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Abstract:

A basic question was asked concerning the drill string which is used in
rotary mode coring operations: "...what is the volume leak rate loss in
a drill rod string under varying conditions of the joint boxes and pins
being either dry or coated with Tubricant...". A variation of this was
to either have an o-ring installed or absent on the drill rod that was
grooved on the pin. A series of tests were run with both the 0-ring
grooved Longyear drill rod and the plain pin end rod manufactyured by
Diamond Dril1. Test results show that drill rod leakage of both types
is Towered dramatically when thread lubricant is applied to the threaded
Joints and the joints made up tight. The Diamond Driil rod with no o-
ring groove has virtually no Teakage when used with thread lubricant and
the joints are properly tightened.
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Drill String
Seal Pressure Test

1.0 1Introduction

The basic problem was: "...to determine the volume leak rate loss in a drill
rod string under varying conditiocns of the Joint boxes and pins being either
dry or with lubricant...". A variation of this was to either have an o-ring
inastalled or absent on the drill rod that was grooved on the pin.

In order to provide data on the leak rate of a typical drill string joint seal
assembly, used with rotary coring work, a series of tests were performed in
the 305 Building, Engineering Test Laboratory (ETL). The original test Plan
(WHC-SD~WM-TP-427) was for the Longyear o-ring type drill rod that is typical-
ly used for rotary drilling. RAdditional tests were performed using "Diamond
Drill"™ rod without the o-ring grooves. Nitrogen gas ia normally used during
the sampling effort to pressurize the drill string during the rotary coring
process and sampler changes. Nitrogen also provides bit cooling and removal
of waste cuttings from the bottom of the core hole. Testing was started and
finished during January 1996.

2.0 Test Equipment and Method

Laboratory air was used in in place of nitrogen for the testing efforts. The
test coneists of: 1) screwing the box and pin threaded connections together on
several joints of drill rod, 2) installing a blanking flange on cone end of the
string and a pressure inlet adapter on the cther end, 3) pressurizing the
length of drill string to approximately 100 psig, and 4) measuring the elapsed
time between 10 peig pressure drops down to a minimum of 10 peig or a total
elapsed tima of 10 minutes, whichever comes firset.

2.1 Test Equipment

The Longyear drill rod dimensions are 2.25-inch o.d. by 1.916-inch i.d.

pipe with a 0.167-inch wall thickness. An o-ring groove is cut near the
base of the pin end for an extra sealing surface when a rubber o-ring is
installed in the groove. The test string consisted of three 1-foot, one
2-foot, one S5-foot and one 19-inch sections of pipe used in the 141 3/8-
inch test length. Sealing of the threaded joints is by thread interfer-
ence fit, o-ring rubber seal, lubricant on the threads and joint makeup.

The Diamond Drill rod consisted of 2.25~inch o.d. by 1.916-inch i.d.
pipe with a 0.167-inch wall thickness. There is no o~ring groove at the
base of the pin thread connection. Sealing of the string is by thread
interference fit, lubricant on the threads and joint makeup. This test
8tring consisted of four l1-foot, one 2-foot, one 6-inch, one S5-inch and
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one 19-inch section with an o-ring groove from the Longyear test atring.
Length of the string without the o-ring groove joint was 142 5/8-inches.
This test string arrangement was 143 5/8-inches long when the 19-inch o-
ring joint replaced one 1l-foot joint and the 6~inch joint.

Other equipment used was a small sub with a blanking plate welded on the
end and an air pressure inlet adapter consisting of an old test bit, '
tees, nipples, shut off valve, pressure gauge, stop watch and thread
lubricants. An Ashcroft temperature compensated and calibrated test
gauge (SN 002-31-04-044) was used for all tests. See photos in Appendix
C.

2.2 Test Methed
2.2.1 Longyear

Three arrangements of the test were run with the Longyear grooved
drill rod. BRach variation was repeated three times.

A.) The drill string was made up dry (no thread lubricant) and
with no pin end rubber o-rings installed. Refer to Table 1.

B.) The drill string was made up with no pin end rubber o-rings
installed, but lubricant was put on the joint pin threads.
Rafer to Table 2.

c.) The drill string was made up with the pin o-rings installed
and lubricant was put on the pin threads. New o-rings were
installed after each pressure run. Refer to Table 3.

The drill string joints were disconnected after each pressure run,
the joints selected at random and made up again for the next
pressure run. The third and last run of each test sequence was
the beginning joint placement of the next table variation. Jet-
Lube thread lubricant was used on these joints.

2.2.2 Diamond Drill

Four arrangements of the test were run with the Diamond Drill rcd.
Bach variation was repeated three times.

A.) The drill etring was made up dry (no thread lubricant).
B.} The drill string was made up dry with no thread lubricant.

One 19-inch o-ring type Jjoint was included and 18 inches (2
joints) of plain pin pipe was removed.
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c.) The drill string in item B) above had Dow D-111 thread
lubricant applied to the pin threads.

D.) The drill string was tested with no o-ring type joint in the
string; the two joints (18 inches) of plain Pin pipe were
added to the test string. All pins were lubricated with Dow
D-111.

The drill string joints were disconnected after each preseure run,
the joints selected at random and made up again for the next
pressure run. The third and last run of each teat sequence was
the beginning joint placement of the next table variation.

The pressure test in variation D) above was run only once. This
test was essentially the fourth sequence of €) with the o-ring
Jjoint removed during the fourth pressure run.

All pressure tests required the drill string to be pressured to
about 100 psig {which was the laboratory maximum limit). A
maximum starting pressure was read and recorded. The shut off
valve was closed to trap the air volume and pressure within the
test string and the stop watch was started at the time of valve
closure. The preesure drop between each 10 Peig pressure point
was read to a minimum of 10 psig or an elapsed total time of 10
minutes, whichever came first. Volume rate loss was then calcu-
lated and used for a graphics representation of the drill string
pressure versus volume leak rate. Refer to Appendix A for the
hand written copies of the laboratory data tables and calcula-
tions. Appendix B contains graphic forme of the data for each
arrangement of the drill rod.

3.0 Test Results
3.1 Longyear O-Ring Pipe

A lock at Graph 1, Appendix B, shows the assembled dry o-ring type drill
rod is leaking quite readily. A moisture check of the joints showed
that all joints were leaking.

Graph 2 shows the affect of having a lubricant on the joint threaded
connections with no o-ring installed. The flow rate loas dropped from
an average above 12.0 cf/hr as shown on Graph 1 to an average below 1.4
cf/hr on Graph 2.

Graph 3 shows virtually no air flow rate or pressure loss when an o-ring
is installed and thread lubricant applied.
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These graphs show the reading between pressure points and the associated
flow rate loss that results during the measured time period.

Note: Caution must be used when the pipe joints are made up with both an
o-ring and lubricant on the pin end. If the joint is made up too fast,
the lubricant will pile up ahead of the thread interference fit and
cause the lubricant to wash the rubber o-ring out of its groove. A
potential leak path is thus created.

3.2 Diamond Drill Pipe

Graph 4 shows the dry joint make up of a pipe that has no o-ring groove.
Flow rate loss and praessure was very minimal during the 10 minute taest
period.

Graph 5 shows the leakage that occurs when an o-ring joint is added to
the string. All air leakage tock place at the o-ring joint box and pin. -

Graph 6 shows again that leakage is reduced when lubricant is applied to
the drill rod threads and the o-ring joint is left in the test string.
All leakage was at the o-ring joint box and pin connections.

Graph 7 without the o-ring joint shows no air leakage during tha 10
minute test with thread lubricant applied to the pin ends.

These graphas show the pressure reading between graph points and the
agsociated flow rate loss that results during the measured time period.

4.0 Conclusgions and Recommendations
4.1 Conclusions

Test results show that drill rod leakage is lowered dramatically when
thread lubricant is applied to the pipe threads and the joints made up
tight. This is true even when the o~ring type drill rod (Longyear) has
the rubber seal either missing or damaged. The Diamond Drill rod with
no o-ring groove has virtually no leakage with thread lubricant and
tight joint make up.

4.2 Recommendations
Use the o-~ring grooved pipe and get it out of the tank farm supply
inventory. Order only non-grooved pipe; it is not necessary to have the

extra rubber o-ring for a seal.

Diamond Drill rod can alsc be purchased cheaper than the o-ring type
drill rod.
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Omitting the o-ring groove will strengthen the joint box and pin
connections during rotary or push sampling operations. This will help
eliminate broken drill rod in the tanks, expensive fishing jobs to
retrieve broken tools inside the tanks and lost sampling time.

The RMCS crews must pay cloge attention to their final make up of joints
that have o-ring seals. It is possible to wash an o-ring out of its
groove with the thread lubricant and thus have a low rate leaking joint.
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5.0 Appendix A - Data Tables and Calculations
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6.0 Appendix B - Data Graphics
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7.0 Appendix C - Photos
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Basnch test assembly and air
hose attached to inlet
mapifold. Stesl cage ia
background to which the
Longyear drill rod was
tied down.

Beach tast assembly ia
308 Building test pit.

Bench clamp stand and Diamoad
Drill rod test string. Inlet
connections and pressure gauge.
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