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Overview 

• Identification of Fatalities 

• Overview of Tank Gauging, Thieving/Sampling, 
and Transferring Operations 

• Hazards, Findings, Sample Results 

• Outreach 

 

 

 

3 



Identification of Fatalities 

• In 2013, OSHA and NIOSH were contacted by an 
occupational health physician regarding two recent 
oilfield deaths- inhalation of VOCs was suspected 

• NIOSH reviewed fatalities (2010-2014) in internal O&G 
fatality database and monitored deaths closely 

• Published 1st Science Blog in May 2014 about 4 
fatalities 
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Fatality Case Definition 

• Working in proximity to a known and 
concentrated source of hydrocarbon gases and 
vapors 

• Hydrogen Sulfide (H2S) was ruled out 

• Not confined space 

• Not fires/explosions 

• Case by Case Review conducted by OSHA/NIOSH 
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2010-2014 Fatalities (N=9) 

• 9 worker deaths where inhalation of 
petroleum hydrocarbons a likely factor 

• All occurred at production tanks. 

• North Dakota (3), Colorado (3), Oklahoma (1), 
Texas (1), and Montana (1). 

• 2010 (1), 2012 (1), 2013 (1), 2014 (6) 
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What is Flowback? 
• Process fluids from wellbore return 

to the surface and are collected 
after hydraulic fracturing is 
completed.  
 

• Returned fluids can contain volatile 
hydrocarbons from the formation 
and  treatment chemicals used 
during hydraulic fracturing.  
 

• Risks for exposures: measuring 
flow, gauging tanks, working 
around tanks and process fluids   

 

Slide: CDC/NIOSH 8 



Typical Well Site 

Water Tanks Flowback Tanks 
Production Tanks Separators 

Wellheads 

Photo:  CDC/NIOSH 
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Light Hydrocarbon Exposures 
During Tank Gauging and Sampling 

• Manual Gauging 
• Sample Collection 
• Gauging Tape/Reel/Stick 

 
 

• Document production rates 
• Assess load-out needs 
• “Pumpers” gauge multiple 

locations throughout the day. 
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Flowback Tank Gauging 

Photos:  CDC/NIOSH 
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Thief Sampling 

Thief Sampler 
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EPA New Source Performance Standards 
(NSPS OOOO) Controls 

April 2012 

• Control emissions from headspace by tightly sealing 
tanks  

• Headspace in multiple tanks in a battery are connected 
• Pressure (4-12 oz/inch 2 ) is required  for 

burner/flare/VRU operation, 
• Headspace typically excludes oxygen for flammability 

control,  rich atmosphere can be result of vapor 
pressure of tank contents or “sweep” gas (typically 
methane) 

 
 

Slide: CDC/NIOSH 13 



Slide: CDC/NIOSH 
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Light Hydrocarbon Exposures 
During Tank Gauging 

Videos:  CDC/NIOSH 
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Poor work practices 
routinely observed  
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Employee Interviews 

• During interviews all employees described 
cases where chemical exposures caused light-
headedness and weakness of knees requiring 
the need to sit down and rest until symptoms 
disappeared. 
– Increased incidents when hatches are “fluttering” 

due to higher gas pressures 
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Light Hydrocarbon Exposures 
During Tank Gauging 

• Bulk Air Sample 
– Breathing Zone 

• Benzene, Cyclohexane, 
Ethyl Benzene, 
Heptane, n-Hexane, 
Pentane, Toluene, 
Xylene, Propane, 
Butane 
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Substance OSHA 
8-hr TWA 
(ppm) 

OSHA 
Ceiling 
(ppm) 

OSHA 
Max Peak above 
Ceiling for 8-hr 
Shift (ppm) 

NIOSH 
IDLH 
(ppm) 

Cal/OSHA PEL 
(ppm) 
 

NIOSH REL 
(ppm) 
 

ACGIH® 2016 
TLV® 
(ppm) 
 

Benzene (Z-2, .1028 
exclusion for O&G) 

10  25  50 (10 min) 500  1  
5 (ST) 

0.1  
1 (ST) 

0.5   
2.5 (ST) 

n-Butane None None None  
1,600 (10%LEL) 

800 800 1000 (ST) 

Cyclohexane 300  None None 1300 (10%LEL) 300  300 100 

Heptane 500 None None 750 400 
500 (ST) 

85 
440 (ST, 15min) 

400 
500 (ST) 

N-Hexane 500 None None 1100 (10%LEL) 50 50 50 

Pentane 1000 None None 1500 (10%LEL) 1000 120 
610 (C, 15min) 

1000 

Propane 1000 None None 2100 (10%LEL) 1000 1000 Appx. F 
TLV Book 

Toluene 200 300 500 (10 min) 500 10 
150 (ST) 
500 (C) 

100 
150 (ST) 

20 

Methyl cyclohexane 500 None None 1200 (10%LEL) 400 400 400 
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Sampling Results 

Analyte Concentration (ppm) 
(Average of 3 Replicate samples) 

IDLH 
(ppm) 

Severity 

Propane – Plume 1 
 
Propane – Plume 2 
 

41,678±  12,041, RSD=28% 
Proportion of total hydrocarbons = 19% 
44,232 ± 5,801, RSD=13% 
Proportion of total hydrocarbons = 25% 

2,100 ~20X 

n-Butane – Plume 1 
 
n-Butane – Plume 2 

107,836 ± 11,891, RSD=11% 
Proportion of total hydrocarbons = 49% 
91,050 ± 5,511, RSD=6.1% 
Proportion of total hydrocarbons = 51% 

1,900* ~57X 

Area grab samples ~1’ above hatch during gauging, only includes analytes 
measured >1,000 ppm; breakthrough observed 

*Based on 10% of LEL 20 



Sampling Results 

Analyte Concentration (ppm) 
(Average of 3 Replicate samples) 

IDLH 
(ppm) 

Severity 

n-Pentane– Plume 1 
 
n-Pentane – Plume 2 
 

35,816 ±  9,476, RSD=27% 
Proportion of total hydrocarbons = 16% 
21,591 ± 5,526, RSD=26% 
Proportion of total hydrocarbons = 12% 

1,500* ~24X 

2-Methylbutane – 
Plume 1 
 
2-Methylbutane – 
Plume 2 

20,692 ± 2,918, RSD=14% 
Proportion of total hydrocarbons = 9% 
 
14,351 ± 2,426, RSD=17% 
Proportion of total hydrocarbons = 8% 

1,400* ~15X 

Area grab samples ~1’ above hatch during gauging, only includes analytes 
measured >1,000 ppm; breakthrough observed 

*Based on 10% of LEL 21 



Sampling Results 

Analyte Concentration (ppm) 
(Average of 3 Replicate samples) 

IDLH 
(ppm) 

Severity 

n-Hexane – Plume 1 
 
n-Hexane– Plume 2 
 

5,534 ±  2,185, RSD=39% 
Proportion of total hydrocarbons = 3% 
3,594 ± 1,500, RSD=42% 
Proportion of total hydrocarbons = 2% 

1,100* ~5X 

2-Methylpentane – 
Plume 1 
 
2-Methylpentane – 
Plume 2 

5,268 ± 1,482, RSD=28% 
Proportion of total hydrocarbons = 2% 
 
3,083 ± 881, RSD=29% 
Proportion of total hydrocarbons = 2% 

1,200* ~4X 

Area grab samples ~1’ above hatch during gauging, only includes analytes 
measured >1,000 ppm; breakthrough observed 

*Based on 10% of LEL 22 



Sampling Results 

Analyte Concentration (ppm) 
(Average of 3 Replicate samples) 

IDLH 
(ppm) 

Severity 

3-Methylpentane – 
Plume 1 
 
3-Methylpentane – 
Plume 2 

2,348 ± 644, RSD=27% 
Proportion of total hydrocarbons = 1% 
 
1,403 ± 376, RSD=27% 
Proportion of total hydrocarbons = 1% 

1,200* ~2X 

Area grab samples ~1’ above hatch during gauging, only includes analytes 
measured >1,000 ppm; breakthrough observed 

*Based on 10% of LEL 23 



Sampling Results 

Analyte Concentration (ppm) IDLH 
(ppm) 

Severity 

Total Hydrocarbons 
– Plume 1, sum of 
averages 
 
Total Hydrocarbons 
– Plume 2, sum of 
averages 
 

219,173 
 
 
179,303 

None None 

Area grab samples ~1’ above hatch during gauging, only includes analytes 
measured >1,000 ppm; breakthrough observed 
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POSSIBLE TOXICOLOGIC MECHANISMS 

• O2 deficiency:  

– Oxygen transport interruption to brain 

– Altered mental state, syncope, death 

• VOC  

– Narcosis (1899-2001, QSAR predicting narcosis) 

– Altered mental state, syncope, death 

• VOC  

– Cardiac sensitization and arrhythmia 
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TOXICOLOGIC MECHANISMS and 
EXPOSURE DOCUMENTATION 

• O2 deficiency  

– 2010 Montana case: 11.5% 

– 2014 Colorado case: 6% 

• VOCs 

– 100% – 105% of LEL 

• Cardiac arrhythmia 
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Fatality Exposure Data 
(3 weeks before fatality) 

Data:  Dr. Michael Kosnett, U of Colorado 
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Fatality Exposure Data 
(day of fatality) 

Data:  Dr. Michael Kosnett, U of Colorado 
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Cardiac arrhythmia 

• Low O2 blood levels can exacerbate cardiac 
ischemia and increase release of epinephrine 
(adrenaline)  

• High concentrations (50,000 - >100,000ppm) of 
low molecular weight hydrocarbons (butane) 
can sensitize the heart to epinephrine-induced 
ventricular fibrillation, a lethal cardiac 
arrhythmia  
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Cardiac arrhythmia 

• Simultaneous exposure to high levels of low-
molecular weight HGVs and low O2 poses a 
risk of sudden cardiac arrest 
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OSHA/NIOSH/STEPS Alliance Hazard 
Alert 

http://www.nationalstepsnetwork.org/docs_tank_gauging/TankHazardInfographicFinal04_22_15.pdf  33 

http://www.nationalstepsnetwork.org/docs_tank_gauging/TankHazardInfographicFinal04_22_15.pdf
http://www.nationalstepsnetwork.org/docs_tank_gauging/TankHazardInfographicFinal04_22_15.pdf


 



Questions?  

Todd Jordan 

OSHA Health Response Team 

jordan.todd@dol.gov 

801-233-4916 
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