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What makes longwall ventilation complex and dynamic?
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Impact of face width?

Impact of panel length?

Impact of caving?

Type of ventilation system?

Gas content of the gob?

Nitrogen injection?



Tracer Gas Experimental Methodology
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Release Sample

AnalyzeStudy

• Small volume 
for face test

• Large volume 
for gob test

• SF6 gas used
• Released as a 

slug

• >3000 samples
• UG monitoring 

on face and 
gob

• Surface 
monitoring at 
GGVs and 
bleeder shafts

• Gas 
chromatograph
y

• NIOSH method 
6602

• 1 ppb 
measurement 
limit 

• Pump rate, 
temperature 
and elevation 
corrections

• Arrival time 
and 
cumulative 
gas retrieval



Geology of the 
Green River Basin



Site A: Trona Mine
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• Longwall mining 

• Bleeder ventilation

• Blowing main fan

• 750 ft face length

• 10,000 ft panels

• 1600 ft overburden

• ~10 ft mining height

• 2 entry intake 
(unique zero entry)

• 2 entry return

• Caving up to the 
shields



Face Test

• The face test was conducted during a daylight non-
production shift on the first day of the field study

• During the entire duration of this test, the shearer 
was positioned at the zero entry

• The tracer gas (SF6) was released for about 2 
seconds near the leg of the first shield on headgate 
side

• Monitoring was initiated at the time of the release 
from all face monitoring locations

• The released volume of SF6 was 0.35 L (0.012 ft3), 
determined by the released mass and corrected for 
underground temperature and pressure conditions



Study Panel Layout
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• Lines 1 to 5 are located 
at 5%, 25%, 50%, 75% 
and 95% of the face 
length, respectively

• Line 6 is located one 
break inby the face

• Line 7 is located one 
break outby the face

• Gas samples were 
initially collected every 
30 seconds at these 
locations



Ventilation Measurements
Location Velocity (m/s) Area (m2) Flowrate (m3/s) Flowrate (kcfm)

Line 1, Shield 7 1.29 15.0 19.3 40.8

Zero Entry 2.73 12.3 33.5 71.0

Line 2, Shield 33 2.97 15.7 46.7 98.8

Line 3, Shield 65 3.30 13.9 45.9 97.3

Line 4, Shield 98 4.31 13.1 56.4 119.5

Line 5. Shield 124 3.41 17.8 60.7 128.7



Face Test (Lines 1–3)
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Face Test (Lines 1 to 3)

Line 1

Line 2

Line 3

•Line 1, first measured 23 
minutes after release. 
Representative of tracer gas 
residing in the gob for a period 
of time before being detected 
on the face

•Line 2, SF6 was not 
measured at this location. 
Result of the influx of air from 
zero entry

•Line 3, first arrival on the 
face in 4 minutes. A portion of 
air from the release location 
thought to have traveled in a 
region behind the shield line 
and reached the mid-face 
region first



Face Test (Lines 4–5)

0

0.5

1

1.5

2

2.5

3

0:00 0:15 0:30 0:45 1:00 1:15 1:30

S
F 6

C
on

ce
nt

ra
ti

on
 

(p
pb

)

Time Since Release (hh:mm)

Face Test (Lines 4 and 5)

Line 4

Line 5

•The tracer gas arrived at 
lines 4 and 5 at 
approximately the same 
time, 4 minutes after the 
release

•The last occurrence of 
SF6 was measured 20 
minutes after release for 
both the locations

•Such behavior of gas 
indicates transport from the 
release point to the tailgate 
end of the face through an 
undefined pathway



Face Test (Lines 6–7)
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Face Test (Lines 6 and 7)
Line 6

Line 7

•Line 6, TG Inby, the tracer 
gas arrived at line 6 prior to 
arriving at line 7. Peak was 
recorded 6 minutes after 
release

•Line 7, TG Outby, tracer gas 
arrived after 44 minutes and 
peak was recorded 54 minutes 
after release. Tracer was 
measured for 1.5 hours

•Such behavior 
demonstrates rapid movement 
of tracer to the inby monitoring 
location and a long duration of 
tracer on the face, indicating 
the residence time of gas in 
the gob



Gob Test

• The gob test was conducted for a duration of five days. The operator was mining 
on the evening 8-hr shift and NIOSH staff were monitoring during the daylight shift

• 92.1 L (3.25 ft3) SF6 was released 2 crosscuts inby the face on the headgate side, 
at crosscut 20

• Following the tracer release, 265 L (9.34 ft3) of compressed CO2 was injected to 
clear the sampling port and sample line of SF6 and mix the tracer in the gob

• Following the release, sampling commenced at all monitoring locations



Gob Test

             Gob

Study Panel

Fa
ce

Gob Sampling
Location Intake Return Belt

Release 
Location

Bleeder
Shaft

Mining
Direction

XC 20 Inby
SF6 Gas 

Released at 
10:55 AM

Tailgate Inby
No SF6 

Recovered

Headgate 
Bleeder
•First arrival 

at 1:30 PM
•37 fpm 

arrival based 
velocitySurface 

Borehole
•First arrival 

at 2:00 PM
•Measurable 

concentrations 
recorded for 5 
days

Headgate Inby 
and Outby

No SF6 
Recovered

Tailgate Bleeder
•First Arrival at 

1:30 PM
•Peak not 

achieved
•Gas stayed in 

Gob for 5 days

Tailgate Outby
First arrival at 

11:00 AM



Gob Test (Tailgate)
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Tailgate Outby, tracer gas arrived at 
this location quickly after the 
release. 

Gas may have moved outby from 
the release location towards the 
face and eventually mixed with face 
air flowing towards the tailgate

Tailgate Inby, tracer gas was not 
measured at this location. It might 
be due to the low concentration of 
tracer in the airflow



Gob Test (Tailgate Bleeder)
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• Sampling was done at the 
intersection of the back bleeder 
entries and the tailgate entry 
number 2

• The first arrival of tracer gas was 
recorded after approximately 2 ½ 
hours of release time

• Samples were collected at this 
location every 30 minutes during 
day shift for the entire testing 
duration of 5 days

• Tracer gas concentrations on day 
1 of the test were an order of 
magnitude higher compared to 
later in the test



Gob Test (Tailgate Bleeder)
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• Rising concentrations recorded 
on day 1 followed by lower tracer 
gas concentrations on day 2 
indicate the peak concentration 
was not measured

• Except for the first day, 
measureable concentrations on 
the order of 2 ppb were recorded 
for four days of sampling 

• This indicates that a portion of 
the gas stayed within the gob, 
though moving at a slow rate



Gob Test (Headgate Bleeder)
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• SF6 arrived at the inby bleeder 
location on the day of the release

• A definitive peak couldn’t be 
identified for this location although 
the rate of concentration increase 
was slowing down on day 1

• For study days 2 and 3, the 
concentrations were mostly the 
same order of magnitude, around 
10-15 ppb

• For study days 4 and 5, the 
concentrations decreased to 3-7 
ppb range, but did not reach zero



Gob Test (Bleeder Shaft)
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• The tubing inlet was 
approximately 10 ft. below the 
shaft collar

• The gas arrived approximately 4 
hours after the release and the 
peak concentration was 
observed approximately 7 hours 
after the release of SF6

• Decreasing concentrations were 
measured from this site for days 
2, 3, 4, and 5 with an average 
concentration of ~2 ppb

• The measurements at this 
location and the bleeder 
locations confirm a portion of the 
tracer gas stayed within the gob



Summary and Conclusions
• The face test indicates multiple possible pathways of ventilation air movement

• Face test also indicated a residence time of gas in the gob which was later 
detected at monitoring locations

• The primary path of tracer gas movement from gob test was towards the back of 
the panel at a velocity of about 0.19 m/s (37 fpm)

• From the release point in the headgate No. 1 entry, inby the active face, a portion 
of the released tracer gas moved towards the face and to the outby monitoring 
location at the tailgate

• Transport of tracer gas through the gob was rapid to the headgate and tailgate 
bleeders and the bleeder shaft near the back of the study panel

• The presence of multiple pathways of face air movement and the range of 
pathways of gas transport and rates of movement were demonstrated 

• Related NIOSH field studies have also shown a degree of interaction between the 
gas at the front of the active panel gob and the face air



Disclaimer: The findings and conclusions in this report are those of the author(s) and do not necessarily represent the views of the National Institute for Occupational Safety and Health. Mention of any company or product does not constitute endorsement by NIOSH.

NIOSH Mining Program  – www.cdc.gov/niosh/mining

Thank you for your attention!
Questions?

Steven J. Schatzel

SSchatzel@cdc.gov

Vasu Gangrade

VGangrade@cdc.gov

Pittsburgh Mining Research Division
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