESOURCES, INC.

LOG M-29

630p duD)n" S"s. 100
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CREOURBUTTE
RESOURCES. INC.
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CROW BUTTE

RESOURCES, INC.

LOG M-35

ARCADI00 F: 720_-3 53
151 I



CROW BUTTE
RESOURCES, INC.

LOG M-36

Highland. .•an, CO 60126
P 720-344-3500 F: 120-344-303

ARCADISw 63pa cl"l-us c0D
C].



CROW BUTTE
RESOURCES, INC.

LOG M-38

ARCADIS P-30F -33
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~CROW BUTTE
RESOURCES, INC.

LOG M-39

r 2 RCDIP: 720-344-5M F: 720-34,4-3535$w. c.
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CROW BUTTE
RESOURCES, INC.

LOG M-47

A A I hbr °.R.. . CC°8M29
Va A CADI P,72OD344-350 F: 720-44-3535



CROW BUTTE
RESOURCES, INC.

LOG M-49

P05hkne" R.-h . CO 80129ARCADIS 720-3-3500 F 720-344.3535
11 .
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6CROW BUTTE

RESOURCES, INC.

LOG M-51

HNiph s Rah, CO 80129
____ ___ ____ ___ ____ ___ ____ ___ ____%~ RCA IS 720-344-3500 F: 720-344-3033
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w CROW BUTTE
RESOURCES, INC.

LOG M-53

__ __ _ __ __ _ __ __ _ __ __ _ __ __ _ __ _ RCADI P,21"50F52.43
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(CROW BUTTE
RESOURCES, INC.

LOG M-66
630PISaDr S, 8t. 100

A CghhflS RS0 o •0 C080129

____ ___ ___ ___ ___ ___ ___ ___ ___ %~ARCADIS P 720.344-35D0 F: 720.34-3535
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CROW BUTTE
RESOURCES, INC.

LOG M-72

fF A f I H ght~nl R63h, CO 80129
. S 720-344.3500 F 720-344-3535-a AcRCD-Ss.. CP




