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CALI BRATI ON AND NMAI NTENANCE PROCEDURES
FOR COAL M NE RESPI RABLE DUST SAMPLERS

by
Thomas F. Tonb! and Paul S. Parobeck?

ABSTRACT

The Federal M ne Safety and Health Act of 1977 requires that
t he average concentration of respirable coal m ne dust be
measured with a device approved by the Secretary of Labor and the
Secretary of Health and Human Services. Title 30, Code of
Federal Regul ations, Parts 70, 71 and 90 specify that approved
sanpling devices be calibrated at a flowrate of 2.0 liters per
mnute or at a different flowrate as prescribed by the Secretary
of Labor and the Secretary of Health and Human Services for the
particul ar device. This informational report describes the
standard procedures used by the Mne Safety and Health
Adm ni stration (MSHA) for calibration of currently approved
personal sanplers and associ ated equi prrent and for mai ntenance of
t hi s equi pnent.

! Chief, Dust Division, Pittsburgh Safety and Health
Technol ogy Center, Pittsburgh, PA

2 Supervi sory Physical Scientist, Dust D vision,
Pittsburgh Safety and Health Technol ogy Center,
Pi ttsburgh, PA
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| NTRODUCTI ON

There are four sanplers currently approved by the Secretary of
Labor and the Secretary of Health and Human Services for
measuring concentrations of respirable dust in underground and
surface coal mne environnents. They are the MSA Mddel G
Monitaire®, the MSA FlowLite, the MSA FlowLite ET (all three no
| onger commercially available) and the MSA Escort EIf® The
FlowLite, FlowLite ET, and Escort Elf® punps are constant fl ow
punps. Al four sanplers use identical sanpling heads and have
operational flow rates that range from1.0 to 2.5 liters per
mnute for the Model G fromO0.5 to 3.5 liters per mnute for the
FlowLite and FlowLite ET, and 0.5 to 3.0 liters per mnute for
the Escort EIf® The purpose of this report is to nmake
st andar di zed procedures for calibration available to all MSHA and
i ndustry personnel that use these sanplers. This wll reduce or
el i mnate neasurenent differences resulting fromthe use of
different calibration procedures.

CALI BRATI ON PROCEDURES

Per sonal Respirable Dust Sanpler Calibration

Title 30, Code of Federal Regulations, Parts 70, 71 and 90,
state that the flowrate of the specified personal sanplers shal
be 2.0 liters per mnute. This flowrate is necessary in order
that the particle classifiers of the respective sanplers perform
in accordance with accepted respirable dust deposition criteria.
The follow ng procedures shall be used for calibrating the
approved respirable dust sanplers currently used in mnes for the
sanpling of respirable coal m ne dust.

Equi prment requirenents:

1. A wet test neter, 3.0-liter capacity, equivalent to
Precision Scientific (Varlen Instrunents) Mdel Nunber 63126, or
SKC Model 302 filmfloweter (soap filmcalibrator), 1.0-liter
capacity, or a fast-response flow neasurenent device which
measures vol ume and whose calibration is traceable to the
National Institute of Standards and Technol ogy (N ST).

2. A test deck, equivalent to Preiser Scientific Mdel Nunber
914364-25, is recomended. If a test deck is not avail abl e,

8 Ref erence to specific brands, equipnent, or trade nanes
inthis report is nade to facilitate understandi ng and
does not inply endorsenent by the Mne Safety and Heal th
Adm ni stration.
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separate conponents shall be used. A regulated dc power supply
is needed with an adjustable output. The regulated output is
necessary so that the notor speed and thus the floww !l not vary
during calibration. The power supply should have a range fromO
to 10 volts dc. A dc voltneter with a simlar range and a rating
of at least 1,000 ohns per volt and a dc mlliameter with a
range of 0 to 500 mllianps (ma) are required. Provisions should
be made for connecting the punp notor |eads to the power supply.
Fi gure 1A shows how a system using separate conponents shoul d be
interconnected. (Note: Because the MSA FlowLite, FlowLite ET,
and Escort ElIf® are constant flow sanpling punps, they do not
need to be connected to an external power source. For these
punps, the punp battery, provided it is fully charged, can be
used in place of the regul ated power supply.)

3. A water manoneter capable of neasuring a pressure
differential of about 10 inches of water.

4. A timer or stopwatch capable of reading to 0.01 m nute.
Calibration of Personal Sampler Using Wet Test Meter

Run the wet test nmeter (WIM about 10 m nutes prior to use in
order to saturate the WIMwater with air and to equalize air-
wat er tenperature. The WIM water tenperature should not differ
fromroomtenperature by nore than +3° F; otherw se inaccuracies
may result. Table 2 gives centigrade to Fahrenheit conversions.
The WIM nust be level as indicated by the | evel gauge on top.
Refer to Figures 1A and 1B when perform ng the foll ow ng steps:

NOTE. --An alternate procedure (preferred nmethod), as shown
in Figure 2A, is to seal the cyclone in an airtight
container. This elimnates sealing the cyclone or
removing the grit pot.

1. Connect the punp inlet by neans of a "T" connector to one
side of the water manoneter and to the appropriate sanpling head.

2. Renove the grit pot fromthe bottom of the cycl one.

3. Seal the 2.0 by 2.0 mmcyclone inlet wwth tape or nodeling
clay and connect the WIMoutlet to the bottom of the cycl one.

4. |f using a test deck for supplying power:

a. Renove the back cover of the punp and di sconnect the
battery | eads fromthe punp notor
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b. Connect the punp notor |eads to the dc power out put
j acks of the test deck dc power supply.

c. Adjust the potentioneter on the front of the test deck
or power supply to the appropriate voltage for the nunber
of nickel-cadmum (Ni/Cd) cells in the battery (page 13,
Specification 2).

5. For the punps with rotaneters, turn on the punp and adj ust
the flow so that the | owest part of the float is tangent to the
top of the 2.0 liters per mnute calibration mark. The bottom of
the ball should be just touching the top edge of the calibration
mark. (The hand of the WIM should turn in a cl ockw se
direction.) For the Escort EIf® punp, the digital flow readout
should be 2.00 liters per m nute.

NOTE. - - The WIM nanoneter should indicate 0.1 to 0.2 inch
wat er pressure differential. The water manoneter
(connected between the punp inlet and sanpling head)
shoul d show | ess than plus one inch of the water pressure
differential noted for filter assenblies in Title 30, CFR
Part 74.3(b)(2)(l). If this differential is greater than
al l owed, there may be an obstruction in the systemor the
flowrate may be too high. However, if the pressure
differential is less than 1.0 inch the system should be
checked to insure there are no leaks. |If using a test
deck, the mIlliameter should read |less than 100 m || i anps
for the MSA FlowLite and FlowLite ET punps, |ess than
180 mllianps for the Escort ElIf® punp and | ess than

200 mllianps for the Model G punp. Readings that exceed
the upper value indicate that the punp and punp notor
shoul d be inspected for faulty operation and the tubing
for kinks or other bl ockage.

6. Start the tinmer or stopwatch as the WIM poi nter passes the
zero mark on the WIM di al (any predeterm ned mark on the dial may
be used).

7. Stop the timer or stopwatch when the pointer has conpleted
at least three revolutions (9 liters) and is exactly over the
starting point.

8. To obtain the average flowrate in liters per m nute,
divide the total nunber of liters (9 or nore) by the tine (to
0.01 mnute). To be acceptable, the flowrate nust be 2.0 +0.1
liters per mnute. |If the flowrate is not within these [imts,
then readjust the flow control on the punp and repeat Steps 6
through 8 until the proper flowrate is obtained. Table 1 can be
used to determne the flow rate.
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9. Wien the correct flowrate is obtained, the | owest part of
the float is tangent to the top of the calibration mark. If not,
change the position of the calibration mark.

Calibration of Personal Sampler Using Soap Film Calibrator

A soap filmcalibrator equivalent to SKC Model 302 film
flowreter, 1.0 liter capacity, may al so be used for calibrating
t he personal sanpler (see Figure 2B). This calibration procedure
requires the timng of a soap filmas it travels between two
calibration marks. Wen using a calibrator of this type at |east
two repetitive calibration runs shall be nmade, and the results
averaged. This assures (with 95 percent confidence) that the
calculated flowrate is actually between 1.9 and 2.1 liters per
m nut e.

If the air is excessively dry, a water-saturated sponge
(supplied with the calibrator) should be attached to the inlet to
add noisture to the air. Care nmust be taken that the sponge is
not too wet or pushed in so far that the pressure drop across the
cal i brator becones greater than 0.1 to 0.2 inch of water. The
wat er manoneter should indicate the sane pressure differentials,
within 0.1 inch, when using either the WIMor the soap film
cali brator.

Preparing for Operation

1. Connect the punp by neans of the tubing provided, as shown
in Figure 2B. Be sure that there are no sharp bends or kinks in
t he tubi ng.

2. Renove the rubber bulb fromthe side tube only (air
entrance). (Do not renpve the bottom bul b which contains the
soap solution.)

3. Add filmsolution as foll ows:

a. Qpen the small bottle of filmsolution.

b. Gently press the bottle outlet tip against the side
arm and squeeze to add sol ution.

c. Press the bottom bulb occasionally to rel ease trapped
air.

d. Add solution until the bottomrubber bulb is filled and
the solution is just below the arminlet.



Wetting the Wl l s

The walls of the glass flowreter nust be wet for the filmto
travel wthout rupturing. This can be done by turning the entire
flowreter on its side to allowthe filmsolution to run out of
the bulb and into the enlarged section. Rotate the flowreter so
that the solution coats the entire inner surface.

Measuri ng the Fl ow

1. Squeeze the rubber bulb on the floweter to force liquid
above the inlet. Squeeze for an instant only; a filmwll form

2. Use a tiner or stopwatch to tine the film between the
etched |ines.

3. Start the tinmer or stopwatch as film passes the first line
and turn watch off when it reaches the top |ine.

4. It is usually best to formseveral filnms five to six
seconds apart, and tine the last film

5. Note tinme in mnutes (to 0.01 mnute). Conpare the average
time for two runs with the tinme given on the chart supplied with
the soap filmecalibrator. |If conversion chart tinmes are
specified in seconds, convert to mnutes using the foll ow ng
equat i on:

time in mnutes = tine in seconds
60

If no chart is available, then the volune of the calibrator
(1.0 liter) divided by the tine in mnutes gives the flowrate in
l[iters per m nute.

Calibration of Personal Sampler
Using Fast-Response Flow Measurement Devices

Several fast-response calibrators are commercially avail abl e.
Such devices allow for a nore rapid neasurenent of flow rate
W t hout the necessity of ancillary equipnment. Only those fast
fl ow calibrators which nmeasure vol une, and whose vol unetric tube
has a calibration traceable to the NI ST should be used. Since
vol une is measured on the basis of the physical dinensions of an
encl osed space, such calibrators are considered a primary
standard. Primary standards require no adjustnent; however,
follow all care and mai nt enance procedures outlined in the
specific instruction manual for the calibrator used.
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1. Connect the punp to the calibrator according to
manuf acturer's instructions provided wwth the calibrator and as
shown in Figure 3.

2. Measure the flow and adjust the flowrate follow ng the
instructions provided with the specific calibrator in use.

3. Performthree repetitive calibration runs and average the
results obtained. At a flowrate determnation of 2.0 liters per
m nute (average of three runs), this should assure (with
95 percent confidence) that the neasured flowrate is actually
between 1.9 and 2.1 liters per mnute.

Wet Test Meter Calibration

Equi prent Descri ption

The cal i brating equi pnent consists of a bottle, a saturator, a
reservoir tank, a Magnehelic pressure gauge, and three stopcocks.
The bottle term nates at the top and bottomin a gauge glass with
fixed marker (see Figure 4). There is a tw-way stopcock at the
top of the upper gauge glass, and a water outlet at the bottom of
the | ower gauge glass. The bottle is so constructed that the
vol ume between both fixed gauge markers is 0.10 cubic foot
(2.83 liters).

A NI ST certificate nust acconpany each 0.1 cubic foot bottle,
i ndicating the volunme of the bottle and the tenperature at which
it was neasured. This is the volune to be used when calibrating
a WIM or other instrunent. The bottle volune should be converted
fromcubic feet to liters when calibrating netric instrunents.
The WIMis calibrated when the WIM di al indicates the vol une
shown on the bottle certificate to be within +0.01 liter
(smal l est division on WIMdial) at the conpletion of the
calibration procedure. Figure 4 shows the equi pnment connected
for calibrating the WIM

Use distilled water in both the reservoir and the WIM |f
possi bl e, locate the neter and calibration equipnment in a
tenperature-regulated room |In any event, the tenperature of the
water in the reservoir tank and the WIM should be within +1.0° F
of roomtenperature. Table 2 gives centigrade to Fahrenheit
conversion. The saturator water should be at or above room
tenperature but not to exceed 3.0° F higher



8
Prelimnary Adjustnents

Vent bottle to atnobsphere using stopcocks A and B. Pl ace
reservoir on upper shelf, S 2, check water |evel at upper bottle
gauge marker (T), and add or renove distilled water fromthe
reservoir so that the water level is at the upper gauge mark
Wth bottle still vented to atnosphere, nove reservoir to | ower
shel f, S-1.

When water | evel passes |ower bottle gauge marker (W, wait
30 seconds, check water |level in gauge and adjust |ower shelf to
bring water level to | ower gauge marker. The calibrating
equi pnent is now ready for use.

The WIM shoul d be |l evel as indicated by the | eveling gauge
| ocated on the top and there nust be about three inches of water
in the WIM manoneter. Saturate the WIMwater with air by passing
approximately 30 liters of air through it. This can be done by
connecting a personal sanpler punp to the WIM and turning it on
for 15 mnutes. Connect the rubber hose from stopcock A to the
WM i nput.

Cal i brati on Procedure

1. Connect the bottle to the WIM i nput by turning
stopcock A, closing stopcocks B and D, and openi ng stopcock C.

2. Place the reservoir on upper shelf, S 2.

3. Wiile the water is draining out of the reservoir into the
bottle, record roomtenperature and WIM wat er tenperature.

4. Connect the bottle to the saturator by neans of
st opcock A

5. Move reservoir to |ower shelf, S-1. Air should start
bubbl i ng through the saturator and filling the bottle.

6. Wen air ceases bubbling through the saturator, open
stopcock B and wait 30 seconds for drainage.

7. Record reservoir tenperature
8. Connect bottle to the WIM by neans of stopcock A

9. (Open stopcock D and nove WIM hand to zero and hold until
Magnehel i ¢ gauge regi sters zero pressure.
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10. d ose stopcock D and do not open again for duration of
cal i bration.

11. Place reservoir on upper shelf, S2. Wter is displacing
the air in the bottle and saturated air is flow ng through the
WM (The WIM hand shoul d be noving cl ockwi se.) After the water
cones to rest at the upper gauge marker T of the bottle, the
Magnehelic will indicate a slight pressure in the WIM This
pressure will remain throughout the calibration period. It is
not necessary to record the WIMreading at this tinme if it is
within +0.02 liter of the bottle capacity. Continue the
calibration (step 12, etc.) until a total of five transfers have
been made. |If the WIMindication is not wthin +0.02 liter of
the bottle capacity after the first transfer, distilled water
must be added if the reading is too | ow or drained out of the WM
if the reading is too high. About 21 m of water results in a
change of 0.01 liter per WiMrevolution. Start calibration at
step 4 if water volume of WIMis changed.

12. Connect bottle to saturator by turning stopcock A and
cl ose stopcock B

13. Move reservoir to S-1

14. \Wen air no | onger bubbles through saturator, open
stopcock B and all ow 30 seconds drai nage.

15. Turn stopcock A so that the bottle is connected to the
WI'M

16. Repeat steps 11 through 15 four nore times naking a total
of five transfers without resetting the WIMreading to zero but
continuing each time. At the end of the fifth transfer, force
t he Magnehelic gauge to zero by turning the WIM hand cl ockw se
very slowy and relieving the pressure inside the WM Record
dial reading of the WIM Five transfers through the WM w ||
cause the hand to nake nore than four but |ess than five
revolutions (that is, for a 3 liters per revolution capacity
WM. Therefore, adding the final WIiMreading to 12.00 liters
and dividing by 5 gives the WIM cal i brati on.

If the WIMreading is within +0.01 liter of the bottle
capacity, the WIMis considered accurately calibrated. |If the
reading of the WIMis too high (by nore than 0.01 liter) water
shoul d be renoved fromthe WIMor added if the reading is too | ow
(by nore than 0.01). |If the volune of the WIMwater is altered,
repeat the whole calibration procedure. Wen the calibration is
satisfactorily conpleted, set the calibration pointer tip,
| ocated in the water gauge, by raising it from bel ow t he water
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surface until the tip touches the surface. The pointer should
then be | ocked in position (see Figure 1B). The WIMis then
ready for use. The reservoir should be left on the | ower shelf,
S-1, so that any contamnation fromthe water will result in the
reservoir instead of the bottle and so that the bottle nmounts
will not have to support the weight of the water.*

MAI NTENANCE

Wet Test Meter

In order to obtain reliable, reproducible results fromthe
WM the foll ow ng precautions shoul d be observed:

1. \Wien the WIM has been accidentally abused, it should be
tested for | eaks against a static pressure or vacuum of 6.0
i nches of water as foll ows:

a. Wth a short length of rubber hose and a hose cl anp,
seal off the WIMoutlet (the upper tube on the back side
of the WIM.

b. Connect a 2-foot length of hose to the WIMinlet (the
m ddl e tube on the back side of the WIM.

c. Wile watching the WIM manoneter, gently blow into
hose until there is a difference of 6 inches in the height
of the water colums of the manoneter. (This is the

maxi mum di f f erence possible.)

d. Pinch off hose so that height difference is
mai ntai ned. |f height does not change nore than 0.2 inch
inamnute, thereis no air leak in the WIM

2. At atnospheric condition (when the WIM outl et and inl et
are open), the internal water |evel of the WIM should be at the
| evel indicated by the calibration pointer tip (see Figure 1B).

3. There nust always be about 3 inches of water in the WM
manonet er .

4. Calibrate the WIM at | east every 12 nonths.

4 Precision Scientific Conmpany. Operating Instructions
TS-63110-5. Standard Met hods for Measurenent of (Gaseous
Fuel Sanpl es, ASTM Desi gnati on D1071-55.
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Per sonal Sampl er

Before calibrating, the sanpler should first be conpletely
cl eaned of dust inside and out and exam ned for physical damage
and m ssing parts (switch covers, screws, etc.). |If the flow
rate indicator walls appear dirty inside and out, they should be
t horoughly cleaned. Low flowrate normally results froma
decrease in the efficiency of the punp caused by poor valve

operation or air leaks. |If the punp cannot be adjusted to a flow
greater than 2.0 liters per mnute, it is faulty and the cause
shoul d be found and corrected. It is required that the sanplers

be calibrated and conpletely checked at intervals no greater than
200 hours of running tine. However, indications of malfunction
during use, such as laboring of the punp or inability to obtain a
2.0 liters per mnute flowrate, should be cause for a sanpling
punp to be checked i medi ately, regardless of how recently it has
been cal i brat ed.

Battery

Al l sanplers approved for coal mne dust sanpling are equi pped
with a rechargeable Ni/Cd battery. A certain anount of care is
necessary when charging or using this type of battery. Each
battery consists of a nunber of cells, each cell having a nom nal
vol tage of 1.25 volts (the Escort Elf® has four cells, each
having a nom nal voltage of 1.2 volts). The cells are connected
in series to achieve the desired voltages. A l1-Ohmresistor is
usual |y connected in series with the cells to limt the current
in case the battery termnals are shorted. Sanpler unit approva
includes intrinsic safety approval of the punp by MSHA as well as
performance approval by the National Institute for Occupati onal
Safety and Health (NIOSH). In order to maintain intrinsic safety
status, neither the electrical circuit nor the battery pack may
be altered in any way.

The design of nobdern seal ed nickel-cadmumcells is such that
evol ution of gases during charging or overcharging is suppressed
or disposed of within the cell. Wen three or nore cells are
connected in series for higher voltage, the possibility exists
that during discharge a cell wth | ower capacity than the others
wll be driven to zero and then into reverse. During reversal,
gases may be evol ved and cause cell damage. To avoid danmage,
cells are built with reversal protection so that hydrogen
evolution is suppressed and the oxygen evolved is reconbined with
the positive el ectrode. Excessive gas pressure may cause a cel
to vent and this is undesirable since venting shortens cell life.
The end point voltage of a cell depends on the discharge rate.
For the 10 hour discharge rate (100 na for the 1 anp hour cel
and 200 ma for the 2 anp hour cell) nost battery nmanufacturers
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recommend a cutoff voltage of 1.0 volt per cell. Discharge bel ow
the cutoff voltage leads to cell reversal. Prolonged, frequent
or deep reversals should be avoided as they can shorten cell life

or cause venting. However, batteries can usually be successfully
charged if the end voltage for 3, 4, 5 and 6 cell batteries are
not lower than 2.0, 3.0, 4.0 and 5 volts respectively. The
criterion for discarding batteries is if after a full charge
cycle they wll not operate a sanpler at 2.0 liters per mnute
with only 2 adjustnents for an eight hour period under conditions
of normal use.

Speci fications
1. Cells are connected in series.

2. Voltage rating: N /Cd cell = 1.25 volts (on Escort Ef®
punp, each cell is rated at 1.2 volts).

3. Nom nal capacity for batteries in use now.
a. MSA - 2,000 (mah) (FlowLite with |arge battery,
Model @
b. MSA - 1,000 (mah) (FlowLite with small battery)
c. MSA - 1,800 (mah) (Escort EIf®)

4. Current discharge (10-hour rate--not to be exceeded).
a. 100 ma (1,000 mah battery)
b. 180 ma (1,800 nah battery)
c. 200 ma (2,000 mah battery)

5. Charging rate and cycle.

14 to 16 hours at a charging current not in excess of
current discharge limt.

6. Charging current.
a. 1,000 nmah battery, 100 ma current
b. 1,800 nmah battery, 180 ma current (must be charged
wi th Orega charger)
c. 2,000 nmah battery, 200 ma current

NOTE: |If 1,000 mah battery is charged at higher rate, it
wi || damage the battery.

7. Cutoff voltage: N /Cd--1.0 volts.

5 cells--5.0 volts
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Trickle charge--7 ma to maintain full charge.

NOTE: Low charge rate on an MSA dual setting charger is
not a trickle charge, it is 100 nma.

Range of tenperature applicable to operation of npst
Ni /Cd batteries.

a. Charge: +32° to +113° F
b. Discharge: - 4° to +113° F
c. Storage: -40° to +140° F
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Punmp Fl ow Rate Based on Tine for

Tine (mnutes) Liters per

mnute Tinme (mnutes) Liters

9 Liters

per m nute

B S S A S T T T T T S S S S N S S A S S SN SN

. 29
. 30
.31
.32
.33
. 34
. 35
. 36
. 37
. 38
. 39
. 40
.41
.42
.43
.44
. 45
. 46
.47
. 48
. 49
. 50
.51

TABLE 2.

(F=1.8C+ 32; C=(5/9) (F -

NPNNPNPNNPNPNNNPNPDNNNDDNDNDNDPNDNDNDNDNDNDN

. 10
. 09
. 09
. 08
. 08
.07
.07
. 06
. 06
. 05
. 05
. 05
. 04
. 04
.03

.03
.02
.02
.01
.01
. 00
. 00
. 00

52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
. 67
68
69
70
71
72
73

PRAPAARAARAARRARRARRAD

Tenper at ure Conversi on Chart

centi grade to Fahrenheit

32))

RPRRPRRPRRPRRPRRPRPRRPRRPRPRPRPRPRPRPRPRPRERRERRER

. 99

99
98
98
97
97
97
96
96
95
95
94
94
94
93

.93

92
92
91
91
91

. 90

centi grade to Fahrenheit

19°
20°
21°
22°
23°
24°
25°
26°
27°
28°

O000000000

66.
68.
69.
71.
73.
75.
77.
78.
80.
82.

20
OO
80
60
40
20
OO
80
60
40

TTMTTTTMTMTTT

29°
30°
31°
32°
33°
34°
35°
36°
37°
38°

O000000000

84.
86.
87.
89.
91.
93.
95.
96.
98.

100

20
OO
80
60
40
20
OO
80
60
.4°

TTMTTTTMTMTTT
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