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Abstract

Thi persomal dust monitor (PDM) is & new coal mine respimble dust sampling instru-
ment that has the ability o provide accurate end-of-shift and real-time respimble dust
exposure data. A hypothetical cost comparison analysis of the PDM with the current
MEH A-required coal mine dust personzl sampling unit (CMDPSL) was conducted.
Some simplifying assumptions were made to create hypothetical cases for analysis.
This analysis was limitad to respimble dust sampling of one designated opemtor (IO
and one designated area (DA for one mechanized mining unit (MML) which operated
ome shift per day. Only sampling mtervals of the minimum sampling = reguired by fe-
deral regulations and continuous sampling were analyzed.

This cost analysis from the company perspective is omly one part of an overzll costhe-
nefit analysis that should be conducted at a later date. In this analysis, company-asso-
ciated costs were examined for both sampling systems. Resulis show that the PDM,
while it has high initial costs of approximately £12 600, may be a cost-effective samp-
ling system for measuring coal mine respimble dust. The estimated present worth cost
of conducting the minimum required dust sampling over a five-year life mnges from
55 E50 to $10 000 for the CMDPSL, with the higher present worth cost including costs
of potential violations incurred. For the PDM, the comparable present worth cost is
514,900 10 $19 300, with the lower present worth cost representing a lower capital cost
of $8,150 per unit if more than B50 units are produced per year, while the higher pre-
sent worth cost reflects the result with the higher £12 600 capital cost.

1. Intreduction

Coal Worker's Pneumoconiosis (CWP) 15 a disease which affects coal miners and 1s ca-
used by the inhalation of excessive levels of respirable coal mine dust. It is exscerbated
through contimsed exposure to high levels of respirable coal mine dust and can be fatal.
There 15 no cure for this disease except through its prevention.! Progress has been ma-

a Department of Health and Human Services, Centers for Dissase Contral and Prevestion, National Institute
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de through the use of regulations and research to reduce the number of deaths caused by
CWP, from a ligh of over 3MN) deaths per vear in 1972 to approximately | 0 deaths
per vear in 19992, This decrease can be atnbuted to the safety enforcement efforts of
the Mine Safety and Health Administration {MSHA) through its dust sampling program
with the coal mine dust personal sampling unit (CMDPSU). However, from |99 1o
1999 there were stll approximately 15036 deaths atinbutable to this disease?.

Current research aimed at reducing CWP in miners, conducted through a partners-
hip with government, industry, and labor, has produced a real-time respirable coal mine
dust measurement system, the Personal Dust Monitor (PDM). Thas instrument has the
potential to reduce CWP by providing real-time monitoring of coal mine dust levels,
which can enable the miner and companies to prevent overexposure?42. Ulimate docu-
mentation of its effectiveness will depend on results of its use on a continual basis in
MSHA's dust sampling program in underground coal mining.

For the PDM to be implemented and accepted as a standard sampling system, its
cost must be reasonable. Therefore, a hyvpothetical cost analysis from a company pers-
pective is presented to analyze cost factors involved in the potential implementation of
new real-time dust monitoring in coal mines. This is only one part of an overall cost/be-
nefit analysis of the impact of this new respirable dust sampling technology to miming.
A fuller analysis would examine factors such as the hiring and training costs of new wor-
kers to replace emplovees with CWP, the lower productivity of personnel with decliming
lung function, the loss of earnings for worker and family, the guality of life issues asso-
clated with CWP, and the benefits of reducing CWDP, such as reduced health care costs
to society, to government, to individuals, etc., along with associated costs from other
perspectives.

This cost analysis was performed by comparing the PDM with the existing CMDP-
SU required by the Mine Safety and Health Administration (MSHA). The CMDPSU
utilizes a sampling device consisting of a 1 0-mm nylon cyclone, 37-mm diameter 5-mic-
ron pore size membrane filter, 0.9-m length of 6 4-mm internal diameter flexible tubing,
and an M5A (Mine Safety Appliance Company, Pittsburgh, PA) Escort & ELF pump
operating at a flow rate of 2.0 liters'min. The CMDPSLU does not provide dust concent-
rations instantaneously. The 37-mm filter must be mailed to MSHA for analysis which
results in a delayed response for respirable dust concentrations®. MSHA assumes the
costs for analyzing these filters. The PDM i1s a new system for dust sampling which con-
sists of a self-contained dust sampling system that displays a real-time instantaneous re-
adout of the respirable dust concentrations o which the miner 15 exposed. The fAliers
used in the PDM do not require analysis for respirable dust concentrations, therefore the-
re iz no filter analysis cost to MSHA with this system. Exposure results would be ava-
ilable to MSHA through electronic data files generated and protected by the PDM.

The evaluation of the PDM and CMDPSLU uses present worth calcolations to deter-
mine the costs. Only costs related to both sampling svstems were evaluated in this
analysis; no benefits which may accrue from the reduction of CWP for either sampling
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system were included. This analysis was conducted using the employer”s perspective for
the determination of the costs of both systems. The company perspective was chosen
because companies, along with the government, currently take on part of the cost of
sampling and will most hkely continue to bear these costs in the future. Companies are
concerned about using the PDM system because of iis initial high cost and 1ts perceived
high operating costs.

This analysis will serve to gquantify expressed concerns that the PDM is “too0 expen-
sive.” It will also help promote the continuing obligation of all parties involved —in-
dustry, labor, and government-to reduce respirable coal dust exposure to miners, which
will be a benefit to all by providing cost information for the different sampling regimens.
Other analysis perspectives, such as the economic impact of the FDM from a societal
perspective, which will include the benefits accrued from the reduction of CWP, will be
conducted at a later date.

The cases presented in the following evaluation are hypothetical —envisioning a
wide range of potential uses of the PDM. They were not used in the promulgation of the
current MSHA respirable dust sampling procedure and are not presented o propose a
particular method of use for the sampling systems. Additionally, they are also not rep-
resentative of all possible cases but are used for evaluation purposes only and may not
necessarily be comparable to actual situations. They should not be construed to be pre-
dictive of what may occur when a PDM 1s put into operation nor should they be interp-
reted to favor one case over another.

In this evaluation, companisons were based upon the current enforcement require-
menis of MSHA. Thus a brief review of the MSHA sampling procedure 1s required in
order to understand the process of the analysis. It 1s assumed that the rules for dust samp-
ling will accommedate the PDM as an acceptable substitution for the CMDPSU.

1. Regulatory Respirable Dust Sampling Procedure

Figure | shows a schematic of the procedure that a company must perform to complete
the respirable dust sampling reguired to satsfy the MSHA regulatory requirements. Fi-
v respirable dust samples are required to be obtained on consecutive shifts from the de-
signated occupation (D0}, and at least one sample from the designated area {DA) of each
mechamzed mining unit (MMU) for each bimonthly period throughout the vear.? The-
se samples are then mailed o MSHA which analyzes the filters to determine the dust
concentrations. If these samples do not exceed the respirable dust limit, then no more
sampling 15 required until the next bimonthly penod. If the average of the =amples for
the DN or the sample for the DA exceeds the respirable dust limit then a citation 15 ge-
nerally given and an abatement process 15 started, which commences after the dust ex-
posure event has ocourred. This process requires resampling and possibly the submissi-
on of a ventilation plan. The ventilation plan is a document produced by the mine ope-
rator outlining the procedures that will be followed to meet the requirements for venti-
lation and dust control®.
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Fig. 1. Schematic of respirable sampling procedure s required by MSHA regulations.

Based upon the circumstances surrounding the exceedance. the citation may be is-
sued as an order. Examples of circumstances causing an order to be issued include but
arc not limited to an exceedance of the respirable dust limit during the citation abatement
process. the inspection history of the MMU, or negligence on the part of the operator. In
those cases where an order is issued, all personnel are withdrawn from the MMU and no
work can be completed except for work required for abatement of the order® Addit-
onally, resubmission of a ventilation plan is required.

The citation abatement process requires resampling of the DO or DA, whichever lo-
cation was cited. If the average of the five DO samples is greater than the 2.0 mg/m?
standard (if silica is present then the standard 1s reduced to [0 divided by the percent si-
lica determined from the samples), then five additional samples of the DO must be ta-
ken on consecutive shifts. If the DA sample is greater than the standard. then five mo-
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re samples of the DA must be taken. Once these samples are determined o be below the
respirable dust standard, then the citation will be abated. Submission of an updated ven-
tilation plan will depend upon the circumstances regarding the overexposed samples and
may not be required?.

An order abatement process also reguires resampling of the DO or DAL Additi-
onally, the ventulation plan must be updated and resubmitted showing the changes made
to ensure compliance to the respirable dust standard. During an order, the MMU 1= not
allowed to operate except during the abatement process to demonstrate that the propo-
sed changes to operating procedures will ensure comphiance to the respirable dust stan-
dard. To abate an order, the operator must propose corrective actions (operational, ven-
tlation, etc.} to MEHA that will achieve compliance of the respirable dust standard.
MSHA wall then examine the proposed corrective actions to determine their viabality. I
MSHA deems the proposed changes as viable, then production will be allowed to pro-
ceed in order to resample the DO or DA, Re-sampling of the DO will consist of five
samples taken on consecutive shifts. Re-sampling for the DA will also consist of five
samples. Once these samples are determined to be below the respirable dust standard,
then the order will be terminated and the operator will be required to submit a new mo-
dified ventilation plan showing the changes made®.

3. PDM and CMDPSU Evaluation Method

The cases used to evaluate the CMDPSLU and the PDM are listed as follows:

(1} The CMDPSU with minimum required sampling and no violations.

(2} The CMDPSU sampling continuously for one shift'day with no violations.

(3} The CMDPSU with minimum required sampling out of compliance every other
bimonthly sampling period (three violations per year).

(4} The CMDPSU with minimum required sampling out of compliance for every ot-
her sampling period and every third violation initiating an order.

(5) The PDM with minimum required sampling and no violations using the high cost
PDM.

(6} The PDM with minimum reguired sampling and no violations using the low-cost
PDM.

{7} The PDM sampling continuously for one shift per day with no violations using
the high-cost PDIM.

(B} The PDM sampling continuously for one shift per day with no violations using
the low-cost PDM.

The PDM cases are divided into a high-cost option and a low-cost option.  The
high-cost option uses $£12.600 as the unit cost of the PDM. The low-cost option uses a
PDM cost of 58,150 per unit. The different costs are based upon the varving market for
the PDM which is difficult wo predict at this tme. Should sales exceed 850 PDM/year,
then the low-cost option becomes viable? The viability of the low-cost option 15 based

b Rupprecht, Erich, Pricing of PIXM and Fillers. E-mail o Ford, Thimons, & Vaolkwein. (East Greenbush, NY:
Thermo Electron Corporation, Manch 10, 2006).
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on the number of underground coal miners in the United States (approximately 39 000<),
and the current draft language of the proposed S-Miner Act that specifies use of a PFDM
by each of these miners ¢

There are many other different scenanios that could be conceived for this cost analy-
s15. These cases were chosen because they represent a wide range of potential outcomes.
Sampling continuously for one shift per day was selected for evaluation as it has been
proposed that the PDM could be used on a continuous basis. While it 1s understood that
the CMDPSU would never be used on a continuous basis as would the PDM, this situ-
ation has been included for companson purposes. The cases which incur three citations
per year using the CMDPSU represent a realistic scenano as seen from a review of dust-
related violations from MSHA s underground coal mine statistical database. With the
number of operating mines varving from 642 to 777 through the time penod of 2001-
2004, statistics show that, for dust-related violations, approximately 11-20% of these mi-
nes averaged three vielations per year, while 47-553% incurred at least one violation per
vear® Casze 4, which receives the MSHA order after three violations, is a possible realis-
tic worst-case situation, albeit rare. During the vears 2000-2005, there were approxima-
tely 112 dust- and ventilation-related orders issued to mines.! This averages approxima-
tely 22 orders per vear, which amounts to 3% of the mines receiving an order per year.
Additionally, best-case scenarnos, with no violations per vear. are also reviewed to allow
for comparison of a vanety of possibilities.

It 15 recognized that proper maintenance of the ventilation plan should ideally eli-
minate the possibility of citations. Nevertheless, dust-related citations are still incurred
throughout mining operations. It is suggested that the cause of many of these citations
could be due to the inadequate informational feedback on dust concentrations of the cur-
rent CMDPSU. To reduce the complexity of this evaluation, the end result of improper
ventilation or dust controls leading to the atation or order was used as the metric rather
than attempting to predict the cost of mamtaning a proper ventilation system.

The cases that acquire citations while using the CMDPSU incur monetary charges
of 3387 85 per violation, which 1s the average amount as determined from an examina-
tion of an MSHA database for underground coal dust-related violations.2 The MINER
Act of 2006 provided MSHA the opportunity to revise the penaliies assessed for viola-
tions. While this revision may increase the cost of citations, for convenience the histo-
rical data for dust-related citations will be used and these increases will not be incorpo-
rated into this analysis.

The cases using the PDM as the sampling system do not incur any MSHA violan-

© Mational Mining Association, “Mising Industry Employment in the Usited States by Sector, 19852005
Website: wwa nma.orgfstatistios‘pub_miming_ employ 2sp Last sooeseed Angest 2007,

4 Library of Congress, HE. “2768 S-Miner Act, Section 7." Website: hitpoithomas Joc govicgi-bin/iqu-
erpFicl k] tempf~c] 104 Y x(}Tn:e 5051 6 Last accessed August 2T,

€ Joy, J., NIOSH s Division of Bespiratory Disease Studies informational analysis of MSHA's underground
ool disst-related violabion database, (Unpublished, 20060

Frbia.

B Joy, 1., NIOSH s Division of Respimatory Disease Studies informational analysis of MSHA's underground
ool disst-related violatbion database, (Unpublished, 20050,
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ons. This condition of no violations for the PDM is used for comparison purposes only.
It may seem an unrealistic condition, but the real-time readout of the PDM should allow
the wearer to know when his or her exposure to respirable dust is approaching the respi-
rable dust standard (2.0 mg/m?), thereby eliminating the time delay that occurs with the
CMDPSU. When exposure approaches a critical point, then adjustments can be made to
prevent overexposure to respirable dust while on shift, therefore reducing the possibality
of a dust violation when using the PDM. In contrast, the tme delay of obtaining results
for the CMDPSU always allows for the possibility of incurring an overexposure violati-
on, because the operator may not realize that adjustments could be made to prevent the
OVETCKHOSUTE.

The adjustments being considered are those that can be completed incidentally or
without excess cost duning the shafi e.g., minor adjustments to the venbilation system that
can be made casily but may be overlooked durning production operations. The oversight
occurs because there is no instantancous feedback with the CMDPSLUL I these minor ad-
Justments were to be completed, then a reduction of the respirable dust concentrations
wonld ooccur, when otherwise without the repairs, the dust concentration would continue
to rise. These adjustments do not include major changes to the ventilation system that
are tvpically part of the MSHA approved ventilation plan, used in either sampling sche-
me, which would be noticeable when wsing either sampling system and would contain
higher costs and be more ime consuming in nature in that they may interfere with pro-
duction operations. Such adjustments are treated to be equal in nature with either samp-
ling system and are not included in this cost evaluation.

Each of the cases 15 analyred using & five vear ife. This time frame was derived
from discussions with MSHA personnel who stated that the puomps used for the CMDP-
SU had a five-vear life Discussions with personnel at Thermo Electron Corporation
produced a document which showed that Thermo Electron Corporation 1s willing to of-
fer extended and expanded warranty programs for durations as long as seven years.! (h-
her discussions with Thermo Electron Corporation personnel also indicated that a five-
year life for the PDM was reasonable. Additionally, it was presamed that the life of the
pump would not be affected by the frequency of use.

Battery life was another point of consideration for both systems. The PDM conta-
ins two batteries, one for the cap lamp and the other for operating the PDM. The PDM
cap lamp battery was stated to have a five-year life, while the hife of the PDM operati-
onal battery was stated as having a minimum three-year life with the expectation of las-
ting five vears depending upon usaget The battery life for the CMDPSL 15 listed as
aporoximately 3 charging cvcles which corresponds to 300 davs of continuous wse ™

B Foed, B, Mine Safety and Health Admiristration, “Persomal Communication.” March I3, 2006.
! Thermo Electran Carporation,, “*Service Offering, Overview ™ (East Greenbush, NY': Therma Electron Corpo-
ration, March 24, HKG).

i Dhanham, D, Project Engineer, Air Cuality Instruments, Environmental [Instruments Division, Thomo Elect-
ran Carporation., “Personal Commueication.™ Mamch 24, 3006,

k Dunham, ., Pmject Engineer, Air Quality Instruments, Enviroamestal Iestruments Division, Thermo Elect-
ran Carporation., “Personal Commueication.™ Mamch 24, 36,
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From additonal discussions with NIOSH technicians and the amount of sampling requ-
ired for each case, three years was considerad to be a good approximation of battery li-
fe for the CMDPSU. Therefore, battery maintenance was ot considered in this evalu-
ation as the PDM cap lamp battery will last five vears, equivalent to the time frame used
in the evaluation, and the CMI¥PSLU and the PDM operational battery life were conside-
red to be three years, with replacement costs being equivalent for both systems.

The 4% annual interest rate used in the analysis was based on the interest rate of the
13-week US. Treasury bill for the week of 01030611 Since there are no incomes ge-
nerated from the use of either sampling system in this evaluation, the interest rate would
be based upon either the opportunity cost of investing the cash used in the sampling sys-
tems, in an investment vehicle or on the prime lending rate as the cost of capital. The
sampling systems were low cost compared with other high capital cost mine equipment.
As aresult, these costs would most hikely be paid on a cash basis. Therefore, the oppor-
tunity cost of investing the cash was used instead of the prime lending rate. The interest
rate of T-bills was used in this evaluation because they represent a guaranteed shori-term
rate of return.

The process of conducting sampling follows the schematic diagram in Figure 1.
The cost of the PDM! and CMDPSU are shown in Table 112 The purchase price of the
PDM includes the charger and software required for operabion.

Table 1. Cost of equipment for PDM and CMDPSL.

PDM CMDPSU
Samnpling Equip. £1240000° $1351.1%
Filters (&/filter) 8.0 $16.49
Factary Calibration Sivear £1 00000 NIA

MIA Mot applicable
1 Includes the sampler, changer, software, and an imitial supply of 20 fillers. Low-cost option wses 38,150 per
PDM based wpoa production of PDM units (=850 units! year) by factory .

2 Inchsdes sampling pump, 10mm cyclome, Tygon tubing for conmections, cap lamp, and an initial supply of
10 flters

The PDM also includes a cap lamp which 15 not an available feature in the CMDP-
SU. There is a year-end PDM calibration required, to be completed by the factory. Ba-
sed upon possible service contracts to be offered by the manofacturer, & best estimate is
considered to be 1 (00 MY year with the unit being returned o the factory for calibrati-
on once during the yearm Mo costs associated with returning the PDM to the factory are
included and in such an event a replacement PDM would be available for use from the
manufacturer. The CMDPSU consists of a sampling pump, 10 mm cyclone, and Tygon™
tubing (for connection of the cyclone to the sampling pump). The cost of & cap lamp and
charging svstem that would have to be purchased for the CMDPSU are $4582.19.02 This

1 Rupprecht, Erich, Pricing of PDM and Filiers. E-mzil to Ford, Thimoos, & Volkweein. (East Greenbush, NY:
Thermo Electron Corporation, March 10, 2006).

™ Dynbam, 0., Project Engineer, Air Chmlity Instnmments, Enviroamental Instruments Division, Thermo Elect-
rom Corporation, “Persomal Commumication.”™ Manch 24, 2006.
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cost 15 included in the CMDPSU cost. Training is required for both systems buts its cost
15 not considered in this analysis because 1t 15 considered equal for cach. The PDM al-
s0 requires the use of a personal computer to program and download information. The
cost of & personal computer was not included in this analysis because it 15 assumed that
the mining operations have access to an existing computer on-site. A cost of $100 per
year is used as the cost to replace the Tygon® tubing as the sampling system s used thro-
ughout its life. Tubing costs for the PDM were not considered because the tubing 15 part
of the cap lamp cable. Calibration equipment, required for both the CMDPSLU and the
PDM, 15 similar; therefore its cost s not included. Filters are required for esch sampling
system and are used once per sampling occurrence. Their costs are also shown in Tab-
le 1.

Salary and benefit costs for all personnel wsed throughout this evaluation are pre-
sented in Table 2. This information was obtained from a U8, coal mine salary and be-
nefit survey published by Western Mine Engincering, Inc.'?

Table 2. Personme] cost bass

Anmual Salary Bencfits
(&pear) (% of salary)
Environmenta] Tech. E30 30000 4%
Environmental Coord. B 70000 4%
Mire Foreman 66 000 0 4%
Mine Engincer 62 30000 4%
Mine Bupervisar EEG 00000 4%
Mechanics (Maint ) S41 20000 4B
Labar £36840.00 4%

Personmel cost dats ohinined from U085, Coal Mine Salaries, Wages, and Benefirs - 2004 Swrvey Bevufts publis-
bed by Western Mine Engineering, Inc.

4. CMDPSU sampling Procedure

For CMDPSL, on-site calibration of the pumps must be completed once every 200 hrs %
This calibration will be completed by an environmental or safety technician. From dis-
cussions with NIOSH technicians, the calibration 15 expected to require |3 minutes to
complete.

Setup and distnbution of the sampling equipment 15 expected to reguire five minu-
tes to complete, prior to the shifi start, and will be conducted by the environmental tech-
nician® All pump checks during the shift are considered incidental to normal shaft work
and will be completed by the mine foreman. At the end of the shift or the eight-hour
sampling penod, the sampling equipment must be collected and the proper paperwork
must be completed. This 15 also conducted by the environmental techmician and 15 ex-
pected to require five to seven minutes after the shifi. Cleaning of the pump and cyclo-
ne can also be completed in five to seven minutes by the environmental technician and
15 performed after every sampling period.® Table 3 shows the summary of setup and col-
lection times for dust sampling for both systems.

M Patts, L., Past-Assistant o ¥ice-President of Health and Safety of a Coal Company. “Personal Commumica-

tian.” (February, 2006},
@ Ihid.
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Table 3. Summary of activity for dust sampling.

Activity Frequency Time Completed by Cost per sample

CMDPSL

Calibration 1 every HH) howrs 15 mimuies Env. Tech. .07

Sctup & Distribution  Prior o every 5 minubes Env. Tech. 5236
sampling shift

Collection Afier every T minubes Env. Tech £330
sampling shift

Cleaning Afier every T misubes Env. Tech. £330
sampling shift

Total Cost (Does not inclede calibraton cost) SR 06

FIM

Calibration Chnce per yeoar Unkmowan Factary 1 00000

Setup & Prior i every Mo time Miner S0.00

Diistributiom sampling shift Kequired

Callection Cleaning &  Afier every 15 mimuwie Env. Tech. .07

Setup for Next Shifi sampling shift

Cleaming Incleded in collection of FOM

Total Cost (Thoes not mclede calibrabon cost) 7

“This is an annus] cost

CMDFSL datn estimates obisined from discussions with Patts, bealth & safiety professional involved with dust
sampling

PDM datx obtained from disoussioss with NIOSH technicizns and personsel] invalved with NIOSH PDM re-
scarch projects

5. PIDM Sampling Procedure

On-zite calibration and maintenance is required for the PDM, consisting of flow checks
and cleaning. This maintenance is expected to be completed within |3 minutes prior o
conducting the required sampling, and will be completed by the environmental technici-
an. Included in this mantenance time 1s the setup of the PDM for sampling. This setup
consists of programming the PDM using a personal computer. The time to complete this
setup 1s mimimal.

Distnbution of the PDM consists of the miner obtaining a PDM and placing it on
his or her belt. This process 15 similar to obtaining a cap lamp, basically unplugging the
PDM, placing 1t on the belt, and placing the lamp on the hard hat. Therefore distnbuti-
on 15 considered to be incidental to the shift work. Unhke the CMDPSU, there are no
checks required during the shift for the PDM, as it continuously records all data needed
to venfy proper sampling.

Once sampling 1s completed, the PDM must be collected for transfer of the samp-
ling data. The ume to collect the PDM, download the data, and clean the cquipment is
also included in the maintenance ime. Collecting the PDM is completed by the miner
by placing the PDM on charge, similar to a cap lamp, so the majonty of the maintenan-
ce tme consists of cleaning equpment, with mimmal time required for programming
and downloading data from the PDM.

6. Case Analysis

There are basically two different potential sampling schemes for both the CMDPSU and
the PDM —sampling the minimum required samples and sampling continuously . All ca-
ses assume only one MM, having one [H0 and one DA being evaluated using only one
sampling unit. Both the X0 and DA are sampled sequentially with one sampling wmit.
All cases conduct sampling on a one shift per day basis.

1EE
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In relation to the mimmum required number of samples, as in cases 1, 3,4, 5, and
6, the sampling process for this analysis proceeds as follows. Five samples are taken for
the DO and one sample 1s taken for the DA, resolting in a total of six samples per bi-
monthly period. This i1s the minimum number of samples required for satisfying MSHA
respirable dust sampling requirements. When sampling continuously, &s in cases 2, 7,
and 8, none of the sampling systems incur any violations during the vear. The sampling
process for this analysis occurs continuously, with one shift per day lasting 30 days per
month, throughout cach bimonthly period for the entire vear for both sampling systems.
The minimum bimonthly sampling requirements are met through this sampling regimen.
Therefore, for this procedure it was not important whether the DO or DA was sampled,
Just that sampling occurred continuously.

Table 4 presents the information for the required respirable dust sampling for cach
case, showing the number of samples required per vear, the number of citations/closure
orders incurred per year, and the additional sampling required per year to abate the cita-
nond' closure order.

Tahle 4. Eespimble dust sampling information for each case.

Dhust Dhust Dhast Additiomal Average
samples  citstions closure samples per citation cost
required  per year orders per year for (% citation))
[poT yeur year citation/order

shalement

(1) The CMDPSL with
minimum required sempling
und mo violaboses. 36 [} [} o NiA

(2} The CMDPSL sampling
continzously for one shift'day
with mo violatioes. 36 1] 1] o NiA

(3) The CMDPSL with

minimum requited sampling

out of compliance every other

bimoathly samipling period

(throe vinlations per yoar). b 3 1] 15 SIETRS

(4) The CMDPSL) with

minimum requited sampling

out of compliance for every other

sampling period and every thind

violation initiales an order. 36 2 1 15 S38TB5

(5) The PDM with minimusm
required sampling and mo
violations wsing the high cost PDM. 56 L] L] u] NiA

(6} The PDM with minimem
required sampling and oo
vinlations wsing the low ocost PDM. il 1] 1] o MiA

(7 The PDM sampling

contineously for one shift per

day with mo vinlatioos wsing

the high cost FIOM. ] [ [ o NiA

(B} The PDM sampling

contimsously for ane shift

per day with no violations

wsing the low cost POM. il L] L] o N
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In case 3 and 4, the CMDPSU incurs one sampling violation for either the DR or
A for every other bimonthly period (three violanons per year). It is not significant
whether the violation was caused by the DO or the DA, This results in the abatement
process having to be completed. Table 5 shows the time commitments required of the
environmental or health and safety coordinator and the mine foreman to complete the pa-
perwork and meet with MSHA personnel to abate the citation P These personnel tmes
are converted to costs using the personnel cost base in Table 2. Abatement of the cita-
tion 15 assumed to have a simple remedy. Further, the citation abatement sampling do-
es not ncur any violations, which results in the citation being closed. No ventilation
plan is required for submission in this case and no orders are generated during this samp-
ling process.

Table 5. Amount of me required 1o setthe MSHA citations and orders.

Citntion & order abatement Personme] Reguired Avg Time Cost per
(s ) citatiom
Citntion
HE&S (Env_) Coordinator 2 316
Mine Foreman 1 $4T 52
Maintenance (2 persons) 2 F121 .56
Total costs 326264
Order
Imvestigation HES (Env_) Coordinator 2 F3 16
Write up cormective actiom Mine Superintendent 1 S61 .97
Mine Engineer 1 44 B6
Mine Foreman p U5
Neoessary sigmificant comective actiom Mainterance (1 persons) 2 o B
Supply 1 31010
Mainlesance Fabrication
{2 persnas) 5 F3 50
Env.Bafety Technician 3 R4 50
Total cost SRS R4

Abatement Gmes are estimates . These estimabes can vary considerably depending upon the ciroumstanoes sur-
rounding the cilation or order. Dats obinined from Patts, 2006

Case 4 differs from case 3 in that every third violation results in MSHA issuing a
closure order. There are many different variables which could culminate in sample ove-
rexposure and result in an order. Additionally, it 15 unknown what activibies would have
tooccur for order abatement. Therefore, to simplify the corrective action required to aba-
te the order, it is assumed that this order resulis in a shutdown of the MMU for only eight
hours. Abatement of the order requires additional time of the environmental coording-
tor, the mine engineer, the mine foreman, and the mine supervisor to complete the paper-
work and meet with MSHA to abate the citation3  Additional comective action 15 neces-
sary, requiring the additional personnel listed in Table 3 to abate the order.  Abatemnent
of the order is assumed to be completed successfully, allowing the MMU o start produc-
tion after the eight-hour shuidown. The order abatement sampling does not incur any

F Patts, L., Past-Assistant i YicePresident of Health and Safety of o Coal Company.
“Perzanal Commumication.” (February, 2006]).
9 Ihid.
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extra vielations resulting in the order being closed. A ventilation plan is required for sub-
mission o MSHA for approval to allow the MMU to continue operating.  Additionally,
due to the variable nature of the causes of an order, no attempts o determine the cost of
lost production were completed during this analysis and the idled section crew 15 assu-
med to be working to terminate the order during the time the MMU is shutdown, The-
refore, the lost production costs and the idled crew costs are not included in cach case.

7. Results of Case Analysis

The present worth cost for cach of the cight cases was calculated over the five-vear life.
Table 6 presents the cashflow of the costs for case 4: 12, CMDPSU with minimum
sampling and thres violations per vear with every third violation being an order. Case 4
was chosen for illustration because it 15 the most intricate of all the scenario. These costs
are segmented by personnel, filter, miscellanecous, and citation costs and are organized
on a monthly basis as determined by the sampler use described for cach case. The wotal
cost for each month 15 presented and the present worth cost 15 calculated, compounded
monthly, using the following formula: 4

ytels cwher = 3P andi=12.. mxn (7.1

1
ll+ . ]

m
where r = the annual interest rate; in this case 4.0%, m = the number of compounding
periods per vear, which 15 12 since monthly compounding is used, n = the number of ve-
ars, which 1s the ime penod of the analysis — five vears; the life of the sampling instru-
ments, F; = the total monthly cost for the ™ month |, and P being the total present worth
cost with P, = the present worth cost for the @ month. The present worth cost is calcu-
lated for each monthly cost and then totaled to obtain the total present worth cost for the
case. Present worth costs of sampling are calculated for each year, | through 5, the re-
sults of which are used in the creation of cumulative present worth cost graphs. Table 6
is truncated to show only a year's worth of data, but 1t 15 representative of the type of
analvsis completed for sach case over their five-year lives as the bimonthly costs repe-
at. Similar analysis using this format was completed for each case. The present worth
costs are summarized in Table 7 and can be compared 1o show differences in the costs
to the company for each particular sampling case.

Table 7. Present worth costs for CMDPSL and PDM over 2 5 year e

Case 11 CMDPSL with min. sampling no vinlatons 5 B4R 00
Case 2: CMDPSL sampling costinuously no violabons 377300
Case 31 CMDPSL with min. sampling 3 violations'year 31644800
Case 41 CMDPSU with min. sampling 3 violations'year

Every 3@ violaton initiates an order 31900200
Case 5: PDM with min. sampling kigh cost PINM 310302400
Case 6: PDM with min. sampling low cost PDN 314 BET 00
Case Tt PDM with cont. sampling high cost PDM 34139700
Case B: PDM with cont. sampling low cost PDM 336596100
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Table . Example present worth cost analysis of | year for CMOPSU case 4.

Items in red are costs associated with citations

CMDPSL -3 violaton/year, 3rd violation initisles an order

Imtzrest rate used 0 3333% sl anmual interest rate
Months 1 2 3 4 5 ] 7 8 9 ] 1 12
CMDPEL costs Vinlation Violation Violation
Personnel costs
Calibration time i 5107 3
Sampling time $33.56 BN 3356 §3386 §B3 5356 53396 8230 §33.596
Clearing time 1981 $1651 §15.81 $19.81 §16.351 S19.81 51481 1651 §19.81
Dther cost
Filters (pre-weighed)
§16.4Y e, SHEM $98.54 59854 598,94 §9B4
Misc., Tygon whing, etc.  $100.00
Citations $38TES §38785 S3BTBS
Fersonnel time for
abatement $261564 $262.64 SEI5.81
Additional filiers for
out-of- compliance sampling §l6.49 S8245 88145
Total §I51203  §TIN7E S1S2T0 S0O0 §1SLT0 STR4EI SISATO ROM SISITD SI3NDA1 §ISMTR 5000
PWC Tyrs. 35 M2E5
PWC 2yrs. $8,745.30
PWC dyrs. $12300 89
PWC 4yrs. H5T2.9
PWC Syrs. $19.011.74

L O TS NI RANTOM TN ITHEY
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Fig. 2. Cumulative preseat worth costs (PWC) of minimum reguired sampling for PDM and CMDPSU
option, with no violations incurned.

Figures 2 through 5 show the cumulative present worth cost for the PDM and the
CMDPSU at various stages in the five-year life. Additionally, these figures show the
breakeven point of the costs of the cases compared in graphs. This breakeven point
shows an equilibrium point when the cost of one option equals the cost of another opti-
on. This equilibrium point determines when one option has a cost advantage over anot-
her.

Figure 2 shows both the PDM high- and low-cost cases in comparison with the
CMDPSU. Both systems conduct the minimum sampling required by MSHA and no vi-
olations are incurred in either sampling system. This comparison shows that the PDM
has a higher cost than the CMDPSU; the significant difference between these options is
the initial cost of the sampling systems.

Figure 3 compares both the PDM high- and low- cost cases with two CMDPSU
cases. The CMDPSU cases incur violations; with one case incurring three violations
per year (case 3) while the other incurs three violations per year, with one of these vi-
olations culminating in an order (case 4) and causing the shutdown of the MMU for
cight hours. All cases conduct the minimum required number of samples. This com-
parison shows that the low-cost PDM is less expensive than the CMDPSU at the end of
the five year time period. although the CMDPSU starts the beginning of the five-year
life having a lower cost than the low-cost PDM. After three years the PDM has a lo-
wer cost than the CMDPSU in case 4. For CMDPSU case 3, the PDM has the lower
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Fig. 3. Cumulative present worth costs (PWC) of mini ired sampling for PDM and CMDPSU,

with the CMDPSU incurring MSHA violations and orders.

cost beginning at year four. At the end of the five-year life, the high-cost PDM is more
expensive than the CMDPSU case 3, but the costs for the high-cost PDM and the
CMDPSU case 4 arc basically equivalent.

Figure 4 compares both high- and low-cost options of the PDM with the CMDPSU,
with no violations occurring. This comparison shows the results of the PDM and
CMDPSU sampling continuously for one shift per day. The PDM low-cost option has
a lower cost than the CMDPSU at the end of the five-year life, with the PDM having the
lower cost after approximately 2-1/2 years. The PDM high-cost option also has a lower
cost than the CMDPSU at the end of the five-year life, with the PDM having the lower
cost after year four.

Figure 5 compares the high- and low-cost options of the PDM. which operate
on a continuous onc shift per day basis, with the CMDPSU incurring violations but
sampling the minimum MSHA requirements. In this comparison, both cases with
the PDM are more costly than the CMDPSU. This can be explained due to the high
initial cost of the PDM and the difference in usage between the PDM and the
CMDPSU.
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Fig. 4. Cumulative present worth cost (PWC) curves of continuous sampling for the PDM and CMDPSU,
with no violatioas incurred.
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Fig. 5. Cumulative present worth cost (PWC) curves of continuous sampling of PDM and minimum required
sampling for CMDPSU, which incurs MSHA violatioas and orders.
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8. Sensitivity Analysis

Sensitivity analysis was completed for the PDM filter costs, PDM factory cahbration
costs, citation costs, and citation and order abatement times. These items were selected
because they can vary appreciably. The flow check, sampling, and cleaning times for
the CMDPSU and the PDM are not expected to vary greatly from the times used in the
original analysis, and therefore they were not analyzed in a sensitivity analysis. Sensi-
tivity analysis 15 presentsd in Tables 8 through |l summarizing the five-vear present
worth costs for each case.

The PDM filter costs were varied from the imitial 38 .00 cost per filter by using costs
of 5400 and $2.00 per filier. The PDM filters are not sent to MSHA for analysis; the-
refore, filter cost may be expected to become lower becanse allowances may be made to
allow the PDM filters to be used more than once, since these filters are not used in dust
concentration calculations as they are for the CMDPSU. These changes in filter cost
only affect the PDM cases. Table 5 presents the results of the sensitivity analysis for the
filter costs showing the present worth costs for the initial analysis and for the $4.00 and
$2.00 costs per filter for the PDM.

Table B. Seasitivity asalysis of FDM filier cost.

Filter onsts $l6.49 1200 3400 2,00

Cage 1: CMDPSL with min. sempling no violations 15848 - - -
Caze 2: CMDPSD sampling conbinumesly so viclaions  $43,773 - - -
Case 3 CMDPSD with min. sempling 3 violatioes/year 516,448 - - -
Cage 4: CMDPSU with min. sampling 3 violatioms/year

Every 3 violation inibates an order F1o002 - - -
Case 5: FDOM with min. sampling high cost PDM - 315302 S18.72% 318442
Cage 6: PDM with min. s=mpling low cost PDM - E14 BGT £14. 203 Si4007
Case T FIM with cont. sampling Righ cost PDM - $41357  SMSE0 531742
Case B: PDM with cont. sampling low cost PDHM - 536,961 £30 525 7307

Table 9. Semsitivity analysis of factory calibration cost.

Factory calibration MNone 31,500 31,000 500

Caze 1: CMDPSL with min. s=mpling no vialations $5848 - - -
Case 2: CMDFPSU sampling continumsly mo violations 343,773 - - -
Case 3: CMDFPSU with min. sampling 3 violatioes/year  §1644% - - -
Caze 4: CMDPSU with min, sempling 3 violatioesyear

Every 3 violation initiates an order o0z - - -
Cage 5: PFDM with min. sampling high cost FDM - 521 513 §149. 302 17081
Casze 6: PDM with min. s=mpling low cost PDM - 31T 088 214,367 312646
Case 7: PDM with cont. sampling kigh cost PDM - Si618 841397 339175
Caze B: FDM with cont. sampling low cost PDM - F30 183 556,961 F34_T40

The PDM factory mass calibration costs for the PDM option were varied from the
imitial estimated cost of 31,000 using 3300 and %1 500 for the low- and high-factory
costs, respectively. These low and high costs were used to determine the effect of the
factory calibration cost on cach PDM option. Table 9 shows the sensitvity analysis of
the factory calibration costs representing the present worth costs for the initial analysis
and for the 3300 and 31 300 factory calibration costs for the PDM.
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Cuanon costs, which occurred only for those CMDPSU options that incurmed
MSHA violations, were varied by doubling the average citabion costs to $773.70 and by
lowering the citation costs to 5193 .93, half the average citation cost. A sensitivity analy-
515 was completed on these costs becanse citation costs can vary considerably depending
upon the circumstances surrounding the respirable dust violation. Table 10 presents the
sensitivity analysis of the citation costs, showing the present worth costs for the initial
analvsis and for the $193.93 and the $775.70 citation costs for the CMDPSLL

Tahle 10. Sensitivity amalysis of citation cost.

Citation calibration 775 3BT .BS $193.93 Mone

Case 1: CMDPSL with min. sampling o violatioes - 35,848
Case 2; CMDFSU sampling continusously no violations - - - £43773
Case 3: CMIDPSU with min. sampling 3 violations'year §21,722  $16,448 $13.812 -
Case 41 CMD¥FSU with min. sampling 3 violations"year

Every 3¢ vinlation imitistes an arder SM4285  S19012 £16.375 -
Case 5: PFDM with min. sampling high cost PDM - - - 19302
Case f: FDM with min. sampling low oost FDM - - - 514867
Case Tr PI)M with cont. sampling high oost PDM - - - §41 3497
Case B: PIXM with cont. sampling low cost PDM - - - £3696]

Tzble 11. Sensitivity analysis of persoanel time required for citation abatement.

Citation calibration Diousbled Mormal Halved Nane

Case 1: CMDPSL with min. sampling o violatioes - 35,848
Case 2; CMDFSU sampling continusously no violations - - - £43773
Case 3: CMIDPSU with min. sampling 3 violations'year SX)020  S16,448 £14 663 -
Case 41 CMDFSU with min. sampling 3 violations"year

Every 3= vinlation imitistes an arder £25146  S19012 £15.544 -
Case 5: PFDM with min. sampling high cost PDM - - - 19302
Case fi: FDM with min. sampling low oost FIM - - - 514 867
Case Tr PI)M with cont. sampling: high cost PDM - - - £41 3097
Case B: PIXM with cont. sampling low cost PDM - - - £3696]

The last sensitivity analwsis was completed on the citation and order personnel ti-
me required to abate the citation or order, because these times can vary greatly depen-
ding upon the circumstances surrounding the citation or order. This analysis only influ-
enced the CMDPSLU, in that the PDM analwsis did not consider citations or orders. The-
s¢ times were vaned by halving the personnel time and by doubling the personnel tme
required for citation and order abatement.

Table 11 shows the sensitivity analysis of the personnel time for abating a citation

or an order, illustrating the present worth cost for the intial analysis and for the halved
personnel time and the doubled personnel time for the CMDPSILL

9. IMscussion

In the present worth cost results for each of the different hypothetical cases of Table 7,
it can be seen that using the CMDPSU, if no violations or orders are incurred., is the le-
ast costly sampling svstem when conducting the minimum required sampling with the
present worth cost being 5,848, When compared in relation to the same mimmum
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sampling rate, occurrences of violations and orders while using the CMDPSU make the
PDM a more cost-competitive sampling system. This can be seen in Table 7 and Figu-
re 3, where the CMDPSU present worth cost of cases 3 and 4 approaches that of the
high-cost PDM. [t should be noted that the low-cost PDM 15 more cost-competitive than
the CMDPSU when violations or orders are incurred, as defined in this analysis. Figu-
re 3 shows that, when compared with the CMDPSU case 3, the low-cost PDM becomes
muore cost competitive after four years and after only three years with the CMDPSU ca-
se 4. When continuously sampling with the CMDPSU and the PDM., the PDM has a cost
advantage over the CMDPEU. This s due to the savings in labor and filter costs asso-
ciated with the PDM.

Further comparisons on a differing usage basis, with the CMDPSU conducting the
minimum required sampling and the PDM sampling continuously, show that the CMDP-
SUI has the cost advantage. The difference in use between the sampling systems creates
the cost difference between the PDM and CMIDPSLU | in that they are not being compa-
red on an equivalent usage basis. However, when the continuous use of the PDM s ab-
le to prevent citations and orders and the CMDPSU incurs citations and orders, then the
difference in present worth costs between the PDM and CMDPSU, which range from
£17.949 10 $24 049, are small considering the difference in usage. This can be shown
through a brief example that eguates the excess present worth cost to production time.

Although, the cost of lost production was not sccounted for in this analysis due to
the varving differences among mine sites for calculating this cost, a simplistic way of
considering lost production 15 to equate the excess present worth costs to production -
me. Reviewing current production information, which is shown in Table 12, for a con-
tinuwous miner development section for a longwall mine, calculations can be made that
show revenues would be 53,745 per hourr ! The difference in present worth costs of
£17.949-524 949 can be equated to lost production time by dividing the difference in
these costs by the revenue per hour. Therefore, if production stops during any of these
CMDPSU cases due to citations or orders resulting from excessive dust, especially in ca-
s 4 where the order is incurred, the difference in present worth costs between the PDM
and the CMDPSU can be equated to approximately £.8% to 6.7' hours of lost production,
based on coal revenues. This does not include any costs of scheduling delays due to the
lost production which could render the difference in the amounts between the present
worth costs for the PDM and CMDPSU options msigmficant.

Tahble 12. Typical production information for contisous miner section.

Tons/shift 1400
Hours/shift 10
Roundirip ravel time o face 1
Tanshour 156
Spot pricedion 4500

T Revenues per hour is calculated using tonsthour multiplied by the spot priceton from Table 15, which is then
maultiplied by 57% plast rocovery 12

% £17. 949053 745/hour) = 4.8 howrs

1§24 940053 T4 Showr) = 6.7 hours
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The sensitivity analysis showed that reducing filter costs also reduced the present
worth cost of the PDM options.  This reduction was more pronounced for the cases
which used the PDM continuously. During continuous use of the PDM. reducing filter
costs to 3400 reduced the present worth cost of the PDM by approximately 17%. Furt-
her reducing the filter costs to 3200 reduced the present worth cost by 26% compared
with the onginal analysis. By companson, using the PDM on a minimum sampling ba-
515, the present worth cost was only reduced by 4% for the $4.00 filter cost and by 6%
for the $2.00 filter cost. Sensiivity analysis of the factory mass calibration costs sho-
wed that while these costs are significant, their effect on the PDM options when in con-
tinuous use was generally small (reflecting a 6% increase or decrease depending upon
whether the factory mass calibration cost was increesed or decreased 3500, respecti-
vely). In contrast, when the PDM was used only for the minimum reguired sampling,
increasing or decreasing the factory mass calibration costs increased or decreased the
PDM present worth cost by up to 13%. respectively. Therefore, the factor that had the
greatest impact on the PDM present worth cost was dependent upon the nature of the use
of the PDM. Filter costs had the greater impact when the PDM was used continuously
and factory mass calibration costs had the greater impact when the PDM was used only
for minimum required sampling.

Changing the citation costs and personnel time required for citation abatement had
a large effect on the CMDPSU cases where violations were incurred.  Doubling the ci-
tation costs increased the present worth cost of the CMDPSU by 28-32%, while decre-
asing citation costs to half the original cost decreased the present worth cost of the
CMDPSU by 14-16%. Doubling personnel time required for citation‘order abatement
increased the present worth cost of the CMDPSU by 22-32% while halving the person-
nel tme from the original tme decreased the present worth cost of the CMDPSU by 11-
16%. There was a higher increase in present worth cost for increasing these costs than
for decreasing them due to the amount of increase versus decrease in citation costs and
abatement times. These percent increases or decreases show that both citation costs and
personnel time for abatement are significant factors in these cost comparisons.

In reviewing the owverall resulis of this sensitivity analysis, increasing the citation
costs and personnel time have the potential to have the preatest impact on the cost com-
petitiveness of the PDM. Thas is due to the fact that, depending upon the seventy of the
dust viclations, these imposed costs can be significantly larger than the other normal
operating costs. The citation cost per violation can be up to $60 000, while personnel ti-
me required to abate a citation or an order can also be large depending upon the amount
of work required!?. Conversely, filter costs and factory calibration costs are hmited in
the amount they can increase or decrease.  Therefore, the PDM™s ability to mamtain
compliance with the dust standard and to prevent citations or onders due to coal mine
dust exposure can result I potential significant savings to the mining company.

There are additional advantages to using the PDM that have not been quantified for
this analysis which also make the PDM a more desirable sampling system. The PDM
provides timely instantancous dust exposure data, allowing for the determination of ca-
uses of overexposure which can be corrected before overexposure occurs? This fact,
and the results of the sensitivity analysis just completed, suggests that the abality of the
PDM to prevent dust overexposure can result in cost savings to the company. The ma-
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in benefit of using the PDM, with its real-time instantancous dust exposure readout, is
that the health of the miner 15 improved in that the miner does not get overexposed to
respirable coal dust. Besides resultng in fewer citation and order costs, less exposure to
coal dust may improve the productivity of the workier, which has not been addressed in
this study. There are also societal benefits from using the PDM through the reduction
of black lung. These benefits include reduction or even climination of the black lung
fund, reduced health costs, reduction of insurance premiums, personnel satisfaction, etc.
These benefits, however, have not been quantified and therefore are not included in this
analysis. Future evaluations should consider these additionzl benefits in an owverall
analysis of the viability of this new technology. Another imtangible benefit 1s that the
use of the PDM may help enhance the integnty of the mine dust sampling program, be-
cause the sampling results are available to labor, management, and government.

10. Summary and Conclusions

The PDM can be used as a tool to help prevent CWP or Black Lung by providing real-
time monitoring of coal mine dust. The cost analysis comparing this svstem with the
CMDPSU shows that PDM 15 a viable sampling system whose costs are reasonable, in
particular over five years. The analysis examined eight different sampling cases for both
sampling systems which included assumptions such as; carrving out the minimum regu-
red sampling with no dust-related citations, performing continuous sampling on a one
shift per day basis with no dust-related citations, conducting sampling with the CMDP-
SU for the minimum required samples while incumng citations and orders, and evalu-
ating high- and low-cost PDM options with minimum and continuous sampling.

A summary of the results shows that:

(1) When examining the results of the analysis on the similar basis of continuous
sampling, the PDM has the cost advantage over the CMDPSU even if the
CMDPSU does not incur any dust exposure citations.

(2) If the CMDPSU does not incur any dust exposure citations or orders and the
sampling rate 15 conducted at the minimum requirements as currently specified
by MSHA, then it is the least costly sampling system.

{3) When conducting the minimum sampling reguired, occurrences of violations and
orders while using the CMDPSU increase its cost and make the PDM a more
cost-competiive sampling system.

{4) Comparing the PDM with the CMDPSL on differing sampling schedules, whe-
re the CMDPSU conducts the minimum required sampling and the PDM con-
ducts continuous sampling. shows that the CMIDPSU has a cost advantage over
the PDM.

An initial examination of the cost of the two sampling systems shows that the PDM
has the higher mibal cost. However, upon further review, labor and material costs co-
me inte play to help alleviate the effects of the mitial PDM cost, resulting in the PDM
being a cost-compettive sampling system. Additionally . there are several other factors
which have a great influence on the sampling system costs. The sensitivity analysis per-
formed demonstrates that the cost of citations and the cost of personnel required to aba-
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te citations or orders are significant factors affecting the two sampling systems. Filier
costs and factory mass calibrations are also significant costs, but ot to the same extent
as citations and personnel time. Therefore, the ability of the PDM to provide a real-ti-
me readout of dust concentrations, which may prevent dust exposure citations or orders
in addition to preventing respirable dust overexposure, plays a sigmificant role in its cost
competitivencss. This can be seen especially with the cost differences of the two sys-
tems representing approximately 4.8 to 6.7 hours of lost production if the MMU 15 shut-
down due to excessive dust, which demonstrates that preventing just one MSHA closu-
re order for dust which causes eight hours of lost production allows the PDM to recover
its cost. Moreover, there are many un-quantificd health and societal advantages to the
PDM which make it a desirable sampling system over the CMDPSU.

The CMDPSU has been the approved sampling device for over 35 years, since the
Federal Coal Mine Health and Safety Act of 1968 was implemented (1.5, Dept. of Inte-
rior, 19700, It has been an effective factor in redocing the number of CWP deaths from
a crude mortality rate of over 3000 in 1972 to approximately | 000 in 1999 (NIOSH,
202y, However, there are still many cases of CWP occurming. This new technology,
the PDM, has the potential to further reduce or even eliminate CWP because of its real-
time dust exposure readout. This analysis shows that, while the initial investment may
be high, over the long term, through savings in labor and materials and the prevention of
dust exposure citations and orders, the PDM 15 a cost-competitive sampling system.

References

|. Merck Research Laboratonies, The merck manual of medical informanon —second ho-
me edirion, online version, ed. MH. Beers, (Website: www merck com/mmbe/in-
dex.html, Whitchouse Station, NJ, 2004-2005).

2. MNIOSH, Work-related lung disease surveillance report, 2002, US. Dept. of Health
and Human Services, Centers for Disease Control, National Institute for Occopational
Safety and Health, Division of Respiratory Dhscase Studies, Cincinnati, OH, December
002,

3.1C. Volkwein, B.P. Vinson, L. McWilliams, D.P. Tuchman, and 5 E. Mischler, Per-
formance of a new personal respirable dust monitor for mine use, NIOSH Eeport of In-
vestigations 9663 US. Dept. of Health and Human Services, Centers for Disease Cont-
rol, National Institute for Occupational Safety and Health, Pittsburgh, PA, June 2004

4.1.C. Volkwein, E. Thimons, C. Yanak, H. Patsshnick, and E. Rupprecht, Implemen-
ting & new personal dust monitor as an engineering tool, Coal Age, (December 2004 26-
4,

5. US. Dept. of Labor, Mine Safety and Health Administration, 30 CFR parts 70, 75,
and 9, Verification of underground coal mine operator’s dust control plans and comp-
liance sampling for respirable dust; proposed rule, Federal Register, Vol 68, No. 44, Na-
tional Archives and Records Administration, March 6, 2003,

6.L.D. Raymond, T F. Tomb, and P.S. Parobeck, Respirable coal mine dust sample pro-
cessing, Mine Safety and Health Administration Informational Report 1156, 1987,

201



WE. REED, 1.C. WOLEWEIN, GJ., JOY

7. US. Government Printing Office, Code of federal regulations: Title 30, Volume |,
Chapter 1, Part 70, Website: warw nara gov, July 2005,

B. Mine Safety and Health Administration, Mine ventilation plan approval procedures,
MSHA Handbook Series Handbook Number PHO2-V-6, US. Department of Labor, Mi-
ne Safety and Health Administration, Coal Mine Safety and Health, May 1992,

Q. Mine Safety and Health Admimistrabion, Coal mine health inspection procedures
handbook, .S, Department of Labor, Mine Safety and Health Administration, July
2003,

10. Mine Safety Appliance, Escort® ELF and escort LC sampling pumps, Bulletin #:
QE10-38-MC, MSA website: htp//media msanet.com/™NA/US APortablenstru-
ments/ Personal SamplingPumps/Escont ELFSampling PumpE 10-38-MC-ELF pdf , Last
accessed August 207,

11. U5, Dept. of Treasury, Bureau of the Public Debt, Treasury bill, note, bond and
TIPS awction history, 19800 to present, Website: www_publicdebt treas. gov/sec/seca-
uc him, May M6,

12. Mine Safety Appliance, Personal communication, July 2005,

13. 1 B. Lemart, US. coal mine salaries, wages, & benefirs, 2004 survey resules, (Wes-
term Mine Engincening, Inc., Spokane, WA, 2004).

14. LA Sepulveda, W .E. Souder, and B.5. Goitfnied, Schaum’s owdine of theory and
problems of engineering economics, (McGraw-Hill, New York, 1984).

15. K. Whipkey, Productivity improvement for longwall development, Coal Age, {Au-
gust 20003) 28-32.

6. 8. Fiscor, U.S. prep plant census, -prep plant population rebounds, Coal Age, (Octo-
ber 2003).

17. US. Government Printing Office, Code of federal regulations: Title 30, Volume 1,
Chapter 1, Part 100 Section 3, Website: www nara gov May 2006,

2



