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Outline
• 1st generation MGM flight experiment history
• Advantages of TDLS based air monitors
• Pictorial history of monitor development
• Anomaly Gas Analyzer for Orion and ISS
• Requirements and brief operations concept 
• Difficult compounds: ammonia, acid gases, hydrazine
• AGA calibration/testing at JSC
• Flight hardware and certification schedule
• Future Directions
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Multi-Gas Monitor (MGM) Tech Demo

Ammonia 5 – 20,000 ppm Mass 2.5 kg 
Carbon Dioxide 250 – 30,000 ppm Power 2.6 W
Oxygen 4 – 36% Volume 3.4 L 
Water Vapor 500 – 50,000 ppm Data storage 2 GB



MGM operating on battery power on ISS
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MGM Tech Demo Timeline
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Date Event

Jul 22-30, 2013 MGM calibrated at NASA-JSC

Nov 7, 2013 MGM launched on 37 Soyuz

Feb 3, 2014 Activation and check out on ISS

Feb 11, 2014 SPHERES CO2 thruster unplanned “challenge”

Jul 25, 2014 Ammonia inhalant test conducted by crewmember

Dec 15, 2014 Manual reset of MGM by crewmember

Jan 14, 2015 Thermal control ammonia false alarm

Jan 16-17, 2015 SPHERES CO2 thruster unplanned “challenge”

Aug 25-26, 2015 Deployed on battery power to Node 3

Aug 28-Sep 28, 2015 Deployed on 28V EXPRESS rack power to US Lab

Sep 28, 2015 onward MGM reinstalled in JEM Nanoracks Frame (Nose out)

Oct 1, 2015 to Jan 1, 2016 Sporadic data takes; MGM display failed late November

Mar 10, 2016 Crew power cycled MGM & photographed display

Jan 19, 2017 Rack/MGM powered off GMT 19 at 14:15

Mar 19, 2017 MGM returns to Earth on SpaceX 10 Dragon capsule

April 2017 Post flight inspection and data analysis at JSC

July 2017 MGM Display replaced at Vista Photonics

Oct 2017 Post flight Calibration check at NASA-JSC



Tunable Diode Laser Spectroscopy
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• High tech optical system but can be implemented in small rugged package

• New low power diode lasers in mid infrared provide versatility in a battery 

powered hand-held package

• Specificity: Each gas has own laser at exactly optimal wavelength 

• Unprecedented dynamic range

• Various optical geometries to address the concentration ranges of interest

• Calibration appears to be stable for YEARS!  No need for cal gas!



Pictorial History of MGM/AGA Development

2013 MGM ISS Tech Demo v4.0

2011 OLGA sensor v1.0 2012 OLGA v3.0 Ground Demo2011 OLGA v2.0 Lab Unit

2015 Blue MGM for sea trials v5.0

2017 AGA prototype2016 Laser Ammonia Monitor



Objectives of the AGA Project
• Replace obsolete hand-held hardware on ISS
• Eliminate Draeger tubes for ammonia leak response
• Improve specificity, dynamic range, calibration life
• Combine multiple ISS units into a single hand-held device
• Long-life units will reduce ground support costs 
• Meet both ISS and Orion requirements
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AGA Requirements
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Parameter Measurement Range Display 
Update 

Frequency
Nom/Emer

90% 
Resp 
(min)

Accuracy Display Resolution

Total 
Pressure

7 - 16 psia 2 sec ± 0.1 psia 0.05 psia

CO 5 - 1000 ppm 2 sec 1 ± 10% ≥ 55 ppm
± 5 ppm < 55 ppm

1 ppm ≤ 250 ppm
10 ppm > 250 ppm

HCN 2 - 50 ppm 2 sec 2 ± 25% ≥ 5 ppm
± 1 ppm < 5 ppm

1 ppm 

HF 2 - 50 ppm 2 sec 2 ± 25% ≥ 5 ppm
± 1 ppm < 5 ppm

1 ppm 

HCl 2 - 50 ppm 2 sec 2 ± 25% ≥ 5 ppm
± 1 ppm < 5 ppm

1 ppm 

CO2 0.3 - 21 mmHg
(395 - 27600ppm@ 760)

2 sec 1 ± 10% ≥ 0.8 mmHg
± 0.2 mmHg < 0.8 mmHg

0.1 mmHg

O2 14 - 50% 2 sec 1 ± 1% (absolute) ≤ 25%
± 2% (absolute) > 25%

0.1%

NH3 10 - 30,000 ppm 2 sec 2 ± 25% > 150 ppm
± 10% 20 - 150 ppm

± 20% < 20 ppm

1 ppm ≤ 150 ppm
10ppm > 150-1000 ppm

100 ppm > 1000 ppm
N2H4 1 - 10 ppm 2 sec 2 ± 2 ppm 1 ppm



Difficult Compounds
• Ammonia --- sticky, very wide dynamic range required
• HCl, HF --- acid gases, “etchant”
• Hydrazine --- hypergolic thruster chemical, reactive
• Water vapor---tends to complicate above measurements

• All gases available in compressed gas cylinder standards 
except hydrazine (and water)
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AGA Prototype
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• Accepts up to 4 Canon 
camcorder batteries

• Mass: 2.3 kg
• Dimensions: 21.6 cm x 

11.4 cm x 9.2 cm (2.3L)
• One toggle operation
• Gas interface for rapid 

calibration
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AGA Test Setup



AGA Calibration Results
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Calibration Results cont’d
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AGA Calibration Verification
AMMONIA

Std Conc (ppm) 10 30 1011 10000
AGA Conc (ppm) 9 28 1014 10011
Requirement (ppm) ±2 ±3 ±252 ±2500

OXYGEN
Std Conc (%) 14.0 32.0 50.1
AGA Conc (%) 14.1 32.6 50.2
Requirement (% absolute) ±1 ±2 ±2

CARBON DIOXIDE
Std Conc (ppm) 395 8,000 14,000 28,000
Std Conc (mmHg) 0.3 6.1 10.6 21.3
AGA Conc (mmHg) 0.33 6.1 10.4 20.7
Requirement mmHg) ±0.2 ±0.6 ±1.6 ±2.8

CARBON MONOXIDE
Std Conc (ppm) 5 55 500 1000
AGA Conc (ppm) 8 55 500 999
Requirement (ppm) ±5 ±5 ±50 ±100

HYDROGEN CYANIDE
Std Conc (ppm) 2 5 20 50
AGA Conc (ppm) 1 4 21 49
Requirement (ppm) ±1 ±1.25 ±5 ±12.5

HYDROGEN FLUORIDE
Std Conc (ppm) 2 5 20 50
AGA Conc (ppm) 2 4 22 55
Requirement (ppm) ± 1 ± 1.25 ±5 ±12.5

HYDROGEN CHLORIDE
Std Conc (ppm) 2 5 20 50
AGA Conc (ppm) 1 6 22 55
Requirement (ppm) ± 1 ± 1.25 ±5 ±12.5
Meets Requirement


Sheet1

				AMMONIA

		Std Conc (ppm)		10		30		1011		10000

		AGA Conc (ppm)		9		28		1014		10011

		Requirement (ppm)		±2		±3		±252		±2500

				OXYGEN

		Std Conc (%)		14.0		32.0		50.1

		AGA Conc (%)		14.1		32.6		50.2

		Requirement (% absolute)		±1		±2		±2

				CARBON DIOXIDE

		Std Conc (ppm)		395		8,000		14,000		28,000

		Std Conc (mmHg)		0.3		6.1		10.6		21.3

		AGA Conc (mmHg)		0.33		6.1		10.4		20.7

		Requirement mmHg)		±0.2		±0.6		±1.6		±2.8

				CARBON MONOXIDE

		Std Conc (ppm)		5		55		500		1000

		AGA Conc (ppm)		8		55		500		999

		Requirement (ppm)		±5		±5		±50		±100

				HYDROGEN CYANIDE

		Std Conc (ppm)		2		5		20		50

		AGA Conc (ppm)		1		4		21		49

		Requirement (ppm)		±1		±1.25		±5		±12.5

				HYDROGEN FLUORIDE

		Std Conc (ppm)		2		5		20		50

		AGA Conc (ppm)		2		4		22		55

		Requirement (ppm)		± 1		± 1.25		±5		±12.5

				HYDROGEN CHLORIDE

		Std Conc (ppm)		2		5		20		50

		AGA Conc (ppm)		1		6		22		55

		Requirement (ppm)		± 1		± 1.25		±5		±12.5

		Meets Requirement





All

				AMMONIA

		Std Conc (ppm)		10		30		1011		10000

		AGA Conc (ppm)		9		28		1014		10011

		Requirement (ppm)		±2		±3		±252		±2500

				OXYGEN

		Std Conc (%)		0.1		0.3		50.1

		AGA Conc (%)		14.1		32.6		50.2

		Requirement (% absolute)		±1		±2		±2

				Carbon dioxide

		Std Conc (ppm)		395.0		8,000		14,000		28,000

		Std Conc (mmHg)		0.3		6.08		10.64		21.28

		AGA Conc (mmHg)		0.33		6.07		10.39		20.73

		Requirement mmHg)		±0.2		±0.08		±1.6		±2.8

				Carbon Monoxide

		Std Conc (ppm)		5 ppm		55 ppm		500 ppm		1000 ppm

		AGA Conc (ppm)		8		55		500		999

		Requirement (ppm)		±5		±5		±50		±100

				Hydrogen Cyanide

		Std Conc (ppm)		2		5		20		50

		AGA Conc (ppm)		1		4		21		49

		Requirement (ppm)		±1		±1.25		±5		±12.5

				Hydrogen Fluoride

		Std Conc (ppm)		2		5		20		50

		AGA Conc (ppm)		2		4		22		55

		Requirement (ppm)		± 1		± 1.25		±5		±12.5

				Hydrogen Chloride

		Std Conc (ppm)		2		5		20		50

		AGA Conc (ppm)		1		6		22		55

		Requirement (ppm)		± 1		± 1.25		±5		±12.5

		Meets requirement





O2

		date_time		O2-14%		O2-32%		O2-50.1						0.1		0.3		50.1

		2/3/24 8:04		14.4		32.4		20.9				AGA		14.1		32.6		50.2

		2/3/24 8:04		14.3		32.6		21.0				Req

		2/3/24 8:04		14.2		32.7		20.9

		2/3/24 8:04		14.2		32.7		21.3

		2/3/24 8:04		14.1		32.7		25.4

		2/3/24 8:05		14.2		32.7		32.8

		2/3/24 8:05		14.1		32.6		40.1

		2/3/24 8:05		14.1		32.7		44.0

		2/3/24 8:05		14.2		32.6		46.7

		2/3/24 8:05		14.2		32.5		48.1

		2/3/24 8:05		14.2		32.6		49.0

		2/3/24 8:05		14.1		32.7		49.0

		2/3/24 8:05		14.2		32.7		49.7

		2/3/24 8:05		14.1		32.7		49.8

		2/3/24 8:05		14.1		32.7		49.9

		2/3/24 8:05		14.1		32.8		49.9

		2/3/24 8:05		14.1		32.7		49.7

		2/3/24 8:06		14.1		32.7		50.0

		2/3/24 8:06		14.1		32.7		50.3

		2/3/24 8:06		14.0		32.7		50.2

		2/3/24 8:06		14.0		32.7		48.8

		2/3/24 8:06		14.1		32.7		49.3

		2/3/24 8:06		14.0		32.6		49.9

		2/3/24 8:06		14.1		32.6		50.1

		2/3/24 8:06		14.1		32.6		50.3

		2/3/24 8:06		14.1		32.6		50.5

		2/3/24 8:06		14.1		32.6		50.0

		2/3/24 8:06		14.1		32.6		50.3

		2/3/24 8:06		14.1		32.6		50.3

		2/3/24 8:07		14.2		32.6		50.4

		2/3/24 8:07		14.1		32.6		50.4

		2/3/24 8:07		14.1		32.5		50.4

		2/3/24 8:07		14.0		32.6		50.6

		2/3/24 8:07		14.1		32.5		50.6

		2/3/24 8:07		14.1		32.6		50.6

		2/3/24 8:07		14.1		32.6		50.5

		2/3/24 8:07		14.0		32.6		50.3

		2/3/24 8:07		14.1		32.7		50.3

		2/3/24 8:07		14.1		32.7		50.3

		2/3/24 8:07		14.1		32.7		50.3

		2/3/24 8:07		14.2		32.7		50.5

		2/3/24 8:08		14.2		32.7		50.3

		2/3/24 8:08		14.1		32.6		50.4

		2/3/24 8:08		14.1		32.6		50.4

		2/3/24 8:08		14.2		32.7		50.3

		2/3/24 8:08		14.2		32.7		50.4

		2/3/24 8:08		14.2		32.7		50.3

		2/3/24 8:08		14.2		32.6		50.0

		2/3/24 8:08		14.2		32.7		50.4

		2/3/24 8:08		14.2		32.5		50.5

		2/3/24 8:08		14.2		32.6		50.5

		2/3/24 8:08		14.2		32.7		50.0

		2/3/24 8:08		14.2		32.6		49.9

		2/3/24 8:09		14.1		32.6		50.2

		2/3/24 8:09		14.2		32.6		49.7

		2/3/24 8:09		14.2		32.6		50.1

		2/3/24 8:09		14.2		32.6		50.5

		2/3/24 8:09		14.2		32.6		50.3

		2/3/24 8:09		14.2		32.7		50.2

		2/3/24 8:09		14.1		32.7		50.6

		2/3/24 8:09		14.1		32.6		50.2

		2/3/24 8:09		14.1		32.7		50.3

		2/3/24 8:09		14.1		32.6		50.5

		2/3/24 8:09		14.1		32.7		50.7

		2/3/24 8:09		14.1		32.8		50.5

		2/3/24 8:10		14.2		32.7		50.5

		2/3/24 8:10		14.1		32.7		50.4

						32.7		50.4

				14.1		32.6		50.5
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CO

		date_time		CO2-395ppm		date_time		CO2-8000ppm		date_time		CO2-1.4%		date_time		CO2-2.8%						395ppm		8000ppm		14,000 ppm		28,000 ppm

		2/3/24 8:57		455.6		2/3/24 8:40		7753		2/3/24 10:31		12744		2/3/24 10:46		24854						434		7990		13668		27282

		2/3/24 8:57		455.6		2/3/24 8:40		7850		2/3/24 10:31		13136		2/3/24 10:46		25888						39		10		332		718

		2/3/24 8:57		455.6		2/3/24 8:40		7897		2/3/24 10:31		13706		2/3/24 10:47		27141						0.3 mmHg		6.08 mmHg		10.64 mmHg		21.28 mmHg

		2/3/24 8:58		429.6		2/3/24 8:40		7948		2/3/24 10:31		13722		2/3/24 10:47		27222						0.33		6.07		10.39		20.73

		2/3/24 8:58		429.6		2/3/24 8:40		7935		2/3/24 10:31		13702		2/3/24 10:47		27301				Requirement		±0.2 mmHg		±0.08 mmHg		±1.6 mmHg		±2.8 mmHg

		2/3/24 8:58		434.7		2/3/24 8:40		7938		2/3/24 10:32		13698		2/3/24 10:47		27311

		2/3/24 8:58		440.0		2/3/24 8:40		7943		2/3/24 10:32		13711		2/3/24 10:47		27318

		2/3/24 8:58		445.2		2/3/24 8:40		7954		2/3/24 10:32		13707		2/3/24 10:47		27318

		2/3/24 8:58		445.1		2/3/24 8:40		7967		2/3/24 10:32		13698		2/3/24 10:47		27348

		2/3/24 8:58		424.3		2/3/24 8:41		7955		2/3/24 10:32		13675		2/3/24 10:47		27369

		2/3/24 8:58		439.9		2/3/24 8:41		7960		2/3/24 10:32		13669		2/3/24 10:47		27365

		2/3/24 8:58		434.8		2/3/24 8:41		7957		2/3/24 10:32		13653		2/3/24 10:48		27340

		2/3/24 8:58		419.2		2/3/24 8:41		7947		2/3/24 10:32		13670		2/3/24 10:48		27331

		2/3/24 8:59		424.4		2/3/24 8:41		7957		2/3/24 10:32		13671		2/3/24 10:48		27355

		2/3/24 8:59		424.4		2/3/24 8:41		7969		2/3/24 10:32		13688		2/3/24 10:48		27352

		2/3/24 8:59		424.4		2/3/24 8:41		7975		2/3/24 10:32		13663		2/3/24 10:48		27357

		2/3/24 8:59		429.6		2/3/24 8:41		7975		2/3/24 10:32		13668		2/3/24 10:48		27323

		2/3/24 8:59		429.6		2/3/24 8:41		7950		2/3/24 10:33		13665		2/3/24 10:48		27348

		2/3/24 8:59		434.8		2/3/24 8:41		7950		2/3/24 10:33		13660		2/3/24 10:48		27351

		2/3/24 8:59		439.9		2/3/24 8:41		7953		2/3/24 10:33		13648		2/3/24 10:48		27331

		2/3/24 8:59		439.9		2/3/24 8:41		7954		2/3/24 10:33		13652		2/3/24 10:48		27256

		2/3/24 8:59		445.2		2/3/24 8:42		7962		2/3/24 10:33		13660		2/3/24 10:48		27246

		2/3/24 8:59		445.2		2/3/24 8:42		7966		2/3/24 10:33		13667		2/3/24 10:48		27249

		2/3/24 8:59		455.5		2/3/24 8:42		7963		2/3/24 10:33		13662		2/3/24 10:49		27241

		2/3/24 8:59		445.1		2/3/24 8:42		7978		2/3/24 10:33		13657		2/3/24 10:49		27239

		2/3/24 9:00		445.1		2/3/24 8:42		7971		2/3/24 10:33		13667		2/3/24 10:49		27211

		2/3/24 9:00		434.7		2/3/24 8:42		7947		2/3/24 10:33		13650		2/3/24 10:49		27222

		2/3/24 9:00		434.7		2/3/24 8:42		7974		2/3/24 10:33		13648		2/3/24 10:49		27221

		2/3/24 9:00		445.1		2/3/24 8:42		7987		2/3/24 10:33		13679		2/3/24 10:49		27219

		2/3/24 9:00		450.3		2/3/24 8:42		7974		2/3/24 10:34		13666		2/3/24 10:49		27195

		2/3/24 9:00		455.5		2/3/24 8:42		7973		2/3/24 10:34		13669		2/3/24 10:49		27186

		2/3/24 9:00		460.7		2/3/24 8:42		8003		2/3/24 10:34		13653		2/3/24 10:49		27216

		2/3/24 9:00		455.5		2/3/24 8:42		7991		2/3/24 10:34		13663		2/3/24 10:49		27223

		2/3/24 9:00		455.5		2/3/24 8:43		7975		2/3/24 10:34		13644		2/3/24 10:49		27214

		2/3/24 9:00		450.4		2/3/24 8:43		7962		2/3/24 10:34		13653		2/3/24 10:49		27229

		2/3/24 9:00		445.1		2/3/24 8:43		7971		2/3/24 10:34		13651		2/3/24 10:50		27239

		2/3/24 9:00		450.3		2/3/24 8:43		7975		2/3/24 10:34		13648		2/3/24 10:50		27249

		2/3/24 9:01		439.9		2/3/24 8:43		7968		2/3/24 10:34		13663		2/3/24 10:50		27297

		2/3/24 9:01		455.5		2/3/24 8:43		7998		2/3/24 10:34		13646		2/3/24 10:50		27297

		2/3/24 9:01		445.1		2/3/24 8:43		7998		2/3/24 10:34		13665		2/3/24 10:50		27314

		2/3/24 9:01		434.8		2/3/24 8:43		8002		2/3/24 10:34		13657		2/3/24 10:50		27281

		2/3/24 9:01		429.6		2/3/24 8:43		7999		2/3/24 10:35		13664		2/3/24 10:50		27274

		2/3/24 9:01		434.7		2/3/24 8:43		7987		2/3/24 10:35		13655		2/3/24 10:50		27280

		2/3/24 9:01		434.7		2/3/24 8:43		7988		2/3/24 10:35		13655		2/3/24 10:50		27260

		2/3/24 9:01		434.7		2/3/24 8:43		7987		2/3/24 10:35		13667		2/3/24 10:50		27289

		2/3/24 9:01		434.7		2/3/24 8:44		7973		2/3/24 10:35		13666		2/3/24 10:50		27325

		2/3/24 9:01		429.5		2/3/24 8:44		7982		2/3/24 10:35		13668		2/3/24 10:50		27333

		2/3/24 9:01		434.7		2/3/24 8:44		7983		2/3/24 10:35		13685		2/3/24 10:51		27335

		2/3/24 9:01		424.3		2/3/24 8:44		7972		2/3/24 10:35		13680		2/3/24 10:51		27333

		2/3/24 9:02		429.5		2/3/24 8:44		7961		2/3/24 10:35		13687		2/3/24 10:51		27343

		2/3/24 9:02		429.5		2/3/24 8:44		7951		2/3/24 10:35		13676		2/3/24 10:51		27340

		2/3/24 9:02		424.3		2/3/24 8:44		7948		2/3/24 10:35		13655		2/3/24 10:51		27314

		2/3/24 9:02		439.9		2/3/24 8:44		7960		2/3/24 10:35		13657		2/3/24 10:51		27298

		2/3/24 9:02		434.7		2/3/24 8:44		7960		2/3/24 10:36		13636		2/3/24 10:51		27331

		2/3/24 9:02		429.5		2/3/24 8:44		7986		2/3/24 10:36		13653		2/3/24 10:51		27304

		2/3/24 9:02		439.9		2/3/24 8:44		7984		2/3/24 10:36		13642		2/3/24 10:51		27312

		2/3/24 9:02		424.3		2/3/24 8:44		8008		2/3/24 10:36		13654		2/3/24 10:51		27267

		2/3/24 9:02		439.9		2/3/24 8:45		8008		2/3/24 10:36		13670		2/3/24 10:51		27287

		2/3/24 9:02		434.7		2/3/24 8:45		8018		2/3/24 10:36		13666		2/3/24 10:51		27265

		2/3/24 9:02		439.9		2/3/24 8:45		8006		2/3/24 10:36		13681		2/3/24 10:52		27261

		2/3/24 9:02		429.5		2/3/24 8:45		8006		2/3/24 10:36		13682		2/3/24 10:52		27242

		2/3/24 9:03		439.9		2/3/24 8:45		8006		2/3/24 10:36		13695		2/3/24 10:52		27240

		2/3/24 9:03		439.9		2/3/24 8:45		8006		2/3/24 10:36		13703		2/3/24 10:52		27256

		2/3/24 9:03		424.3		2/3/24 8:45		8006		2/3/24 10:36		13702		2/3/24 10:52		27259

		2/3/24 9:03		424.3		2/3/24 8:45		8022		2/3/24 10:36		13702		2/3/24 10:52		27250

		2/3/24 9:03		424.3		2/3/24 8:45		8020		2/3/24 10:37		13700		2/3/24 10:52		27230

		2/3/24 9:03		434.7		2/3/24 8:45		8017		2/3/24 10:37		13691		2/3/24 10:52		27271

		2/3/24 9:03		434.7		2/3/24 8:45		8022		2/3/24 10:37		13679		2/3/24 10:52		27232

		2/3/24 9:03		445.2		2/3/24 8:45		8020		2/3/24 10:37		13670		2/3/24 10:52		27249

		2/3/24 9:03		445.1		2/3/24 8:46		8029		2/3/24 10:37		13681

		2/3/24 9:03		434.7		2/3/24 8:46		8029		2/3/24 10:37		13682				27281

		2/3/24 9:03		434.7		2/3/24 8:46		8033		2/3/24 10:37		13664

		2/3/24 9:03		434.8		2/3/24 8:46		8034		2/3/24 10:37		13672

		2/3/24 9:04		445.2		2/3/24 8:46		8030		2/3/24 10:37		13670

		2/3/24 9:04		445.2		2/3/24 8:46		8032		2/3/24 10:37		13647

		2/3/24 9:04		429.6		2/3/24 8:46		8022		2/3/24 10:37		13658

		2/3/24 9:04		434.8		2/3/24 8:46		8034		2/3/24 10:37		13622

		2/3/24 9:04		434.8		2/3/24 8:46		8043		2/3/24 10:38		13652

		2/3/24 9:04		429.6		2/3/24 8:46		8036		2/3/24 10:38		13636

		2/3/24 9:04		419.2		2/3/24 8:46		8032		2/3/24 10:38		13626

		2/3/24 9:04		419.2		2/3/24 8:46		8020

		2/3/24 9:04		408.8		2/3/24 8:47		8010				13668

		2/3/24 9:04		408.8		2/3/24 8:47		8010

		2/3/24 9:04		403.5		2/3/24 8:47		8010

		2/3/24 9:04		429.5		2/3/24 8:47		8011

		2/3/24 9:05		413.9		2/3/24 8:47		7994

		2/3/24 9:05		413.9		2/3/24 8:47		7996

		2/3/24 9:05		414.0

		2/3/24 9:05		408.8				7990

		2/3/24 9:05		403.6

		2/3/24 9:05		408.7

		2/3/24 9:05		414.0

				434





CO
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HCl

		date_time		NH3-1011 ppm		date_time		NH3-10ppm		date_time		NH3-30ppm		date_time		NH3-1%						NH3-10ppm		NH3-30ppm		NH3-1011ppm		NH3-1%

		2/4/24 6:16		870		2/4/24 5:48		6.2		2/4/24 5:57		19.90		2/4/24 6:36		9088.1						9		28		1014		10011

		2/4/24 6:16		925		2/4/24 5:48		8.5		2/4/24 5:57		23.32		2/4/24 6:36		9485.2				Req		±2		±3		±252		±2500

		2/4/24 6:16		958		2/4/24 5:49		8.5		2/4/24 5:58		24.46		2/4/24 6:36		9734.1

		2/4/24 6:16		993		2/4/24 5:49		11.9		2/4/24 5:58		24.46		2/4/24 6:36		9977.9

		2/4/24 6:16		999		2/4/24 5:49		10.8		2/4/24 5:58		25.60		2/4/24 6:36		9997.2

		2/4/24 6:16		1002		2/4/24 5:49		10.8		2/4/24 5:58		31.17		2/4/24 6:36		10007.1

		2/4/24 6:17		1003		2/4/24 5:49		8.5		2/4/24 5:58		25.60		2/4/24 6:37		10021.8

		2/4/24 6:17		1003		2/4/24 5:49		9.6		2/4/24 5:58		31.17		2/4/24 6:37		10019.5

		2/4/24 6:17		1004		2/4/24 5:49		7.4		2/4/24 5:58		31.17		2/4/24 6:37		10029.5

		2/4/24 6:17		1004		2/4/24 5:49		8.5		2/4/24 5:58		29.99		2/4/24 6:37		10017.6

		2/4/24 6:17		1004		2/4/24 5:49		7.4		2/4/24 5:58		28.81		2/4/24 6:37		10008.9

		2/4/24 6:17		1007		2/4/24 5:50		8.5		2/4/24 5:58		29.01		2/4/24 6:37		10001.3

		2/4/24 6:17		1009		2/4/24 5:50		7.4		2/4/24 5:59		31.29		2/4/24 6:37		9995.9

		2/4/24 6:17		1011		2/4/24 5:50		8.5		2/4/24 5:59		27.87		2/4/24 6:37		9986.1

		2/4/24 6:17		1012		2/4/24 5:50		8.5		2/4/24 5:59		27.87		2/4/24 6:37		9993.7

		2/4/24 6:17		1014		2/4/24 5:50		9.6		2/4/24 5:59		27.87		2/4/24 6:37		9994.9

		2/4/24 6:17		1012		2/4/24 5:50		9.6		2/4/24 5:59		28.81		2/4/24 6:37		10006.6

		2/4/24 6:17		1012		2/4/24 5:50		9.6		2/4/24 5:59		24.44		2/4/24 6:37		10002.9

		2/4/24 6:18		1014		2/4/24 5:50		8.5		2/4/24 5:59		26.72		2/4/24 6:38		10014.2

		2/4/24 6:18		1014		2/4/24 5:50		9.6		2/4/24 5:59		28.79		2/4/24 6:38		9993.0

		2/4/24 6:18		1016		2/4/24 5:50		10.8		2/4/24 5:59		25.58		2/4/24 6:38		10000.1

		2/4/24 6:18		1016		2/4/24 5:50		9.6		2/4/24 5:59		27.87		2/4/24 6:38		10009.6

		2/4/24 6:18		1017		2/4/24 5:50		7.4		2/4/24 5:59		28.81		2/4/24 6:38		10012.3

		2/4/24 6:18		1015		2/4/24 5:51		8.5		2/4/24 5:59		29.99		2/4/24 6:38		10005.4

		2/4/24 6:18		1017		2/4/24 5:51		8.5		2/4/24 6:00		29.01		2/4/24 6:38		10001.3

		2/4/24 6:18		1015		2/4/24 5:51		8.5		2/4/24 6:00		31.17		2/4/24 6:38		10009.7

		2/4/24 6:18		1013		2/4/24 5:51		8.5		2/4/24 6:00		29.01		2/4/24 6:38		10000.8

		2/4/24 6:18		1012		2/4/24 5:51		7.4		2/4/24 6:00		31.17		2/4/24 6:38		10006.5

		2/4/24 6:18		1010		2/4/24 5:51		8.5		2/4/24 6:00		29.01		2/4/24 6:38		10008.9

		2/4/24 6:18		1012		2/4/24 5:51		9.6		2/4/24 6:00		31.29		2/4/24 6:38		10016.5

		2/4/24 6:19		1012		2/4/24 5:51		8.5		2/4/24 6:00		31.29		2/4/24 6:39		10015.5

		2/4/24 6:19		1010		2/4/24 5:51		9.6		2/4/24 6:00		32.43		2/4/24 6:39		10025.4

		2/4/24 6:19		1007		2/4/24 5:51		7.4		2/4/24 6:00		31.29		2/4/24 6:39		10033.0

		2/4/24 6:19		1008		2/4/24 5:51		7.4		2/4/24 6:00		32.43		2/4/24 6:39		10024.7

		2/4/24 6:19		1010		2/4/24 5:51		8.5		2/4/24 6:00		30.15		2/4/24 6:39		10025.5

		2/4/24 6:19		1014		2/4/24 5:52		8.5		2/4/24 6:00		30.15		2/4/24 6:39		10017.8

		2/4/24 6:19		1014		2/4/24 5:52		7.4		2/4/24 6:01		26.74		2/4/24 6:39		10018.6

		2/4/24 6:19		1014		2/4/24 5:52		9.6		2/4/24 6:01		26.74		2/4/24 6:39		10013.5

		2/4/24 6:19		1016		2/4/24 5:52		8.5		2/4/24 6:01		26.74		2/4/24 6:39		10004.8

		2/4/24 6:19		1018		2/4/24 5:52		10.8		2/4/24 6:01		25.60		2/4/24 6:39		10005.9

		2/4/24 6:19		1015		2/4/24 5:52		10.8		2/4/24 6:01		26.74		2/4/24 6:39		10002.9

		2/4/24 6:19		1018		2/4/24 5:52		8.5		2/4/24 6:01		27.87		2/4/24 6:39		10011.7

		2/4/24 6:20		1015		2/4/24 5:52		7.4		2/4/24 6:01		27.87		2/4/24 6:40		10021.2

		2/4/24 6:20		1019		2/4/24 5:52		8.5		2/4/24 6:01		25.60		2/4/24 6:40		10013.6

		2/4/24 6:20		1018		2/4/24 5:52		8.5		2/4/24 6:01		28.81		2/4/24 6:40		10016.7

		2/4/24 6:20		1015		2/4/24 5:52		7.4		2/4/24 6:01		26.74		2/4/24 6:40		10014.3

		2/4/24 6:20		1019		2/4/24 5:52		9.6		2/4/24 6:01		25.60		2/4/24 6:40		10004.8

		2/4/24 6:20		1017		2/4/24 5:53		7.4		2/4/24 6:01		27.87		2/4/24 6:40		10011.2

		2/4/24 6:20		1018		2/4/24 5:53		6.2		2/4/24 6:02		27.87		2/4/24 6:40		10019.3

		2/4/24 6:20		1018		2/4/24 5:53		7.4		2/4/24 6:02		26.74		2/4/24 6:40		10013.5

		2/4/24 6:20		1017		2/4/24 5:53		8.5		2/4/24 6:02		27.87

		2/4/24 6:20		1020		2/4/24 5:53		8.5		2/4/24 6:02		27.87				10011

		2/4/24 6:20		1020		2/4/24 5:53		9.6		2/4/24 6:02		26.73

		2/4/24 6:20		1020		2/4/24 5:53		8.5		2/4/24 6:02		26.73

		2/4/24 6:21		1022		2/4/24 5:53		10.8		2/4/24 6:02		24.45

		2/4/24 6:21		1022		2/4/24 5:53		9.6		2/4/24 6:02		24.45

		2/4/24 6:21		1021		2/4/24 5:53		9.6		2/4/24 6:02		26.73

		2/4/24 6:21		1016		2/4/24 5:53		10.8		2/4/24 6:02		26.73

		2/4/24 6:21		1016		2/4/24 5:53		9.6		2/4/24 6:02		26.74

		2/4/24 6:21		1019		2/4/24 5:54		11.9		2/4/24 6:02		25.60

		2/4/24 6:21		1018		2/4/24 5:54		9.6		2/4/24 6:03		26.73

		2/4/24 6:21		1014		2/4/24 5:54		9.6		2/4/24 6:03		26.74

		2/4/24 6:21		1016		2/4/24 5:54		7.4		2/4/24 6:03		26.74

		2/4/24 6:21		1017		2/4/24 5:54		7.4		2/4/24 6:03		27.87

		2/4/24 6:21		1019		2/4/24 5:54		7.4		2/4/24 6:03		26.73

		2/4/24 6:21		1016		2/4/24 5:54		7.4		2/4/24 6:03		26.73

		2/4/24 6:22		1016		2/4/24 5:54		8.5		2/4/24 6:03		31.16

		2/4/24 6:22		1016		2/4/24 5:54		7.4		2/4/24 6:03		27.87

		2/4/24 6:22		1013		2/4/24 5:54		7.4		2/4/24 6:03		26.73

		2/4/24 6:22		1014		2/4/24 5:54		6.2		2/4/24 6:03		24.45

		2/4/24 6:22		1016		2/4/24 5:54		8.5		2/4/24 6:03		26.73

		2/4/24 6:22		1014		2/4/24 5:55		9.6		2/4/24 6:03		26.73

		2/4/24 6:22		1014						2/4/24 6:04		29.99

		2/4/24 6:22		1015				8.7		2/4/24 6:04		26.73

		2/4/24 6:22		1018						2/4/24 6:04		27.87

		2/4/24 6:22		1019						2/4/24 6:04		32.34

		2/4/24 6:22		1018						2/4/24 6:04		27.87

		2/4/24 6:22		1016						2/4/24 6:04		27.87

		2/4/24 6:23		1014						2/4/24 6:04		26.74

		2/4/24 6:23		1011						2/4/24 6:04		29.99

		2/4/24 6:23		1009						2/4/24 6:04		28.81

		2/4/24 6:23		1009						2/4/24 6:04		29.01

		2/4/24 6:23		1009						2/4/24 6:04		27.87

		2/4/24 6:23		1009						2/4/24 6:04		29.99

										2/4/24 6:05		27.87

				1014						2/4/24 6:05		29.01

										2/4/24 6:05		30.15

										2/4/24 6:05		30.15

										2/4/24 6:05		30.15

										2/4/24 6:05		29.01

										2/4/24 6:05		29.01

										2/4/24 6:05		31.17

										2/4/24 6:05		25.59

												28.2
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NH3-1%



		date_time		CO-5ppm		date_time		CO-55 ppm		date_time		CO-500ppm		date_time		CO-1000ppm								5 ppm		55 ppm		500 ppm		1000 ppm

		2/3/24 10:31		8.2		2/3/24 10:43		49		2/3/24 10:09		499		2/3/24 10:18		835								8		55		500		999

		2/3/24 10:31		7.5		2/3/24 10:43		50		2/3/24 10:09		496		2/3/24 10:19		900

		2/3/24 10:31		7.6		2/3/24 10:43		52		2/3/24 10:10		496		2/3/24 10:19		948						Requirement		±5 ppm		±5 ppm		±50 ppm		±100 ppm

		2/3/24 10:32		6.8		2/3/24 10:43		56		2/3/24 10:10		498		2/3/24 10:19		998

		2/3/24 10:32		6.8		2/3/24 10:43		56		2/3/24 10:10		498		2/3/24 10:19		995

		2/3/24 10:32		6.8		2/3/24 10:43		54		2/3/24 10:10		496		2/3/24 10:19		995

		2/3/24 10:32		5.3		2/3/24 10:44		55		2/3/24 10:10		496		2/3/24 10:19		996

		2/3/24 10:32		8.4		2/3/24 10:44		56		2/3/24 10:10		500		2/3/24 10:19		995

		2/3/24 10:32		10.0		2/3/24 10:44		55		2/3/24 10:10		500		2/3/24 10:19		1011

		2/3/24 10:32		8.4		2/3/24 10:44		55		2/3/24 10:10		502		2/3/24 10:19		999

		2/3/24 10:32		7.7		2/3/24 10:44		56		2/3/24 10:10		498		2/3/24 10:20		995

		2/3/24 10:32		5.3		2/3/24 10:44		54		2/3/24 10:11		506		2/3/24 10:20		992

		2/3/24 10:33		6.8		2/3/24 10:44		53		2/3/24 10:11		504		2/3/24 10:20		990

		2/3/24 10:33		6.8		2/3/24 10:44		52		2/3/24 10:11		497		2/3/24 10:20		993

		2/3/24 10:33		8.4		2/3/24 10:44		54		2/3/24 10:11		499		2/3/24 10:20		993

		2/3/24 10:33		7.6		2/3/24 10:44		53		2/3/24 10:11		506		2/3/24 10:20		1004

		2/3/24 10:33		6.1		2/3/24 10:44		54		2/3/24 10:11		497		2/3/24 10:20		999

		2/3/24 10:33		3.7		2/3/24 10:44		53		2/3/24 10:11		500		2/3/24 10:20		995

		2/3/24 10:33		10.1		2/3/24 10:45		53		2/3/24 10:11		502		2/3/24 10:20		993

		2/3/24 10:33		8.5		2/3/24 10:45		51		2/3/24 10:11		500		2/3/24 10:20		1010

		2/3/24 10:33		7.7		2/3/24 10:45		54		2/3/24 10:11		498		2/3/24 10:20		1012

		2/3/24 10:33		9.3		2/3/24 10:45		54		2/3/24 10:11		498		2/3/24 10:20		999

		2/3/24 10:33		5.3		2/3/24 10:45		54		2/3/24 10:11		497		2/3/24 10:21		1005

		2/3/24 10:33		7.7		2/3/24 10:45		55		2/3/24 10:12		499		2/3/24 10:21		1007

		2/3/24 10:34		8.5		2/3/24 10:45		55		2/3/24 10:12		498		2/3/24 10:21		1007

		2/3/24 10:34		10.1		2/3/24 10:45		56		2/3/24 10:12		496		2/3/24 10:21		1011

		2/3/24 10:34		10.1		2/3/24 10:45		56		2/3/24 10:12		499		2/3/24 10:21		1009

		2/3/24 10:34		6.9		2/3/24 10:45		56		2/3/24 10:12		496		2/3/24 10:21		1008

		2/3/24 10:34		6.9		2/3/24 10:45		55		2/3/24 10:12		500		2/3/24 10:21		1011

		2/3/24 10:34		6.1		2/3/24 10:45		54		2/3/24 10:12		500		2/3/24 10:21		1010

		2/3/24 10:34		6.9		2/3/24 10:46		57		2/3/24 10:12		493		2/3/24 10:21		1010

		2/3/24 10:34		6.9		2/3/24 10:46		56		2/3/24 10:12		496		2/3/24 10:21		1005

		2/3/24 10:34		6.9		2/3/24 10:46		57		2/3/24 10:12		492		2/3/24 10:21		1004

		2/3/24 10:34		6.9		2/3/24 10:46		58		2/3/24 10:12		497		2/3/24 10:21		1005

		2/3/24 10:34		6.9		2/3/24 10:46		56		2/3/24 10:12		492		2/3/24 10:22		1006

		2/3/24 10:34		6.9		2/3/24 10:46		57		2/3/24 10:13		494		2/3/24 10:22		1005

		2/3/24 10:35		7.7		2/3/24 10:46		54		2/3/24 10:13		494		2/3/24 10:22		1005

		2/3/24 10:35		8.5		2/3/24 10:46		55		2/3/24 10:13		496		2/3/24 10:22		1005

		2/3/24 10:35		8.5		2/3/24 10:46		56		2/3/24 10:13		498		2/3/24 10:22		1003

		2/3/24 10:35		8.5		2/3/24 10:46		53		2/3/24 10:13		498		2/3/24 10:22		1004

		2/3/24 10:35		10.1		2/3/24 10:46		55		2/3/24 10:13		502		2/3/24 10:22		995

		2/3/24 10:35		13.3		2/3/24 10:46		54		2/3/24 10:13		501		2/3/24 10:22		993

		2/3/24 10:35		13.4		2/3/24 10:47		54		2/3/24 10:13		496		2/3/24 10:22		986

		2/3/24 10:35		7.8		2/3/24 10:47		53		2/3/24 10:13		497		2/3/24 10:22		989

		2/3/24 10:35		9.4		2/3/24 10:47		55		2/3/24 10:13		497		2/3/24 10:22		990

		2/3/24 10:35		7.8		2/3/24 10:47		55		2/3/24 10:13		503		2/3/24 10:22		988

		2/3/24 10:35		7.8		2/3/24 10:47		53		2/3/24 10:13		502		2/3/24 10:23		994

		2/3/24 10:35		9.4		2/3/24 10:47		52		2/3/24 10:14		500		2/3/24 10:23		998

		2/3/24 10:36		7.8		2/3/24 10:47		53		2/3/24 10:14		498		2/3/24 10:23		995

		2/3/24 10:36		7.8		2/3/24 10:47		53		2/3/24 10:14		499		2/3/24 10:23		995

		2/3/24 10:36		10.2		2/3/24 10:47		55		2/3/24 10:14		496		2/3/24 10:23		992

		2/3/24 10:36		10.2		2/3/24 10:47		55		2/3/24 10:14		498		2/3/24 10:23		992

		2/3/24 10:36		11.8		2/3/24 10:47		53		2/3/24 10:14		497		2/3/24 10:23		994

		2/3/24 10:36		8.6		2/3/24 10:47		54		2/3/24 10:14		502		2/3/24 10:23		988

		2/3/24 10:36		6.9		2/3/24 10:48		54		2/3/24 10:14		505		2/3/24 10:23		995

		2/3/24 10:36		6.9		2/3/24 10:48		54		2/3/24 10:14		503		2/3/24 10:23		997

		2/3/24 10:36		6.9		2/3/24 10:48		58		2/3/24 10:14		504		2/3/24 10:23		1000

		2/3/24 10:36		6.9		2/3/24 10:48		57		2/3/24 10:14		504		2/3/24 10:23		999

		2/3/24 10:36		6.9		2/3/24 10:48		55		2/3/24 10:14		504		2/3/24 10:24		993

		2/3/24 10:36		6.9		2/3/24 10:48		55		2/3/24 10:15		503		2/3/24 10:24		993

		2/3/24 10:37		6.9		2/3/24 10:48		53		2/3/24 10:15		505		2/3/24 10:24		993

		2/3/24 10:37		6.1		2/3/24 10:48		56		2/3/24 10:15		503		2/3/24 10:24		988

		2/3/24 10:37		5.3		2/3/24 10:48		54		2/3/24 10:15		505		2/3/24 10:24		996

		2/3/24 10:37		7.8		2/3/24 10:48		55		2/3/24 10:15		504		2/3/24 10:24		989

		2/3/24 10:37		10.1		2/3/24 10:48		54		2/3/24 10:15		503		2/3/24 10:24		992

		2/3/24 10:37		9.3		2/3/24 10:48		54		2/3/24 10:15		499		2/3/24 10:24		998

		2/3/24 10:37		10.2		2/3/24 10:49		54		2/3/24 10:15		499		2/3/24 10:24		1000

		2/3/24 10:37		11.0						2/3/24 10:15		502		2/3/24 10:24		1003

										2/3/24 10:15		502		2/3/24 10:24		1004

				8.1				54.7		2/3/24 10:15		498		2/3/24 10:24		1002

												499.6				998.8





		



CO-5ppm



		



CO-55 ppm



		



CO-500ppm



		



CO-1000ppm



		date_time		HCN-2ppm		HCN-2ppm-On		HCN-5ppm		HCN-5ppm-On		HCN-20ppm		HCN-20ppm-On		HCN-20ppm2nd		HCN-50ppm		HCN-50ppm-On						2 ppm		5 ppm		20 ppm		50 ppm

		2/4/24 2:51		0.4		0.9		5.4		2.4		14.9		13.4		14.9		19.7		29.5						1		4		21		49

		2/4/24 2:51		0.6		0.7		5.2		2.6		15.6		14.6		15.6		23.5		33.7				Requirement		±1		±1.25		±5		±12.5

		2/4/24 2:51		0.7		1.2		4.9		2.4		16.1		15.4		16.1		27.0		36.6

		2/4/24 2:51		1.1		1.7		4.9		4.1		17.3		18.3		17.3		33.4		41.5

		2/4/24 2:51		1.0		1.7		4.8		4.2		17.7		18.4		17.7		36.0		42.9

		2/4/24 2:51		1.2		2.0		4.6		4.4		18.0		18.6		18.0		37.7		44.2

		2/4/24 2:51		1.8		1.9		4.4		4.5		18.6		18.4		18.6		39.7		45.1

		2/4/24 2:52		1.5		1.8		4.5		4.1		19.1		18.3		19.1		40.7		46.3

		2/4/24 2:52		1.7		1.4		4.6		4.3		19.1		18.4		19.1		41.9		46.9

		2/4/24 2:52		2.0		1.4		4.6		4.0		19.3		18.6		19.3		43.3		47.0

		2/4/24 2:52		1.9		1.3		4.5		4.5		19.5		18.6		19.5		44.1		47.9

		2/4/24 2:52		1.8		1.2		4.3		4.3		20.1		18.4		20.1		44.6		48.2

		2/4/24 2:52		1.4		1.6		4.2		4.3		20.2		18.1		20.2		45.1		48.5

		2/4/24 2:52		1.5		1.3		4.4		4.3		20.2		18.1		20.2		45.4		48.3

		2/4/24 2:52		1.7		1.3		3.9		4.1		20.6		19.1		20.6		45.4		48.3

		2/4/24 2:52		1.9		1.0		4.3		4.4		20.8		19.3		20.8		46.0		48.2

		2/4/24 2:52		1.9		1.0		4.1		4.4		20.5		19.7		20.5		46.3		48.5

		2/4/24 2:52		1.8		0.7		4.0		4.8		20.2		19.8		20.2		46.5		48.7

		2/4/24 2:52		1.8		1.2		4.7		4.6		20.2		20.0		20.2		47.4		48.8

		2/4/24 2:53		1.5		1.4		5.0		4.7		20.6		20.4		20.6		47.4		48.7

		2/4/24 2:53		1.8		1.4		4.8		4.6		21.0		20.8		21.0		47.0		48.8

		2/4/24 2:53		1.7		1.3		4.4		4.6		21.1		21.2		21.1		47.5		48.6

		2/4/24 2:53		1.6		0.8		4.2		4.6		21.4		20.8		21.4		47.3		48.8

		2/4/24 2:53		1.4		0.7		4.2		4.2		21.1		20.8		21.1		47.6		48.8

		2/4/24 2:53		1.6		0.5		3.9		4.5		21.1		20.3		21.1		48.0		49.4

		2/4/24 2:53		1.2		0.9		3.9		4.6		21.3		20.3		21.3		48.0		49.8

		2/4/24 2:53		1.4		1.6		3.9		4.3		21.3		20.6		21.3		48.0		49.6

		2/4/24 2:53		1.7		1.4		4.0		4.7		21.3		20.7		21.3		47.8		49.6

		2/4/24 2:53		1.4		1.5		3.9		4.9		20.9		20.7		20.9		47.1		49.3

		2/4/24 2:53		1.9		1.6		3.5		4.5		20.6		20.7		20.6		47.7		49.3

		2/4/24 2:53		1.8		2.0		4.0		4.8		20.5		20.3		20.5		47.7		49.3

		2/4/24 2:54		1.9		1.7		3.4		4.6		20.7		20.5		20.7		47.9		48.8

		2/4/24 2:54		1.4		1.4		3.5		4.5		20.7		20.2		20.7		47.8		48.7

		2/4/24 2:54		1.3		1.5		3.8		4.5		20.8		20.4		20.8		48.0		48.6

		2/4/24 2:54		1.2		1.7		4.0		4.6		20.6		20.3		20.6		47.6		48.8

		2/4/24 2:54		1.1		2.0		4.5		4.2		20.6		20.5		20.6		47.4		49.3

		2/4/24 2:54		1.2		2.0		4.7		3.9		20.3		20.2		20.3		47.4		49.0

		2/4/24 2:54		0.9		2.4		4.8		4.0		20.0		20.3		20.0		47.4		48.6

		2/4/24 2:54		1.0		2.7		5.2		4.5		20.6		20.2		20.6		47.6		48.8

		2/4/24 2:54		1.0		2.3		4.6		4.7		20.9		20.4		20.9		47.7		48.7

		2/4/24 2:54		1.2		2.0		4.6		4.7		20.7		20.4		20.7		47.8		49.0

		2/4/24 2:54		1.7		2.1		4.7		4.3		20.4		20.7		20.4		47.4		49.4

		2/4/24 2:54		1.6		2.2		4.9		4.5		20.4		21.2		20.4		47.4		49.4

		2/4/24 2:55		1.7		2.1		5.1		4.4		20.6		21.5		20.6		47.5		49.2

		2/4/24 2:55		1.9		1.8		5.1		4.6		20.9		21.1		20.9		47.9		49.4

		2/4/24 2:55		2.1		1.4		4.4		5.0		21.0		21.2		21.0		47.8		49.0

		2/4/24 2:55		2.1		1.3		4.5		4.6		20.8		21.3		20.8		48.0		49.2

		2/4/24 2:55		1.9		1.4		4.5		4.8		20.9		21.1		20.9		48.1		49.1

		2/4/24 2:55		1.7		1.2		4.7		5.0		21.0		20.8		21.0		48.4		49.3

		2/4/24 2:55		1.8		1.2		4.3		4.8		21.0		21.1		21.0		48.4		49.5

		2/4/24 2:55		1.9		1.2		4.3		4.4		20.9		21.1		20.9		48.1		49.6

		2/4/24 2:55		2.0		1.3		4.5		4.2		20.6		20.7		20.6		48.3		49.8

		2/4/24 2:55		1.7		1.5		4.2		4.2		21.1		20.6		21.1		48.5		49.7

		2/4/24 2:55		2.1		1.6		4.0		4.4		21.1		20.6		21.1		48.0		49.4

		2/4/24 2:55		1.6		1.8		4.3		4.2		21.3		20.5		21.3		48.2		49.6

		2/4/24 2:56		1.5		1.7		4.4		4.4		21.2		20.5		21.2		48.0		49.4

		2/4/24 2:56		1.6		1.4		4.2		4.8		20.2		20.4		20.2		47.7		49.5

		2/4/24 2:56		1.6		1.2		4.5		4.7		20.4		20.5		20.4		47.7		49.7

		2/4/24 2:56		1.5		1.0		4.0		4.9		20.4		20.4		20.4		47.9		49.4

		2/4/24 2:56		1.5		1.0		4.2		4.7		20.8		20.4		20.8		48.2		49.4

		2/4/24 2:56		1.6		0.7		4.7		4.7		20.8		20.7		20.8		48.0		49.1

		2/4/24 2:56		1.2		0.8		4.6		4.8		20.8		20.9		20.8		47.9		49.0

		2/4/24 2:56		1.3		1.0		4.8		4.9		20.5		21.1		20.5		48.5		48.9

		2/4/24 2:56		1.3		1.0		4.6		4.8		20.6		21.4		20.6		48.3		48.7

		2/4/24 2:56		0.8		1.0		4.2		4.5		19.9		21.2		19.9		48.5		48.9

		2/4/24 2:56		0.7		1.2		4.4		4.3		21.0		20.7		21.0		49.1		49.2

		2/4/24 2:56		1.2		1.4		4.4		4.7		21.4		20.5		21.4				48.9

		2/4/24 2:57		1.1		1.8		4.9		4.7		21.4		20.5		21.4				48.8

		2/4/24 2:57		0.8		1.7		4.8		4.5		21.2		20.5		21.2		47.4		48.7

		2/4/24 2:57		1.0		1.8		4.7		4.7		20.8		20.5		20.8				48.6

		2/4/24 2:57		1.2		2.1		4.6		4.6		21.2		20.4		21.2				48.7

		2/4/24 2:57		1.4		2.3		5.2		4.6				20.7

		2/4/24 2:57		1.0		2.1		5.2		4.7		20.8		20.3		20.8				49.0

		2/4/24 2:57		1.2		2.1		4.6						20.5

		2/4/24 2:57		1.0		2.0		4.5		4.5				20.4

		2/4/24 2:57		1.2		1.7		4.6						20.3

		2/4/24 2:57		1.4		1.6		5.1						20.6

		2/4/24 2:57		1.5		1.1								20.7

		2/4/24 2:57		1.3		1.7		4.4						20.4

		2/4/24 2:58		1.9		1.9								20.6

		2/4/24 2:58		2.0		1.4								20.1

		2/4/24 2:58		2.0		1.2								20.3

		2/4/24 2:58		1.9		1.1								20.7

		2/4/24 2:58		1.3		1.2								20.5

		2/4/24 2:58		1.7		1.1								20.6

		2/4/24 2:58		1.5		1.1								20.7

		2/4/24 2:58		2.1		1.3								20.6

		2/4/24 2:58		1.8		1.1

		2/4/24 2:58		1.9		1.6								20.6

		2/4/24 2:58		1.8		1.0

		2/4/24 2:58		1.9		0.8

		2/4/24 2:59		1.6		0.5

		2/4/24 2:59		1.9

		2/4/24 2:59		1.7		1.5

		2/4/24 2:59		1.5

		2/4/24 2:59		1.3

		2/4/24 2:59		1.3

		2/4/24 2:59		1.2

		2/4/24 2:59		1.6

		2/4/24 2:59		1.5

		2/4/24 2:59		1.7

		2/4/24 2:59		1.3

		2/4/24 2:59		1.1

		2/4/24 3:00		1.3

		2/4/24 3:00		1.2

		2/4/24 3:00		1.4

		2/4/24 3:00		0.9

		2/4/24 3:00		1.0

		2/4/24 3:00		1.1

		2/4/24 3:00		1.1

		2/4/24 3:00		1.1

		2/4/24 3:00		0.9

		2/4/24 3:00		0.7

		2/4/24 3:00		0.7

		2/4/24 3:00		0.7

		2/4/24 3:01		1.1

		2/4/24 3:01		1.5

		2/4/24 3:01		1.7

		2/4/24 3:01		1.6

		2/4/24 3:01		1.2

		2/4/24 3:01		1.2

		2/4/24 3:01		1.1

		2/4/24 3:01		1.1

		2/4/24 3:01		1.6

		2/4/24 3:01		1.5

		2/4/24 3:01		1.5

		2/4/24 3:01		1.6

		2/4/24 3:02		1.6

		2/4/24 3:02		1.4

		2/4/24 3:02		1.2

		2/4/24 3:02		1.4

		2/4/24 3:02		1.4

		2/4/24 3:02		1.5

		2/4/24 3:02		1.4

		2/4/24 3:02		1.1

		2/4/24 3:02		1.2

		2/4/24 3:02		0.9

		2/4/24 3:02		1.2

				1.4





		



HCN-2ppm

HCN-2ppm-On



		



HCN-5ppm

HCN-5ppm-On



		



HCN-20ppm

HCN-20ppm-On

HCN-20ppm2nd



		



HCN-50ppm

HCN-50ppm-On



		date_time		HF-2ppm		HF-5ppm		HF-20ppm		HF-50ppm								2		5		20		50

		3/5/24 4:45		1.1		0.0		20.4		0.2								2		4		22		55

		3/5/24 4:46		1.2		0.0		20.7		0.2						Requirement		± 1		± 1.25		±5		±12.5

		3/5/24 4:46		1.3		0.0		20.9		0.2

		3/5/24 4:46		1.3		0.1		21.4		42.3

		3/5/24 4:46		1.3		0.1		21.5		45.6

		3/5/24 4:46		1.3		0.2		21.6		48.1

		3/5/24 4:46		1.3		0.9		21.6		49.8

		3/5/24 4:46		1.3		1.6		21.7		51.0

		3/5/24 4:46		1.3		2.2		21.7		51.8

		3/5/24 4:46		1.3		2.7		21.7		52.5

		3/5/24 4:46		1.4		3.0		21.8		53.1

		3/5/24 4:46		1.4		3.3		21.8		53.4

		3/5/24 4:46		1.4		3.5		21.8		53.7

		3/5/24 4:47		1.4		3.6		21.8		53.9

		3/5/24 4:47		1.4		3.8		21.8		54.1

		3/5/24 4:47		1.5		3.8		21.8		54.2

		3/5/24 4:47		1.5		3.8		21.8		54.2

		3/5/24 4:47		1.5		3.8		21.8		54.3

		3/5/24 4:47		1.5		3.9		21.8		54.3

		3/5/24 4:47		1.5		3.9		21.8		54.4

		3/5/24 4:47		1.5		4.0		21.9		54.5

		3/5/24 4:47		1.6		4.0		21.9		54.5

		3/5/24 4:47		1.6		4.1		21.8		54.6

		3/5/24 4:47		1.6		4.1		21.9		54.6

		3/5/24 4:47		1.6		4.1		21.9		54.7

		3/5/24 4:48		1.6		4.1		21.9		54.7

		3/5/24 4:48		1.6		4.1		21.9		54.8

		3/5/24 4:48		1.6		4.2		21.9		54.8

		3/5/24 4:48		1.5		4.2		21.9		54.9

		3/5/24 4:48		1.5		4.2		22.0		54.9

		3/5/24 4:48		1.5		4.2		22.1		55.0

		3/5/24 4:48		1.5		4.2		22.1		55.0

		3/5/24 4:48		1.5		4.2		22.0		55.1

		3/5/24 4:48		1.5		4.2		22.0		55.1

		3/5/24 4:48		1.5		4.2		22.0		55.2

		3/5/24 4:48		1.6		4.2		22.1		55.1

		3/5/24 4:48		1.6		4.2		22.1		55.2

		3/5/24 4:49		1.6		4.3		22.1		55.2

		3/5/24 4:49		1.6		4.3		22.1		55.2

		3/5/24 4:49		1.6		4.3		22.1		55.2

		3/5/24 4:49		1.5		4.3		22.1		55.3

		3/5/24 4:49		1.5		4.3		22.1		55.3

		3/5/24 4:49		1.5		4.2		22.1		55.2

		3/5/24 4:49		1.5		4.2		22.1		55.2

		3/5/24 4:49		1.6		4.3		22.1		55.2

		3/5/24 4:49		1.6		4.3		22.1		55.2

		3/5/24 4:49		1.5		4.3		22.1		55.3

		3/5/24 4:49		1.6		4.3		22.1		55.3

		3/5/24 4:49		1.5		4.3		22.1		55.3

		3/5/24 4:50		1.4		4.3		22.2		55.3

		3/5/24 4:50		1.4		4.3		22.2		55.3

		3/5/24 4:50		1.4		4.3		22.2		55.3

		3/5/24 4:50		1.5		4.2		22.2		55.3

		3/5/24 4:50		1.5		4.2		22.2		55.3

		3/5/24 4:50		1.5		4.2		22.1		55.4

		3/5/24 4:50		1.5		4.2		22.1		55.4

		3/5/24 4:50		1.5		4.2		22.1		55.4

		3/5/24 4:50		1.5		4.2		22.1		55.4

		3/5/24 4:50		1.5		4.3		22.1		55.4

		3/5/24 4:50		1.5		4.3		22.1		55.4

		3/5/24 4:50		1.5		4.3		22.2		55.4

		3/5/24 4:51		1.5		4.3		22.2		55.4

		3/5/24 4:51		1.5		4.3		22.2		55.4

		3/5/24 4:51		1.5		4.3		22.2		55.5

		3/5/24 4:51		1.5		4.3		22.3		55.5

		3/5/24 4:51		1.5		4.4		22.3		55.5

		3/5/24 4:51		1.5		4.4		22.3		55.5

		3/5/24 4:51		1.5		4.4		22.3		55.5

		3/5/24 4:51		1.6		4.3		22.3		55.5

		3/5/24 4:51		1.6		4.3		22.3		55.5

		3/5/24 4:51		1.6		4.3		22.3		55.5

		3/5/24 4:51		1.6		4.3		22.3		55.5

		3/5/24 4:51		1.6		4.3		22.3		55.4

		3/5/24 4:52		1.6		4.3		22.3		55.4

		3/5/24 4:52		1.5		4.2		22.3		55.4

		3/5/24 4:52		1.5		4.2		22.3		55.4

		3/5/24 4:52		1.4		4.2		22.3		55.4

		3/5/24 4:52		1.5		4.3		22.3		55.4

		3/5/24 4:52		1.5		4.3		22.2		55.4

		3/5/24 4:52		1.4		4.3		22.2		55.5

		3/5/24 4:52		1.4		4.3		22.2		55.5

		3/5/24 4:52		1.4		4.3		22.3		55.5

		3/5/24 4:52		1.4		4.3		22.3		55.5

		3/5/24 4:52		1.5		4.3		22.4		55.5

		3/5/24 4:52		1.4		4.3		22.4		55.5

		3/5/24 4:53		1.4		4.3		22.4		55.5

		3/5/24 4:53		1.4		4.4		22.4		55.5

		3/5/24 4:53		1.4		4.4		22.4		55.6

		3/5/24 4:53		1.4		4.3		22.4		55.5

		3/5/24 4:53		1.3		4.3		22.4		55.5

		3/5/24 4:53		1.4		4.3		22.4		55.5

		3/5/24 4:53		1.4		4.3		22.4		55.5

		3/5/24 4:53		1.4		4.3		22.4		55.5

		3/5/24 4:53		1.4		4.2		22.4		55.5

		3/5/24 4:53		1.4		4.3		22.4		55.5

		3/5/24 4:53		1.4		4.2		22.4		55.5

		3/5/24 4:53		1.5		4.2		22.4		55.5

		3/5/24 4:54		1.4		4.2		22.4		55.5

		3/5/24 4:54		1.4		4.2		22.5		55.5

		3/5/24 4:54		1.4		4.1		22.5		55.5

		3/5/24 4:54		1.5		4.1		22.5		55.6

		3/5/24 4:54		1.4		4.1		22.5		55.5

		3/5/24 4:54		1.4		4.2		22.5		55.5

		3/5/24 4:54		1.5		4.2		22.5		55.5

		3/5/24 4:54		1.5		4.2		22.5		55.5

		3/5/24 4:54		1.4		4.3		22.5		55.5

		3/5/24 4:54		1.4		4.2		22.5		55.5

		3/5/24 4:54		1.4		4.3		22.5		55.5

		3/5/24 4:54		1.4		4.3		22.5		55.6

		3/5/24 4:55		1.4		4.3		22.5		55.6

		3/5/24 4:55		1.4		4.2		22.5		55.6

		3/5/24 4:55		1.4		4.3		22.5		55.6

		3/5/24 4:55		1.4		4.2		22.4		55.6

		3/5/24 4:55		1.4		4.3		22.4		55.6

		3/5/24 4:55		1.4		4.3		22.4		55.6

		3/5/24 4:55		1.4		4.3		22.4		55.6

		3/5/24 4:55		1.5		4.2		22.4		55.6

		3/5/24 4:55		1.5		4.3		22.5		55.6

		3/5/24 4:55		1.5		4.3		22.5		55.5

		3/5/24 4:55		1.5		4.3		22.5		55.6

		3/5/24 4:55		1.5		4.3		22.5		55.6

		3/5/24 4:56		1.6		4.3		22.5		55.6

		3/5/24 4:56		1.6		4.3		22.5		55.6

		3/5/24 4:56		1.6		4.3		22.5		55.6

		3/5/24 4:56		1.6		4.2		22.5		55.6

		3/5/24 4:56		1.6		4.2		22.5		55.6

		3/5/24 4:56		1.6		4.2		22.5		55.6

		3/5/24 4:56		1.6		4.2		22.5		55.6

		3/5/24 4:56		1.6		4.2		22.5		55.6

		3/5/24 4:56		1.5		4.2		22.5		55.6

		3/5/24 4:56		1.6		4.2		22.4		55.6

		3/5/24 4:56		1.6		4.2		22.4		55.6

		3/5/24 4:56		1.6		4.2		22.4		55.7

		3/5/24 4:57		1.5		4.1		22.4		55.7

		3/5/24 4:57		1.5		4.2		22.4		55.7

		3/5/24 4:57		1.5		4.2		22.4		55.7

		3/5/24 4:57		1.5		4.2		22.4		55.7

		3/5/24 4:57		1.5		4.2		22.5		55.7

		3/5/24 4:57		1.5		4.3		22.4		55.7

		3/5/24 4:57		1.5		4.3		22.4		55.7

		3/5/24 4:57		1.6		4.3		22.4		55.7

		3/5/24 4:57		1.6		4.3		22.4		55.7

		3/5/24 4:57		1.6		4.3		22.4		55.7

		3/5/24 4:57		1.6		4.3		22.4		55.7

		3/5/24 4:57		1.6		4.3		22.4		55.7

		3/5/24 4:58		1.6		4.3		22.4		55.7

		3/5/24 4:58		1.6		4.3		22.4		55.7

		3/5/24 4:58		1.6		4.3		22.4		55.7

		3/5/24 4:58		1.6		4.3		22.4		55.8

		3/5/24 4:58		1.6		4.4		22.5		55.7

		3/5/24 4:58		1.6		4.4		22.4		55.7

		3/5/24 4:58		1.6		4.4		22.4		55.7

		3/5/24 4:58		1.6		4.4		22.4		55.7

		3/5/24 4:58		1.6		4.5		22.4		55.7

		3/5/24 4:58		1.6		4.5		22.4		55.7

		3/5/24 4:58		1.5		4.5		22.5		55.7

		3/5/24 4:58		1.5		4.5		22.5		55.8

		3/5/24 4:59		1.5		4.5		22.5		55.7

		3/5/24 4:59		1.4		4.5		22.5		55.7

		3/5/24 4:59		1.5		4.5		22.5		55.7

		3/5/24 4:59		1.5		4.5		22.4		55.7

		3/5/24 4:59		1.5		4.5		22.4		55.7

		3/5/24 4:59		1.5		4.5		22.4		55.7

		3/5/24 4:59		1.5		4.4		22.4		55.7

		3/5/24 4:59		1.5		4.4		22.4		55.7

		3/5/24 4:59		1.4		4.4		22.4		55.7

		3/5/24 4:59		1.4		4.4		22.4		55.7

		3/5/24 4:59		1.4		4.4		22.4		55.7

		3/5/24 4:59		1.4		4.4		22.4		55.7

		3/5/24 5:00		1.5		4.4		22.4		55.6

		3/5/24 5:00		1.5		4.4		22.5		55.6

		3/5/24 5:00		1.5		4.4		22.5		55.6

		3/5/24 5:00		1.5		4.4		22.5		55.6

		3/5/24 5:00		1.5		4.4		22.5		55.6

		3/5/24 5:00		1.5		4.4		22.5		55.6

		3/5/24 5:00		1.5		4.4		22.5		55.6

		3/5/24 5:00		1.5		4.4		22.5		55.6

		3/5/24 5:00		1.5		4.4		22.4		55.6

		3/5/24 5:00		1.5		4.5		22.4		55.6

		3/5/24 5:00		1.5		4.5		22.4		55.6

		3/5/24 5:00		1.5		4.5		22.4		55.6

		3/5/24 5:01		1.5		4.5		22.4

		3/5/24 5:01		1.5		4.4		22.4		55.3

		3/5/24 5:01		1.4		4.4		22.4

		3/5/24 5:01		1.4		4.4		22.4

		3/5/24 5:01		1.4		4.5

		3/5/24 5:01		1.5		4.5		22.3

		3/5/24 5:01		1.4		4.5

		3/5/24 5:01		1.4		4.5

		3/5/24 5:01		1.4		4.4

		3/5/24 5:01		1.5		4.4

		3/5/24 5:01		1.5

		3/5/24 5:01		1.5		4.3

		3/5/24 5:02		1.5

		3/5/24 5:02		1.5

		3/5/24 5:02		1.4

		3/5/24 5:02		1.4

		3/5/24 5:02		1.4

		3/5/24 5:02		1.4

		3/5/24 5:02		1.4

		3/5/24 5:02		1.4

		3/5/24 5:02		1.3

		3/5/24 5:02		1.4

		3/5/24 5:02		1.4

		3/5/24 5:02		1.4

		3/5/24 5:03		1.4

				1.5





		



HF-2ppm



		



HF-5ppm



		



HF-20ppm



		



HF-50ppm



		date_time		HCL-2ppm		HCL-5ppm		HCL-20ppm		HCL-50ppm								2		5		20		50

		2/3/24 3:56		1.2		1.6		14.4		40.6								1		6		22		55

		2/3/24 3:56		0.9		1.8		15.8		44.6						Requirement		± 1		± 1.25		±5		±12.5

		2/3/24 3:56		0.8		1.9		16.9		47.5

		2/3/24 3:56		-0.1		3.6		17.9		52.5

		2/3/24 3:56		0.0		3.8		18.6		53.4

		2/3/24 3:56		0.2		4.4		19.1		53.8

		2/3/24 3:57		0.1		4.7		19.3		53.9

		2/3/24 3:57		0.5		4.8		19.1		53.9

		2/3/24 3:57		0.6		4.9		19.4		53.8

		2/3/24 3:57		0.7		5.0		19.8		54.0

		2/3/24 3:57		0.7		5.2		20.0		54.2

		2/3/24 3:57		0.7		5.6		20.4		54.2

		2/3/24 3:57		0.7		5.5		20.5		54.0

		2/3/24 3:57		0.7		5.4		20.6		53.9

		2/3/24 3:57		0.8		5.4		20.5		53.7

		2/3/24 3:57		0.9		5.3		20.8		54.2

		2/3/24 3:57		0.7		5.2		20.5		54.3

		2/3/24 3:57		0.5		5.2		20.6		54.4

		2/3/24 3:58		0.5		5.2		20.6		54.3

		2/3/24 3:58		0.3		5.2		20.4		54.1

		2/3/24 3:58		0.1		5.1		20.3		54.0

		2/3/24 3:58		0.1		5.1		20.0		53.8

		2/3/24 3:58		0.3		5.2		19.8		53.7

		2/3/24 3:58		0.4		5.5		19.7		54.0

		2/3/24 3:58		0.2		5.4		19.8		53.9

		2/3/24 3:58		0.2		5.3		20.0		53.8

		2/3/24 3:58		0.5		5.8		19.9		53.7

		2/3/24 3:58		0.6		5.7		20.0		53.8

		2/3/24 3:58		0.7		5.9		20.2		53.9

		2/3/24 3:58		0.7		6.0		20.3		53.9

		2/3/24 3:59		0.8		6.1		20.3		54.1

		2/3/24 3:59		0.8		6.7		20.4		54.4

		2/3/24 3:59		0.9		6.9		20.6		54.6

		2/3/24 3:59		1.2		7.1		20.4		54.4

		2/3/24 3:59		1.1		7.1		20.5		54.2

		2/3/24 3:59		1.1		7.0		20.5		54.0

		2/3/24 3:59		1.0		6.7		20.4		53.9

		2/3/24 3:59		1.0		6.8		20.4		53.7

		2/3/24 3:59		0.7		6.7		20.3		53.6

		2/3/24 3:59		0.6		6.9		20.4		53.8

		2/3/24 3:59		0.6		6.8		20.4		53.9

		2/3/24 3:59		0.8		6.9		20.3		53.5

		2/3/24 4:00		0.9		6.7		20.3		53.7

		2/3/24 4:00		1.2		6.6		20.4		53.9

		2/3/24 4:00		1.4		6.9		20.8		54.0

		2/3/24 4:00		1.2		6.9		21.1		53.8

		2/3/24 4:00		0.8		6.8		21.3		53.6

		2/3/24 4:00		0.8		6.6		21.5		53.6

		2/3/24 4:00		0.7		6.4		21.8		53.4

		2/3/24 4:00		0.8		6.3		22.3		53.2

		2/3/24 4:00		1.0		6.3		22.6		53.1

		2/3/24 4:00		1.3		6.2		22.8		53.1

		2/3/24 4:00		1.6		6.2		23.0		53.2

		2/3/24 4:00		1.3		6.1		23.3		53.1

		2/3/24 4:01		1.1		6.0		23.3		53.1

		2/3/24 4:01		1.3		5.9		23.4		53.1

		2/3/24 4:01		1.6		6.0		23.4		53.2

		2/3/24 4:01		1.7		6.2		23.3		53.3

		2/3/24 4:01		1.5		6.5		23.0		53.3

		2/3/24 4:01		1.6		6.2		23.1		53.2

		2/3/24 4:01		1.3		5.8		23.0		53.4

		2/3/24 4:01		1.3		5.7		22.6		53.4

		2/3/24 4:01		1.3		5.8		22.6		53.6

		2/3/24 4:01		1.3		6.2		22.6		53.7

		2/3/24 4:01		1.3		6.4		22.3		53.9

		2/3/24 4:01		1.2		6.5		22.6		54.4

		2/3/24 4:02		0.8		6.3		22.6		54.6

		2/3/24 4:02		0.5		6.4		22.7		54.6

		2/3/24 4:02		0.2		6.4		22.6		54.7

		2/3/24 4:02		0.2		6.2		22.8		54.7

		2/3/24 4:02		0.4		6.2		22.9		55.1

		2/3/24 4:02		0.7		6.2		23.1		55.0

		2/3/24 4:02		0.6		6.4		22.7		54.8

		2/3/24 4:02		0.5		6.7		22.2		54.9

		2/3/24 4:02		0.2		6.7		22.3		55.0

		2/3/24 4:02		0.1		6.5		22.2		55.0

		2/3/24 4:02		0.2		6.4		22.2		55.2

		2/3/24 4:02		0.4		6.3		22.6		55.2

		2/3/24 4:03		0.7		6.3		22.8		55.4

		2/3/24 4:03		0.7		6.4		22.8		55.3

		2/3/24 4:03		1.0		6.2		22.8		55.4

		2/3/24 4:03		1.1		6.4		22.8		55.4

		2/3/24 4:03		1.0		6.3		22.7		55.5

		2/3/24 4:03		1.0		6.2		22.8		55.5

		2/3/24 4:03		1.2		6.2		22.9		55.7

		2/3/24 4:03		1.2		6.1		23.1		55.6

		2/3/24 4:03		1.4		6.2		23.2		55.6

		2/3/24 4:03		1.5		5.8		23.6		55.4

		2/3/24 4:03		1.6		6.0		23.4		55.4

		2/3/24 4:03		1.5		6.0		23.4		55.3

		2/3/24 4:04		1.6		6.1		23.4		55.2

		2/3/24 4:04		1.8		6.1		23.4		55.1

		2/3/24 4:04		1.8		6.3		23.5		55.2

		2/3/24 4:04		1.8		6.3		23.2		55.0

		2/3/24 4:04		2.0		6.2		23.3		55.0

		2/3/24 4:04		2.2		6.4		23.1		54.8

		2/3/24 4:04		2.0		6.2		22.9		54.6

		2/3/24 4:04		2.5		6.4		22.8		54.7

		2/3/24 4:04		2.7		6.2		22.8		54.8

		2/3/24 4:04		2.7		6.2		22.6		54.8

		2/3/24 4:04		2.7		6.5		22.8		54.7

		2/3/24 4:04		2.7		6.6		22.9		54.8

		2/3/24 4:05		2.5		6.5		23.3		54.5

		2/3/24 4:05		2.3		6.4		23.8		54.8

		2/3/24 4:05		2.0		6.5		23.9		54.7

		2/3/24 4:05		1.7		6.5		24.1		54.7

		2/3/24 4:05		1.7		6.5		24.0		54.7

		2/3/24 4:05		1.6		6.5		23.7		54.8

		2/3/24 4:05		1.6		6.6		23.6		54.7

		2/3/24 4:05		1.7		6.5		23.3		54.8

		2/3/24 4:05		1.7		6.0		23.2		54.9

		2/3/24 4:05		1.7		6.1		23.1		55.2

		2/3/24 4:05		1.6		6.1		23.0		55.3

		2/3/24 4:05		1.6		6.2		23.0		55.3

		2/3/24 4:06		1.9		6.4		22.9		55.2

		2/3/24 4:06		1.9		6.1		23.0		55.2

		2/3/24 4:06		2.1		6.1		22.8		55.3

		2/3/24 4:06		2.0		6.0		23.1		55.1

		2/3/24 4:06		1.9		6.0		23.1		55.3

		2/3/24 4:06		1.8		6.0		23.0		55.3

		2/3/24 4:06		2.0		5.7		22.8		55.2

		2/3/24 4:06		2.1		5.8		22.9		55.2

		2/3/24 4:06		2.1		5.8		23.1		55.0

		2/3/24 4:06		2.0		5.7		23.2		54.9

		2/3/24 4:06		1.9		5.5		23.4		54.9

		2/3/24 4:06		1.8		5.5		23.5		55.1

		2/3/24 4:07		1.6		5.7		22.9		55.2

		2/3/24 4:07		1.6		5.5		23.0		55.1

		2/3/24 4:07		1.3		5.7		22.7		55.4

		2/3/24 4:07		1.2		5.6		22.6		55.4

		2/3/24 4:07		1.1		5.8		22.8		55.4

		2/3/24 4:07		1.2		6.0		22.8		55.5

		2/3/24 4:07		1.2		6.3		23.0		55.6

		2/3/24 4:07		1.1		6.0		23.0		55.7

		2/3/24 4:07		1.1		5.8		22.8		55.5

		2/3/24 4:07		1.1		5.7		22.3		55.5

		2/3/24 4:07		1.0		5.7		22.0		55.4

		2/3/24 4:07		1.1		5.5		21.6		55.2

		2/3/24 4:08		0.9		5.4		21.7		55.1

		2/3/24 4:08		0.7		5.3		21.9		55.1

		2/3/24 4:08		0.4		5.5		21.8		55.2

		2/3/24 4:08		0.5		5.8		21.8		54.9

		2/3/24 4:08		0.5		5.8		21.8		54.9

		2/3/24 4:08		0.5		6.0		21.8		54.8

		2/3/24 4:08		0.5		6.3		21.7		54.9

		2/3/24 4:08		0.5		6.5		21.7		54.9

		2/3/24 4:08		0.6		6.3		22.1		55.1

		2/3/24 4:08		0.3		6.4		21.9		55.4

		2/3/24 4:08		0.5		6.5		22.2		55.4

		2/3/24 4:08		0.5		6.5		22.5		55.4

		2/3/24 4:09		0.7		6.7		22.8		55.2

		2/3/24 4:09		0.8		6.5		23.0		55.1

		2/3/24 4:09		0.9		6.5		23.3		54.8

		2/3/24 4:09		0.9		6.4		23.1		54.8

		2/3/24 4:09		1.0		6.7		22.7		54.9

		2/3/24 4:09		1.2		6.9		22.6		55.0

		2/3/24 4:09		1.1		6.8		22.5		54.9

		2/3/24 4:09		0.8		6.5		22.5		54.7

		2/3/24 4:09		0.7		6.2		22.8		54.8

		2/3/24 4:09		0.7		5.9		23.1		55.1

		2/3/24 4:09		0.7		5.5		23.1		55.0

		2/3/24 4:09		0.6		5.5		23.1		55.1

		2/3/24 4:10		0.6		5.6		23.2		55.3

		2/3/24 4:10		0.5		5.8		23.1		55.3

		2/3/24 4:10		0.2		5.8		22.9		55.3

		2/3/24 4:10		0.1		6.2		22.9		55.2

		2/3/24 4:10		0.4		6.2		22.7		55.2

		2/3/24 4:10		0.6		6.1		22.4		55.1

		2/3/24 4:10		0.5		6.1		22.4		55.1

		2/3/24 4:10		0.6		6.0		22.1		55.1

		2/3/24 4:10		0.6		6.2		21.7		54.9

		2/3/24 4:10		0.9		6.2		21.5		55.0

		2/3/24 4:10		1.0		6.2		21.5		54.9

		2/3/24 4:10		1.1		6.3		21.7		54.7

		2/3/24 4:11		1.4		6.1		21.8		54.8

		2/3/24 4:11		1.6		6.2		21.8		54.8

		2/3/24 4:11		1.6		6.0		21.9		54.7

		2/3/24 4:11		1.6		5.7		21.8		54.6

		2/3/24 4:11		1.4		5.9		21.9		54.5

		2/3/24 4:11		1.5		5.8		22.1		54.4

		2/3/24 4:11		1.5		6.1		22.2		54.2

		2/3/24 4:11		1.4		6.2		22.3		54.3

		2/3/24 4:11		1.5		6.1		22.1		54.3

		2/3/24 4:11		1.8		6.2		22.2		54.6

		2/3/24 4:11		2.2				22.2		54.6

		2/3/24 4:11		2.4		6.2		22.4		54.7

		2/3/24 4:12		2.2						55.0

		2/3/24 4:12		2.2				22.2		55.3

		2/3/24 4:12		2.4						55.6

		2/3/24 4:12		2.1

		2/3/24 4:12		2.1						54.6

		2/3/24 4:12		2.1

		2/3/24 4:12		2.2

		2/3/24 4:12		2.1

		2/3/24 4:12		2.0

		2/3/24 4:12		1.8

		2/3/24 4:12		1.4

		2/3/24 4:12		1.1

		2/3/24 4:13		1.3

		2/3/24 4:13		1.3

		2/3/24 4:13		1.3

		2/3/24 4:13		1.8

		2/3/24 4:13		1.9

		2/3/24 4:13		2.1

		2/3/24 4:13		2.0

		2/3/24 4:13		2.2

		2/3/24 4:13		2.5

		2/3/24 4:13		2.4

		2/3/24 4:13		2.4

		2/3/24 4:13		2.5

		2/3/24 4:14		2.5

		2/3/24 4:14		2.4

		2/3/24 4:14		2.1

		2/3/24 4:14		1.9

		2/3/24 4:14		2.0

		2/3/24 4:14		1.8

		2/3/24 4:14		1.6

		2/3/24 4:14		1.7

		2/3/24 4:14		1.8

		2/3/24 4:14		1.8

		2/3/24 4:14		1.9

		2/3/24 4:14		2.1

		2/3/24 4:15		2.2

		2/3/24 4:15		2.1

		2/3/24 4:15		2.2

		2/3/24 4:15		2.3

				1.4





		



HCL-2ppm



		



HCL-5ppm



		



HCL-20ppm
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Flight Hardware Build/Cert Schedule
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Hardware
Delivery Dates

Development 
Hardware

Qualification 
Hardware

Training Units Flight Units

AGA 1 Prototype 
3 EDUs (Mar 18)

1 Qual Unit
(Jan/Feb 19)

1 Qual Unit
3 EDUs used as 
Trainers

Orion 3 Flight 
(FY20)
ISS 10 Flight Units 
(FY20)

Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4 Qtr. 1 Qtr. 2 Qtr. 3 Qtr. 4

AGA Phase 0 - 
Feasibility Study

AGA Phase 1 - 
EDU

AGA Phase 2 - 
Flight Cert

FY 2019 FY 2020FY 2017 FY 2018

GEMCB: Feasibility Study Phase 0 Complete
Phase I Kick Off
Check Point #1

CDR
GEMCB: Phase I Status

Phase II Kick Off
Check Point #3

Phase 3 
SRP 

SIR
Flight 

Contract

Delivery of QTY: 13 AGA 
Flight Units (3 Orion + 10 ISS 
+ Flight Leader)

EDU 
Contract

Phase 2 
SRP 

Qual 
CompleteEM-2 Delta CDR

CPM #2 
Delivery

AGA 
Design

ICA Phase 0 
SRP 

SRR

PDR

Phase 1 SRP 

GEMCB: 
Check Pt #2

AGA 
Delivery 

/ Test

EDU 1-3 
Delivery / 

Test

Qual 
Delivery Flight 

Delivery
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Conclusion & Future Directions
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Orion capsule

• AGA flight hardware build and cert is a 2 year effort
• Plan to demonstrate an AGA at the next SAMAP
• First flight of AGA on Orion ~ 
• First flight of AGA on ISS ~ 
• Because of high reliability and long calibration 

interval, we recommend TDLS based monitors be 
considered for submarines

• Sea trials of AGA would be a logical follow-on to the 
MGM sea trial that is currently underway
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