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IGNITABILITY TESTING OF FLAMMABLE GASES IN 
A CORE SAMPLING DRILL STRING 

1.0 INTRODUCTION 

The Numatec Hanford-Engineering Testing Laboratory (ETL) received funding from the 

Characterization Equipment Design Group to test the explosive energy resulting from an ignition of 

flammable gases within a core sampling drill-string. Specifically, the goal was to observe if such an 

ignition and resulting explosion would cause hot combustion gases to be expelled through a column of 

water at the bottom of a length of drill string. This column of water would simulate liquid waste - in 

which a core sampling drill string might be placed during normal sampling operations. An escape of 

these hot combustion gases from the drill string could theoretically lead to an ignition of the flammable 

gases contained within the waste tank - a serious safety concern. The ETL enlisted the services of the 

Fires, Explosions, and Explosives Group at the Pittsburgh Research Center (PRC) of the National 

Institute of Occupational Safety and Health (NIOSH) to provide necessary facilities, equipment and 

manpower to support this research effort. (The PRC was formerly part of the U.S. Bureau of Mines and 

is now part of its successor - NIOSH.) This testing followed Test Plan WHC-SD-WM-TP-512’ and was 

performed during October 1996. The test site was the US. Government Pittsburgh Research Center near 

Pittsburgh, PA. Aldo Furno, Gregory M. Green, Richard A. Thomas, and Tracy L. Goldbach of PRC 

provided direct support during set-up and testing. The authors also thank Robert F. Chaiken of PRC for 

his input to the interpretation of the data. 

2.0 TEST METHOD AND TEST EQUIPMENT 

2.1 TEST METHOD 

Per the test plan, a length of either thirty or fifty-five feet of standard 2.25“ (OD) drill string was 

suspended vertically, with the bottom one to three feet placed in a container of water. The submerged 

end of the drill string was capped with a rotary drill bit to simulate actual field sampling conditions. A 

rotary bit was chosen over a push mode bit because its purge hole geometry allowed an easier gas release 

path than the “non purge hole” push-mode bit. (This being the “more bounding” or “conservative” 

scenario because it provided the easiest path for gas to escape out the bottom of the drill string.) 

opening. Testing was done with the ball valve both open and closed. The container of water, which was 
a 55 gallon (22%” diameter) metal drum for some testing and a 30 gallon (16” diameter) drum for later 

The top of the drill string was fitted with a remotely controlled ball valve with a %“ diameter 
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tests, contained a one to three foot column of water. (The change from the 22%" diameter to the 16" 

diameter was intended to produce a larger water level change in the drum for a given a gas release,) 

previous joint projects by the PRC and WHC'.'.'. The flammable gasses were mixed in a 120-L chamber 

and then flowed to the drill string. Flammable gas flowed via a copper tube up through the drill bit i n  the 

bottom of the drill string to a spot just above the water level. When the water level was varied for 

different tests, the position of the gas inlet tube was also adjusted to keep it just above the water level. 

The gas flowed up the drill string and exited out the %" diameter vent opening at the top. One pressure 

transducer was placed just above the 36" water line and another was placed approximately 2" below the 

ball valve at the top of the drill string. These transducers provided a record of pressures generated during 

an explosion . One ignitor port was placed just above the 36" water line, another was placed near the 

center of the length of drill string, and a third was placed just below the top ball valve. This 

configuration provided three possible locations for placing the electric match or hot wire ignitor. 

Gas mixing and flow system instrumentation and test procedures were similar to those used for 

A six-foot section of %" schedule 40 pipe was placed above the ball valve at the top of the drill 

string for the tests incorporating 5 5  feet of drill string. This extra length of pipe added some possible 

additional flow restriction to the combustion gases. It was added to more closely simulate hardware used 

on the Core Sampling Trucks. 

A stoichiometric mixture of hydrogen and air (30% H, and 70% air) was chosen as the final test 

gas. This mixture was also used in previous ignitability testing' where it was determined to be bounding 

over any flammable waste tank gas mixture in terms of ignitability. The mixture was fed at 0.028 
m'/min (lft3/min) for either four or five minutes, respectively, depending on whether a 30 or 55-ft length 

of drill string was being used. Gas flow was shut off after this initial purge and the mixture was 

immediately ignited using either an electric match or a hot wire. The 55 or 30-gallon drum was observed 

for both a change in water level and the presence of gas bubbles rising to the surface. These were 

recorded using a high speed video camera. The pressure transducer outputs obtained during each test 

were recorded on a PC-based data acquisition system. 

These purge times were verified during previous' ignitability testing and were verified again 

using Gas Chromatography (GC) during the current test series. In the previous testing, nitrogen was 

flowed through the system and an oxygen analyzer was used at the top of the drill string to determine the 

time necessary to purge. In the current tests, gas mixtures of either 20% or 30% H, in nitrogen were 

flowed from the 120-L mixing chamber to and through the drill string. Hydrogen-nitrogen mixtures 

were used to avoid the danger in handling flammable gas samples, but they would have the same flow 

characteristics as hydrogen-air mixtures. The samples for GC analyses were collected through a fitting 

in the wall of the pipe at about 20 ft above the gas inlet. The GC analyses confirmed that the hydrogen 

concentration was as predicted and that the purge times were sufficient. These results can be seen in 

Appendix B. 

drill string. One of these used a 20% hydrogen and 80% air mixture and the other three used the 

An additional set of four tests involved igniting the flammable mixture in a completely closed 
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stoichiometric mixture. A plug was placed in the bottom ofthe fifty-five foot long drill string and gas 

was fed through a fitting approximately three feet from the bottom. The gas flow was shut off after five 

minutes, the upper ball valve was immediately closed, and gas mixture was ignited. 

1.30 psi), respectively. The expected explosion pressure2 resulting from an ignition of stoichiometric H,- 

air is much larger than these hydrostatic pressures. The question that these tests is expected to answer is 

whether the pressure pulse lasts long enough to expel the water and allow gas bubbles to escape. These 

tests are conservative because the gas bubbles that might escape would be cooled as they pass through 

the liquid before they could reach the potential flammable gases above the liquid waste. In reality, a 

relatively large escape of gases would be necessary in order for the gases to remain hot enough (after 

passing through the liquid waste) to still ignite flammable gases above the waste. 

The hydrostatic pressures corresponding to 1 and 3 ft of water are 2.96 and 8.96 kPa (0.43 and 

Item 

2.2 TEST EQUIPMENT 

Manufacturer Part Number 

The test equipment used is outlined in the test plan, however, some minor changedadditions to 

the plan were made as follows. An extra hole was burned into the face of the rotary mode sampling bit 

to allow a copper gas inlet tube to pass through without restricting the flow of the combustion exhaust 

gases. Also, part of a 55-gallon drum was welded onto the top of another 55-gallon drum to increase the 

total height to four feet for the 22%" diameter drum. This drum was used for the first tests. A 30-gallon 

drum, with a 16" diameter, was similarly modified and used for the remainder of the tests. 

below in Table 1 by item name, manufacturer, and part number. 

Some equipment information was not available when the test plan was written and is given 

5' Drill String Section 

%" Ball Valve (Remotely Operated) 

Table 1 - Test Equipment 

Longyear 200182 

Whitey Valve SS-63TF8-42AC 

Rotary Mode Core Sampling Bit Longyear 100IVD18 
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Figure 1 - Test Arrangement 
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3.0 TEST RESULTS 

A detailed table listing data for each test (#8001-8052) is provided in Appendix A. The 

measured explosion pressures (gauge) from the two transducers are listed in the two columns identified 

as "PI-b" for the bottom transducer and "P2-t" for the transducer at the top of the drill string. In the last 

column of the table it is noted whether any gas bubbles were observed during a test. 

To focus in on the instances when gas was not released out the bottom of the drill string as well 

as reduce the hazards involved with the potentially energetic hydrogen and oxygen gas mixture, a graded 

approach to testing was used. The percentage of hydrogen in the flammable gas mixture was initially set 

at 10% for the first few tests and was gradually increased until a stoichiometric mixture of 30% hydrogen 

and 70% air was used. As long as the results showed that either no personnel hazard existed, and/or 

combustion gases were not being expelled out the bottom of the drill string, the percent quantity of 

hydrogen was gradually increased. In addition, the drill string length, the height of the water column, 

and whether the ball valve vent (at the top of the drill string) was open or closed were each adjusted 

using the same logic. The drill string was only twenty feet long for the first few scoping tests 

(#8001-8012). This gave a lower volume of available gas and potentially less available energy upon 

ignition to force gas out the bottom of the drill string. The water level was set to thirty-six inches above 

the bottom ofthe drill bit for the first tests and was gradually reduced to twelve inches for subsequent 

tests. Since the 36" column of water provided a higher hydrostatic head than 12" of water, the first tests 

had to overcome more hydrostatic pressure for the gas to escape than the following tests. If gas escaped 

with the level at 12" of water, the level was adjusted higher in subsequent tests until a level was reached 

where no gas escaped. 

The first two tests (out of 52 total) were run with the top hall valve closed at the time of ignition. 

Combustion gases were violently expelled out the bottom of the drill string with a thirty six-inch 

hydrostatic head. Because of this violent release, the remaining tests were done with the valve open. 

This allowed some combustion gases to escape, thereby reducing the explosion pressure pulse. 

The gas mixture was ignited using either an electric match or a hot nichrome wire. For 

simplicity, the electric match was used for tests where the mixture was ignited at the bottom ofthe drill 

string. Because of the difficulty of replacing a "one-time use" match placed thirty to fifty-five feet in the 

air, the hot wire ignitor was developed for use with two of the tests involving ignitions at the center of 

the drill string and all of the tests involving ignitions at the top ofthe drill string. All other things being 

equal, the explosions initiated at the top of the drill string caused combustion gases to be forced out the 

bottom more readily than explosions initiated near the bottom or near the middle. Because of this, the 

final tests were done with the ignitions at the top of the drill string. 

are given below. 

Notes were kept in a controlled logbook (WHC-N-984 1) during testing. Results from the testing 
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3.1 THIRTY FOOT LENGTH OF DRILL STRING 

Twenty-seven different tests (#8013-8032 and #8046-8052) were run using the thirty-foot length 

of drill string. The first of these used a 20% hydrogen and 80% air flammable gas mixture. Since the 

ignition of this gas mixture did not cause release of gases out the bottom of the drill string, the gas 

mixture was changed to the stoichiometric hydrogen-air mixture for the remaining tests. 

most readily escape), this test condition was used for the final determination of the water height that 

would just allow bubbles to escape and the water height that would not allow bubbles to escape. A 

stoichiometric hydrogen-air mixture was used and the top ball valve vent was open for these 

determinations. Under these test conditions, when the water level was set at 24" or less, gas bubbles 

escaped out the bottom. When the level was set at 28" or greater, no bubbles were observed. This latter 

test was repeated six times for verification and the same result (no bubbles) was obtained each time. 

(For tests with the ignitor at the bottom, 18" of water was sufficient to prevent gas bubbles from 

escaping.) 

The pressures recorded for these tests showed a wide range even for the same test conditions. 

For ignition at the top, the lowest measured pressure values were -8 psi at the bottom transducer and 

-7 psi at the top pressure transducer (test #8022). The highest values were 198 psi at the bottom pressure 

transducer (test #8047) and 64 psi at the top pressure transducer (test #8049) for ignition at the top. For 

ignition at the top, the pressure observed at the bottom pressure transducer was generally higher than that 

measured at the top transducer. This is because the pressure is generally higher after all the gases have 

been combusted, at the time the flame reaches the opposite end of the drill string from the ignition point. 

(For ignition at the bottom, in test #SO19 for example, the higher pressure is observed at the top 

transducer.) The question of whether or not gas bubbles were expelled from the drill string was 

unrelated to these differences in peak explosion pressure from test to test. The explanation for this effect 

is probably that the pressure pulse (pressure-time integral) is what determines whether or not gases 
escape. This is understandable when you consider that the pressure must act on the water for a long 

enough period of time to overcome the inertia of the water. A high pressure for a short time and a low 

pressure for a longer time could move the same amount of water. 
The wide range of pressures observed for the same test conditions is probably due to two modes 

of flame propagation, In one case, the propagation may be nearly laminar and the flame speed is slower. 

In the other case, the propagation is more turbulent and the flame travels much faster. The shift to 

turbulent propagation could be caused by small differences in the initial stages of the flame, leading to a 
rapid acceleration and increased turbulence. For the slower flame, the combustion gases would cool 

behind the flame front before the flame reached the opposite end of the pipe. This would result in a 
lower peak pressure but a longer pressure pulse time. For the fast turbulent flame, the combustion gases 

would not have time to cool before the flame reached the opposite end of the pipe, resulting in a higher 

peak pressure along with the shorter pressure pulse time. 

Because ignition at the top ofthe drill string was the most conservative case (allowing gases to 
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To compare the pressure pulses, pressure-time integrals were calculated for the bottom 

transducer for two tests under the same initial conditions. Test #SO2 I had a peak pressure of 149 psi and 

a pressure pulse of -0.8 psi-sec. Test #SO22 had a peak pressure of only -8 psi but still had a pressure 

pulse of -0.8 psi-sec. A few pressure-time integrals were also calculated for additional tests with 

stoichiometric H,-air, ignition at either the top or bottom, and either 30 or 55 ft of drill string. The 

values ranged from 0.7 to 1.1 psi-sec. 

the side of the drill string placed approximately 20 ft from the bottom. For this test, the top ball valve 

vent was closed (after an initial purge) and the mixture was ignited at the top. As with the previous test, 

the water level was set at 30" and the mixture was stoichiometric. Gas did not escape out the bottom 
with this test. This test showed that the positioning of the purge vent was not critical. 

An additional test (#8032) was run which involved venting through a %" ball valve mounted in 

3.2 FIFTY-FIVE FOOT LENGTH OF DRILL STRING 

Much of the exploratory testing was done with the thirty-foot length of drill string. This 

answered several questions (e.g.; whether a stoichiometric mixture could be used without danger to 

equipment or personnel; in what position should the ignitor be placed to cause the gas to be pushed out 

most readily, etc.) and reduced the number of tests needed with the 55 ft of drill string. There were a 

total of nine tests (#8033-8041) at 55 ft. For these tests, a six-foot length of x" schedule 40 pipe was 

installed above the ball valve at the top ofthe drill string. This hardware modification, which was 

requested by Characterization Group personnel, provided a possible additional restriction to the escaping 

combustion gases, thus making the gas more prone to vent out the bottom of the drill string. The 

additional restriction with this extra length of pipe more closely resembles the restriction from the vent 

lines on the core sampling trucks and will simplify any engineering changes resulting from this testing. 

condition for the 30 ft tests. For the 55 ft tests, a few gas bubbles were observed escaping out the bottom 

when the water level was set at 24". When the level was increased to 28", no gas was observed escaping 

out the bottom. This latter test was run six more times for verification with the same results. Peak 

pressures ranged from 9 to 136 psi at the bottom transducer and from 9 to SO psi at the top transducer for 

these tests. However, the pressure pulses (pressure-time integrals) were in much closer agreement. For 

example, test #SO37 had a peak pressure of 136 psi and a pressure pulse of - I  . I  psi-sec. Test #8038 had 

a peak pressure of only -16 psi and a pressure pulse of -0.8 psi-sec. The final conclusion from the data 

at 55 ft was that explosions in the longer drill string were no more likely to expel gas bubbles than those 

in the 33 ft drill string. 

All of the 55 ft tests were run with the ignitor at the top since this was the most conservative 
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3.3 COMPLETELY CLOSED DRILL STRING 

Four tests (#8042-8045) were run with both the top vent closed and the bottom of the 55' drill 

string sealed off. These tests displayed the ability of the drill string to withstand an unvented explosion 

without rupturing. Although the bottom cap leaked during one of the tests, the drill string did not rupture 

on any of the tests. In fact, the pressures observed in these tests were comparable to those from the other 

vented tests. Pressures ranged from 8 to 75 psi at the bottom transducer and from 8 to 15 psi at the top 

transducer. 

4.0 CONCLUSIONS AND RECOMMENDATIONS 

The results show that combustion gases generated from the ignition of a stoichiometric hydrogen 

and air gas mixture can be contained within a vented thirty to fifty five-foot length of drill string. A 

minimum hydrostatic back pressure of 28" of water is needed to prevent the gases from escaping through 

a rotary mode core sampling bit when a %" diameter vent line is used for escape of the combustion 

gases. In  addition, the results show that a stoichiometric H,-air explosion within a completely closed 

drill string will not cause a rupture of the drill string. 

5.0 DISPOSITION OF TEST ITEM 

Testing is complete and the test items are available for further testing as needed. 
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APPENDIX A - DETAILED LISTING OF TESTS 
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Ignitori 

position notes 

I 
I 1 I I I I I I I 

1 1 I 

I I I I I I I 

I I I I I I I I 

8008 

8009 

25% 75% -18 -- 20' 36" open matchibottom no drill bit 

30% 70% 56 83 20' 36" open matchibotrom no drill bit 

cam lock dust plug blew off 

I I I I I I 

I I I I I I I I I 

I I I I I I I I 

En@nee<n% Testing Laboratory 

8013 

8014 

K Wifwer 

transducers on pipe 

20% 80% -7 -9 30' 36" open matchhottom 

30% 70% 74 214 30' 3 6  open matchibottom 
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I I 

I I I I I I I I I I I 
18016 I 30%1 70x1 541 2141 30' I 24" I " I open I matchibottom I 
I I I I I I I I I I I 

10116196 18017 I 30%1 70%1 521 2031 30' I 18" I " I open I matchlbottom I 

I I I I I I I I I I 
18022 I 30%1 70%1 -81 -71 3 0  I 15" I " I open I matchltoo lbubbles 

I I I I I I I I I I I 
18023 I 30%1 70%( -221 -151 30' I 1 s  I " I open I matchitop lbubbles 

I I 1 I I I I I I I I 
18024 I 30x1  70x1 -40?1 175 1 30' I 1 s  I " 1 open 1 rnakhhttum I 

Enpneenng Testing Laborator) 
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I 

I I I I I I I I I I I 
18033 I 30%1 70%1 -121 -91 55' I 24" I " I open* I hot wireitop lsome bubbles 

I I I I I I I I I I I 
18034 I 30%1 70%1 -91 -91 55' I 24" I " I open* I hot wireltop lsome bubbles 

I I I I I I I I I I I 

I I I I I I I I ,, I I I 
18040 I 30%1 70%1 -111 -111 55' I 28" I I open* I hotwireitop Igasesadded 

I I I I I I I I I I I 
18041 I 30%1 70%l -111 -141 55' I 2 8  I " 1 open* I hot wireitop /new gas mix 

K Wltner 
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8051 

8052 
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30% 70% 122 46 30' 28" " open hot wireltop 

30% 70% 125 43 30' 28" " open hot wireitop 

* 112" diameter vent plus 6 ft of 1/2" pipe 
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APPENDIX B - GAS CHROMATOGRAPHY MIXTURE ANALYSES 

Gas Chromatography analysis was conducted at the Pittsburgh Research Center to determine actual 

percentages of the component gasses used for this testing. The particulars are as follows: 

Test Conditions: 
5 sections or 25 ft of drill string, plus %" ball-valve vent opening & 6 A section of %" pipe; 

top sampling location - 2% ft below top of drill string, bottom sampling position - 3 ft above 
(closed off) base of drill string, 2" above gas inlet, gases sampled by Vacutainer, analyzed by gas 

chromatography. 

Conclusions: 
Bottom samples contaminated by air in dead space at bottom of pipe. l o p  samples agreed to 

within 1% H, of gas mix predicted by partial pressure for new mix and to within 2% H, for second 

gas mixture. 

Pertinent detailed information on the samples is given in the table below. 
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Table Listing Samples Taken 
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APPENDIX C - CONTROLLED LOGBOOK ( WHC-N-984 1) ENTRIES 









0 ‘WI 
69Z-dXL-PlM-ClS-JNH 
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