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OVERVIEW 

This report is the result of a detailed study to develop emission 

factors for the major elements of the surface coal mining activity in the 

Powder River Basin of Wyoming. Referred to as the Emission Factor Development 

Study or EDS, the work has been undertaken for the purpose of developing 

actual emission factors utilizing real conditions resulting from the surface 

mining activities in the Powder River Basin. Both private industry and 

applicable regulatory authorities may opt to use these factors as they 

represent the latest state-of-the-art in air pollution measurement and control. 

The EDS Study centers on field measurements collected specifically for 

use in development of emission factors and employs the developed factors in a 

concentration prediction model to estimate the impacts of the regional mining 

activities for future years. 

A group of five companies with operating or permitted surface coal mines 

in the region southeast of Gillette, Wyoming commissioned TRC ENVIRONMENTAL 

CONSULT&TS, INC. to conduct the EDS program. Participants include AMAX COAL 

COKPAhY, CARTER MINING COMPANP. SUNOCO ENERGY DEVELOPMENT COMPANY, MOBIL OIL 

CORDORATIOK, and ATLANTIC iCCCIIFIELD COMPANY. 

h e  EDS Study began in Autumn 1978 with the collection of field data at 

two operating mines (AMAX'S Belle Ayr and SUNEEO's Cordero) in the Gillette 

Corridor during each of the four seasons of the year. Field measurements 

continued through the 1979 Summer season. Evaluation of the field data, 

development of emission factors, and application of the findings to modeling 

have been carried out since completion of the field portion of the study. 

Extensive field measurements were made to document the particulate 

emissions during actual mining operations. The principal measurements 

consisted of total suspended particulates (TSP) at multiple downwind and 

crosswind ranges from several different sources--each documented separately, 

documentation of particle size distributions at multiple ranges, amounts of 

particulate settlingldry deposition at multiple ranges, and documentation of 



meteorological  var iab les .  Atmospheric t r a c e r s  ve re  employed t o  a s s i s t  i n  

separat ing p a r t i c u l a t e  cont r ibu t ions  from more than one source i n  the  cases  

when the mine operat ions  being tes ted  was i n  c lo se  proximity t o  other  sources.  

Emission f a c t o r s  represen ta t ive  of each of t h e  major sources of a i rborne 

p a r t i c u l a t e s  were developed from the co l l ec t ed  f i e l d  data. The emission 

f a c t o r s  were a l s o  corrected so a s  t o  represen t  the t o t a l  amount of 

p a r t i c u l a t e s  emitted a t  the  source a s  opposed t o  the  apparent amount emitted 

a t  some f i n i t e  d i s t ance  from the source. The developed emission f a c t o r s  

re'present both the ind iv idua l  elements of the mining operations a s  wel l  a s  t he  

sur face  mine as  a whole. The ind iv idua l  f a c t o r s  a r e  used i n  t h i s  s tudy t o  

determine the impact i n  the near d i s tance  f i e l d  surrounding each mine. A 

"vhole mine" emission f a c t o r  was derived a s  a  cross-check t o  enable evaluat ion 

of the represen ta t iveness  of the ind iv idua l  f a c t o r s  when viewed c o l l e c t i v e l y ,  -- - 

and t o  a s se s s  the  r e a l  impact of emissions made i n  the p i t .  In  addi t ion.  a  

method f o r  determining emissions from in-p i t  operat ions  was developed which 

allows a  simulation of mater ia l  t ranspor t  from the  p i t  a s  i t  r e a l l y  occurs. 

This approach has been v e r i f i e d  by independent measurements t o  show t h a t  a  

s i g n i f i c a n t  por t ion of pa r t i cu l a t e s  emitted from p i t  operations does not  

escape from the confines  of the p i t .  

After  the  emission f a c t o r s  vere  developed they were employed i n  two 

s t eps  of modeling. Step one was t o  accomplish a  model ve r i f i ca t ion  and s t e p  

two vas t o  c a l c u l a t e  t he  expected impact of t he  mining a c t i v i t y  i n  t he  

G i l l e t t e  Corridor a t  a  f u t u r e  date .  The model used i n  both s teps  i s  the EPA's 

r ecen t ly  re leased  I n d u s t r i a l  Source Complex (ISC) Dispersion Model which is  

considered t o  be a  state-of-the-art model ( P A ,  1980). I n  carrying out  model 

v e r i f i c a t i o n .  ca l cu l a t ions  f o r  both short-term periods ( 6  hours) and a  

long-term period (one year)  were compared aga ins t  measured concentrations t h a t  

were observed independently from the da ta  used t o  develop the emission 

f a c t o r s .  The r e s u l t s  of model v e r i f i c a t i o n  showed tha t  the  ISC Model 

employing s i t e  s p e c i f i c  emission f a c t o r s  was v e r i f i e d  a t  a  l eve l  of comparison - 
genera l ly  accepted t o  be very good. For the  second s t ep  of modeling, 

ca l cu l a t ing  the expected impact of the sur face  c o a l  mining a c t i v i t y  i n  t he  

G i l l e t t e  Corridor f o r  a  f u t u r e  da te ,  the  year L988 was u t i l i z e d .  The year  

1988 represen ts  a  peak l e v e l  of mining a c t i v i t y  and production as  well  a s  t he  



year selected by the Wyoming Department of Environmental Quality (WDEQ) as the 

basis for predicting the annual region-vide particulate concentrations from 

the total mining activity in the Gillette Corridor. WDEQ has employed a model 

called CDMW (Dailey, 1980) (vhich includes modifications to make it applicable 

for rural environments) to make its calculations of region-vide TSP 

concentrations. Using this approach TBC vas able to make a direct comparison 

of the expected annual total suspended particulates calculated by different 

models using different emission factors for a common future period. As an 

integral part of this study the ISC Model with EDS factors has been verified 

against independent field measurements. 

The highest annual TSP concentration predicted for the year 1988, by the 
3 ISC Model used in this study is 46 ug/m . That value is 14 ug/m3 lover 

than the Wyoming standard of 60 ug/m3 and is 12 ug/m3 lower than the 

comparable value predicted by WDEQ with the CDMW model. Explanation for the 

significant difference in the TSP levels predicted by the ISC Model and the 

CDMh' model Is seen in several technical findings of the EDS Study as are 

described below. 

First the EDS Study revealed that a large portion of the particulate 

material that is generated as an airborne emission is comprised of very large 

particles. These particles, due to their large size and mass, settle to the 

ground very quickly thus removing them from the atmosphere. Since a large 

portion of the mass of material introduced to the atmosphere by surface coal 

mining activities is of a large size (above 20 um) that the process of 

settling/dry deposition is a predominant physical process reducing mass 

transport downvind. TRC believes that the process is so critical and 

fundamental that any model vhich omits or does not simulate the physical 

process of settling and removal by dry deposition cannot adequately predict 

downvind concentrations of TSP. The ISC Model satisfies this requirement. 

The second majar finding is that emissions from the pit are mainly of 

large particle size, and, therefore, are largely confined belov grade vhere 

they fall out before they can escape to the ambient atmosphere. 

iii 



Another significant finding is that particles from haul roads are by far 

the iargesc single source of emissions from surface coal .iuining activities in I 
the Gillette Corridor. Haul road emissions can be s&nificantly controlled by ' watering. Control efficiencies were determined from field measurements to be 

as high as 78 percent. i.e., controlled to a factor of 0.22 of what would be 

emitted without control. I 
TRC concludes, therefore, that use of the ISC Model vith site specific 

emission factors enables prediction of mine emission impact on the regional 

air quality vith a degree of precision that represents a significant I: 
advancement of the state-of-the-art. 

This study has developed an approach for modeling the impact of open pit 
I ; 

mines which utilizes a realistic simulatioa of material containment vlthia the 6 - - - . -. -. - -  - - -  
pit and predicts reduced downvind impacts from the pit which compare well with 

actual measurements. It has been found that deposition is a significant 

process for containing material within the pit and should be treated in any 

realistic modeling study. Likevise, emission factors for above grade 

operations must address material. deposition. The modeling approach developed 
s .  

in this study also provides for a realistic treatment of this physical 

process. Results of individual mine modeling studies based on this modeling 

approach verify well with independent measurements to demonstrate the physical 

reasonableness of the study findings. 



STATEMERT BY PARTICIPANTS 

The P a r t i c i p a n t s  have provided f i n a n c i a l  suppor t  t o  t h e  Emission Factor  

Development Study (EDS) f o r  t h e  expressed purpose of developing accura t e ,  

s c i e n t i f i c a l l y  v a l i d  p a r t i c u l a t e  emission f a c t o r s  vhich  w i l l  a l l ow accura t e  

p r o j e c t i o n ,  through modeling, of the  impact of s u r f a c e  coa l  mining upon 

p a r t i c u l a t e  ambient a i r  q u a l i t y  i n  a  p o r t i o n  of  Campbell County, Wyoming. The 

approach taken in.  t h e  s tudy and t h e  f i n d i n g s  made a r e  those of TRC 

EWIRONMENTAI. CONSULTANTS. INC. (TIIC), n o t  t h e  ~ a r t i c i ~ a n t s .  TRC be l i eves  i t  

has made a  s i g n i f i c a n t  f ind ing  vhich  advances t h e  state-of-the-science 

regard ing  g r a v i t a t i o n a l  s e t t l i n g l d r y  depos i t ion .  Using this f i n d i n g ,  TBC 

p r o j e c t s ,  through modeling, an ambient p a r t i c u l a t e  concen t ra t ion  i n  t h e  s tudy 

a r e a  i n  1988, on an annual geometric mean, approximately 20 percent  l ove r  than  

t h a t  being pro jec ted  by t h e  Wyoming Department of Environmental Quali ty .  The 

v a l i d i t y  of the  modeling i s  dependent upon both the  accuracy of t h e  emission 

f a c t o r s  developed i n  t h e  s tudy and how r e a l i s t i c a l l y  p a r t i c l e  depos i t ion  i s  

s imula ted .  The P a r t i c i p a n t s  a l s o  be l i eve  the  s tudy advances the  

s tate-of- the-science;  hovever,  t h e  s tate-of- the-science i n  emission f a c t o r  

development, depos i t ion ,  and a i r  q u a l i t y  modeling i s  imprecise.  For example, 

a s  i s  appa ren t ly  inhe ren t  i n  t h i s  type  of vork t h e  s tandard  dev ia t ions  f o r  t h e  

emission f a c t o r s  developed i n  t h e  s tudy a r e  l a rge .  

Although the  P a r t i c i p a n t s  p re sen t ly  support  t h e  f i n d i n g s  of t h e  s tudy,  

f o r  t h e  reasons set f o r t h  above, the P a r t i c i p a n t s  r e se rve  t h e  r i g h t  a t  any 

time i n  t h e  f u t u r e  t o  d i s a g r e e  wi th ,  o r  q u e s t i o n ,  any por t ion  of the  s tudy ,  o r  

i ts  f i n d i n g s  and p r o j e c t i o n s ,  if nev informat ion  becomes a v a i l a b l e  o r  f o r  any 

o t h e r  reason any of them cons ide r s  appropr i a t e .  



GLOSSARY 

W - Amax Coal Company 
- .  

Ambient - The environment about an.object but undisturbed or unaffected by it, 
as in ambient air or ambient temperature. 

Apparent Emission Rate - Emission rate calculated from a concentration measured 
at a receptor some distance from the source. The apparent emission rate 
is lower than the actual emission rate when dry deposition and 
gravitational settling of large particles occur in the distance between 
the source and the receptor. 

&O - Atlantic Richfield Company - 
Atmospheric Dispersion nodel - A mathematical expression which accounts for the 

concentration of emitted air pollutants as those pollutants disperse in 
the atmosphere. The expression includes effects of advection, 
dispersion, along with considerations of plume rise, complex terrain, 
dry deposition, and gravitational settling. 

Atmospheric Stability - A measure of the atmosphere's natural suppression of 
turbulent dispersion. -3 

Back Calculation - A method used with atmospheric dispersion. models to compute 
the actual emission rate from input-output ratios and chosen input 
emission rates.. 

Background Concentration - Value representing that part of the regional 
pollutant concentration not attributable to the sources within the 
region. 

Boundary Layer - The layer of air near the ground where dispersionprocesses 
are significantly influenced by the nature of the ground surface. This 
layer extends to themixing height (usually four or five hundred meters 
above the ground). 

Buoyant Force - The upward force exerted upon a parcel of air attributed 
directly to a local increase of temperature. 

CARTER - Carter Mining Company 
CDM - Climatological Dispersion Model--one model of the EPA UNAMAP series. It - 

is a ~limato'lo~ical steady-state Gaussian plume model for determining 
long-term (seasonal or annual) geometric mean pollutant concentration at 
any ground level receptor. 



GLOSSARY (Cont'd) 

Confidence Levels -The limits of a range of values determined from a sample by 
definite rules so chosen that in repeated random samples from the 
hypothesized population, an arbitrarily fixed proportion of that range 
will include the true value of an estimated parameter. 

Corridor - An area south of Gillette, Wyoming in the Powder Elver Basin 
encompassing a region approximately 12 miles vide and 37 miles long 
wherein six coal mines modeled in this study are located. 

Deposition Velocity - Batio of the deposition rate to the immediate ground- 
level air concentration. (Chamberlain. 1953) 

' Vd y(x,~rO) 

Discrete Receptors - Nongrid point receptor locations within a Cartesian 
coordinate system. 

Dry Deposition - The process by which small particles are deposited onto the - ._- -- 
ground ~ia~~~ravitation~l-2nd nonprecipitation mechanisms, such as 
surface impaction, electrostatic attraction, adsorption, and chemical 

7 
interaction. 

Dustfall - Total settleable particulates measured by a standard container of 
uniform cross-section as described by Designation D1739, latest 
revision, American. Society for Testing and Materials, or by an 
equivalent method. 

EDS - Emission Factor Development Study - 
EPA - Environmental Pro,tection Agency - 
Flux Measurement Method - A field measurement method employing a vertical array 

of sampling devices placed such that all the pollutants emitted from a 
given source can be measured as the wind carries those emitted 
pollutants away from the source. 

Fugitive Dust - Dust material that is introduced to atmospheric suspension by 
wind or (in this case) mining activities and is not emitted through 
ducts or stacks, etc. 

Gaussian Plume - Most popular algorithm used to describe the diffusion of 
material emitted from a continuous point source. Based on the 
statistical theory of turbulence, it is assumed that the probability 
density function for pollutants dispersing in the atmosphere is 
Gaussian--both immediately after the pollutant release and after a long 
time has elapsed. 

Gravitational Settling - Removal of large particles suspended in the atmosphere 
resulting from gravitational forces. 

vii 



GLOSSARY (Cont 'd) 

Gravitational Settling Velocity - The rate of descent of aparticle, determined 
by the amount the gravitational force exerted by the earth exceeds the 
aerodynamic drag force on the suspended particulate. 

Hi-vol - High volume air sampler--the EPA-recommended instrument used to 
measure the mass concentration of suspended particulates in ambient air. 

ISC - Industrial Source Complex Dispersion Model-an P A  approved model - 
designed to estimate the short-term and/or long-term air quality impact 
from large industrial source complexes. 

ISCST: short-fern program of the ISC Model 
ISCLT: long-term program of the ISC Model 

Long-term Modeling - Application of a dispersion algorithm to estimate the 
impact of atmospheric pollutants emitted from various source 
configurations-time averaging period on the order of months to a year. 

Mean Fractional Error - The mean difference between the observed (Oi) and 
predicted (Pi) divided by the average of the observed and predicted. 

XOBIL - Mobil Oil Corporation - 
Model verification - The process of establishing the accuracy of an atmospheric 

dispersion model-achieved by comparing measured air qualiiy vith 
modeled estimates for the same locatioas, the same times, and for the 
same conditions. 

Millipore Filters -.Membrane filters vith a 0.45 .m pore size used to sample 
particulate matter to determine particle size distributions. 

Mixing Height - The height above the ground surface through which relatively 
vigorous vertical mixing occurs. 

NAAQS - National Ambient Air Quality Standards - 
NCC - National Climatic Center - 
Particulate Matter - Any material, except water, in uncombined form that is or 

has been airborne and exists as a liquid or solid at standard conditions. 

PAL - A Gaussian plume algorithm for Point, Area, and Line Sources--one of the - 
EPA UNAMAP series of models. This short-term Gaussian steady-state 
program estimates concentrations of stable pollutants from point, area, 
and line sources. 



GLOSSARY (Cont 'd) 

P a r t i c l e  Densi ty - The r a t i o  of t h e  mass of  any subs tance  t o  t h e  volume 
occupied by i t .  

Probable Er ro r  - The magnitude of a d e v i a t i o n  from a s t a t i s t i c  which w i l l  be 
'exceeded wi th  a p r o b a b i l i t y  of 0.50, o r  on h a l f  the  occasions.  

Re f l ec t ion  C o e f f i c i e n t  - R a c t i o n  of t h e  m a t e r i a l  t h a t  reaches  t h e  ground 
s u r f a c e  by t h e  combined processes o f  g r a v i t a t i o n a l  s e t t l i n g  and 
atmospheric turbulence  and i s  r e f l e c t e d  from t h e  sur face .  

Short-term Modeling - Appl ica t ion  of a d i s p e r s i o n  a lgor i thm t o  e s t ima te  t h e  
impact of atmospheric p o l l u t a n t s  ,emit ted from va r ious  source  
configurations-time averaging period on t h e  order  of hours t o  a day. 

Sigma y - Pasquil l -Gifford ho r i zon ta l  cross-wind d i s p e r s i o n  parameter. 

Sigma z - Pasquil l -Gifford v e r t i c a l  d i s p e r s i o n  parameter. 

SLAMS - S t a t e  and Local Air Monitoring S t a t i o n  - 
Source Deplet ion Factor  - The percentage r educ t ion  of p a r t i c u l a t e  matter 

removed from t h e  plume between t h e  source  of emissions and t h e  r e c e p t o r s  
( a  func t ion  of downwind d i s t ance ) .  

Standard Deviat ion - For normal d i s t r i b u t i o n s ,  68.27 percent  of t h e  sample i s  
v i t h i n  one s tandard  dev ia t ion  on e i t h e r  s i d e  of t h e  a r i t h m e t i c  mean. 

STAR - STab i l i t y  ARray--a j o i n t  frequency d i s t r i b u t i o n  of wind speed, wind - 
d F e c t i o n ,  =d atmospheric s t a b i l i t y .  

SUNEIEO - Sunoco Energy Development Company 

Tracer  Measurement Method - A f i e l d  test method employing a unique t r a c e r  
m a t e r i a l  r e l eased  t o  s imula t e  emissions from a s i n g l e  source region.  I n  
t h i s  case  su l fu rhexa f luo r ide  (SFg) was used. 

TRC - TRC Environmental Consul tan ts ,  Incorpora ted  - 
TSP - T o t a l  Suspended Pa r t i cu la t e s - -pa r t i c l e s .  w i th in  t h e  s i z e  range of 100 t o  - 

0.1 .m d iameter ,  o r d i n a r i l y  c o l l e c t e d  on g l a s s  f i b e r  f i l t e r s .  The mass 
concen t ra t ion  of suspended p a r t i c u l a t e s  i n  t h e  ambient a i r  (.g/m3) i s  
computed a s  descr ibed  i n  T i t l e  40, P a r t  50 (Appendix B) Code of Federa l '  
Regulat ions (1979). 

UNAMAP - Users Network f o r  Applied Modeling of  Air  Pollution-a series of EPA 
approved atmospheric d i s p e r s i o n  models. 



I GLOSSARY (Cont 'd) 

Upwind-Dounvind Measurement Hethod - A field measurement method employing two 
horizontal rows of hi-vol samplers downwind of the source and one 
sampling site outside of the influence of the source to measure 
background. 

Virtual Point Source - The geographic location of a hypothetical point source 
in such a position that the initial standard deviation, oo, of the 
area source equals the standard deviation of the point source. 

VMT - Vehicle Miles Traveled - 
I J ~ ~ E Q  - Refers to the Air Quality Division of the Department of Environmental - 

Quality of the State of Wyoming--regulatory agency enforcing the air 
pollution rules and regulations promulgated under the authority of the 
Wyoming Environmental Quality Act (1973). 

Wet Days Ratio - Fraction of year which does not have "vet" days, i.e., days 
with more than 0.01 inches of rainfall. Reduction in particulate 
emissions because of rainfall is accounted for by neglecting emissions 
on "vet' days. 

Whole Mine Emission Factor - Emission factor developed to represent all.the 
individual mining operations as a single area source.. Measurements of 
the vhole mine emissions were obtained from a hi-vol array set up around 
the periphery of each mine. . - 
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1.0 EXECUTIVE SumAR! i  

A study of particulate emissions from surface coal mining operations in 
I' . . 

the Pbvder Piver Basin of Wyoming was undertaken during the period from   all 1 
1978 through Summer 1979. The intent of the study vas to develop particulate - . 

emission factors for the primary activities of mining operations. Data 

consisting of meteorological measurements and field concentrations of I 
airbourne dust vere obtained near primary dust generating activities at two 

operating mines during each of four seasons. The dust generating activities 

tested were: coal and overburden haul roads, coal dumping. train loading, 

I '  
oierburden replacement, topsoil removal, and vind erosion on both stripped 1 '  
overburden and reclaimed land. In addition to these individual activities. 

each mine as a whole was tested as a single area source. 

Particulate emission factors vere developed from the field data 

collected during the yearlong measurement program. A summary of those 

emission factors is presented in Table 1.1 of this section. In addition to 4 ' 
the development of emission factors representing the primary dust generating 

activities of surface coal mining, the field measurement program culminated in 

., --  . four significant findings which bear heavily on employment of emission factors 

- in modeling. These findings are new and for the first time enable modeling - u. . 
studies to more accurately approximate real physical processes to produce 

. .. predicted impaccs that are more realistic when compared to actual measurements 

than are possible with current techniques. The findings are briefly lisced 
I 

below, and are discussed in more detail later in this section. I ! ,  
I 

1) Particle deposition and gravitational settling are predominant 
physical processes which for the first time have been taken into 
account in the development of emission factors and in their 

I.: 
application for modeling. 

2) Many of the large particles that are generated by mining activities 
1. ! 

carried 'out belov grade in the open pit do not escape into the 
ambient atmosphere. 

3 )  Control of particulate emissions from haul roads is proportional to 
the amount of vatering. 





4 )  The emission f a c t o r s  developed from measurements made i n  t h i s  s tudy,  
when c o r r e c t l y  applied.  shov s i g n i f i c a n t l y  lower impact on both the  1 
near  and f a r  mine environment than do t h e '  approved Wyoming 
Department of Environmental Qual i ty  (WDEQ)' f a c t o r s  employed with 
c u r r e n t  modeling prac t ices .  

These fou r  f ind ings  a r e  explained a s  fo l lovs :  

I 
1 )  P a r t i c l e  depos i t ion  and g r a v i t a t i o n a l  s e t t l i n g  a r e  predominant 

phys ica l  processes which f o r  t he  f i r s t  time have been taken i n t o  account i n  

t h e  development of emission f a c t o r s  and i n  t h e i r  app l i ca t i on  f o r ,  modeling. 

Oqe hundred and f o r t y  coincident  measurements of d u s t f a l l  and p a r t i c l e  

concent ra t ions  were made, permit t ing t h e  computation of the  e f f e c t i v e  s e t t l i n g  
I 

v e l o c i t i e s  a t  many dovnwind d i s t ances  from the source.  The deposi t ion and 

s e t t l i n g  v e l o c i t i e s  der ived from independent f i e l d  measurements, exhibi ted a 
I : 

r ap id  decrease  with d i s tance .  i n  complete accord with  the  accepted theory of 

p a r t i c u l a t e  behavior. P a r t i c l e  s i z e  measurements were acquired f o r  a l l  t e s t s  
I 

i- from Mi l l ipore  f i l t e r  samples. These p a r t i c l e  s i z e  measurements were used to  

compute depos i t ion  v e l o c i t i e s .  Figure 3-3 shows the  c lo se  agreement between 

depos i t i on  v e l o c i t i e s  computed from the  p a r t i c l e  s i z e  da t a  ( s o l i d  l i n e )  and 

I :  
t h e  dus:fall/hi-vol da t a  (dashed l i n e ) .  

The conclusions per ta in ing  t o  t he  depos i t ion  processes emphasize the  

need t o  d i s t i n g u i s h  betveen emission f a c t o r s  appl icab le  a t  t he  source (before  

I 
l a r g e  p a r t i c l e s  have f a l l e n  out of t h e  plume) and f a c t o r s  a s  perceived some 

d i s t a n c e  from the  source where only smal l  p a r t i c l e s  remain. For example, it 

I 
was found t h a t  under average meteorological  condi t ions  ( n e u t r a l  s t a b i l i t y  and 

1 0  mph winds), only about 3 5 r c e n t  of the  emitted p a r t i c u l a t e  mass remains 
11 

i n  t he  atmosphere a t  a d i s t ance  of 500 m from the source. 

2 )  Most of the  l a r g e  p a r t i c l e s  t h a t  a r e  generated by mining a c t i v i t i e s  

c a r r i e d  ou t  below grade i n  the  open p i t  do no t  escape i n t o  the ambient 

atmosphere. It was found t h a t  the  "whole mine" emission r a t e s  determined from I! . . 
measured emission f a c t o r s  and mine production f i gu re s  vere  th ree  times g rea t e r  

than the  emission r a t e s  obtained by "back ca l cu l a t i on"  modeling from the 

p a r t i c u l a t e  concentra t ion measurements taken around the  periphery of the  p i t .  1; 
his finding  i n d i c a t e s  t h a t  approximately one-third of t he  l o c a l  emissions 

escape from the  p i t  area .  The p i t  a r ea  w a s  not a s  wel l  ven t i l a t ed  a s  the  



surrounding t e r r a i n  and t h e  inc reased  r e s idence  time of the  a i r  permits  most 

of  the  l a r g e  p a r t i c l e s  t o  f a l l  our before  they  ve re  en t r a ined  i n t o  the  a i r  

flow over  t h e  p i t .  It should be noted t h a t  t h e  trapped p a r t i c l e s  do not  

c o n s t i t u t e  a  h e a l t h  hazard f o r  two s p e c i f i c  reasons: 1 )  t h e i r  s i z e  l ies i n  

the  noninhalable  range;  and 2 )  p a r t i c l e s  a r e  quickly  removed by g r a v i t a t i o n a l  

s e t t l i n g ,  thereby preventing any apprec iab le  concen t ra t ion  bu i ld  up. 

3 )  Cont ro l  of p a r t i c u l a t e  emissions from haul  roads i s  p ropor t iona l  t o  

t h e  amount of va t e r ing .  A q u a n t i t a t i v e  r e l a t i o n s h i p  was developed t o  express  

the  e f f e c t  of v a t e r i n g  on haul  road emissions. The r e s u l t s  shov t h a t  haul 

road emissions c o n t r o l  i s  p ropor t iona l  t o  t h e  amount of water ing being done 

and t h a t  maximum p r a c t i c a l  c o n t r o l  e f f o r t  reduces emissions t o  a  f a c t o r  of 

0.22 o r  78  percent  con t ro l .  

4 )  The emission f a c t o r s  developed from measurements made i n  t h i s  s tudy ,  

vhen c o r r e c t l y  app l i ed ,  shov s i g n i f i c a n t l y  lower impact on both the  near  and 

f a r  mine environment than do t h e  approved WDEQ f a c t o r s  employed v i t h  c u r r e n t  

modeling p r a c t i c e s .  The emission f a c t o r s  f o r  i n d i v i d u a l  mining a c r i v i t i e s ,  as 

developed from measurements made dur ing  t h i s  s tudy vere  found t o  be h igher  i n  

most cases  than those c u r r e n t l y  approved under r egu la t ions  promulgated by the 

WDEQ. Hovever, when c o r r e c t l y  accounting f o r  t h e  p i t  t rapping  and p a r t i c l e  

s e t t l i n g ,  the  impact of t hese  emissions on the  mine environment (both nea r  and 

f a r )  is s i g n i f i c a n t l y  l e s s  than  t h a t  p red ic t ed  by c u r r e n t l y  used modeling 

p r a c t i c e s .  

I n  t h e  fo l lov ing  r e p o r t ,  each of  the t o p i c s  d iscussed  above a r e  t r e a t e d  

i n  depth i n  s e p a r a t e  s e c t i o n s .  Sec t ion  3  d e a l s  wi th  p a r t i c l e  depos i t ion  and 

t h e  development of a  source  d e p l e t i o n  func t ion  f o r  d i s p e r s i o n  modeling. The 

haul  road emission measurements a r e  d iscussed  i n  d e t a i l  i n  Sec t ion  4 .  

Sec t ions  5 .  6,  and 7 cover c o a l  dumping and t r a i n  loading ,  overburden 

replacement.  t o p s o i l  removal, and vind eros ion  from d i s tu rbed  land 

r e s p e c t i v e l y .  Measurements of "whole mine" emissions and a  d i scuss ion  of t h e  

p i t  t r app ing  phenomenon a r e  given i n  Sec t ion  8.  Sect ion 9 of P a r t  1 d e a l s  

v i t h  e s t ima t ing  t h e  confidence l i m i t s  of t h e  var ious  measured emission f a c t o r s .  





2.0 INTRODUCTION 

I n  June 1977 r ep re sen ta t ives  from severa l  c o a l  mining companies i n  the  

Povder Biver Basin of Wyoming met t o  d i scuss  a i r  q u a l i t y ,  a sub jec t  vhich was 

becoming increas ing ly  important t o  t h e i r  present  and proposed surface mining 

opera t ions  i n  t he  G i l l e t t e  region. Air q u a l i t y  considerat ions  have become 

inc reas ing ly  important because measures must be taken t o  assure  t ha t ,  a s  t he  

mining a c t i v i t y  of the  region is developed, it does no t  r e s u l t  i n  damage t o  

t h e  enviroument through d e t e r i o r a t i n g  a i r  qua l i ty .  The Wyoming Environmental 

Qual i ty  Act, passed i n  1973, has c rea ted  the A i r  Qual i ty  Division of the 

Department of Environmental Quali ty (WDEQ) with j u r i s d i c t i o n  over a i r  q u a l i t y  

and t o  review and i s s u e  permits f o r  s t a t i o n a r y  sources including coa l  mines. 

The mechanisms used t o  r ev i ev  and determine s u i t a b i l i t y  f o r  permitt ing include 

s imula t ion  of an t i c ipa t ed  a i r  q u a l i t y  through mathematical modeling-and those 

models a r e  becoming more soph i s t i ca t ed  and de t a i l ed .  I t ,  therefore ,  becomes 

e s s e n t i a l  t o  have c red ib l e  measuring devices f o r  emission f a c t o r s  a s  used i n  

t h e  modeling and is e s s e n t i a l  t h a t  these  emission f a c t o r s  be proven v a l i d  f o r  

t he  region and the circumstances of the  mining methods employed. The group 

sought t o  s c i e n t i f i c a l l y  determine i f  the  f a c t o r s  being employed by the  WDEQ 

were s u f f i c i e n t l y  r igorous i n  represent ing operat ions  cu r r en t ly  ongoing f o r  

t he  su r f ace  mining i n  the  region. 

The group se l ec t ed  an  independent consul tant  t o  accomplish two tasks:  

1 )  ' t o  develop particulate emission f a c t o r s  t ha t  vould accura te ly  represent  the 
I 

ongoing and proposed su r f ace  mining operat ions  v i t h i n  the G i l l e t t e  region; and 1: 
2)  t o  a s s e s s  the  impact of t o t a l  suspended p a r t i c l e s  (TSP) generated by the 

mining operat ions  on the  environment by employing atmospheric dispers ion 

modeling techniques. 

I! - 
A conr rac t  vas  signed i n  e a r l y  1978 with '  TRC ENVIRONMENTAL CONSULTANTS, 

INC. (TRC). Companies involved i n  t he  pro jec t  include AMAX COAL COMPANY 

(W) ,' SUNOCO ENERGY DEVELOPMENT C O M P A ~  (SUNEDCO) . ATLANTIC RICHFIELD 
I.: 

COMPANY (ARCO). CARTER MINING COMPANY (CARTER), and MOBIL OIL CORPORATION 

(MOBIL). The work, coveted by t h i s  con t r ac t  i s  known a s  the  Emission Factor 

Development Study (EDS). 



A test plan which specified the field measurements needed to accomplish 

the EDS Study was developed by the companies and the consultant. It called 

for tests to be conducted at two mines. AMAX's Belle Ayr and SUNEDCO's Corder0 

mines during each of the four seasons. The actual field testing began in the 

Fall of 1978 and vas completed in the Summer of 1979. In order to have a 

credible representative sample for the potential emission factors, the various 

mine sources to be studied were as follows: coal and overburden haul roads, 

coal dump, train load-out facility, overburden replacement. topsoil removal, 

vind erosion on reclaimed land, and vind erosion on stripped overburden. In 

addition to these individual sources, the mine itself, as a vhole, was 

investigated as a single area source. 

During the test program, three methods were utilized to make the 

emission measurements: a standard upvind-dovnvind method, a tracer method, 

and a flux method. The flux method is best suited to measurement of line 

sources which exhibit a uniform horizontal concentration pattern. The tracer 

method was used to measure the product dumping and train loading operations 

which are fixed point sources, and the upwind-downwind method was utilized for 

the remainder of the tests. In all cases, simultaneous measures of dustfall 

and particle size were made at several distances downwind of the source and at 

one location upwind. 

As stated earlier, an essential element of the EDS Study was the 

investigation of particle settling. Because of settling and deposition, 

particles larger than about 20 um will eventually be removed from the air. 

For this reason, a large proportion of the particulates emitted from mining 

operations will not be present beyond a few hundred feet from the source 

(Cowherd, - et. - al., 1974). If the effect of gravitational settling and dry 

deposition is neglected, then emission factors computed from field test data 

vfll be in error. Similarly, atmospheric dispersion models that are utilized 

to simulate the dispersion of heavy particulates, must include a rigorous 

treatment of dry deposition and gravitational settling if they are to 

accurately predict ambient concentrations. 



Tvo independent methods vere utilized to study the effects of 

deposition: dustfall measurements and particle size measurements. A strong 

correlation of the findings from the tvo methods indicate that the tests vere 
I 

highly successful. Section 3 of Part 1 gives a detailed discussion of the 

deposition measurements. 
I 

Section 4 discusses the field tests and data analyses associated vith I 
the largest source of particulate emissions-haul roads. Using the flw 

measurement method, the emissions from coal and overburden haul roads are 1 
quantified and the effects of vater spray control as vell as meteorological 

parameters and seasonal variability are examined. 

Sections 5 ,  6, and 7 are given to the coal dump. train load-out 

facility, overburden replacement, topsoil removal, and vind erosion tests. 

The fixed point source nature of the coal dump and train load-out facility 

permit a tracer gas test method to be utilized to measure the emission rates. 

I 
The remainder of the sources were measured using upvind-dovnvind sampling. I 

Section 8 covers the vork performed in measuring the vhole mine emission 

rates. These estimates vere made utilizing hi-vol data collected at the 
I 

periphery of the mines. Comparison of whole mine emission estimates vith 

emissions predicted by summing the source specific factors indicates that only 
I 

one-third of the total particulate mass emitted inside the pit area is 

transported beyond the perimeter of the pit. The trapped particles are all in I 
the noninhalable size range. I' 

Section 9 of Part 1 addresses the confidence level of all the EDS 

measurements. Small sample statistics are utilized to derive error limits for 
+ the 95 percent confidence level. In general, these limits range from 4 . 2 2  

for -the largest and most important emissions to h . 9 8  for the least 
I I 

important sources where only a small number of tests vere made. l i 
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3.0 DKY DEPOSITION AND GRAVITATIONAL SETTLING I' 
3.1 DISCUSSION 

Since emissions from sources of p a r t i c u l a t e  matter a r e  normally 

es t imated from measurements made a t  f i n i t e  d i s tances  from the  source. l o s s  of I ' 
m a t e r i a l  from the plume between the  source and the measurement point  vill 

a f f e c t  t he  emission r a t e  estimate.  I f  the source being measured generates  a 

s i g n i f i c a n t  number of l a r g e  p a r t i c l e s ,  many of t he  p a r t i c l e s  v i l l  f a l l  out 
I ' 

before  t he  plume reaches the measurement point .  and the "apparent" emission 

r a t e  a s  seen a t  t h e  donwind point may be much smal ler  than the  ac tua l  source 
1: 

emission r a t e .  For this reason, i t  is most important t ha t  some means of 

measuring p a r t i c l e  deposi t ion be employed when making emission f a c t o r  
I 

During the  EDS study,  two methods were u t i l i z e d  t o  es t imate  t he  p a r t i c l e  

s e t t l i n g .  The primary method employed d u s t f a l l  buckets t o  measure d u s t f a l l  a t  

s e v e r a l  l oca t ions  dovnvind of t he  source f o r  each t e s t . .  The second method 

u t i l i z e d  Mil l ipore  f i l t e r  samples from vhich the a c t u a l  p a r t i c l e  s i z e  

d i s t r i b u t i o n s  were determined for  s e v e r a l  loca t ions  downwind during each t e s t .  

I 

Resul ts  of the  d u s t f a l l  measurements and the Mill ipore f i l t e r  sampling 

demonstrate t h a t  deposi t ion is very h igh  i n  the  f i r s t  f e v  hundred meters from 

the source and should be considered i n  emission f a c t o r  development. It is 
! 

a l s o  c l e a r  t h a t  p a r t i c l e  s e t t l i n g  i s  an important f a c t o r  i n  es t imat ing the 1 ,' 
impact of su r f ace  mining a c t i v i t y  on the  environment a t  property boundaries 

and a t  g r e a t e r  dis tances .  

3 -2 DUSTFALL HEASUREMENTS I! 
Dus t f a l l  measurements were made a t  3 t o  4 Locations downwind of the  

source during each t e s t .  Ten-inch diameter buckets were used v i t h  a small 
I . 

amount of l i q u i d  (water o r  isopropanol) covering the bottom to  t r ap  the 

pa r t i c l e s .  The d u s t f a l l  buckets were exposed a t  a height  of about four  f ee t  1. 
t o  keep them from being contaminated by mater ia l  being blovn along the ground. 



D u s t f a l l  i s  a d i r e c t  measure of the  depos i t ion  a c t u a l l y  tak ing  p lace  and 

thus  has value i n  e s t ima t ing  source d e p l e t i o n ,  e s p e c i a l l y  i n  t h i s  case  where 

the re  are a l a r g e  number of samples a v a i l a b l e .  I n  order  t o  demonstrate the  

gene ra l  na ture  of the  d u s t f a l l  measurements. a few samples have been p l o t t e d  

as a func t ion  of d i s t a n c e  and a r e  shovn i n  Figure 3-1. The rapid  f a l l  of f  

wi th  d i s t a n c e  i s  t y p i c a l  of the  d u s t f a l l  d a t a  and demonstrates  t h e  e x i s t e n c e  

of s i g n i f i c a n t  p a r t i c l e  s e t t l i n g  over  the  f i rs t  few hundred meters  downwind of 

t h e  source. Also, i t  i s  seen t h a t  t h e  d a t a  from d i f f e r e n t  types  of tests have 

similar d u s t f a l l  c h a r a c t e r i s t i c s .  

Since d u s t f a l l  d a t a  a r e  i n h e r e n t l y  v a r i a b l e ,  i t  w a s  decided t o  combine 

a l l  t he  measurements i n t o  a s i n g l e  l a r g e  sample. This w a s  accomplished by 

normalizing a l l  t he  d u s t f a l l  measurements u t i l i z i n g  the  a s soc ia t ed  p a r t i c u l a t e  

concent ra t ions .  The p r o p o r t i o n a l i t y  cons tant  obtained i n  this vay has 

dimensions of v e l o c i t y  and i s  c a l l e d  the  depos i t ion  v e l o c i t y ,  i . e . ,  

Approximately 140 d u s t f a l l  samples were obtained v i t h  accompanying 

concent ra t ion  measurements. A depos i t ion  v e l o c i t y  was de r ived  f o r  each sample 

and p lo t t ed  a s  a func t ion  of d i s t ance  from the  source. A few ind iv idua l  tests 

a r e  shovn i n  Figure 3-2 v i t h  l i n e s  jo in ing  the  a s soc ia t ed  po in t s  t o  

demonstrate t h e  gene ra l  form of the  depos i t ion  v e l o c i t y  funct ion .  The p l o t t e d  

poin ts  a l s o  show the  approximate spread of t h e  depos i t ion  v e l o c i t y  data.  

I n  each of the  t e s t s  an upwind d u s t f a l l  measurement was obtained.  

I n i t i a l l y  i t  was thought t h a t  the  upwind sample would r ep resen t  a background 

l e v e l  t h a t  could be sub t rac ted  from the  f i e l d  of d u s t f a l l  measurements 

downwind of the  source  being t e s t e d .  However, upon revievlng  the  d a t a  it 

became apparent  t h a t  in f luences  from numerous o t h e r  nearby sources produced a 

h igh ly  nonuniform d i s t ance  r e l a t e d  background t h a t  could no t  be r e l i a b l y  

q u a n t i f i e d  r e l a t i v e  t o  the  pos i t ions  of the  test ar ray .  The end r e s u l t  was 

t h a t  no adjustments  were made and the  t e s t  d a t a  thus e x h i b i t  more "noise" than 

might otherwise have been the  case. 
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A t e s t  f o r  normality shoved the da t a  t o  depar t  from the  normal - - 7- 
d i s t r i b u t i o n  but it vas reasoned t h a t  a  l a r g e r  sample of data  would. by 1 v' 
nature ,  have been normally d i s t r i b u t e d ,  thus  a  least-squares method vas 

b  u t i l i z e d  t o  f i t  t he  da ta  t o  a  func t ion  of the  form Vd - ax . The curve 

obtained i n  this way f i t  t he  da ta  we l l  i n  the region c lose  t o  the source where 
I 

a l l  t h e  measurements were made, but produced u n r e a l i s t i c  values of Vd a t  

l a rge  dis tances .  The l i n e  shown i n  Figure 3-2 vas obtained by f i t t i n g  the  
I 

d a t a  t o  t h e  funct ion given above, and a t  t he  same time forcing the l i n e  t o  

pass through the  point ,  x = 1.000 a, Vd * 0.025 mlsec. This cons t r a in t  was I 
necessary t o  ensure t h a t  t he  deposi t ion ve loc i ty  funct ion vould not  only f i t  

t h e  da t a  but  vould a l s o  produce r e s u l t s  cons is ten t  v i t h  o ther  ex i s t i ng  

measurements represen ta t ive  of condi t ions  e x i s t i n g  a t  g r e a t e r  dis tances .  

1 
I 

,.I. 
Measurements given i n  Slade (1968) i n d i c a t e  t h a t  a t  d i s tances  of 1.000 m 

[- 
, 6 from the source,  the deposi t ion ve loc i ty  ranges from a minimum of 0.01 m/sec 
?, i 

* . t o  a  maximum of 0.06 m/sec. This range i s  believed t o  be caused by varying 

I 
\/ L,,? 

atmospheric s t a b i l i t y ;  the lover l i m i t  being associated v i t h  s t a b l e  

condi t ions .  The choice of 0.025 m/sec a t  1,000 m vas based on a  s c i e n t i f i c  

I 
judgment a s  t o  the value tha t  vould best represent  average s t a b i l i t y  

condi t ions .  Hovever, i n .  the f i n a l  ana lys i s ,  the  exact value chosen is not 
I 

c r i t i c a l  provided tha t  i t  l i e s  v i t N n  the range indicated.  Calculat ions  show 

t h a t  t he  impact of t he  source on a  receptor  a t  a  d i s tance  of 500 m or  more i s  
I 

'I. 
n o t  highly s e n s i t i v e  t o  the value of t he  cons t ra in ing  point .  The standard 

. dev ia t ion  of t he  deposi t ion ve loc i ty  da ta  about the f i t t e d  curve i s  0.12 m/sec. 
I 

A t  d i s tances  beyond 1.000 m. t he  deposi t ion ve loc i ty  is  assumed t o  be 

constant .  In  t h i s  region, the  remaining p a r t i c l e s  a r e  a l l  expected t o  be 

smal le r  than 20 v m  and deposi t ion i s  no ionger s i g n i f i c a n t l y  influenced by 

p a r t i c l e  s e t t l i n g ,  but  is  pr imari ly  cont ro l led  by turbulence d i f fu s ion  

I 
processes i n  combination v i t h  sur face  adsorpt ion mechanisms. I 
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P a r t i c u l a t e  samples were taken a t  t h r e e  l o c a t i o n s  downwind of each \ source  ,being t e s t e d .  The samples were ob ta ined  by exposing 37 mm Mi l l ipo re  
Y 

f i l ters a s p i r a t e d  by a pump a t  t h e  rate of  10  l/min. The f i l t e r s  were 

o r i en ted  upward dur ing  exposure s o  t h a t  even t h e  l a r g e s t  p a r t i c l e s  would be 

c o l l e c t e d .  However, a  problem was encountered v i t h  t h e  K i l l i p o c e  samples. 

Due t o  t h e  smooth s u r f a c e  of .the f i l t e r  (0.45 urn pore s i z e ) ,  p a r t i c l e s  l a r g e r  

t h a n  about  30 u m  d i d  n o t  adhere t o  t h e  f i l t e r  s u r f a c e  but  r o l l e d  o f f  t h e  

f i l t e r  dur ing  handling.  The problem w a s  d i scovered  a f t e r  t h e  f i r s t  ba tch  of 

f i l t e r s  v a s  analyzed and no l a r g e  p a r t i c l e s  were found even on those  f i l t e r s  

exposed wi th in  20 m of the  source.  Subsequent i n v e s t i g a t i o n  of the  capsu le s  

which conta ined  t h e  f i l t e r s  showed t h a t  l a r g e r  p a r t i c l e s  were present  but  were 

no longer  on t h e  f i l t e r  su r face .  It seems reasonable  t o  assume t h a t  t h i s  

problem has occurred before i n  o t h e r  s t u d i e s  and poss ib ly  n o t  recognized. 

The samples taken during t h e  EDS Study were t o t a l l y  sea l ed  i n  t h e i r  

capsules  a f t e r  exposure. Af t e r  t r a n s p o r t i n g  and handling,  t h e  l a r g e  

part icles-no longer  a t t a c h e d  t o  t h e  f i l t e r  surface, ,were s t i l l  contained i n  

t h e  sea l ed  capsule.  As  a  r e s u l t ,  a  method w a s  developed t o  recover  these  

l a r g e  p a r t i c l e s .  

TRC engaged Dr. Robert Kuryvial ,  a n  expe r t  i n  p a r t i c l e  a n a l y s i s ,  t o  

assist wi th  t h e  ana lyses  of t h e  Mi l l ipo re  f i l t e r s .  D r .  Kuryvial subsequently 

developed a procedure t h a t  enabled t h e  p a r t i c l e  s i z e  information t o  be 

recovered. F i r s t  t h e  f i l t e r  was c a r e f u l l y  removed from t h e  capsule.  The open 

end of t h e  capsule  w a s  then  placed on top  of a  p iece  of g l a s s i n e  (very  smooth 

su r face  paper)  and t h e  capsule  tapped v igorous ly .  The bulk of t h e  p a r t i c l e s  

contained wi th in  t h e  capsule  were t h u s  depos i ted  on the  paper. A Camel 

h a i r b r u s h  v a s  then  u t i l i z e d  t o  brush out  any remaining r e s idue .  The paper was 

t h e n  formed i n t o  a  channel and t h e  p a r t i c l e s  contained were c a r e f u l l y  

r e d i s t r i b u t e d  back onto  t h e  Mi l l ipo re  f i l ter .  /-/ NDT R ~ N D D ~  IS. d t j ~ r i d u ~ d  
@' 

The Mi l l ipo re  f i l t e r s  prepared i n  t h i s  manner were then processed using 

microscopic techniques.  Each f i l t e r  w a s  mounted on a  g l a s s  s l i d e ,  c l e a r e d  i n  

1.56 r e f r a c t i v e  index o i l  and a  s l i p  cover added. Poin t  counting t r a v e r s e s  



vere made across the mounts in vhich a total of up to 1,000 particles were 

sized for each sample. h e  microscope magnification vas set at 500X. 1 
Representative samples were taken from different types of tests and for 1 

several distances from the source. About 40 Millipore filters vere chosen for 

the special analysis. The data shov that a significant number of particles up 

to and exceeding 100 um diameter are indeed present in the region between 20 m 
I 

and 1 0 0 m  from the source. Particle size distributions resulting from the 

Millipore filter analysis are shovn in Table 3.1. 
I 

The analytical procedure utilized to obtain deposition velocities from I ' 
the particle size information is as follows: 

The concentration of particles having diameters in the interval (i) is, 1: 

vhere p = density of particles; I : 
di - mass mean diameter of size interval (i); 
n number of parricles per m3 vith diameters in interval (i); and i - 

3 Xi - concentration in g/m . 
The total concentration is then 

Similarly, the mass of material vith diameters in interval (i) vhich falls out 
of one cubic meter is given by 

vhere Vi is the settling veLocity of particles vith diameter (i) in mlsec. I. 
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. 
The t o t a l  depos i t ion  i s  the re fo re :  

2 where D i s  i n  g/m s e c .  
. - - 

Having computed concen t ra t ion  and depos i t ion ,  it i s  then  p o s s i b l e  t o  . 
compute a  depos i t ion  v e l o c i t y  from equa t ions  (3.1),  (3.3),  and (3.5), 

~ ( n  d3v ) D i i i i  . 
Vd = - =  

3 
Z(n,d.) 

Now t h e  number f r a c t i o n  of p a r t i c l e s  i n  diameter  i n t e r v a l  (1)  i s  given 

by: 

where N is the  t o t a l  number of  p a r t i c l e s  i n  one cub ic  meter.  

S u b s t i t u t i n g  (3.7) and (3.6) we have. 

U t i l i z i n g  equat ion  (3.8),  depos i t ion  v e l o c i t i e s  may now be c a l c u l a t e d  from t h e  

s i z e  f r a c t i o n  d a t a  obta ined  from t h e  measured p a r t i c l e  s i z e  d i s t r i b u t i o n s .  

The s e t t l i n g  v e l o c i t i e s ,  Vi ,  were computed f o r  each diameter  i n t e r v a l  and 

f o r  t h r e e  d i f f e r e n t  p a r r i c l e  d e n s i t i e s  u t i l i z i n g  the  Stokes Method (White, 

1971). The Stokes v e l o c i t i e s  obtained a r e  given i n  Table 3.2. 



TABLE 3.2 

STOKES LAW SETTLING VELocIn (mlsec) 

NOTE: D = 1.5 was u t i l i z e d  f o r  Coal Dump Samples; 

D = 2.0 was u t i l i z e d  f o r  Coal Haulroad Samples; and 

D = 2.5 was u t i l i z e d  f o r  A l l  Other Tests. 

. 
< 

PARTICLE 
DIAMETER (um) 

2 

10 

25 

40 

55 

65 

70 i 85 

90 - 
100 

115 1 130 
I 
L 

PARTICLE DENSITY (g/cm3) 

D = 1 . 5  

.00018 

.004 6 

.0286 

.073 

.I38 

.193 

.224 

.330 

.3  70 

.457 

.604 

.772 

D = 2.0 

.00024 

.0061 

.038 

.097 

.184 

.257 

.298 

.44 

.49 

.61 

.81  

1 .03 

= 2.5 

.00030 

.0076 

.048 

. I22 

.230 

.322 

.373 

.55 

.62 

.76 

.1.01 I 
! 

1.29 



I An average d e n s i t y  f o r  c o a l  is 1.5 g/cm3 and an average dens i ty .  f o r  
3 su r face  m a t e r i a l  ( c l a y ,  s i l i c a ,  g r a n i t e )  is 2.5 g l c m  (Hudson, 1939). 

1 .  Therefore,  a  p a r t i c l e  d e n s i t y  'of 1.5 g/cm3 i s  used f o r .  t h e  coa l  dump tests 

and 2.5 g/cm3 f o r  t h e  overburden h a u l  road ,  t h e  overburden replacement and 

I t h e  t o p s o i l  removal t e s t s .  The c o a l  haul  road emissions were assumed t o  be a 

combination of c o a l  and road s u r f a c e  ma te r i a l .  thus  a  p a r t i c l e  d e n s i t y  of 
3 ~. 

I 2.0 g/cm n s  u t i l i z e d  f o r  t h e s e  tests. 

3 Afte r  computing the  depos i t ion  v e l o c i t i e s  f o r  each Mil l ipore  sample 

u t i l i z i n g  equat ion  (3.8),  t he  r e s u l t s  were m u l t i p l i e d  by a f a c t o r  of 0.66 t o  

account f o r  the  nonspher ica l  shape of the  p a r t i c l e s  (Slade,  1968, p. 203). 

The r e s u l t s  of the  depos i t ion  v e l o c i t y  a n a l y s i s  a r e  included i n  Table 3.1. 

- .  

As i n  t h e  previous case ,  t he  d a t a  v e r e  f i t t e d  by t h e  method of least- 
b squares t o  the  f u n c t i o n a l  f o m  V ax . I n  t h i s  case  the  d i r e c t  f i t  t o  

d 
the  d a t a  produces a  curve t h a t  i s  i n  very good agreement with the  func t ion  

generated from the  d u s t f a l l  da ta ,  and p r e d i c t s  a  depos i t ion  v e l o c i t y  of 

0.024 m/sec a t  a  d i s t ance  of 1,000 m from the  source. This r e s u l t  lends  good 

support t o  the  previous dec i s ion  t o  fo rce  the  f i t  t o  go through (1,000.. 

0.025) i n  order  t o  make the  depos i t ion  v e l o c i t y  f a l l  i n t o  a  realistic range a t  

l a r g e  d i s t a n c e s . -  

I n  order  t o  be c o n s i s t e n t  with the  d u s t f a l l  a n a l y t i c a l  method, the  

depos i t ion  v e l o c i t i e s  der ived  from p a r t i c l e  s i z e  measurements v e r e  a l s o  f i t t e d  

with t h e  l i n e  cons t r a ined  t o  pass through t h e  poin t  (1.000., 0.025). The 

r e s u l t i n g  curve is shown by t h e  s o l i d  l i n e  i n  Figure 3-3. I n  t h i s  case ,  t h e  

cons t ra ined  curve is  t h e  l i n e  obta ined  by d i r e c t  f i t t i n g  of t h e  

d a t a  (not  shorn) .  7 

The d o t t e d  l i n e  i n  Figure 3-3 i s  the  depos i t ion  funct ion  derived from 

the  d u s t f a l l  d a t a  and shorn i n  Figure 3-2. Note t h a t  t h e r e  is a very good 

agreement betveen t h e  depos i t ion  v e l o c i t y  func t ion  determined i n  t h e  two 

d i f f e r e n t  and independent ways. 
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The presence of large pa r t i c l e s  i n  emissions from the mine sources i s  

thus well established and the s e t t l i n g  of these pa r t i c l e s  i n  the f i r s t  hundred 

5 .  meters i s  a process t ha t  should be considered when measuring and u t i l i z ing  

source emission factors .  Since d u s t f a l l  i s  a d i r ec t  measure of deposition and 

01 since there was a great  deal  more of t h i s  information ava i lab le  than pa r t i c l e  

s i ze  d i s t r ibu t ions ,  i t  was judged best  t o  u t i l i z e  the  deposition veloci ty  

I curve associated v i t h  the d u s t f a l l  measurements t o  develop the source 

depletion functions. The equation for  the  deposit ion veloci ty  as given i n  

1, Section 3.2 is,  

- 
3.4 APPARENT EMISSIONS AND SOURCE DEPLETION 

Ordinarily, surface mining a c t i v i t i e s  can not be contained and because 

of the nature of each a c t i v i t y  i t  i s  necessary t o  make source determination 

measurements a short distance away. Due t o  the  dis tance involved and the 

,. 

s e t t l i n g  of large pa r t i c l e s  tha t  occurs i n  t ha t  dis tance,  the data collected 

w i l l  r e su l t  in  an "apparent" emission. This "apparent" emission w i l l  be lower 

I 
than the ac tua l  emission i n  cases where large pa r t i c l e s  a r e  involved and where 

s e t t l i n g  of these la rge  par t ic les  i s  s ign i f ican t .  This i s  cer ta in ly  the case 

i n  the EDS Study where d u s t f a l l  and pa r t i c l e  s i z e  measurements indicate  large 

I s e t t l i n g  i n  the f i r s t  few hundred meters. Se t t l ing  has been ident i f ied  and 

expressed i n  terms of the deposition veloci ty  i n  Sections 3.2 and 3.3 above. 

The deposition veloci ty  function t o  be u t i l i z e d  i s  the one given i n  ' section 3.3. 

I' - 
i 

Chamberlain (1953) has described a method for  computing a source 

# 
depletion re la t ionship based upon deposition veloci ty .  This source depletion 

approach i s  a technically acceptable way t o  dea l  v i t h  ac tua l  and "apparent" 

I < 

emissions a s  they apply i n  the EDS Study. I n  the o r ig ina l  derivation,  

deposition veloci ty  was t reated as  a constant because only suspended par t ic les  

or gases were being considered. The EDS da ta ,  on the other hand, indicate  

I t ha t  considerable s e t t l i n g  i s  taking place and the resul t ing deposition 

velocity i s  a decreasing function with dis tance from the source. Therefore, 



t h e  Chamberlain method (Slade,  1968) must be modified t o  account f o r  t he  
I 

varying deposi t ion.  (A de r iva t i on  of the  nev source dep le t ion  f a c t o r  i s  given 

i n  t he  appendices..) The r e s u l t i n g  express ion is: 
I 

Figures  3-4 and 3-5 a r e  p l o t s  of \/C& f o r  two d i f f e r e n t  wind speeds and 

six s t a b i l i t y  c lasses .  Note t h a t  the  source dep l e t i on  due t o  depos i t ion  can 

I ' ' 
be very l a r g e  c l o s e  t o  t he  source,  e s p e c i a l l y  f o r  l i g h t  winds and a n e u t r a l  t o  

s t a b l e  atmosphere. 

Since depos i t ion  i s  c l e a r l y  important c l o s e  t o  the  source,  a l l  the  

emission f a c t o r  measurements have been cor rec ted  t o  zero d i s tance  u t i l i z i n g  

t h e  express ion given i n  (3.10). This r e l a t i o n s h i p  w i l l  a l s o  be u t i l i z e d  i n  

modeling the  impact of p a r t i c u l a t e s  from the  mining operat ions  upon the  

environment. 

I n  order t o  compute emission r a t e s  and source deplet ion values f o r  the  

EDS t e s t s ,  a Pasqu i l l  s t a b i l i t y  c l a s s  was required.  These vere  determined i n  

each case  by Turner 's  method u t i l i z i n g  wind speed, cloud cover and time of day 
I' 

(Turner. 1970). 

3- 5 GRAVITATIONAL SETnING I N  MODELING 1 ; 
Dispersion models t h a t  have provis ion f o r  depos i t ion  requi re  i npu t t i ng  

p a r t i c l e  s i z e  information.  The I n d u s t r i a l  Source Complex (ISC) Dispersion 

Model w i l l  accep t  p a r t i c l e  mass f r a c t i o n  da ta ,  i . e . ,  the  source emissions 

I 
broken down i n t o  f r a c t i o n s  of t he  t o t a l  mass t h a t  l i e  i n  var ious  diameter 

ranges.  In  a n t i c i p a t i o n  of modeling requirements, an average p a r t i c l e  s i z e  
I 

d i s t r i b u t i o n  and a mass d i s t r i b u t i o n  have been developed from the p a r t i c l e  

s i z e  data.  
I 
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FIGURE 3-5 SOURCE DEPLETION FACTOR AS A FUNCTION OF DISTANCE FROll TilE SOURCE AND ATMOSPHERIC 
STABILITY AT 5 m/sec WIND SPEED 



I n  order t o  correct ly  simulate emissions a t  the source, only pa r t i c l e  

s i z e  data acquired close t o  the source should be u t i l i zed .  The samples given 

i n  Table 3.1 tha t  are  judged sa t i s f ac to ry  f o r  t h i s  t ask  are: 30A. 3 U .  36A. 

38A. 32B. 33B. and 6OB. 

Because of the problems encountered with. the Hil l ipore  f i l t e r  analysis ,  

the individual  s i z e  d i s t r ibu t ions  a r e  very i r regular .  Therefore, the data' set 

was smoothed by averaging the s i z e  f rac t ions  i n  the various s i r e  ranges. The 

resu l t ing  d i s t r ibu t ion  was then summed i n  a  cumulative manner and the r e s u l t s  

u t i l i zed  t o  generate the d i s t r ibu t ion  shorn i n  Figure 3-6. 

As a cross check, a  deposition veloci ty  was calculated i n  the manner 

outl ined i n  Section 3 .3 .  The veloci ty  obtained is  0.37 m/sec and agrees very 

well with the deposition veloci ty  function derived i n  Section 3.3  and 

expressed i n  equation ( 3 . 9 ) .  
' 3  
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4.0 EMISSION FACTORS FOR COAL. AND OVEBBUBDEN K4UL ROADS 

4 . i  SAUL RW WSSION HEASUBEKENTS 

It i s  general ly  accepted tha t  coa l  and overburden haul roads a r e  the 

l a r g e s t  source of emissions from sur face  coa l  mines. Therefore, i t  is most 

c r i t i c a l  t h a t  an accurate  emission f a c t o r  be es tabl ished f o r  t h i s  source. The 

hor izonta l  f l u x  method provides a d i r e c t  measure of emissions tha t  does not 

require  the  use of dispers ion equations. The t e s t  set-up is  i l l u s t r a t e d  in 

Figure 4-1. Tvo towers a r e  set up on the dovnvind s i d e  of the haul road and 

one tower on the upwind side. Bi-vol arrays  a r e  suspended from the towers i n  

order  t o  provide a measure of the v e r t i c a l  p ro f i l e s  of par t icu la te  

concentrations upwind and downwind of the haul road. Wind measurements a r e  

made a t  the top and base of the  t a l l e s t  tover (Tower 8 3 )  to  e s t ab l i sh  a 

v e r t i c a l  vind p r o f i l e  necessary f o r  the horizontal  f l u x  computations. 

The t e s t  procedure c a l l s  f o r  one hour measurement periods wherein the 

average pa r t i cu l a t e  concentration a t  the various tover leve ls  are  measured 

along v i t h  the wind speed and wind d i rec t ion .  A corresponding record is  made 

of the number of haul truck passes, water truck passes, and the road surface 

condition prevai l ing during the t e s t .  

Assuming t h a t  the  pa r t i cu l a t e  plume is  contained within the v e r t i c a l  

extent  of the dounwind towers, the road emission can be computed as  follows: 

- A t  each tower, the  v e r t i c a l  space is  divided i n t o  layers centered on 

the hi-vol posi t ions .  Each hi-vol measurement is assumed to  

represent the average pa r t i cu l a t e  concentration i n  t h a t  par t icu la r  

layer.  

- The t o t a l  hor izonta l  f l u x  of pa r t i cu l a t e  matter through each layer  

is computed by multiplying the concentration f o r  the layer by the 

layer thickness and the vind speed a t  t h a t  l aye r ,  i .e.,  

where the un i t s  for  f i  a r e  g/m sec. 
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The t o t a l  f l u x  of p a r t i c u l a t e s .  F, in te rcep ted  by the tower i s  then 

obtained by summing the cont r ibu t ions  from each of the layers  

involved. 

- Having ca l cu l a t ed  the  t o t a l  f l uxes  through the two downwind towers, 

t he  haul  road emission r a t e s ,  a s  seen a t  Towers 2 and 3, a r e  

obtained by sub t r ac t ing  out  the background f l u x  through Tover 1. 

The background f l u x  f o r  Tower 3 is estimated by extending the upper 

S 
concentrat ion measured a t  Tower 1 t o  the  height of Tower 3. 

- Emission f a c t o r s  a r e  obtained by multiplying the  corrected f l w e s  by 
I 

t he  number of seconds f o r  t he  t e s t ,  the  number of meters i n  a mile,  

and d iv id ing  by the number of haul t ruck passages ( N ) ,  e.g., I 

The emissioo f a c t o r s ,  a s  defined above assume t h a t  the wind i s  

blowing along the tower l i n e  and perpendicular t o  the road. If t h i s  

b i s  not the  'case ,  then co r r ec t ions .  must be made to  both the emission I, 
i' \L 

f a c t o r  and the d i s tance  from the haul road t o  the measurement 
I /  

\ <L point.  These cor rec t ions  a r e  a s  follows: 

where 8 = angle  between wind d i r e c t i o n  and the tower l i n e ,  which 
i s  perpendicular t o  the  road; 

I 
%a ' perpendicular d i s tance  from road t o  measurement 

point  (m); 

x = a c t u a l  d i s t ance  from emission point t o  measurement , ,, 

point  (m); Y' 
Em a measured emission f a c t o r  (g/VMT); and 

Ea "apparent" emission f a c t o r  (g/VHT). 



Following the  c o r r e c t i o n s  made f o r  wind d i r e c t i o n ,  c o r r e c t i o n s  must then 

be made f o r  dry depos i t ion  and g r a v i t a t i o n a l  s e t t l i n g .  U t i l i z i n g  the  a c t u a l  

d i s t a n c e ,  x ,  and the  appropr i a t e  wind speed and s t a b i l i t y  c l a s s ,  t he  a c t u a l  o r  

zero  d i s t a n c e  emission f a c t o r s  a r e  der ived  u t i l i z i n g  the  procedures covered i n  

Sect ion 3.  Table 4.1 shows a l l  t h e  h a u l  road measurements obtained dur ing  the  

EDS Study complete with suppor t ing  da ta .  The column headed C& g ives  t h e  I 
measured o r  "apparent" emission f a c t o r  c o r r e c t e d  f o r  vfnd d i r e c t i o n .  The last vBg 
column, 

Qo, g ives  t h e  emission f a c t o r s  co r rec ted  back t o  t h e  source pYC 5 
u t i l i z i n g  t h e  source dep le t ion  f a c t o r s .  A t  the  end of each s e t  of t e s t s ,  the  "(4 

-?be * averages a r e  given along with t h e  s tandard  dev ia t ion  f o r  the  set. A l l  t e s t s  Rp" 

were run wi th  veh ic l e  speeds i n  the  range of 22 t o  24 mph. . 

Some of t h e  t e s t s  experienced i n t e r f e r e n c e  from a l a r g e  source loca ted  

upwind. In a few cases  t h i s  i n t e r f e r e n c e  w a s  50 l a r g e  t h a t  i t  was not 

poss ib le  t o  remove the  e f f e c t  with any degree of confidence. I n  these  cases  

an emission f a c t o r  was no t  computed a s  i n d i c a t e d  i n  the  Table 4.1. 

4.2 HAUL ROAD EMISSION CONTROL BY WATERING 

It i s  apparent  from observing haul  road emissions over a period of t ime,  

t h a t  road su r face  moisture i s  t h e  s i g n i f i c a n t  f a c t o r  t h a t  governs the  

emissions. I f  t h e  road s u r f a c e  is e q u a l l y  dry,  i t  w i l l  emit a s  many 

p a r t i c u l a t e s  i n  t h e  wtnter  as i n  t h e  summer. Furthermore, t he  source  of 

e x i s t i n g  s u r f a c e  mois ture ,  whether from p r e c i p i t a t i o n  o r  from water t rucks ,  

appears  t o  be immaterial.  

I n  order  t o  develop a r e l a t i o n s h i p  between the  hau l  road emission f a c t o r  

and water ing ,  some measure f o r  the  l e v e l  of c o n t r o l  was est imated.  The method 

used, while  no t  a r b i t r a r y ,  d id  r e q u i r e  some judgment on the  pa r t  of the  

observer .  From f i e l d  no tes  and personal  observat ions  i t  was judged t h a t  6 

water t ruck  passes on t h e  hau l  roads  per hour, o r  3 t o t a l  coverages of the  

road,  c o n s t i t u t e d  a near  maximum c o n t r o l  e f f o r t .  More watering than t h i s  

would make t h e  roads  muddy and poss ib ly  s l i p p e r y  as w e l l  a s  c rea t ing  a s a f e t y  

problem. Therefore, 3 t o t a l  we t t ings  of the  road per  hour w a s  assigned a 

c o n t r o l  f a c t o r  of 1.0 or  F u l l  P r a c t i c a l  Contro l ,  and of course,  no watering i s  
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I: A 
1 
C 
1 
I 

I i 
C 
I 
T 
L 
1 
t 
I 

TEST TYPE 

AND LOCATION 

COAL EAUL ROAD 

CORDER0 - SPRING 

? f X Y  FOR TESTS 
STASDARD DEVIATION 

Coil. HAUL ROAD 

MU3 FOR TESTS 

a.m. P.Om SUMMARY 

TABLE 4.1 HAUL ROAD MTSSION 'PACTOR DATA (Continued) 

4 

TEST 

NO. 

1 

2 

3 

4 

5 

6 

XEAX FOR ALL TESTS 
-. 

RECEPTOR 

LOCATION 

T-2 
T-3 

T- 2 
T-3 

T-2 
T-3 

T-2 
T-3 

T-2 
T-3 

T-2 
T- 3 

3 .1  ' 

1 

2 

3 

4 

5 

9.10 
1 .93 

2.51 
2.93 

11.14 
8.98 

9.82 
4.17 

7.86 
4.81 
6.3 

.27 

ULtXl 
DISTANC SPEED 

STABILI- 

TY 

B 
B 

B 
B 

B 
B 

C 
C 

D 
D 

D 
D 

11.5 
7.4 

(m) 

7 6 
1 6 1  

152 
317 

1 3  3 
276 

133 
276 

118 
246 

118 
246 

I I I I 

T-2 
T- 3 

T-2 
T-3 

T-2 
T- 3 

T-2 
T-3 

T-2 
T- 3 

4.4 

0.75 
0.58 

0.75 
0.57 

0.78 
0.62 

0.54 
0.37 

0.57 
0.40 
0.58 

p (mjsec) 

4.10 
4.10 

2.20 
2.20 

2.70 
2.70 

2.72 
2.70 

5.40 
5.40 

2.7 
2.7 

% 
CLASS(1bJVMT) 

11.00 
9.10 

1.65 
2.10 

2.33 
1.03 

4.43 
3.98 

4.13 
4.25 

5.25 
4.15 

6.9 

12.06 
3.31 

3.35 
5.11 

14.22 
14.39 

18.18 
11.21 

13.76 
12.02 
10.80 

5.10 

- 
24 

14 2 

23 
139 

23 
139 

25 
151  

23 
140 

0.30 14.6 

IEPLETION 

FACTOR 

0.48 
0.43 

0.21 
0.18 

0.29 
0.25 

0.26 
0.22 

0.49 
0 .43 

0.23 
0.18 

7.6 
7.6 

7.3 
7.3 

8.6 
8.6 

3.5 
3.5 

3.7 
3 .7  

D 
D 

D 
D 

D 
D 

B 
B 

B 
B 

Qo 
(lb/VPiT) 

22.64 
21.16 

7.78 
11.60 

8 .01  
4.06 

16.92 
18.34 

8.4 
9.88 

22.8 
23.1 

1 



0.0 Control. The haul road t e s t s  were then assigned a cont ro l  fac tor  re la ted  

t o  t he  recorded number of t o t a l  coverages of the road f o r  each t e s t .  I 
Some of the  t e s t s  had no watering but  a degree of na tu ra l  cont ro l  was 

present due t o  veather ,  e.g.. frozen sur face ,  damp surface,  ra in ,  e t c .  Some I 
judgments with regard t o  cont ro l  f ac to r  were made i n  these instances. The 

information u t i l i z e d  t o  generate the f i n a l  haul road emission expression i s  

shown i n  Table 4.2. The column labeled "Measured Emissions", i s  the average 

I 
of the measurements f o r  each tower pa i r  a f t e r  being corrected f o r  deposit ion 8 
depletion.  

Figure 4-2 shovs the plot ted data  with the l e a s t  squares f i t t e d  curve. 

The co r r e l a t i on  ' coef f ic ien t  l o r  the l i n e  is 0.67. The f i n a l  emission f ac to r  1, 
expression f o r  haul roads a t  zero dis tance is, 

E = 22.0 - 5.47N 
vhere E = emission f a c t o r  (lb/VMT); and 

N = number of road ve t t ings  per hour. 

The standard deviat ion o f  the data about the  l i n e  described by equation (4.5) 

i s  + 5.6 i b / W  compared with + 7.7 lb/\XT for  the  whole data  s e t  i r respec t ive  - - 
of cont ro l  e f f ec t s .  

4.3 OTHER HAUL ROAD EMISSION EFFECTS 

8 
In  order t o  i d e n t i f y  other possible e f f e c t s  on the haul road emissions, 

the watering o r  sur face  moisture cont ro l  e f f e c t s  should f i r s t  be removed. 

This can r ead i ly  be done u t i l i z i n g  the haul road emission equation. Ut i l i z ing  
I 

equation (4.5) the Zero Control Emission Factor E(0) f o r  each data  point given 

i n  Table 4.2 is 

where E i s  the measured emission f ac to r .  I 
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TABLE 4.2 

L SUMMARY OF HAUL ROAD TESTS AND MEASLTREMENTS 

ROAD 
CONDITIONS 

--- 
WATERING 

(COVERINGS PER HR.) 

1 

CONTROL FACTOR 
E S T W E  

DBERBgRDm HAUL ?(om - WTNTER 
MEASURED 
EMISSIONS 

1 

2 

3 

4 

5 

6 

7 i i ,  
10 

I 

Road Frozen 

Road Wet 

Road Wet 

Road Wet 

Road Wet 

Road D r y  

Road D r y  

Road Damp 

Road Damp 

Road D q  

Road Damp 

Road Damp 

Road Damp 

olEwmDEN UUL ROAD - SUMMER 

0 

0 

0 

0 

0 

0.5 

0.5 

0 

0 

0 

0 

0 

0 

0.5 

0.5 25.0 

, 0.5 

0.5 

2 

1.0 

1.0 

1.0 

0.5 

0.5 

0.016 

I 

4.2 

1.3 

2.0 

16.5 I 

7.8 I 

18.4 

Road D r y  

Road D r y  

Road D r y  

Road D r y  

Road Dry 

Road D r y  

Road D r y  

Road D r y  

Road D r y  

Road D r y  

4 

5 

0.016 

0.5 

2.0 

2.0 

3.0 

3.0 

2.5 

2.5 

2.0 

2.0 

2.0 

2.0 

-- - 
0.67 

0.67 

1.0 

1.0 

0.83 

0.83 

0.67 

0.67 

0.67 

0.67 

7.3 --- ' 
, 

9.6 - ! 
I 

6.7 - 
3.7 - 
5.3 

14.3 

10. 1 -- 
1.2 - 
2.8 -* 

Ti 



TABLE 4.2 (Continued) 

SInWARY OF HAUZ ROAD TESTS AND MEASUREMENTS 

TEST 

I 
! i i j Road Wet 0 i ! I 0.80 12.1 

I Road Wet i o 0.80 

I i 3.3 
Road Dry 3.0 1 1.0 

I 
3. 4 

I 
i 

Road Dry 3.0 1 1.0 ! 

Road Dry 

Road Dry 

Road Dry 

ROAD 

CONDITIONS 

1 5.1 - 
0 1 0 ! i 14.2 

0 ! 0 
I I 14.4 

2.0 I 0.67 i 18.2 ..-. 

ESTIMATE 

WATERING 

(COVERAGES PER KR.) EMISSIONS 

Road Dry I 2.0 0.67 i 11.2 

Road Dry 2.5 

I Road Dry 2.5 

CONTROL FACI'OR 

i C O a  HAUL ROAD - SPRING 

0.83 I i 13.8 

12.0 

1 

/ 2 
I .  

l 3  
i 
1 
1 4 
! 
! 
i 

I 5 

j 
I 

- - .- . ---- - 
MEASURED 

- 

I i 
0.80 ! 9.9 I 

i 
6 

I 0 0.50 i 22.8 j 

i Road Damp o I I 
0.50 I 23.1 

COAL HAUL ROAD - SUTlMER ; 

Road Dry 

Road Dry 

Road Dry 

Road Dry 

Road Dry 

Road Dry 

Road Dry 

Road Dry 

Lighr  Rain- 
Road Wet 

Light  Rain- I 0 

0'. 5 

0.5 

3.0 

3.0 

2.0 

2.0 

1.0 

1.0 

0 

0.016 

0.016 

1.0 

1.0 

0.67 

0.67 

0.33 

0.33 

0.80 

22.6 

21.2 

7.8 

11.6 

8.0 

16.9 I ! 
18.3 

8.4 

I ! ! 





This  new set of d a t a  was i n v e s t i g a t e d  f o r  e f f e c t s  of vind speed, s easona l  

v a r i a b i l i t y  ( o t h e t  than s u r f a c e  mois ture)  and poss ib l e  d i f f e r e n c e s  between t h e  

two types  of  hau l  roads. P l o t t i n g  t h e  i n d i v i d u a l  t e s t  r e s u l t s  a s  a  func t ion  

o f  v ind  speed showed t h a t  t h e  c o r r e l a t i o n  betveen emissions and wind speed i s  

ve ry  low. Apparently, t h e  a c t i o n  of  t h e  wheels and t h e  v e h i c l e  wake a r e  major 

I 
f a c t o r s  i n  gene ra t ing  dus t .  There i s  some evidence t h a t  vind speed has  a  

s l i g h t  a f f e c t  but  t h i s  is s o  near  t h e  n o i s e  l e v e l  of t h e  measurements t h a t  i t  

I 
i s  n o t  p o s s i b l e  t o  i d e n t i f y  the  r e l a t i o n s h i p  wi th  any degree of confidence. 

D i f f e rences  i n  emiss ions  between t h e  two types  of hau l  roads and v a r i a b i l i t y  
I 

e t h  season a r e  a l s o  below t h e  n o i s e  l e v e l  of t h e  t e s t s  and appear n o t  t o  be 

s i g n i f i c a n t .  
I 

4 . 4  SILT CONTENT OF THE iiAUL ROADS SURFACE 
I 

The emission f a c t o r  express ion  f o r  haul  roads approved by t h e  WDEQ 

c o n t a i n s  a  f a c t o r  f o r  t h e  s i l t  content  of t h e  road s u r f a c e  ma te r i a l .  

I 
Therefore ,  i n  o rde r  t o  compare the  EDS emission f a c t o r  measurements wi th  t h e  I 
s t a t e  approved va lues ,  t h e  s i l t  content  of  the  road su r faces  vas determined. 

L , I , / ~ ,  LC&$ -7: -TF--#, L- ? 
Fourteen samples of the  haul  road su r face  m a t e r i a l  were taken and 

I 
analyzed f o r  s i l t  con ten t .  A I00  mesh U T M  s i eve  was used t o  ana lyze  a l l  I -- 
samples. The' f i r s t  s ix were taken i n  the  summer and analyzed u t i l i z i n g  a  wet 

sc reen ing  process.  These samples v e r e  taken from road su r face  m a t e r i a l  

depos i t ed  a t  t h e  edge of t h e  road by t h e  road grader  and contained a  l a r g e  

number of c l a y - s i l t  agglomerates.  The ana lyses  showed s i l t  contents  t h a t  were 

much h igher  than  t h e  l e v e l s  g e n e r a l l y  accepted f o r  t h e  region. Apparently t h e  

s p i l l - o u t  from t h e  road grading process  c o n t a i n s  sub-surface ma te r i a l  t h a t  i s  

not  t r u l y  r e p r e s e n t a t i v e  of  the  road s u r f a c e  a c t u a l l y  involved i n  the  hau 

road emissions mechanism. 

E igh t  more samples were taken during the  Winter of 1979-80. These 

samples v e r e  ob ta ined  by sweeping the  s u r f a c e  m a t e r i a l  from a  s t r i p  a c r o s s  t h e  

road. Half of t h e  samples were ana lyzed 'by  t h e  wet screening method a s  before.  



1, and t h e  o t h e r  h a l f  were dry screened. The r e s u l t s  of t hese  l a t t e r  tests were 

much d i f f e r e n t  from t h e  i n i t i a l  ones and much c l o s e r  t o  accepted va lues  of 

s i l t  content .  The t e s t  r e s u l t s  on a l l  t h e  samples a r e  shown i n  Table 4 - 3 .  
- . . . . . . . . 

7 These d a t a  show t h a t  t h e  method of  sampling i s  more important than t h e  + 

screening  process . '  The dry screened samples appear  t o  g i v e  too  low a s i l t  

content .  The reason f o r  t h i s  i s  be l ieved  t o  be due t o  "caking" of t h e  

m a t e r i a l  whi le  being d r i e d  f o r  screening .  Drying w a s  necessary  because the  

samples contained a g r e a t  d e a l  of moisture.  I f  i t  i s  assumed t h a t  t h e  v e t  

screened samples from the  swept s u r f a c e  are t h e  c o r r e c t  ones t o  use ,  t h e  

average s i l t  content  is 11.2 percent .  On t h e  o t h e r  hand, i f  i t  is assumed 

t h a t  the  dry screened samples g ive  too low a r e s u l t  and the  v e t  screened 

samples a r e  too  l a r g e ,  t h e  o v e r a l l  average vill be most r ep resen ta t ive .  I n  

t h i s  case  t h e  average s i l t  content  i s  8.3 percent .  The a c t u a l  value probably 

l i e s  somewhere between 8.3  and 11.2 percent .  To t r y  and i d e n t i f y  s i l t  content  

nore  c l o s e l y  would n o t  be j u s t i f i e d  because t h e  s i l t  content  i s  l i k e l y  t o  vary 

t h i s  much from day t o  day wi th  road maintenance. 

TABLE 4.3 

HAUL ROAD SURFACE SILT CONTENT IN PERCENT 

I 
SAELIBG METHOD 

I XAIATERIAL FROM 

I SLWACE GRADING I 
I 

UTERIAL SWEPT 

FROH SURFACE 

WITH BROOM 

ANALYSIS METHOD 

WET SCREENING 

DRY SCREE3ING 

WET SCREENING 

COAL HAULROAD 

25.8 

24.3 

6 .0  

8 . 1  

9.9 

1 2 . 4  

OVERBURDEN 
HAULROAD 

36.8 

44.9 

3 7 ; 4  

39.3 

2.3 

4.9 

12 .4  

10.2 

- 





5.0 EMISSION FACTORS FOR COAL DUMP AND TRAIN LOAD-OUT FACILITY 

5.1 COAL DUMP AND TRAIN LOAD-OUT EMISSION hEASUREMENTS 

The c o a l  dump and t r a i n  load-out t e s t s  have been combined i n  t h i s  

s e c t i o n  because t h e  same emission measurement method ( t h e  SF6 t r a c e r  method) 

was u t i l i z e d  f o r  both. The t r a c e r  method was chosen f o r  the  dumping and 

load ing  o p e r a t i o n s  f o r  s e v e r a l  reasons. F i r s t ,  the  a r e a  around t h e  c o a l  dump 

and t r a i n  load-out f a c i l i t i e s  con ta ins  many bu i ld ings  and s t r u c t u r e s .  This  

complex t e r r a i n  would c e r t a i n l y  produce very nonuni fom flow and subsequently 

a nonGaussian plume. Secondly, t h e  c o a l  dump f a c i l i t i e s  a t  both mines a r e  

l o c a t e d  on t h e  top  of a  high embankment. The s lope  of t h i s  embankment makes 

i t  unc lea r  how one would t r e a t  t h e  source  e l e v a t i o n  i n  a  d i s p e r s i o n  equat ion.  

F i n a l l y ,  t h e  sources a r e  f i x e d  and l o c a l i z e d  enough t o  s imula t e  v i t h  a  poin t .  
CI 

\,oLc 2 - t r a c e r e u r e m e n t  method involves  s imula t ion  of the  p a r t i c u l a t e  

' - d u r c e  v i t h  a  t r a c e r  g a s  s2urce  having a  p r e c i s e l y  known emission r a t e .  

Su l fu rhexa f luo r ide  (SF ) was chosen f o r  t h e  t r a c e r  because of i t s  h igh  
6 

d e t e c t a b i l i t y  a t  very low concentrations and i ts  very low ambient background 

l e v e l s .  

A r a d i a l  a r r a y  of sampling s t a t i o n s  w a s  s e t  up a t  2 d i s t ances  downvind 

of '  t h e  source.  The a r r a y  w a s  made l a r g e  enough s o  t h a t  t h e  plume c e n t e r l i n e  

would be contained f o r  a  l a r g e  v a r i a t i o n  i n  wind d i r e c t i o n .  The t e s t  set-up 

is  shown in  Figure- 5-1. Hi-vol samplers ,  f o r  measuring p a r t i c u l a t e  

concen t ra t ions ,  and SF6 samplers  were c o l l o c a t e d  a t  each sampling s t a t i o n .  

Before each t e s t  was begun, t h e  SF6 source  was turned on and s t a b i l i z e d  a t  a  

f i x e d  flow-rate.  During t h e  t e s t ,  a i r  samples were c o l l e c t e d  i n  p l a s t i c  bags 

by a  b a t t e r y  powered sampler and corresponding hi-vol samples were obtained a t  

each s t a t i o n .  The a i r  samples were analyzed f o r  SF6 concent ra t ion  u t i l i z i n g  

a n  e l e c t r o n  cap tu re  gas chromatograph (GC). The SF6 source  emission r a t e  

w a s  determined by weighing t h e  SF6 c y l i n d e r  before and a f t e r  the  t e s t  and 

d i v i d i n g  t h e  weight l o s s  by t h e  on-cime. 
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- 

FIGURE 5-1 SAElPLING CONFIGURATION FOR THE 
TRACER SAMPLING ZETHOD 

The t r a c e r  t e s t  method i s  based upon t h e  premise t h a t  the  p a r t i c u l a t e  

plume and t h e  SF6 plume a r e  d i spe r sed  i n  t h e  same vay. This  would only be 

t r u e  e x a c t l y  f o r  p a r t i c l e s  on t h e  o r d e r  of 20 u m  and smal le r .  Bowever, i t  i s  

be l ieved  t h a t  t h e  assumption i s  reasonably good f o r  p a r t i c l e s  t h a t  a r e  i n  t h e  

range r ecove red 'by  a s tandard  hi-vol. Assuming t h a t  t h e  t r a c e r  gas  and t h e  

p a r t i c u l a t e  mat te r  d i s p e r s e  i n  t h e  same manner, i t  fo l lows that a t  any given 

po in t  i n  t h e  plume downwind of the  source . '  t h e  r a t i o  of t h e  concen t ra t ions  

measured a t  t h a t  po in t  should be t h e  same as t h e  r a t i o  of t h e  emission r a t e s ,  

i .e. ,  



3 vhere  x p  measured p a r t i c u l a t e  c o n c e n t r a t i o n  (g/m ); 
3 X = me as^-ed t r s c e r  c o n c e n t r a t i o n  (g/m ); 

t 
Qd - p a r t i c u l a t e  emission r a t e ;  and 

Qt - measured SF6 emission r a t e .  

With t h r e e  of t h e  parameters i n  (5.1) l c n o ~ .  t h e  p a r t i c u l a t e  emission r a c e  can 

be c a l c u l a t e d .  

5.2 TEE TEACER TEST RESULTS 

To demonstrate t h e  c h a r a c t e r i s t i c s  of t h e  d a t a  t h a t  vere  obta ined i n  t h e  

tracer tests,  t h e  concen t ra t ions  from tvo  t e s t s  a r e  shorn i n  Figure 5-2. 

Figure  5-2(A) shovs t h e  r e s u l t s  from Tra in  Load Test  No. 1 a t  Bel le  Ayr i n  t h e  

F a l l  of 1978. Lack of smoothness i n  t h e  cross-vind p a r t i c l e  concen t ra t ions  is 

t y p i c a l  of  t h e s e  t e s t s .  Eovever. t h e  g r o s s  f e a t u r e s  of the  measurements a r e  

i n  accord v i t h  d i s p e r s i o n  theory.  Figure  5-2(B) shovs a case  where t h e r e  i s  

obvious channeling of t h e  plume. I n  t h i s  i n s t a n c e ,  i t  is  bel ieved t h a t  t h e  

berm along t h e  edge of t h e  embankment a d j a c e n t  t o  t h e  Coal Dump a t  Cordero is 

r e s p o n s i b l e  f o r  t h e  narrow plume. 

The r e s u l t s  from a11 the t r a c e r  t e s t s  a r e  g iven i n  Tables 5.1 and 5.2. - - 
A l l  t e s t s  missing from Table 5.1 and Table 5.2 v e r e  dropped because of t h e  

f a i l u r e  t o  o b t a i n  an  adequete  sample volume f o r  r e l i a b l e  SF6 ana lys i s .  

There a r e  s e v e r a l  p laces  i n  t h e  t r a c e r  t e s t s  vhere e r r o r s  could be 

in t roduced.  F i r s t ,  t h e  t r a c e r  p o i n t  source  t e s t  may not exac t ly  s imulate  t h e  

dump zone, a n  a r e a  source .  This c o n d i t i o n  vould l e a d  t o  an  emission e s t i m a t e  

t h a t  is t o o  low. Secondly ,  l a r g e  p a r t i c l e s  t h a t  a r e  p resen t  i n  t h e  plume may 

not a l l  be sampled by t h e  hi-vols. Again the  d a t a  vould lead t o  a low 

emiss ion es t ima te .  F i n a l l y ,  the re  i s  t h e  p o s s i b i l i t y  of contamination of t h e  

hi-vol a r r a y  by nearby spur ious  sources  o t h e r  than t h e  t a r g e t  source.  I n  t h i s  

l a t t e r  case ,  t h e  r e s u l t i n g  e r r o r  vould be on the  h igh s i d e  and tend t o  c a n c e l  

t h e  e f f e c t s  of t h e  f i r s t  tvo. While t h e  e x t e n t  t o  vhich each of these  sources  

of e r r o r  c o n t r i b u t e d  t o  t h e  measurements is unknown, i t  i s  h e l p f u l  t o  

unders tand t h a t  the  e r r o r s  a r e  no t  a d d i t i v e .  
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TABLE 5.1 - COAL DUMPING EnISSION FACTOR DATA I . , 
TEST TYPE 

AND LOWION 

COAL DUMPING 
CORDERO - FALL 

(Baghouse Yot Work 
inn) 

DOWNW1m 
DISTANCE 

(m) 

6 1  
61  

122 

STAN FOR TESTS 
SZXNDA.. DEVIATION 

COAL D I P P I N G  
CORDER0 - SUMMER 

(Baghouse Dperat ion- 
a l l  

- 

FELV FOR TESTS 
ST-LnARC DEVIATION 

TEST 

0 

3 

RECEPTOR 

LOCATION 

60-200 
90-200 

110-400 
.- 

.%% 
(m/sec) . 

2.7 
2.7 
2.7 

..--. 

-- - - .-.. 

STABII.1- 

TY 

B 
B 
B 

.006 

9( 
CLASS.ilb/toa) 

.0073 
,0030 
.0067 

.38 

1 

2 

, 3  

4 

5 

6 

.016 
.- ---.--.-- 

0.41 
0.41 
0.41 
0.33 
0.33 
0.33 

0.35 
0.35 
0.35 
0.28 
0.28 
0.28 

0.41 
0 .41  
0.41 
0 .41  
0.35 

0.41 
0.41 
0.41 
0.35 
0.35 
0.35 

0.28 
0.28 
0.28 
0.28 
0.28 
0.23 
0.23 
0.23 
0.23 

0.12 
0.12 
0.12 
0.12 
0.26 

I 

+ 

,.o!29. .- - 
.0085 
.0195 
.0110 
.0015 
.0045 
.0036 

.0066 

.0160 

.0080 

.0039 

.0320 

.0092 

.066 

.046 

.076 

.032 

.018 

. l o5  

. I 4 1  

.024 

.013 

.012 

.035 

.020 

.058 

.063 

.027 

.093 
.050 
.014 
.012 
.018 

.051 

.129 

.028 

.039 
.043 
.047 

IEPLETIO~ 

FACTOR 

0.43 
0.43 
0.29 

. .. 

I -. .- 

- 45 - 

- 
2-200 
3-200 
4-200 
1-500 
2-500 
4-500 

3-200 
4-200 
5-200 
1-500 . 

2-500 
3-500 

1-200 
2-200 
4-200 
5-200 
5-400 

2-200 
3-200 
5-200 
3-400 
4-400 
5-400 

2-200 
3-200 
4-200 
5-200 
6-200 
2-400 
3-400 
4-400 
5-400 

2-200 
3-200 
5-200 
6-200 

Qo 
( l b / t c c )  

.017 

.007 

.024 

.-- -..--- 

.0035 
C .0080 
C .0046 

152 3.4 c -0005 
152 C .0015 
152 3.4 C .0012 

2.7 B .0023 
6 1  2.7 B .0056 
6 1  2.7 . B .0028 

152 2.7 B .0011 
152 2.7 B .0090 
152 2.7 B .0026 

61  3 .1  B .027 
61  3 . 1  B .019 
6 1  
6 1  

122 

6 1 
6 1 
61  

122 
122 
122 

61  
61  

B 
B 
B 

B 
B 
B 
B 
B 
B 

B 
B 

3 . 1  
3 .1  
3 . 1  

3.1 
3 .1  
3 . 1  
3 . 1  
3.1 
3 . 1  

2.2 

.031 

.013 

.0063 

.043 

.058 

.0099 

.0047 

.0042 

.0120 

.0056 

.0162 

.0175 

.0075 
-026 
.0116 
.0032 
.0027 
.0042 

.0061 

.0155 
,0034 
.0047 

.011 

61  
61  
6 1  

122 
i 2 2  
122 
122 

6 1 
61  
6 1 
6 1  

2.2 

ii 1 2.2 B 
B 

2.2 B 

1 .3  B 
1 . 3  B 
1 . 3  B 
1 . 3  - B -.- 



BELLE AYR - WINTER 

B E L E  AYR - WINTER 
CORDER0 - FALL 

CORDERO - SUPMER 



TABLE 5 .2  - TRAIN LOADOUT EMISSION FACTOR DATA . . I 

TRAIN LOADOUT 
CORDER0 - FALL 

TRbLN LOADOUT 
B E U E  AYR - FALL 

=IN LOAD SUMMUY 

? T E Y  FOR TEST I w .009 . 3 1  .027 
STXXDARD DEV-LiTIGN 1 .014 

I 4 





6.0 EHISSION FACTORS FOR OVERBURDEN REPLACEMENT AND TOPSOIL RenovAr. 

6.1 OVERBURDEN REPLACEMENT AND TOPSOIL REMOVAL EMISSION MEASUREMENTS 

Since  t h e  overburden replacement t e s t s  and the t o p s o i l  removal t e s t s  

u t i l i z e  t h e  same upwind-downwind method of measurement, t h e  t e s t  r e s u l t s  a r e  

combined i n  t h i s  s ec t ion .  Figure 6-1 shows t h e  b a s i c  t e s t  arrangement. Two 

rovs of  bi-vols  a r e  placed downwind of  t h e  source  and one sample s i t e  is 

loca ted  o u t s i d e  of  t h e  in f luence  of t h e  source  t o  measure background. 

LEGEND 

S o u  X HI-VOL SAMPLERS 
1 0 DUSTFALL COLLECTOR 

1w MIUPORE FILTER 

FIGURE 6-1 SAMPLING CONFIGURATION FOR UPWIND- 
DOWNWIND SAMPILNG METHOD 

The t e s t s  were run f o r  approximately one hour,  w i th  p a r t i c u l a t e  concen t ra t ions  

being measured a t  each of  the  s t a t i o n s .  



Emission factors were computed utilizing a dispersion equation for a 

finite line source. This equation is, 

i [- + CyJ + exp [- + (*I2] 
7. 

' I i i  
'1 .i y2 1 <: erf ( - \ I  - erf , 

. :, y) i 
2 where Q = emission rate (g/m sec); 

3 X - particulate concentration at (x, y, z)(g/m ); 

H - height of source (m); 
z = dispersion coefficients (computed by method of Smith. 1973); 

by ,  a Z  = dispersion coefficients (computed by method of Smith, 1973); 

yl, y2 - cross-wind end points of finite line; 
- 
u - wind speed (m/sec); and 

S - angle between line source and wind direction. 
The analysis procedure was begun by first diagramming the test as in 

Figure 6-1 and establishing the wind direction relative to the test array. 

Coordinates of the various sampling points were then determined and the 

dispersion equation was solved for the "apparent" emission rate, Qx, for 

each sampling point. 

Before the concentration measurements were entered into the computation, 

background vas removed by subtracting the concentration measured at the upwind 

station. 



6.2 UPWIND-DOWNWIND TEST RESULTS 

The emission f a c t o r s  obtained from the  overburden replacement t e s t s  a r e  

given i n  Table 6.1 and the  t o p s o i l  removal t e s t  r e s u l t s  a r e  shovn i n  

Table 6.2. Differences i n  the  computed emissions betveen receptor  points  a r e  

bel ieved t o  be due t o  depar tures  from the assumptions made i n  the ana lys i s  

method ( e .  nonuniform o r  nonGaussian plume), e r r o r s  i n  e s t ab l i sh ing  the  

d i spe r s ion  c o e f f i c i e n t s ,  and depar tures  of the r e a l  source from a t rue  f i n i t e  

l i n e  source. Such problems a r e  inherent  due t o  the measurement and a n a l y t i c a l  

methods. The v a r i a b i l i t y  betveen t e s t s  a r e  due p a r t l y  t o  e r r o r s  i n  the 

measurements a s  discussed above and due p a r t l y  t o  r e a l  v a r i a b i l i t y  i n  t h e  

source. 

Emissions from shovel loading,  overburden dumping, and scraper  

opera t ions  should be dependent upon a number of va r i ab le s ,  such a s ,  wind 

speed, wind d i r e c t i o n  r e l a t i v e  t o  the  operat ion,  and moisture content of 

ma te r i a l  being handled. The only one of these va r i ab le s  addressed during the 

EDS Study was wind speed. There does appear t o  be  ind ica t ions  i n  the 

overburden replacement measurements t h a t  the wind speed is a f ac to r .  However, 

i n s u f f i c i e n t  da ta  were a v a i l a b l e  t o  quant i fy  the  dependence of emissions on 

wind speed. 



TABLE 6.1 - OVERBURDEN REPLACEMENT EMISSION FACTOR DATA 
TEST TYPE TEST RECEPTOR DOWNWIND WIND STABILI- Q~ ~EPLETION po 

DISTANCE SPEED , 
AND LOCATION NO- LOCATION fm) (mlsec) T'f CLASS (lblton) FACTOR (lb/ton) 

OVERBURDEN 1 2-1 52 1.7 B 5.39xl0-~ .19 .00028 
REPLACMENT 

2-2 7 6 1.7 B 7 .41xlo4 .16 .0045 

CORDER0 - WINTER 2-3 104 1.7 B 7 . 2 3 ~ 1 0 ~  .15 .0050 

3-3 12 8 1.7 B 3 . 8 2 ~ 1 0 ~  .13 .0028 

4-2 120 1.9 B 5.80x10-~ .14 .0042 

2 200-1 52 7.9 D 9 .48x104 .68 .0014 

200-2 67 7.9 D 4.74x10P3 .66 .0072 

200-3 8 2 7.9 D 1.91xl0-~ .64 .029 

400-1 104 7.9 D 5.80x10-~ .62 .0009 

400-2 120 7.9 D 2.95~10-~ .61 .0005 

400-3 136 7+9 D 1.36x10-~ .60 .0023 

400-4 152 7.9 , D 6.89x10-~ .59 .0117 

XZAX FOR TEST .003 .50 .0060 

STmDkSD DEVIATION .008 

OVERBURDEN 1 1 70 8.9 D .016 .69 .023 
REPLACWNT 2 75 8.9 D .010 .68 .015 

4 84 8.9 D .011 .67 .017 
CORDER0 - SUMMER 5 88 8.9 D .006 .67 .DO89 

7 122 8.9 D .0086 .60 .013 

2 1 70 6.7 D .0098 -61 .016 
2 75 6.7 D .018 .60 .029 
3 84 6.7 D .014 .60 .024 
4 91 6.7 D .011 .59 .019 
5 8 8 6.7 D -0081 .58 .014 
6 91 6.7 D .0037 .58 .0064 
7 122 6.7 D .0048 .56 .0087 

MEAN FOR TEST .01 .63 .016 
STAXDARD DEVIATION ,007 

OERBURDC3 1 1 87 7.6 C .DO75 .65 ,012 
REPLA- 2 91 7.6 C .025 .64 ,038 

3 98 7.6 C .010 .64 ,016 
BELLE AYR - SPRING 4 101 7.6 C .0026 .64 ,004 

2 1 99 8.5 D .017 .65 .027 
2 96 8.5 D .0063 .65 .0097 
3 91 8.5 D .0074 .65 .011 
4 8 8 8.5 D .0012 .66 . 00 19 

FOR TEST .0096 .64 .015 
STANDARD DEVIATION .012 

I I I I L 



TABLE 6.1 - OVERBURDEN REPLACEMENT MSSION FACPOR DATA (Continued) 
I 

TABLE 6.2 - TOPSOIL REMOVAL EMISSION FACTOR DATA I 

v 
TEST ??PE 

AND LOCATION 

OVERBURDEN 
BEPLACCWT 

BELLE AYR - SUMMER 

KZAN FOR TEST 
.STA-WARD DEVIATION 

OVERSWEN 
R E P L A c m  
SumARY 

FOR TEST 
STL\PARD DEVIATION 

TEST 

NO. 

1 

TEST TYPE 

Ah?) LOCATION 

MPSOIL REMOVAL 

BELLE AYR - SUMMER 

TOPSOIL RMOVAL 
SEmARY 

.XU\; FOR TEST 
. STAh?)ARD DEVIATION 

RECEPTOR 

LOCATION 

1 
4 
5 
6 
7 

TEST 

2 

3 

I I I I 

DOWNW1q WIND DISTANC S P E 3  

.025 

RECEPTOR 

STABZI- 

TY CLASS 

C 
C 
C 
C 
C 

.008 

.012 

.0095 

.0023 

.006 

(m) 

64 
1 0 5  
1 0 8  
110 
116  

STABILI- 

n C L A S s ( l b / t o n )  

D 
D 
D 
D 
D 

D 
D 
D 
D 

1 
2 
3 
5 
6 

1 
2 
3 
6 

.23 

.50 

(=/see) 

2.2 
2.2 
2.2 
2.2 
2.2 

.42 

9( 

.065 

.022 

.0067 

.018 

.027 

.037 

.012 
,012 
.021 

I 
.04 

92 
92 
9 2 

177 
177 

92 
92 
92 

177 

Q@ 
( I b l t o n )  1 

.020 

.0023 

.0016 

.010 

.0178 

Qx 
( l b l t o n )  

.005 

.00049 

.00033 

.0022 

.0037 

4.5 
4.5 
4.5 
4.5 
4.5 

4 .5  
4.5 
4.5 
4.5 

 LETI ION 
FACTOR 

.26 

.21  

.21 

.21 

. 2 1  

3EPLETION 

FACTOR 

.44 

.44 

.44 

.38 

.38 

.44 
.44 
.44 
.38 

Qo 
( 'b/ ton) I 

.050 

.015 

.084 

.027 

.027 

.055 





7.0 EMISSION FACTORS FOR KIND EROSION 

7.1 . WIND EROSION ENISSION HEASUBEMEMS 

A s e r t e s  of 18 t e s t s  vas run on areas  of disturbed land a t  both the  

Belle Ayr and Cordero mines. Three kinds of exposed areas  vere tested:  

reclaimed or  seeded land, str ipped overburden, and graded overburden. The 

bas ic  method of measurement involved s e t t i n g  up tvo l i n e s  of hi-vol receptors 

across  the  mean vind and with a s  l a rge  a separation distance a s  possible. The 

t e s t  set-up is shown i n  Figure 7-1. The t e s t s  vere run f o r  a duration of 1 t o  

2 hours. 

wind 

parhculate source 

FIGURE 7-1 SAMPLER CONFIGURATION FOR WIND EROSION TESTS 



I 
I 
I .  
I1 
I 
I and 

Analysis of the t e s t  data i s  based upon simulating the area betveen the 

receptor l i ne s  with a s e t  of i n f i n i t e  l i n e  sources. The difference i n  mean 

concentrations between the upwind and downwind l i n e s  i s  a t t r ibu ted  t o  the 
~. 

source betveen the l ines .  The concentrations difference can be v r i t t e n  as: 

I, h e r e  u - mean wind speed; 

xmii 
Q - mlAx 

i z 2 0 z 

I Q - area source strength; 

X = difference i n  concentration between upwind and downwind l i nes ;  

I 
z - -receptor height; 

- v e r t i c a l  dispersion coeff ic ient ;  
2 

Ax - width of s t r i p  simulated by l i n e  source; and 

I - 
n = number of l i n e  sources. 

1 7.2 UIND EROSION TEST RESULTS 

Results of the 18 t e s t s  a r e  given i n  Table 7.1. The va r i ab i l i t y  i n  the 

measurements and the absence of good cor re la t ion  with wind speed are  symptoms 

I 
of the lack of s e n s i t i v i t y  of the  t e s t  method. The small differences between 

upwind and downwind concentrations produced by wind erosion emissions were 

generally of the same order of magnitude a s  the v a r i a b i l i t y  inherent i n  hi-vol 

I measurements. A s  a r e s u l t ,  measurement accuracy i s  low. The probable e r ror  

l i n i t s  for  each t e s t  a r e  included i n  Table 7.1. Probable e r ror  i s  defined as  / .  

I the e r ro r  limits tha t  correspond t o  the"50 percent~confidence levels .  u 



TABLE 7 -1 

WIND 

TEST 

BELLE AYR - SPRING 

STRIPPED OVERBURDEN 

ECLAMED LAND 

CORDER0 - SPRING 

GRADED OVERBURDEN 

RECLAIMED LAND 

BELLE AYR - SUNMER 

STRIPPED OVERBURDEN 

RECLAIMED LAM) 

CORDER0 - SUMMER 

GRADED OVERBURDEN 

RECLAIMED LAND 

AVEXAGE 

EROSION 

TEST 

NO. 

1 

2 

1 

2 

1 

2 

1 

2 

1 

2 

I 

2 

1 

2 

3 

4 

1 

2 

STANDARD ~E~IATION 

- 55 - 
0 . 7 3  

TEST RESULTS 

WIND SPEED 

(mlsec) 

3.4 

4.0 

5.6 

4.5 

4.5 

4.5 

4.5 

4.5 

5.6 

5.6 

7.8 

7.8 

2.8 

2.7 

6.7 

6.7 

2.7 

2.4 

EMISSION 

(tonlacre yr) 

0.27 

2.10 

0.62 

0 

0 

0 

0 

0.36 

0.50 

0 

0.24 

2.50 

0 

0.25 

0 

0 

0 

0 

0 .38  

PROBABLE ERROR 

(tonlacre yr) 

+ 0.29 - 

+ 5.46 - 

+ 0.42 - 
- 
- 

- 

- 

+ 0.15 

+ 0.92 - 

- 

+ 1.82 - 

+ 1.14 

- 

+ 0.36 - 

- 

- 

- 

- 



I Tne method used to estimate the probable errors, listed in Table 7.1, is 

I 
described below. First, the standard deviation of the concentration 

measurements were computed for each test. Then, the fractional error at the 

50 percent confidence level was computed utilizing the method to be discussed 

I in Section 9, i.e., 

3 where X = mean concencration (glm ); 

n = number of hi-vol measurements; 
3 s - standard deviation of concentration measurements (g/m ); and 

t(.75) - Students' t distribution, 75 percentile value. 
The fraction error obtained in this way is doubled (to account for errors in 

both upwind and downwind measurements) and multiplied on the average 

concentration to get a concentration difference error. The concentration is 

then converted to tons/acre/yr utilizing equation (7.2). In most cases the 

probable error approaches or exceeds the emission rate estimate itself. 

While individual tests have a lov confidence level, the overall mean for 

tks test set should be an indicator of the magnitude of wind erosion 

emissions. The mean value is 0.38 tons/acre/yr with a standard deviation of 

0.73 tons/acre/yr. The average wind speed for the data set is 4.7 m/sec. 

The expression used by'the WDEQ for estimating wind erosion is: 

where E - emission rate (tonslacrelyr); 
K ground surface roughness factor, varies from 0.5 to 1.0, 

1.0 is normally used (unitless); 



L1= unshe l t e red  f i e l d  width f a c t o r  - 1.0 f o r  2000 f t  
o r  g r e a t e r  ( u n i t l e s s ) ;  

V'- v e g e t a t i v e  cover f a c t o r  - 1.0 ( u n i t l e s s ) ;  

I - s o i l  e r o d i b i l i t y  - c l a y  loam ( tons /acre /yr ) ;  

A por t ion  of l o s s e s  which become suspended - 0.025 f o r  c l a y  loam; and 

C = c l i m a t i c  f a c t o r .  

U t i l i z i n g  equat ion  (7.4). t h e  emission r a t e  obtained f o r  4.7 m/sec v ind  speed 

is 1.67 tons /acre /yr .  Thus, t he  v ind  eros ion  measurements suggest  t h a t  the  

a c t u a l  v ind  e ros ion  emissions a r e  tvo  t o  t h r e e  times smaller  than t h a t  

obta ined  u t i l i z i n g  the  emission f a c t o r  c u r r e n t l y  i n  use by t h e  WDEQ. 

During the  f i e l d  test period i t  was observed t h a t  a  t h i n  c r u s t  vould 

form on a l l  s o i l  a f t e r  t h e  f i r s t  r a i n .  This vas most l i k e l y  due t o  the  high 

c l a y  content  of the  s o i l .  The c r u s t  appears t o  be very e f f e c t i v e  i n  

s t a b i l i z i n g  t h e  s u r f a c e  a g a i n s t  wind eros ion  except under very  high vind 

condi t ions .  





8.0 EMSSION FACTORS FOR WHOLE MINE 

8.1 WEOLE MNE WSSION MEASUREMENTS 

A s  p a r t  o f  t h e  o v e r a l l  EDS Study. h i -vol  a r r a y s  ve re  s e t  up around t h e  

pe r iphe ry  of each mine v i t h  the  o b j e c t i v e  of  o b t a i n i n g  measurements of t h e  

vho le  mine emission rates. The t e s t s  v e r e  run  f o r  2 s ix hour periods each 

day, f o r  6 days a t  each  mine, and f o r  each  of t h e  fou r  seasons. The b a s i c  

set-up f o r  t h e  hi-vol  a r r a y s  took t h e  form of 5 r a d i a l s  spaced from nor thves t  

through s o u t h  v i t h  a n  upvind sampler l o c a t e d  southwest of the  p i t  a rea .  The 

r a d i a l s  c o n s i s t e d  of  an inne r  sampler l o c a t e d  approximately 300 m from t h e  p i t  

and a n  o u t e r  s i t e  l o c a t e d  about  500 m t o  600 m from t h e  p i t .  The p e r i p h e r a l  

sampling a r r a y s  f o r  each mine a r e  shown i n  Figure 8-1. The sampling a r r a y  v a s  

s e t  up t o  c o n t a i n  a l l  t h e  mining a c t i v i t y  v i t h i n  t h e  a r r ay .  

A modeling approach is  necessary t o  ana lyze  t h e  measurements c o l l e c t e d  

by t h e  p e r i p h e r a l  hi-vol netvork,  s i n c e  t h e  mining ope ra t ion  a s  a whole i s  too 

complex t o  make use of a simple d i s p e r s i o n  equat ion  f o r  computing t h e  source  

emissions.  The p e r i p h e r a l  t e s t s  were only  s i x  hours  long,  consequently,  a 

short- term model i s  requi red .  The P o i n t ,  Area, and Line Source (PAL) 

d i s p e r s i o n  model was chosen f o r  t h e  t a s k  because it is designed t o  handle t h e  

k ind  of sou rces  involved and because it  is accepted by t h e  WDEQ. 

The PAL model i s  n o t  designed t o  work backvard from a concen t ra t ion  

measurement t o  an emiss ion  r a t e .  Therefore ,  a method had t o  be developed t o  

make t h i s  s t e p .  

The method used vas  t o  run t h e  model v i t h  chosen va lues  f o r  emission 

r a t e s  and then compute t h e  a c t u a l  emiss ion  r a t e s  from the  input-output  

r a t i o s .  J u s t i f i c a t i o n  f o r  t h i s  approach i s  based upon cons ide ra t ion  of t h e  

d i s p e r s i o n  process.  The r a t i o  of X / Q  is cons tan t  f o r  given source  t o  r ecep to r  

s p a c i n g , a n d  g iven  atmospheric  cond i t ions .  Therefore,  i f  QI and X o  a r e  t h e  
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model i n p u t  emission r a t e  and t h e  output  concen t ra t ion  r e s p e c t i v e l y ,  then  t h e  

a c t u a l  emission r a t e .  Qx, can be computed from t h e  r e l a t i o n s h i p  

where Xpl = measured concen t ra t ion  a t  t h e  r e c e p t o r  being considered,  
c o r r e c t e d  t o  remove background concent ra t ions .  

Each of t h e  two mines (Be l l e  Ay-r and Cordero) is represented  by 

s i m p l i f i e d  models c o n s i s t i n g  of an a r e a  source  ( t h e  p i t ) ,  s e v e r a l  l i n e  sources  

( h a u l  roads ) .  and two po in t  sources  ( t h e  c o a l  dump and t r a i n  load-out 

f a c i l i t i e s ) .  Diagrams of t h e  two mine models a r e  shown i n  F igure  8-1. 

The PAL model was run  f o r  each of t h e  6 hour t e s t s  conducted a t  each 

mine. Then, apply ing  equat ion  ( 8 . 1  a n  "apparent"  mine emission r a t e  
Qx 

was der ived  f o r  each r e c e p t o r  l o c a t i o n  and each t e s t  period.  General ly,  4 t o  

5 v a l u e s  f o r  \ a r e  obta ined  f o r  a g iven  t e s t .  These va lues  a r e  averaged t o  

g i v e  a s i n g l e  "apparent" mine emission r a t e  r e p r e s e n t i n g  t h e  t e s t  period. The 

term "apparent"  emission r a t e  i s  used here  because the  est imace of  Qx 

ab ta ined  i s  t h e  e m i s s i o a . a s  seen a t  the  r e c e p t o r  and is somewhat smal le r  than 

t h e  a c t u a l  emission a t  t h e  source  because of depos i t ion .  Deposition w i l l  be 

t r e a t e d  l a t e r  (Sec t ion  8.2). 

A sample of  t h e  PAL model i npu t  and output  f o r  a s i n g l e  t e s t  i s  g iven  i n  

F igure  8-2. The t e s t  shown i s  f o r  t h e  Cordero M n e ,  Spring--Sequence 11. A 

sample computation f o r  t h e  t e s t  shown is  g iven  i n  Table 8.1. 

8.2 CORRECTION FOR DEPOSITION 

While t h e  PAL model does not  have p rov i s ion  f o r  depos i t ion ,  t h e  r e s u l t s  

obta ined  through t h e  modeling t a s k  can be ad jus t ed  f o r  depos i t ion .  Since t h e  
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TASLE 8 . 1  

SAMPLE COMPUTATION OF THE APPARENT MINE EMISSION RATE 

RECEPTOR 

1 

2  

3 

4 

5  

6  

7  

8  

9 

1 0  

AVEXAGE Qx = . 12.5  g l s e c  

xw 
g/m3 

- 
- 

1 .21  

2.04 x 

2.39 

8 .24  x 

1 . 4 3  x 

3.34 

1.10 

- 

Qs 
g / s e c  

- 
- 

1.26 

7 .83 

17.52 

11 .50  

13.37 

12.09 

23.69 
- 

x 0 

g/m3 g / sec  I 
- 
- 

7.94 

2.15 x 

1 . 1 3  x 

5 . 9 1  x 

8.82 x 

2.28 x 

3 .83  x 

- 

- 
- 

8.25 

8 . 2 5  

8.25 

8 .25  

8.25 

8.25 

8.25 
- 



1 source deple t ion  f a c t o r ,  D, i s  independent of the  source s t r eng th ,  it is 

co r rec t  t o  de f ine  D i n  terms of e i t h e r  the  modeled o r  t h e  a c t u a l  sources,  i . e . ,  

where QIx - .XqAidi + r 4  ' + =qpkdk 
i j L j j  k 

- and QI - yu + ;qLj + i qpk  

qA - model inpu t ,  u n i t  a r ea  emission r a t e ;  

qL - model i n p u t ,  u n i t  l i n e  emission r ace ;  

qp - model inpu t ,  point source emission r a t e ;  

D - o v e r a l l  deple t ion  f a c t o r ;  and 

I .  d i ,  d j ,  dk= deple t ion  f a c t o r s  f o r  each elemental  a r ea ,  
l i n e ,  a i d  point  source r e l a t i v e  t o  a given receptor .  

I The elemental deple t ion  f a c t o r s  (di,  d . ,  dk) can be computed u t i l i z i n g  
3 

the  method shown i n  the  source dep le t ion  de r iva t ion  found i n  t h e  appendices. 

I Hence QI* and Q can be evaluated and then D f o r  each receptor .  Having I 
obtained t h e  e f f e c t i v e  dep le t ion  f a c t o r ,  the a c t u a l ,  o r  zero d i s t ance  emission 

I' r a t e  Qo, can then be evaluated u t i l i z i n g  (8.2). 

To continue the  example c a l c u l a t i o n s  from Section 8.1, the  dep le t ion  

I f a c t o r s  f o r  t h e  t e s t  a r e  given i n  Table 8.2 along v i t h  t h e  r e s u l t i n g  estimated 

emission r a t e s  a t  the  source. 

TABLE 8.2 
SAHPLE COMPUTATION OF ACTUAL MNE EMISSION W E  

RECEPTOR D Qx(g/sec)  Qo(g/sec)  

3 .590 1.26 2.1 
4 .586 7.83 13.4 
5 .588 17.52 29.8 
6 .574 11.50 20.0 
7 .577 13.37 23.2 
8 .568 12.09 21.3 
9 .574 23.69 41.3 

AVEBAGE EMISSION BATE 21.6 
; 



The r e s u l t s  of a l l  t h e  pe r iphe ra l  measurements a r e  given i n  Tables 8.3 

and 8.4. T e s t s  run  d&ng periods when t h e  mines were not  vorklng a r e  not  

shovn. Also, t e s t s  vhere t h e  mean speed w a s  very low a r e  omitted because the  

I 
d i spe r s ion  model i s  n o t  app l i cab le  under these  condit ions.  I 
8.3 ATMOSPHERIC DISPERSION HODEL BESULTS 

. I 
Average production r a t e s  f o r  each mine and f o r  each season vere  computed 

from d a t a  suppl ied  by the  r e spec t ive  mines f o r  the  s p e c i f i c  periods of the  

t e s t .  Since t r a i n  loading was very sporadic.  the  production r a t e  was l inked  

I 
t o  the  c o a l  dumping operat ion.  An emission f a c t o r  was estimated f o r  each 

season. The emission f a c t o r  is def ined  a s  the  t o t a l  emission r a t e  from a l l  

I 
mining ope ra t ions  d iv ided  by the average c o a l  dumping r a t e  (CD), e.g., I 

where E = whole mine emission f a c t o r  ( l b s l t o n  of coa l  produced); T 
Qo - sum of ind iv idua l  source emission r a t e s  (g /sec) ;  

CD = c o a l  dump r a t e  ( t o n s l h r ) ;  

3600 sec /h r ;  and - 
453 g/ lb.  

The f i n a l  r e s u l t s  of the  mine f a c t o r  measurements a r e  given i n  Table 8.5. 

These o v e r a l l  e i s i o n  f a c t o r s  vere  n o t  completed f o r  each ind iv idua l  s ix hour 1 
test period,  but  only f o r  each season. The reason f o r  t h i s  is t h a t  production 

r a t e s  based on c o a l  dumping on a day- today b a s i s  is highly va r i ab le  due t o  

t r a i n  scheduling. To ta l  mine emissions,  on t h e  o ther  hand, a re  r e l a t i v e l y  
I 

s t a b l e  from day-to-day because c o a l  t t ucks  a r e  normally d iver ted  t o  overburden 

haul ing vhen the  s i l o s  a r e  f u l l .  Since coa l  production averaged over the  s i x  I 
day t e s t s  were f a i r l y  cons tan t ,  t h e  emission f a c t o r s  vere  computed f o r  these  

periods. Note t h a t  t h e  average emission f a c t o r s  f o r  the  two mines a r e  very 

nea r ly  t h e  same. This  r e s u l t  is expected s ince  the  two mines a r e  i n  the  same 

I 
a r e a  and use the  same kind of equipment and mining methods. I 
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TABLE 8.3 (Continued) 

t 

SEASON 
TEST NO. DATE T m  

---- 
1000 - 1600 
2100 - 0300 
1000 - 1600 

2100 - 0300 

1000 - 1600 

2100 - 0300 

1000 - 1600 

2100 - 0300 

1000 - 1600 

2100 - 1600 

SPRING - 1 
2 

3 

4 

5 

6 

7 

8 

9 

12 

a QO 
(glsec) (g/sec) 

14.4 47 

7.8 42 

73.5 UO 

11.0 62 

6.5 12 

9.3 40 

14.9 36 

4.6 14 

22.4 61 

9.4 49 

4/27 

4/27 

4/28 

4/28 

4/29 

4/29 

4/30 

4/30 

511 

512 

17.4 47 

32.9 89 

9.0 25 

26.8 48 

10.6 31 

20.7 4 2 

9.2 9 5 

6.0 13 

15.7 5 7 

16.4 50 

15.9 57 
1 

AVERAGE SPRING 

S U m T R  - 1 

2 

5 

6 

7 

8 

10 

11 

AVERAGE SUNMER 

I I 

OVERALL AVERAGE 
r , , 

7/20 

7/20 

7/21 

7/22 

7/23 

7/23 

7/24 

7/25 

1000 - 1600 

2100 - 0300 
1000 - 1800 

2100 - 0300 
1000 - 1600 
2100 - 0300 
2100 - 0300 
1000 - 1600 



TABLE 8.4 

MINE EMISSION RATES 

SEASON 

TEST NO. 

FALL 2 

7 

9 

11 

WINTER AVERAGE 

~ -- 

SU?NER AVERAGE 

FALL AVERAGE 

1000-1600 

1000-1600 

DATE 

10/26 

10/30 

10131 

11/1 

SL'RLbC; 3 

5 .  

7 

11 

SPRING AVERAGE 

OVERALL AVERAGE 

TIME 

1000-1600 

1000-1600 

1000-1600 

1000-1600 

SUPMER 1 

7 

9 

5/7 

5 / 8  

5/9 

5 /11  

1000-1600 

1000-1600 

1000-1600 

1000-1600 

7/27 

7/30 

7/31 

1000-1600 

1000-1600 

1000-1600 



TABLE 8.5 

MINE PiISSION FACTORS 

1 

MINE 

CORDER0 
. 

SEASON 

F a l l  

Winter 

Spring 

Summer 

COAL PRODUCTION 

(tonlhr)  

1050 

2650 

2110 

1442 

OVERALL AVERAGE 

MISSION FACTOR 

( lb / ton )  

. 44  

.11 

.11 

. 2 3  

1813 

2200 

1553 

2236 

1467 

1864 

BELLE AYR 

. 2 2  

. 3 1  

. 19  

. 14  

. 2 7  

. 2 3  
4 

F a l l  

Win c er 

Spring 

Summer 

OVERALL AVERAGE 



The f i n a l  s t e p  i n  t h e  a n a l y s i s  of t h e  vhole mine emission i s  t o  compare 

t h e  computed emission r a t e s  obta ined  by summLng the  r a t e s  from t h e  i n d i v i d u a l  

ope ra t ions  v i t h  t h e  rates obtained through modeling t h e  p e r i p h e r a l  

concen t ra t ion  measurements. U t i l i z i n g  the  EDS emission f a c t o r s  and the  a c t u a l  

product ion f i g u r e s ,  t o t a l  source  emission r a t e s  were ob ta ined  f o r  each mine. 

The r e s u l t s  a r e  given below: 

BELLE .AYR 
. CORDER0 

RATES PROM MODEL 

The r e s u l t s  of d i s p e r s i o n  modeling and t h e  emission f a c t o r  measurements as 

given above show a l a r g e  discrepency between t h e  vhole mine emission as 

a c t u a l l y  seen a t  the  p e r i p h e r a l  r ecep to r s  and t h e  vhole mine emissions 

computed u t i l i z i n g  t h e  measured emission f a c t o r s  i n  conjunct ion  with t h e  

mining a c t i v i t y  f i g u r e s .  It i s  be l ieved  t h a t  t h i s  d iscrepency i s  the  r e s u l t  

of p a r t i c l e  t rapping  i n  t h e  p i t .  

Much of t h e  mining a c t i v i t y  t akes  p lace  below t h e  n a t u r a l  grade l e v e l  of 

the  surrounding t e r r a i n ,  i . e . ,  i n  the  p i t .  The a i r  i n  the  l a r g e  c a v i t y  i s  

decoupled t o  a  c e r t a i n  e x t e n t  from t h e  boundary l a y e r  a i r f l o w  and,  t he re fo re .  

i s  not  v e n t i l a t e d  a s  w e l l  a s  t h e  t e r r a i n  beyond. This reduced v e n t i l a t i o n  

i n c r e a s e s  t h e  res idence  time of t h e  a i r  i n  t h e  p i t  and pe rmi t s  a l l  t h e  l a r g e  

p a r r i c l e s  t o  f a l l  o u t  be fo re  t h e  a i r  i s  f i n a l l y  en t r a ined  i n t o  t h e  g e n e r a l  

f low above. As a  r e s u l t ,  t h e  p i t  ope ra t ions  appear  t o  have a  much love r  

emission f a c t o r  when viewed from a pos i t i on  o u t s i d e  t h e  p i t  than when measured 

c l o s e  t o  t h e  source. 

The e f f e c t  of t h e  p i t  i n  reducing t h e  impact of s u r f a c e  coa l  mining 

ope ra t ions  on t h e  environment i s  a  s i g n i f i c a n t  f inding .  P a r t  2 of t h i s  Study 

has developed an approach f o r  modeling t h e  impact of open p i t  mines which 

u t i l i z e s  a  r e a l i s t i c  s imula t ion  of m a t e r i a l  containment w i t h i n  t h e  p i t .  The 

I n d u s t r i a l  Source Complex (ISC) Model p red ic t ed  reduced downwind impact from 

t h e  p i t  which compares we l l  v i t h  a c t u a l  measurements. It has been found from 

t h i s  EDS Study t h a t  p a r t i c l e  depos i t ion  and s e t t l i n g  a r e  s i g n i f i c a n t  processes  

f o r  conta in ing  m a t e r i a l  w i th in  the  p i t  and should be considered i n  f u t u r e  
! 

modeling a p p l i c a t i o n s .  





9.0 CONFIDENCE LEVEL OF THE EMISSION MEASUREMENTS I 
Since a number of independent measurements vere obtained for each 3 - 

emission source tested, small-,sample statistical methods can be utilized to , . 
NU'. 

provide estimates of the accuracy of the mean emission factors in each case. - 
Most standard texts on statistics vill give an expression for the confidence 

- .  
limits on the sample mean (see the example. Spiegel, 1961). The expression 

for the 95 percedt confidence limits is. 

L J L J 
vhere = true mean for the parameter being measured; 

- 
x = mean for the sample; 

s = standard deviation for the sample; 

n = number of independent measurements in the sample; and 

t(.975) = value of Student's t distribution for (n - 1) 
measurements and the 97.5 percentile. 

The sample means and standard deviations for each set of measurements. are 

given in the data tables included with each section. Utilizing this 

information, i ~ i s  possible to estimate the confidence limits of the emission 

factor measurements. 

A practical indicator of measurement accuracy is the fractional 

error, f. The fractional error limits at the 9 5  percent confidence level may 

be obtained from equation (9.1). 1.e.. 

Equation (9.2) vas utilized to generate the desired fractional error 

limits. The results are shova in Table 9.1. 



TABLE 9.1 

ERROR LIKITS FOR THE EMSSION MEASUREMENTS 

EMISSION SOURCE FRACTIONAL ERROR AT TEE 
95% CONFIDENCE LEVEL 

c o a l  Dump (No Cont ro l )  I + 0.86 - 

Coal Dump (With Cont ro l )  

T r a i n  Load (No Cont ro l )  

T ra in  Load (With Cont ro l )  

Overburden Replacement 

Topsoi l  Removal 

I 

I 
' Wind Eros ion  

i 
T o t a l  Mine   missions (Be l l e  Ayr) 

I T o t a l  Mine Emissions (Cordero) 1 - + 0.32  I 

: 
I 

(*) - Limits Given About t h e  Value E = 22.0 - 5.47N 

ABSOLUTE ERROR LIMITS AT 
THE 95% CONFIDENCE LEVEL 

Haulroads (*) + 1.5 1bIVNT - 



Since the haul road emissions are given in the i o n  of an equation, the ( 
error limits are not shown as a fraction. In this case the error limits are 

computed about the emission factor function rather than about a fixed mean 

value. Thus, the fractional error changes vith road moisture conditions. For 
I 

example, at zero control the fractional error is +1.5/22 or 0.07, whereas at - 
control factor 1.0, the fractional error is +1.5/5.6 or 0.27. - I 





10.0 INTERPRETATIONS AND CONCLUSIONS a 
Particle deposition plays a significant role in the process of 

dispersion of particulate emissions from surface mining operations. Particle I 
sampling has shown clearly that particles vith diameters in excess of 100 m 

became airborne from the mining operations. However, even more significantly, 

a large proportion of this material falls out in the first fev hundred meters 

I 
from the source. Due to this high rate of depletion of particulate matter, it 

is critical that dry deposition and gravitational settling be taken into 
I 

account vhen making emission factor measurements. It is also essential that 

deposition be considered vhen modeling emission from surface mines. 
I 

Measurements of uncontrolled emissions on coal and overburden haul roads 
I 

shov the emission factor to be 22.0 +1.5 l b / W .  Spraying vater on the roads - 
reduces the emissions in proportion to the application rate up to a maximum of I 
3 total coverages of the road per hour. At this point the emissions are 

reduced by .78'percent of their dry road value. I 
The ambient wind speed vas found to have little measurable effect on the 

emission factors. Apparently the action of the vheels on the rdad surface, 
I 

and the vehicle vake are the determining factors in generating emissions (for 

given road surface conditions). 
I 

Whole mine emissions were estimated from peripheral measurement of 
I 

particulate concentrations utilizing the PAL short-term model. These data, 

vhen compared vith whole mine emission rates derived from measured emission 

factors in conjunction with associated production rates, indicated that as 

S 
much as 66 percent of the particulates generated in the pit do not escape into 

the free atmosphere. This is a significant finding and must be considered in 

I 
any modeling effort if an accurate simulation of the dispersion process from a 

surface coal mine is to be realized. 
I 
I 



Except f o r  t h e  t o p s o i l  removal o p e r a t i o n  and t h e  wind e ros ion  process ,  

t h e  emission f a c t o r s  ob ta ined  dur ing  t h e  EDS Study were found t o  be h igher  

than  those  measured by PEDCo (1978), and h ighe r  t han  t h o s e  c u r r e n t l y  r e q u i r e d  

by t h e  UDEQ. The impact of t h e s e  emiss ions  on t h e  environment,  however, is 

less than  c u r r e n t  modeling p r a c t i c e s  p r e d i c t  because of  t h e  l a r g e  amount of 

d r y  d e p o s i t i o n  and g r a v i t a t i o n a l  s e t t l i n g  t h a t  occu r s  nea r  p a r t i c u l a t e  sources  

and i n  t h e  -p i t .  -- - - 
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1.0 EXECUTIVE SUMMARY I 
This part of the EDS Study covers modeling the impact of the surface 

mining operations as those operations are conducted in the Corridor of surface 
I 

coal mine development in the Powder River Basin, Wyoming. The impact as it is 

addressed here includes that felt on the total suspended particulate (TSP) I 
levels within the Corridor. 

The modeling effort included a preliminary step of model verification. 

This step was followed by long-term and modeling to show the annual impact for 1 
the year 1988 when particulate emissions from the surface coal mining are 

expected to peak. I 
It was found from the verification effort that the Industrial Source 

Complex (ISC) Dispersion Model used in this study accurately predicted ground 

level concentration patterns. This includes the prediction of the 

concentration levels as well as the fall off of concentration patterns with 

distance from the sources. This is attributable to employment of: source 

specific emission factors, accurate settling and deposition Eunccions, and 

measured particle size distributions. All these inputs were developed from 

site specific measurements made during the course of the EDS Study. 

Long-term modeling for the Corridor, employing the verified ISC Model 

for the year 1988, shows the maximum predicted annual geometric mean 
3 concentration to be 46 ug/m . This maximum value is 14 ug/m3 below the 

Wyoming Air Quality Standard of 60 ug/m3 and is 12 ug/m3 below the 

comparable value predicted by Wyoming Department of Environmental Quality 

(WDEQ) model predictions. This predicted value.of 46 u g/m3 is found at one 
3 location only and the next highest concentration is 42 pg/m . Predicted 

particulate impacts, of currently permitted mining at peak emissions, are 

significantly below the Wyoming Air Quality Standard. 





2.0 INTRODUCTION 

h e  modeling task of the EDS Study employed the extensive information 

developed and verified during Part 1 of the EDS Study so as to represent real 

life conditions by employing the most recent particulate concentration 

prediction modeling methods. In turn, an objective of the modeling part of 
I 

the program has been to employ the latest scientific methods and data to 

enable prediction of the real impacts caused by various levels of surface coal 

mining activity as those predictions are needed for regulatory review in 

I 
connection vith the permitting of proposed levels of mining activities. 

In order for the modeling to result in accurate representations of the 

end effects of surface mining, it was necessary to employ realistic emission 

factors, as well as a prediction methodology that represents real atmospheric 

processes. It was recognized early in the EDS Study thac much of the 

emissions from the Powder River Basin surface coal mines are comprised of 

large particles which settle to the ground quickly-many particulates settle 

even before the emissions leave the confines of the mine itself. In order to 

adequately represent the behavior of emissions, especially the behavior of the 

large particles, it is necessary to employ models that rigorously represent 

the deposition removal of the large particles from the total particulate 

emissions. 

When the EDS Study commenced in 1978, no commonly accepted regulatory 

model was available which represented the particulate deposition process. Due 

to this lack of standard accepted method it was anticipated that modification 

to the current (1978) atmospheric dispersion models might be necessary. 

However, while the EDS Study was devoted to making emission measurements, 

other efforts resulted in development of the Industrial Source Complex (ISC) 

Dispersion Xodel ( P A ,  1979) for the Environmental Protection Agency (EPA). 

The EFA has recently approved and released the ISC Model for field 

employment. Review of this model, in the form appropriate for the EDS Study. 

shows it to have the right features for this application. 



I 
In preparation for employment of the ISC Model, a series of verification 

steps was designed so that the suitability and accuracy of the ISC Model could 

be fully determined. Theverification steps used to judge the suitability of 

3 the ISC Model vere comprised of a set of sample model runs where the output of 

those sample runs was compared to field measuremets that were made independent 

I of those data that vere employed for development of emission factors. Both 

short-term (6 hour) and long-term (annual) ISC Model predictions of 

I particulate concentrations were compared to independent monitoring data. 

I 
The following sections include a description of the model verification 

input and the results of these verification runs. This step is followed by 

Corridor long-term modeling and finally these results are presented and 

1 :  interpreted. 





3.0 MODEL VERIFICATION 

3.1 APPROACH 

I n  o r d e r  t o  determine i f  t h e  ISC Model vould a c c u r a t e l y  p r e d i c t  

p a r t i c u l a t e  c o n c e n t r a t i o n s  a t  a  mine, a v e r i f i c a t i o n  t a s k  vas  accomplished. 

T h i s  t a s k  c o n s i s t e d  of making sample model p r e d i c t i o n s  f o r  t h e  AMAX B e l l e  A y r  

mine reg ion  employing i n p u t  me teoro log ica l  cond i t ions  t h a t  v e r e  present  dur ing 

pe r iods  vhen independent p a r t i c u l a t e  concen t ra t ions  ve re  measured. In  t u r n  

those  model p r e d i c t i o n s  ve re  compared v i t h  t h e  measured independent 

p a r t i c u l a t e  concen t ra t ions .  The degree  of comparison determined the  l e v e l  of 

model v e r i f i c a t i o n ,  a s  f u r t h e r  d i scussed  i n  Sec t ions  3.5 and 3.6. 

The short- term impact of t h e  p a r t i c u l a t e  ma t te r  emit ted  by the  va r ious  

c o a l  mining a c t i v i t i e s  a t  t h e  Bel le  A y r  mine vas  s imulated by employing t h e  

shor t - term program of t h e  ISC Model (ISCST). The model-predicted 

c o n c e n t r a t i o n s  v e r e  genera ted  f o r  s e v e r a l  per iods  vhen short- term p a r t i c u l a t e  

samples v e r e  taken v i t h  a netvork of hi-vol  samplers.  The netvork was 

comprised of s e v e r a l  hi-vol samplers l o c a t e d  around the  per iphery  of the  Bel le  

Ayr mine and were opera ted  during each of t h e  four  seasona l  per iods  of t h e  EDS 

f i e l d  measurements. During each season,  the  netvork vas employed t o  observe 

p a r t i c u l a t e  concen t ra t ions  f o r  t v e l v e  s ix  hour per iods .  Thus 48 s e t s  of 

shor t - term p a r t i c u l a t e  a r e a l  concen t ra t ion  d i s t r i b u t i o n s  were a v a i l a b l e  f o r  

comparison t o  model-predicted values.  

Applying the  ISC Model long-term program (ISCLT) t o  t h e  Be l l e  A y r  mine 

a l l o v e d  comparisons betveen t h e  model-predicted and measured p a r t i c u l a t e  

m a t t e r  concen t ra t ions .  The model r e c e p t o r s  corresponded t o  t h e  Bel le  Ayr 

'S ta te  and Local  A i r  Monitoring S t a t i o n "  (SLAMS) hi-vol netvork t h a t  measures 

24-hour suspended p a r t i c u l a t e  c o n c e n t r a t i o n s  on a six-day sampling schedule.  

To enab le  d i r e c t  comparison of t h e  p r e d i c t e d  mean annual  suspended p a r t i c u l a t e  

c o n c e n t r a t i o n s  v i t h  t h e  measured concen t ra t ions ,  annual  a r i t h m e t i c  mean 

suspended p a r t i c u l a t e  concen t ra t ions  v e r e  c a l c u l a t e d  f o r  each of t h e  f o u r  

B e l l e  AYr  hi-vols.  These f o u r  h i -vols ,  maintained by Be l l e  A y r  mine 

personnel ,  comprise ano the r  independent d a t a  set. 



This  s e c t i o n  w i l l  d e s c r i b e  t h e  p rocess  of v e r i f y i n g  both t h e  ISCST and 

t h e  ISCLT programs. The t o p i c s  t o  be d i scussed  i n  d e t a i l  inc lude:  

- a p p l i c a t i o n  of ISC Model f e a t u r e s ;  

- short- term and long-term model i n p u t s ;  and 

- r e s u l t s  from t h e  short-term and long-term v e r i f i c a t i o n  runs.  

3 - 2  BPFLICATION OF ISC MODEL F E A T k S  

A d e t a i l e d  d e s c r i p t i o n  of t h e  ISC Model, a Gaussian plume d i s p e r s i o n  

model, and the  appropr ia te  model f e a t u r e s  a r e  included i n  t h e  appendices.  

This  model accep t s  t h r e e  types  of sources  ( p o i n t ,  a r e a ,  and volume). A 

combination of these  source  types  enabled t h e  ISC Model t o  be app l i ed  t o  t h e  

B e l l e  A y r  s u r f a c e  c o a l  mine. The po in t  sources  a t  Be l l e  Ayr i n c l u d e  t h e  c o a l  

dump and t h e  t r a i n  load-out f a c i l i t y .  The a c t i v i t i e s  a s s o c i a t e d  vLth s t r i p p e d  

overburden, overburden and t o p s o i l  removal, c o a l  p i t ,  replacement of t o p s o i l  

and overburden,  and reclaimed land have been s imulated a s  s r e a  sources .  The 

ISC Hodel r e p r e s e n t s  l i n e  sources  a s  a s e r i e s  of small  volume sources .  

Consequently, volume sources  were chosen t o  r e p r e s e n t  t h e  c o a l  h a u l  road (from 

the  p i t  t o  t h e  coa l  dump). the  overburden h a u l  road surrounding t h e  c o a l  p i t ,  

and t h e  road between t h e  shop/par ldng a r e a  and t h e  southern  por t ion  of t h e  - 
c o a l  p i t  ( sou th  road) .  Figure 3-1 i l l u s t r a t e s  t h e  source  couf iguraton modeled 

t o  s imula te  t h e  mine o p e r a t i o n s  f o r  both  the  short- term (during f o u r  seasons  

corresponding t o  t h e  1978-1979 f i e l d  t e s t i n g  program) and t h e  long-term (1979 

-, ca lendar  y e a r )  model v e r i f i c a t i o n  runs .  The emissions from c o a l  and , , 
,,: 

overburden b l a s t i n g  were included wi th  t h e  western overburden hau l  road 

emiss ions  a l lowing an a c c u r a t e  s i m u l a t i o n  of c o a l  mining opera t ions  on t h e  

a c t i v e  s i d e  of t h e  c o a l  p i t .  The p o i n t s  a long t h e  l i n e  sources  i n  Figure  3-1 

r e p r e s e n t  t h e  c e n t e r  of  t h e  volume sources  used i n  approximating t h e  roads.  

The f e a t u r e s  of t h e  ISC Model e x e r c i s e d  i n  t h i s  modeling t a s k ,  t o  r e p r e s e n t  

t h e  sources  of  p a r t i c u l a t e  m a t t e r ,  i n c l u d e  plume r i s e ,  v e r t i c a l  wind p r o f i l e ,  

v e r t i c a l  p r o f i l e  of p o t e n t i a l  temperature ,  mixing he igh t s ,  a s  w e l l  a s  dry  

d e p o s i t i o n  and g r a v i t a t i o n a l  s e t t l i n g .  The proper s imula t ion  of these  

processes  a r e  b r i e f l y  d iscussed below. 



* PI  Y M M I R  * P1 
OMRBURDEN HAUL ROAD 

FIGURE 3-1 SOURCE CONFIGURATION USED 1'0 SIMULATE I V I U ' S  BELLE AYR MINE I N  THE 
I S C  l l0DEL VERIFICATION TASK (LONG-TEREI AND SIIORT-TERM). T l l E  PERIPIIERAL 
111-VOL NETWORK SUllROUNDS T l l E  N I N E  (REPRESENTED BY "STARS") 



Originally, a plume rise expression was developed to simulate the 

behavior of plumes emitted from chimneys and stacks where tbe vertical 

displacement is due to a combination of momentum and thermal buoyancy. 

Particulate emissions from surface coal mining activities also rise in some 

cases; when they do, that rise is appropriately simulated in the model by 

representing only the momentum forces. Since thermal buoyancy is nonexistent 

when particulates are emitted in this case. the actual plume rise is simulated 

by setcing the term for "stack exit temperature' to 0.0'~. 

The ISC Model is designed to accept measured values for the vind 

profile, the potential temperature profile, and the mixing height. When 

measured values are not available, default values, representing mean 

atmospheric conditions, are implemented. The default values describing the 

vind profile and vertical potential temperature gradients were employed here. 

In determining those mixing heights, required by both programs (ISCST and 

ISCLT) the technique developed by Holzvorth (1972) was used. Eolzworth's 

afternoon (maximum) and morning (minimum) mixing heights are generally 

acceptedto be representative of atmospheric conditions i n a  rural environment. 

Evident from the field study, the phenomena of dry deposition and 

gravitational settling has a pronounced impact on the behavior of particulate 

matter emitted from surface coal mining activities. To simulate these 

processes a particle size distribution for each particulate source must be 

specified to the two ISC Model programs. Each of the particle size 

distributions can be characterized by three parameters: 

- mass fraction of particulates; 

- gravitational settling velocity for the mass mean diameter of the 
particulate size range; and 

- reflection coefficient. 

-, 
Petrographic analysis of the Millipore filter samples, collected during the 

, ' 
EDS field measurements, distributed the accumulated particulates into 13 size 1 

categories ranging from 5 um to 130 um in diameter. The particulate sample 
- 

consisted of several different materials. Using Stokes Law (White. 1971) to 



calculate the gravitational settling velocity for each size category, enabled 
. . 

the development of source specific particle size distributions. The 
I 

gravitational settling velocity, a function of particle density, was 

calculated for three types of particulate matter. An average density for 
I 

coal is 1.5 g/cm3 and an average density for surface material (clay, silica, 

granite) is 2.5 g/cm3 (Hudson. 1939). Consequently, a particle density of 

1.5 g/cm3 was assumed for the coal dumpltrain load-out, and 2.5 g/cm3 for 

the stripped overburden, overburden and topsoil removal, pit, overburden and 

topsoil replacement, and reclaimed land mining procedures-along with the 
I 

overburden haul road and the south road. Since the particulate emissions from 

;he coal haul road are a combination of coal and road surface material a 

particle density of 2.0 g/cm3 was assumed (see the more detailed discussion 

I 
ln Part 1. Section 3). The reflection coefficient, analogous to the 

deposition velocity, is dependent on the gravitational settling velocity and 

I 
was obtained for each of the 13 size categories. I 

The particle size distributions, summarized in Table 3.1. were measured 

using Killipore filters during the field measurement program. The 

model-predicted concentrations, however, are compared vith hi-vol measured 

I 
suspended particulate concentrations. The Millipore filters collected all 

particle sizes. whereas the hi-vols are designed to collect only particles 
I 

smaller than 100 um (40CFR50.11). In reality, hi-vols typically collect a 

fev, but not all of the large particles suspended in the atmosphere. To 
I 

simulate this hi-vol measurement bias, particles greater than 110 um in 

i diameter were not allowed. This was modeled by taking out the larger 1 ,  
I 

particles (about 10 percent of total mass) and increasing the total source 

btrength by a like amount so as to retain consistency with the measured 

particle mass fractions. This adjusted particle size distribution was used in 
I1 

the model verificarion runs. I 
The resulting particle size distribution described all of the various 

operations associated with a surface coal mine, except for the silo exhaust. 

The silos are unique, since exceptionally large coal particulate matter is 

I 
emitted. Consequently, a separate particle size distribution, developed from 

the same field and laboratory techniques as the three distributions discussed 
I 



TABLE 3.1 PARTICLE SIZE DISTRIDllTIONS ASSOCIATED WIT11 ALL TllE 
SURFACE COAL MINING ACTIVITIES, EXCEPT TllE SILO EXllAUSTS 

MEAN DIAMETER 
OF RANGE 

(urn) 

5. 

15. 

25. 

35. 

45. 

55. 

65. 

75. 

85. 

95. 

105. 

115. 

125. 

i 

MASS FRACTION 
OF 

PARTICULATES 

0.017 

0.043 

0.074 

0.084 

0.108 

0.094 

0.104 

0.099 

0.087 

0.094 

0.092 

0.072 

0.030 

P =  1.5 
SETTLING VELOCITY 

( m / s e c )  

0.003 

0.013 

0.029 

0.059 

0.095 

0.138 

0.193 

0.260 

0.330 

0.410 

0.510 

0.604 

0.720 

r/cm3 
REFLECTION 
COEFFICIENT 

0.87 

0.76 

0.68 

0.59 

0.51 

0.40 

0.27 

0.10 

0 

0 

0 

0 

0 

P 2.0 
SETT1.ING VELOCITY 

(rntsec) 

0.003 

0.017 

0.038 

0.075 

0.125 

0.184 

0.257 

0.340 

0.440 

0.545 

0.670 

0.810 

0.940 

g/cm3 
REFLECTION 
COEFFICIENT 

0.87 

0.72 

0.65 

0.55 

0.43 

0.28 

0.11 

0 

0 

0 

0 

0 

0 

P -  2.5 
SETTLING VELOCITY 

( m / s e c )  

0.003 

0.020 

0.048 

0.096 

0.155 

0.230 

0.322 

0.430 

0.550 

0.690 

0.830 

1.010 

1.230 

p./cm3 
REFLECTION 
COEFFICIENT 

0'.87 

0.71 

0.63 

0.51 

0.36 

0.17 

0. 

0. 

0. 

0. 

0. 

0. 

0. 



3 above. was implemented. A p a r t i c l e  d e n s i t y  of 1.5 g/cm was assumed f o r  t h e  

c o a l  p a r t i c u l a t e s  emi t ted  from the  s i l o s .  Table 3.2 d e t a i l s  t h e  p a r t i c l e  s i z e  

d i s t r i b u t i o n  a s soc ia t ed  wi th  t h e  s i l o  exhausts  a t  Bel le  Ayr. 

D i sc re t e  r ecep to r  l o c a t i o n s  corresponded t o  t h e  two hi-vol networks used 

i n  t h e  v e r i f i c a t i o n  runs  ( t h e  pe r iphe ra l  network f o r  t h e  short-term modeling 

and t h e  SLAMS network f o r  t h e  long-term modelfng). F igure  3-1 i l l u s t r a t e s  t h e  

pe r iphe ra l  hi-vol  netvork. The Be l l e  Ayr  SLAMS hi-vol network i a  shorn i n  

Figure 3-2. 

3 -3  INPUT FOB SHORT-TERM VERIFICATION RUNS 

Belle Ayr's product ion during each of t h e  s ix  hour sampling periods of 

t h e  pe r iphe ra l  -h i -vol  network vas  provided by AMAX ( see  Table 3.3 A-D). 

Applying the  emission f a c t o r s  developed i n  t h i s  s tudy (and presented i n  

P a r t  1 ) .  emission r a t e s  f o r  s e v e r a l  of the  su r face  c o a l  mine opera t ions ,  a t  

Be l l e  Ayr, were ca l cu la t ed .  When emission f a c t o r s  were not  a v a i l a b l e ,  t h e  

Wyoming Department of Envlroamental Qua l i ty ' s  (WDEQ) recommended emission 

f a c t o r s  (UDEQ Memo. 1979) supplemented t h e  i n i t i a l  d a t a  base. 

Producing 15 m i l l i o n  tons of c o a l  per year ,  Be l l e  Ayr opera tes  t h r e e  

eight-hour s h i f t s  per  d a y l s i x  days per week wi th  only a day s h i f t  on Sunday. 

T h e  f i r s t  s h i f t  beginning a t  8 am extends t o  4 pm; t h e  second from 4 pm t o  

midnight; the  t h i r d  s h i f t  begins a t  midnight and ends a t  8 am the  fo l lov ing  

day. The six-hour p e r i p h e r a l  sampling per iods ,  however, were 10 am t o  4 pm 

and 10  pm t o  4 am o r  9 am t o  3 pm and 9 pm t o  3 am. depending on the season. 

Assuming t h e  mine 's  product ion i s  cons tan t  w i th in  each s h i f t ,  the  Belle  A y r  

suppl ied  product ion da ta  was evenly prorated t o  s imula te  the  mine 's  six-hour 

a c t i v i t i e s  matching the  short-term sampling period. Ln determining t h e  

v e h i c l e  mi l e s  t r ave led ,  i t  was assumed t h a t  t h e  c o a l  dump trucks held 
3 110 tons,  vhereas t h e  overburden dump t rucks  he ld  66 yd , an average of 

105.5 tons. The road act ivi ty-produced p a r t i c u l a t e  emissions were evenly 

d iv ided  amoq the  volume sources r ep resen t ing  each of the  roads. The 

d i s tu rbed  a r e a s  a f f e c t e d  by wind e ros ion  i n  1978-1979 included the s t r ipped  

overburden. graded overburden, and reclaimed land a r e a s  surrounding t h e  c o a l  

p i t .  A e r i a l  photographa taken during each seasona l  f i e l d  t e s t  period were 



TABLE 3.2 

PARTICLE SIZE DISTRIBUTION ASSOCIATED WITE BELLE AYR'S 
SILO EXHAUSTS 

?fEAN DIAMETER 
OF RANGE 

.40.0 

62.5 

87.5 

112.5 

IASS FRACTION 
OF 

PARTICULATES 

0.009 

6.014 

0.0545 ' 

0.1025 

o.io35 

0.1580 

0.3710 

0.1875 

P 1.5 g/cm 3 

%ITLING VELOCITY 
(mlsec) 

0.005 

0.025 

0.073 

0.177 

0.340 

0.575 

0.845 

1.225 

REFLECTION 
COEFFICIENT 

0.85 

0.70 

0.56 

0.31 

0. 

0. 

0. 

0. 



FIGURE 3-2 AMAX'S BELLE AYR MINE SLAMS HI-VOL NETWORK 





Sequence: 1 2 3 4 5 6 7 0 9 1 0  I  I  12 

net.: Jan 31 Jan 31-Qeb I  i c b  1 rcb 1-2 Q C ~  2 veb 1-3 pcb 3 reb 3-4 r e  4 reb 4-5 F=b 5 Feb 5 4  
l i m e :  (10:3OmJ:30) t 9 ~ - 3 )  9 3  ( gP-3) (9.m-3) (ga-3) (gn-3) (9P-3) (9..-3) ( 9 p - 3 )  (9.m-3) ( 9 ~ - 3 )  

Coal Produced (toom) 1 .731 .0  6 .193 .3  5 , 8 6 7 . 0  6 , 9 3 0 . 5  6 , 4 1 1 . 0  4 , 0 7 4 . 4  1 , 3 0 4 . 0  11.123.6 19 .883 .0  P 18 ,685 .0  15.681.0 

Overburden P e w r e d :  18.191.0 l l l 8 4 . 0  21 .157 .5  18.716.3 1 5 , 6 2 4 . 0  1 7 . 4 1 4 . 3  1 8 7 4 . 5  18 .437 .3  0 0' 17 .298 .0  13 .641 .3  
(yd3) 

Topaoil  Ermoued 0 0 0 0 0 0 0 0 0 0 0 0 

Bl..t ing' 
C0.l (0:  u 0 0 0 0 0 0 0 0 0 0 0 
O..rbvrden ( I ) :  0  0 0 0 0 0 0 0 0 0 0 0 

Train Load-out: 
C a r l  loaded ( I )  0  0 0 116 .6  0 39.8 1 0 1 . 0  0 2 l b . 0  121 .5  1 1 0 . 0  1 1 0 . ~  . 1 



(D 
n- 9 7 

1 0  0 - 0 
- 0  0 m 

" " E  s - .  4" = ' 



? " !  - ? " 7 , ,  L -- .. 
n a -. n- 9 

D 0 
0 

'I- 0 * LI - n 



used to measure the total acres affected by wind erosion. During the winter 

field testing season, only a small portion of the graded overburden area was 

impacted by the wind due to the predominantly snow covered ground surface. 

Topsoil was removed. from the ground west of the coal pit, only during the day 

shift, excluding Sunday, of the fall and summer testing periods. Coal and 

overburden blasting took place only at the end of the first shift, between 

3 and 4 pm. During the winter months, however, no blasting occurred within 1 
the hi-vol network's six-hour sampling period (9am to 3pm). Sixty percent of 

the total annual blasts are coal shots and forty percent are overburden shots. 

The EDS determined particulate emission factors were applied to the 

following surface coal mining activities: coal dump, train load-out. 

overburden haul roads, overburden replacement, topsoil removal and wind 

erosion from stripped overburden, reclaimed land, and graded overburden. 

Emission factors recommended by the WDEQ were applied to the remaining mining 

activities: administrative travel within the mine, access roads, coal 

removal, blasting of coal and overburden, and overburden removal. Since the 

dry deposition and gravitational settling options of the ISC Model were 

employed, the "percent suspended" term was removed from WDEQ's emission 

factors. The emission factors associated with Belle Ayr's silo exhaust were 

obtained from stack tests and provided by Belle Ayr. Table 3.4 summarizes the 

emission factors employed in the short-term and long-term verification runs. 

In calculating some of the emission rates, the following information was also 

required: 

- The coal capacity of each train car = 97.15 ton/car 
(Records at train load-out weighing station); 

3 - Density of the overburden = 1.3 ton/yd (Amax records); and 

- Actual number of days where the precipitation amount is 0.01" or 
greater = 92 (site specific, Jensen. 1980). 

The ISCST program calculates particulate concentrations using sequential 

hourly meteorological data. The following required meteorological parameters 

were extracted from Belle Ayr's meteorological data summaries (Jensen, 1980): 

- mean wind speed; 

- mean direction wind is blowing towards; and 

- mean ambient air temperature; 



TABLE 3.4 

SUHURY OF EMISSION FACTORS 
USED IN THE 

ISC MODEL VERIFICATION RUNS 

*Emission factors developed by the EDS Study 

**Emission factor (0.81)(silt X)(speed/30)("wet days" ratio)/VMT 

+WDEQ emission factors. 

 mission factor measured by a consultant for Belle Ayr Mine. 
@Gverburden densify = 1.74 ton/yd 3 

@@~o~soil density = 1.5 ton/yd 3 

A 

. 
MINING ACTIVITP 

Coal Dump* 

Train Load-out* 

Coal 6 Overburden Haul Roads* 

Overburden Replacement* 

Topsoil Removal* 

Wind Erosion* 

Overburden Removal' 

Administrative Travel +** 
Coal Itemoval' 

Overburden Blasting + 
Coal i last in^+ 
Si lo ~xhaust* 

EMISSION FACTOR 

0.066 lbfton of coal 

2.72 lb/train car 

5.6 lb/vehicle mile traveled 

0.021 lb/yd3 of overburden @ 

0.0754 lb/yd3 of topsoil @@ 

0.38 lb/acre-year 

0.035 lb/yd 3 of overburden @ 

7.27 lb/vehicle mile traveled 

0.017 lb/ton of coal 

50 lb/overburden blast 

35 lb/coal blast 

1.3 lb/hour (old prep. plat) 

5.4 lb/hour (new prep.' plant) 



for each hour of the six-hour sampling period. Turner's (1970) method for 

determining the Pasquill stability class was employed, for each hour, using 

the Belle Ayr on-site meteorological data summaries mentioned above. 

Holzworth's (1972) procedure was applied to estimate the depth of the surface 

mixing layer. The resulting meteorological scenarios, used in simulating 

Belle Ayr's activities during the six hour sampling periods, are summarized in 

the appendices. 

3 . 4  INPUT FOR LONG-TERM VERIFICATION RUN 

To compare the ISC Model-predicted suspended particulate concentrations 

with the annual arithmetic mean measured suspended particulate concentrations, 

the average annual particulate emission rates were calculated. The same 

emission factors used in the short-term model verification run (tabulated in 

Table 3 . 4 )  were applied to the 1979 Belle Ayr production rates. The annual 

production rates at Belle Ayr coal mine, provided by AMAX, are summarized in 

Table 3.5. Proration of the 1979 production data was unnecessary in 

calculating the mine's average annual emission rates. When applicable, 

however, the same information used in calculating the six hour emission rates 

:or the short-term verification runs were applied to the annual production 

data. An emission inventory for particulate matter emitted from coal mining 

acrivities was generated from the 1979 production data tabulated in 

Table 3 . 5 .  For the same source configuration defined earlier, illustrated in 

Figure 3-1, was used with the inclusion of the dirt roads surrounding the BA-1 

and BA-2 hi-vols. 

Three dirt roads contribute to the suspended particulate concentrations 

measured at the BA-1 and BA-2 hi-vols, as seen in Figure 3 - 4 .  The roads 

impacting BA-1 include the new Bishop Road, to the north, and county road T-7 

South, to the east. Particulate emissions from the scoria road east of BA-2 

contribute to the measured concentration. The travel on the BA-2 dirt road is 

generally restricted to deliveries to Belle Ayr and oil exploration east of 

the surface coal mine. This road was opened during the entire 1979 calendar 

year with no particulate emission controls applied to the road. Consequently, 

an accurate estimation of the particulate emissions from travel on this road 

is possible. On the other hand, several major changes in traffic patterns and 



TABLE 3.5 

AM-*-X'S BELLE AYE -MTNE'S 1979 PRODUCTiON DATA 

Overburden (yd3) 23,509,000 

Coal  Produced ( t o n s )  14,997,000 
rC 

T o p s o i l  Removed (yd3)  610,500 

A d m i n i s t r a t i v e  T r a v e l  (VMT) 275,000 

Sc rape r  hou r s  3 ,403 

Grader  h o u r s ,  overburden and  c o a l  17,428 

Old P r e p a r a t i o n  P l a n t  ( h o u r s )  4,263 

New P r e p a r a t i o n  P l a n t  ( h o u r s )  1,390 

Coa l  h a u l  road  l e n g t h  ( m i )  1.08 

South road  l e n g t h  (mi) 1.00 

Overburden h a u l  road  l e n g t h  (mi)  0.74 

B l a s t s / y r  (60% c o a l ,  40% ove rbu rden )  303 

BA-2 unpaved road  ( t r i p s / d a y )  17 5  

New Bishop Road ( t r i p s / d a y )  March-July, 1979 200 
July-December, 1979 750 

T-7 South Road ( t r i p s l d a y )  Jan.-February,  1979 365 
March-December, 1979 0  

, 



configuration of the roads near BA-1 (new Bishop Road and T-7 South) make it 

nearly impossible to determine the actual particulate emissions from travel on 

these roads. '~ctual' travel on the new Bishop Road (an unpaved dirt road) 

began in March 1979. This road, however, was subsequently paved (July 1979)- 

significantly decreasing the vehicle related particulate emissions. 

Furthermore, vith no available method to estimate the particulates emitted 

from the construction of this road (prior to March 1979). the 

construction-caused emissions are not included in the 1979 emission inventory, 

Table 3.5. In summary, the particulates emitted at a high rate during a short 

period of time on the new Bishop Faad could only be simulated as a 

significantly lower emission rate evenly distributed throughout the 1979 

calendar year. Likewise, it is not possible to obtain a realistic estimate of 

the traffic related particulate emission rate from the T-7 South county road. 

Official closing of the county road T-7 South occurred during the latter part 

of February 1979. Although commuting to and from the Cordero mine was no 

longer the main use of T-7 South, travel on this portion of T-7 did continue 

until the Belle Ayr coal pit advanced to this road. Since.it was impossible 

to estimaie the actual amount of travel on T-7 South, no particulates emitted 

from this road subsequent of its official closing could be included in the 

emission inventory. Consequently, again the particulates emitted at a high 

rate during a short period of time (2 months) could only be simulated at a 

significantly lower emission rate evenly distributed throughout a twelve-month 

period. 

The required meteorological data input to the ISCST and ISCLT programs 

differ greatly. The. ISC Model short-term program calls for hourly data. The 

ISC Model long-term program, on the other hand, requires the annual wind and 

stability data to be summarized in STAR format (a joint frequency distribution 

of vind speed, vind direction, and Pasquill stability class). A STability 

ARray or STAR summary representative of the region surrounding the surface 

coal mine is essential to accurately simulate the mine's activities. from 

combining on-site wind data (direction and speed) with ~ationai Climatic 

Center (NCC) supplied STAR summary a new stability array, specific to the 

Belle Ayr mine, was generated. The STAR data for Moorcroft, Wyoming, a nearby 

c o n  vith similar meteorological, topographical, and meso-scale weather 



c h a r a c t e r i s t i c s  a s  t h e  Powder River  Basin,  v a s  chosen f o r  u s e  i n  g e n e r a t i n g  

che s i t e  s p e c i f i c  STAR da ta .  It was assumed t h a t  t h e  a tmospher ic  s t a b i l i t y  

c o n d i t i o n s  i n  Moorcroft ,  Wyoming and i n  t h e  Cor r ido r  were similar. The Be l l e  

Ayr on-s i t e  wind d i r e c t i o n  ( i l l u s t r a t e d  i n  F igure  3 - 3 )  and wind speed 

d i s t r i b u t i o n  i s  appor t ioned  among t h e  P a s q u i l l  s t a b i l i t y  c l a s s e s  as desc r ibed  

1 
by t h e  Moorcioft .  Wyoming STAR da ta .  

ISCLT r e q u i r e s  annua l  mixing h e i g h t  d a t a  f o r  each wind speed and ) 
s t a b i l i t y  ca t egory .  I n  app ly ing  t h e  ISC Model t o  t h e  long-term o p e r a t i o n s  a t  

B e l l e  Ayr, a c o n s t a n t  mixing h e i g h t  was assumed f o r  each wind speed c l a s s .  

V a r i a t i o n s  of t h e  mixing h e i g h t  do occur  among t h e  v a r i o u s  P a s q u i l l  s t a b i l i t y  
I 

c l a s s e s .  Using Holzworth 's  (1972) average  annual  morning (minimum) and 

ave rage  annua l  a f t e r n o o n  (maximum) mixing h e i g h t s .  t h e  fo l lowing  mod i f i ca t ion  
Bl 

f o r  each  s t a b i l i t y  c l a s s  was app l i ed :  a 
PASQUILL 

STABILITY CLASS 
ADJUSTED 

M I X I N G  HEIGHT 

(1 .5 )  (max. mixing h e i g h t )  
(max. mixing h e i g h t )  
(max. mixing h e i g h t )  
(average  of max. and min. 

mixing h e i g h t )  
10,000 m 
10,000 m - 

3 . 5  SHORT-TERM VERIFICATION RUNS 

I n p u t  d a t a  f o r  t h e  ISC Model shor t - te rm (ISCST) program were developed 

f o r  t h e  48 six-hour sampling pe r iods  c o l l e c t e d  by t h e  p e r i p h e r a l  hi-vol 

i 
network. E a s t e r l y  winds p r e v a i l e d  du r ing  t e n  of t h e  sampling pe r iods  and due 

t o  l o c a t i o n  of t h e  p e r i p h e r a l  sampling network l i t t l e  o r  none of  B e l l e  Ayr ' s  

8 .  
emiss ions  impacted t h e  network. Consequently,  only  t h e  38 shor t - te rm L .  

v e r i f i c a t i o n  runs, where t h e  mine 's  emiss ions  were expected  t o  have an impact 
I 

on t h e  p e r i p h e r a l  h i -vol  network, were performed. From t h e s e  model r u n s  a 

sample of 338  c a s e s  were ob ta ined  ( t h e  p e r i p h e r a l  h i -vols  were ' i n o p e r a t i v e  i n  
B. 

42  c a s e s ) .  A ' c a s e '  i s  de f ined  a s  a h i - v o l / r e c e p t o r  p a i r  of measured/predic ted  

p a r t i c u l a t e  c o n c e n t r a t i o n s .  A p o s s i b l e  10 c a s e s  e x i s t  f o r  each model run  
I : '  

(because  10 hi-vol  samplers  were l o c a t e d  downvind of t h e  mine).  The r e s u l t s  

from each  of t h e  v e r i f i c a t i o n  runs  a r e  presented  i n  t h e  appendices.  



F I G U R E  3-3 1979 ON-SITE WIND ROSE FOR AMLY'S B E L L E  AYR M I N E  (NUMBERS 
REPRESENT PERCENT OF T I M E  WIND BLOWS FROM I h D I C A T E D  D I R E C T I O N )  



To quant i fy  the performance of the  ISC Model during the short-term model 

v e r i f i c a t i o n  ~azslr, a standard "model performance measure" (Some, L980) vas 

used. After forming a r a t i o  of the  pa r t i cu l a t e  concentration by ISCST t o  t he  

hf-vol measured p a r t i c u l a t e  concentration (1.e.. predicted 

concentration/measured concentrat ion) ,  t he  values a r e  tabulated i n t o  three 

ca tegor ies .  A r a t i o  value within the range 0.5 to  2 .0  defines  "ve r i f i ca t ion  

wi th in  a f a c t o r  of two". S imi la r i ly ,  "ve r i f i ca t ion  within a fac tor  of three" 

occurs vhen the r a t i o  value i s  betveen 0.33 and 3.0. A l l  other values a r e  

placed within the t h i r d  category. Under the best  of conditions,  "model 

v e r i f i c a t i o n  v i t h i n  a f a c t o r  of two" can be achieved only 63 percent of the 

time. S imi la r i ly ,  "ve r i f i ca t ion  v i ch in  a fac tor  of three" v i l l  occur only 

80 percent of the time (Londergan e t .  a l . ,  1981). Model ve r i f i ca t ion  t h i s  - - 
good resu l ted  only vhen the o r i g i n a l  gas t racer  da ta ,  used t o  develop the 

Pasquill-Gifford curves f o r  o and oZ, vas applied t o  the atmospheric 
Y 

d i spers ion  models ( t he  "P ra i r i e  Grass" experiment), consequently t h i s  

represen ts  the  ul t imate  l i m i t  of dispers ion models. Under more r e a l i s t i c  

condi t ions  ( t h e  "Hanford 67" experiment) the atmospheric dispersion models 

v e r i f i e d  "v i th in  a f a c t o r  of two" 40 percent of the time and model 

v e r i f i c a t i o n  "v i th in  a f a c t o r  of three"  only 58 percent of the time. 

A problem arose vhen the above ana lys i s  was performed on some of the 

model runs. In  a few ins tances ,  the ISC Model-predicted pa r t i cu l a t e  

concentrat ion was zero and the  hi-vol measured value was small. Consequently, 

the  predicted/measured r a t i o  value was zero. A method was developed to  
I 

include these cases. Hi-vols used t o  measure the suspended pa r t i cu l a t e  
3 concentrat ion a re  accurate  t o  within approximately 15 ug/m . Consequently, 

S 
i f  t he  ISC Model-predicted pa r t i cu l a t e  concentration vas zero and the hi-vol 

measured (minus background) concentration vas l e s s  than or equal t o  
3 

11 
10 ug/m , t h i s  was defined as  "ve r i f i ca t ion  v i t h i n  a fac tor  of two." 

Likevise ,  i f  the  predicted value was zero and the measured (minus background) 
3 concentrat ion vas l e s s  than o r  equal t o  15 ug/m , the ISCST program 

I 
"ve r i f i ed  v i t h i n  a f ac to r  of three." 

For the e n t i r e  sample, the ISC Model-predicted the TSP concentration t o  

be "v i th in  a fac tor  of two" of the  measured TSP concentration f o r  41 percent 
t 

of the cases.  For 1 6  percent of the cases, the ISC Model-predicted I I 
concentrat ions  vere  "within a fac tor  of three"  of the measured concentration.  
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S Although excellent agreement between the model-predicted and measured 

particulate concentration exists, a critical review or screening of each case 

I (receptor pairs of predicted and measured particulate concentrations) vas 

performed to obtain a more representative set of cases. The details of this 

,I, screening procedure are described below. 

The ISCST Model-predicted TSP concentrations'were subsequently compared '1, 
to the measured TSP concentration at each hi-vol comprising the peripheral 

netvork. The following critical reviev (screening) was subsequently performed 

on each case (receptor pairs of predicted and measured particulate 

concentrations) : 

- Did the measured concentration pattern match the wind pattern 

E modeled? 

Upon investigation, due to some wind instrument outages experienced 

during the course of the experimental program, the Belle Ayr 

meteorological wind summaries were sometimes comprised of 

measurements made at different locations. In some of these cases, 

the vinds reported in the Belle Ayr meteorological summary did not 

coincide vith the measured particulate concentration pattern. Those 

cases that did not match (50 cases) were withdrawn from the original 

sample of cases. 

- Was the WDEQ defined annual average suspended particulate background 
level appropriate under the actual conditions present for each case? 

With some other cases, especially with high wind speeds, it was 

obvious that the WDEQ defined background concentration was not an 

appropriate value. When sufficient measured particulate data were 

available to determine an appropriate background value different 

from (either greater than or less than) WDEQ's background value, the 

measured suspended particulate concentrations were readjusted to 

reflect the actual background value. (In this situation no cases 

were withdrawn from the sample). 



- Did the model calculate each predicted particulate concentration 
correctly? 

If a downwind receptor is within 100 m of a source, the ISC Model 

does not calculate the contribution of the source to the receptor. 

This 100 m restriction results since the Pasquill-Gifford curves 

for 0 and a z  do not include dornvind distances less than 
Y 

100 a. This is clearly a model deficiency and when it occurred the 

model-predicted particulate concentration was clearly in error; 

those cases (7 cases) were withdram from the initial sample of 

cases. 

In summary, the above-mentioned screening process performed on the 

short-term verification runs resulted in some cases being withdrawn from the 

initial sample of 338 cases and others being recalculated based on the revised 

background levels. 

Following the screening procedure outlined above, and summarized in 

Table 3.6, the sample size was reduced to 281 cases. After screening, the ISC 

Hodel-predicted the measured concentrations "within a factor of two" for 

48 percent of the cases. This screening process also improved the percentage 

of the sample that fell "within a factor of three" (predicted particulate 

concentrations versus measured particulate concentration )--63 percent of the 

cases. 

Comparing the short-term model-predicted particulate concentrations to 

the measured particulate concentrations, the ratio values are well within the 

bounds normally accepted for model verification purposes. In general, the ISC 

Hodel-predicted particulate concentration values were observed to be slightly 

lower than the corresponding measurement. This can be attributed to comparing 

the model-predicted concentrations (based on the Millipore filter-measured 

particle size distributions) to the hi-vol measured particulate concentrations 

(further discussed in the next section. Section 3.6). Although ISCST 

consistently underpredicted the actual particulate concenrration, due to the 

input particle size distributions, the short-term version of the ISC Model has 

aemonstrated that the impact from surface coal mining operations can be 

accurately predicted. 



TABLE 3 . 6  

I 
SLMMRY OF SCREENING SHORT-TERM ISC MODEL VERIFICATION RUNS 

* A "case" i s  defined a s  a hi -vol l receptor  p a i r  of measured/predicted 
p a r t i c u l a t e  concentra t ions .  

EXPLANATION 

Easter ly  Winds 

Hi-vols Inoperat ive  

W i n d  Mismatch 

ISC Model Deficiency 

CASES* WITHDRAWN 

(480 Total  Number of Cases) 

100 

4 2 

50 

7 

(281 Cases After  Screening) 



3.6 LONG-TERM VERIFICATION RUNS 

To verify the long-term version of the ISC Model, the annual geometric 

mean (plus background) model-predicted particulate concentrations are compared 

to the geometric means of all the particulate concentrations measured during 

the 1979 calendar year. The SLAMS hi-vol network at Belle Ayr provided the 

independent data set for the long-term model comparison. Since only four 

cases (hi-vol/receptor pairs of measured/predicted particulate concentrations) 

exist, a standard statistical analysis of model performance can not be used to 

quantify model verification. Ideally, however, the ISC Uodel-predicted values 

should equally (in quantity and magnitude) overpredict and underpredict the 

hi-vol measured particulate concentrations. 

The ISC Model calculates arithmetic mean particulate concentrations. 

Consequently, to compare these values with the measured particulate 

concentrations, the model-predicted concentrations must be adjusted co reflect 

geometric means with background levels added in. This was. accomplished by 

using the formula y mfftb, where y is the geometric mean plus background, 

x is the ISC Model-predicted arithmetic mean, m is the conversion factor from 

arithmetic mean to geometric mean concentrations (0.75), and b is the 
3 background concentration (15 ug/m ). 

The long-term version of the ISC Model accurately predicted the annual 

particulate concentrations at all of the hi-vol locations, as summarized in 

Table 3.7 and illustrated in Figure 3-4. As a result of the difficulty 

encountered in determining the actual emissions from the dirt roads near BA-1 

(new Bishop Road and T-7 South), these .particulate sources could not be 

sinulated correctly by the ISC Model, as discussed in Section 3.4. 

Consequently, the dirt road contribution to the total predicted particulate 

concentration at BA-1 (Table 3.8) is unrealistically low. For comparison, the 

dirt road east of BA-2 almost solely impacts that single hi-vol, as seen in 

Table 3'.8. 





TABLE 3.8 

THE CONTRIBUTION OF P m T I m T E  CoNcmTRATIoN ( u g ~ m 3 )  FROM. EACH SOURCE To 
THE TOTAL PREDICTED ARITIfMETIC MEAN CONCENTRATION AT EACH HI-VOL WITHIN 
THE SLAMS NETWORK (ISC LONGTERM MODEL VERIFICATION RESULTS) 

SOURCE 

Coal Dump 

T r a i n  Load-ouc 

S i l o  Exhaust  

West Overburden Haul Road 

E a s t  Overburden Haul Road 

Coal Haul Road 

Sou th  %ad 

Coal  P i t  

Overburden Replacement 

S t r i p p e d  Overburden, 
T o p s o i l  and Overburden 
Removal 

Reclaimed Land 

T-7 Sou th  

New Bishop Road 

BA-2 D i r t  Road 

TOTAL 

BA-1 

0.26 

0.12 

0.0 

2.34 

1 . 4 1  

1 .14  

0.08 

0.16 

0.20 

0.96 

0.04 

1.90 

2.49 

0.15 

11.26 

XI-VOL 

BA-2 

3.57 

1.24 

0.01 

2 . U  

2.66 

4.44 

0 .37  

0 .21  

0 .53  

0.64 

0.19 

0 .13  

0.14 

45.57 

61 .83  

BA-3 

20.41 

17.88 

0.08 

3.44 

4.97 

12 .43  

7 .18  

0.36 

1 . 0 6  

0.99 

1 .08  

0.15 

0.18 

0.82 

71.04 

BA-4 

3.67 

1 . 8 5  

0.02 

1 . 7 3  

2.28 

4 .01  

0.79 

0.18 

0.45 

0.54 

0.25 

0 .11  

0.14 

0.77 

16.78 



FIW 3-5 COMPARISON OF THE ISC LONG-TERM MODEL PREDICTED 
ANNUAL GEOEETf(1C MEAN PARTICULATE CONCENTRATIONS 
(PLUS BACKGROUND) WITH THE FEASURED GEOIETRIC 1- 
CONCENTRATIONS. (DOTTD LINE REPRESENTS PERFECT 
AGREEMENT) 



TABLE 3.7 

RESULTS FROM TBE LONG-TERM ISC MODEL VERIFICATION RUN 
ALL TSP CONCENTXATIONS ABE I N  ugim3 

BELLE AYR HI-VOL # BA-l BA-2 BA-3 BA-4 

Measured Geometric Mean TSP Concentrations 37.00 53.90 64.85 30.30 

I ISC Model-Calculated TSP Concentrations 
(Geometric Mean Plus Background) 23 -45  61.37 68.28 27.59 I 

Although the t r a f f i c  r e l a t ed  emissions near BA-1 could not be accurately  

estimated,  t he  long-term version of the ISC Model has been successful ly  

ve r i f i ed ,  a s  seen i n  Figure 3-5. The success fu l  ve r i f i ca t ion  of the ISC Model 

has demonstrated t h a t  the  surface coa l  mining a c t i v i t i e s  located i n  the  

G i l l e t t e  Corridor of the Powder River Basin can be accurately  simulated. 

3 -7 VEBIFICATION SUMMARY 

I n  summary, both the short-term and long-term programs of the ISC Model 

have yielded predict ions  of pa r t i cu l a t e  concentrations very c lose  t o  the 

a c t u a l  hi-vol measured suspended p a r t i c u l a t e  concentrations i n  almost a l l  

cases.  When' the short-term model-predicted pa r t i cu l a t e  concentrations were 

compared t o  t he  measured pa r t i cu l a t e  concentrat ions ,  the r a t i o  values of 

predicted to  measured concentrations were v e l l  v i t h i n  the bounds normally 

accepted f o r  model v e r i f i c a t i o n  purposes. The long-term version of the  ISC 

Model demonstrated t h a t  i t  could a l s o  accura te ly  simulate surface coa l  mining 

a c t i v i t i e s .  even though the t r a f f i c  r e l a t e d  emissions near BA-1 could not be 

r igorously quant i f ied.  This successful  v e r i f i c a t i o n  of the ISC Model ( for  

both the  short-term and the  long-term averaging periods) provides the  

confidence needed t o  accura te ly  simulate the  surface coa l  mining operations 

t h a t  generate  p a r t i c u l a t e  matter within t he  Povder River Basin. 





4 -0 MODEL RUNS 

4.1 GENERAL DISCUSSION 
, 

To pred ic t  t he  a i r  q u a l i t y  impact of the  permitted mining a c t i v i t y  south 

of G i l l e t t e ,  Wyoming, the  ISC long-term model w a s  appl ied t o  the  region for  

t he  year of expected m a x i m u m  impact, 1988. The regional  modeling included s i x  

sur face  coa l  mines, a l l  wi th in  c lose  proximity of each other  (defining the 

Corridor) : 

- CARTER MINING COMPANY'S Caballo Mine; 

- AMAX COAL COMPANY'S Belle Ayr Mine; 

- CONSOLIDATION COAL COMPANY'S Pronghorn Hine; 

- MOBIL O I L  CORPORATION'S Caballo Rojo Mine; 

- SUNOCO ENERGY DEVELOPMENT COMPANY'S Cordero Mine; and 

- ATLANTIC RICHFIELD COMPANY'S Coal Creek Mine. 

The modeling method, a s  developed and described i n  Section 3,  vas used 

t o  pred ic t  the impacts of surface coa l  mining i n  the Gi l lecre  Corridor. 

Additionally, .  the  model input parameters from WDEQ's long-term modeling vere  

applied t o  the  ISC Model t o  enable comparison. A s  mentioned, long-term 

modeling o f  t he  Corridor was performed f o r  the  1988 calendar year. In  t h i s  

s ec t ion ,  the  two following top ics  v i l l  be discussed i n  de ra i l :  

- input  f o r  long-term Corridor modeling; and 

- r e s u l t s  of simulating the Corridor f o r  the long-term. 

4 -2  LONG-TERH INPUT 

The year of expected maximum impact on the regional  a i r  qua l i ty  i n  the 

Corridor,  including six coa l  mines, is the  1988 calendar year. Except f o r  the 

EDS emission f a c t o r s  and deposit ion input ,  a l l  other model input data 

dupl icated MEQ's simulation of the 1988 mining operat ions  i n  the  Corridor. 

It 
I n  modeling sur face  coa l  mining a c t i v i t i e s  i n  t he  S t a t e  of Wyoming, the WDEQ 

uses  a  modified form of =A's UNAMAP Climatological Dispersion Model 
I 

(CDM)(EPA, 1913)--a ru ra l .  f a t  t e r r a i n  Gaussian plume dispers ion model v i t h  



no g rav i t a t i ona l  s e t t l i n g  o r  dry deposi t ion of particulates-known a s  CDMW. 

In  applying the  ISC Model t o  t he  long-term regional  modeling, a r u r a l ,  f l a t  

t e r r a i n  environment, similar t o  WDEQ's modeling, was assumed. As required by 

both the CDMV and ISCLT, the meteorological input data  must be i n  STda format 

( s t a t i s t i c a l  summary of wind and atmospheric s t a b i l i t y  condi t ions) .  The 

"Central Cambell County' STAR da ta ,  provided by the WDEQ, meteorologically 

represented the Corridor simulated. Figure 4-1 i l l u s t r a t e s  the wind rose 

associated v i t h  t he  STAR da ta  used. The same source configuraton used by WDEQ 

i n  t h e i r  1988 model run was maintained and applied t o  t he  ISC Model (displayed 

i n  Figure 4-2). 

To ca lcu la te  the emission r a t e s  f o r  each source displayed i n  Figure 4-2, 

the EDS-developed emission f ac to r s  and p a r t i c l e  s i z e  d i s t r i b u t i o n s  were used 

i n  conjunction v i t h  the permitted mining production r a t e s  f o r  each mine. 

Public doclrments (Permit Applications,  WDEQ Permit Analyses), ava i lab le  at  the 

WDEQ, provided the required 1988 coal  production r a t e s  f o r  each of the s i x  

surface mines i n  the Corridor and have been summarized i n  Table 4.1. The 

equations with t he  cont ro l  f a c t o r s  and production r a t e s ,  used by WDEQ i n  t h e i r  

simulation of the Corridor,  a r e  l i s t e d  i n  the  appendices. The methods used t o  

compute the emission r a t e s  f o r  each type of source a r e  de t a i l ed  below. These 

methods dupl icate  WDEQ's Emission Inventor ies  except f o r  the  emission f ac to r s  

used and the exclusion of WDEQ's "percent suspended" term. Instead.  the 

p a r t i c l e  s i z e  d i s t r i b u t i o n ,  discussed i n  Section 3.2, was input t o  simulate 

the  dry deposit ion and g r a v i t a t i o n a l  s e t t l i n g  associated with the mining 

a c t i v i t i e s .  

TO ca lcu la te  the  p a r t i c u l a t e  emission r a t e s  f o r  each of the surface coal 

mining a c t i v i t i e s .  the fo l lov ing  WDEQ equations,  adjusted f o r  this task  (as  

described above), were used. The emission f a c t o r s  l i s t e d  Table 3.3 have been 

applied t o  these equations.  

-Scraper Operations 

"wet days 
(0.50 control)(32 lb l sc ra~er -hr ) (0 .726  r a t i o " ) ( #  scraper-hr/yr)(0.126)* 

(8760 h r l y r )  = g/sec 

*The conversion f ac to r  from l b s l h r  t o  g l sec  i s  0.126. 



FIGURE 4-1 WIND ROSE ASSOCIATED WITH THE "CENTRAZ, CAMPSELL COUNTY" 
STAR DATA PROVIDED BY THE WYOMING DEQ (NUIIBERS REPRESENT 
PERCENT OF TINE WIND BLOWS FROM THE INDICATED DIRECTION) 



- 
-1 Creek 

4 *ea ~ a u ~ e  *ern-nting Mining r n w  

I 
1 2  3  A 5 6 7 8 9 1 0 1 1 1 2 1 3 1 A 1 5  

Cmdinates ( x l h )  
FIGURE 4-2 SOURCE CONFIGURATION OF SURFACE COAL MINES AND ACCESS 

ROADS USED TO DUPLICATE WDEQ'S 1988 GILLETTE CORRIDOR 
RUN 



TAU1.E 4.1 

1988 PRODUCTION DATA FOR CORRIDOR 

(These Production Rnte~ are Avnilshle from IJDEI) Public Documents) 

Scraper Operations. (hr/yr) 

3 Overburden Removal (yd /yr) 

Coal Production (tonlyr) 

Wind Erosion (ecre/yr) 

Coal ilaul Roads (mi) 

Overburden Haul Roads (mi) 

ilaul Road Repair (hr/yr) 

Overburden Blasting (blastslyr) 

Coal Bleating (bleste/yr) 

3 Topsoil Removal (yd /yr) 

Access Road (tripelyr) 

AHAX 
Belle Ayr 

2.36 x' 10 

7 3.75 x 10 

25 x lo6 

130 

6.1 

0.8 

8.53 x 10 

312 

208 

2.1676 x lo5 

1.6762 x lo5 

CARTER 
Caballo 

1.42 x 10 

26.6 x 10 

12 x 10 
6 

200 

7.1 

1 .O 

8.53 x 10 

600 

300 

5.23 x 10 

7.727 x lo4 

MOBIL 
Caballo Rojo 

4.4 x 10 ' 

3 0 . 2 ~ 1 0  

I5 x 10 
6 

226 

5.26 

1.2 

5 x 1 0  3 

250 

300 

4 . 7 5 ~ 1 0  

1.625 x lo4 

SUNEDCO 
Cordero 

2.23 x 10 

5 0 . 1 ~ 1 0  

2 4  x lo6 

283 

4.98 

0.8 

7.11 x 10 

365 

-365 

6 . 1 0 4 ~ 1 0  

1.5753 x 10 5 

CONSOL 
Pronghorn . 

2832 

11.597 x lo6 

5 x 10 
6 

310 

4.98 

3.36 for 8% 
1.50 for 92% 

1.326, x 10 

104 

104 

1 . 5 8 ~ 1 0  

ARC0 
Coal Creek 

9.75 x 10 3 

4.3 x 10 6 

18 x 10 
6 

815 

3.7 

1.14 

2.0768 x 10 4 

250 

250 

3 x 10 5 

8..558 x 10 4 



5 -Overburden Removal 

TruckIShovel 

3 3 (0.02 lb/ton)(1.74 ton/yd )(# yd /~r)(~-~26) _ g/sec 
(8760 hr/yr) 

Dragline 

1 -Coal Removal (Frontend Loader or Truck/Shovel) 

(control factor)(0.066 lb/ton)(ff con/yr)(0.126) _ glsec 
8760 hrlyr 

50% control factor for Caballo Rojo, Pronghorn, Coal Creek, and Belle Ayr 
85% control factor for Cordero and Caballo 

-k'ind Erosion (assume 4.7 misec wind speed) 

-Coal Eaul Roads (assume average watering for controlling particulate emissions) 

(5.6 lbs/VMT)(length of haul road-miles)(# ton/yr)(0.126) _ glsec 
(8760 hrlyr) 

-Overburden Eaul Roads (assume average vatering 
particulate emissions) 

for controlling 

3 (5.6 1bslVMT) (length of haul road-miles) (# yd /yr)(0.126) _ glsec 
(8760 hr/yr)(# yd3/hauling vehicle) 

-Eaul Road Repair 

"vet days 
(0.50 control) (32 lblgrader-hr)(0.726 ratio")(# grader hr/yr)(0.126) 

(87b0 hriyr) 
- glsec . 



-Overburden Blasting ~- 

(50 lb/blast)(# overburden blasts/yr)(O.l26) . 
(8760 hr/yr) - g/sec 

-Coal Blasting 

(35 lbs/blast)(# coal blasts/yr)(O.l26) 
(8760 hr/yr) = g/sec 

-Crushers (Primary and Secondary) 

(control efffciency)(0.08 lbs/ton)(# tons/yr)(0.126) 
(8760 hr/yr) = g/sec 

-Train Loading 

-Overburden Replacement 

-Access Road. 

(control efficiency)(8.44 lb/VHT)(# trips/yr)(ff miles/trip)(O.l26) 
(8760 hr/yr) = g/sec 

-Topsoil Removal 

TOPSOIL DENSITX PROVIDED BY EACH MINE 

Caballo Rojo 
Pronghorn 
Cordero 
Coal Creek 
Belle Ayr 
Caballo 



Table 4 . 2  summarizes the r e su l t ing  1988 Emission Inventory fo r  each of the s i x  

surface coal mines. The sane d i s t r i b u t i o n  of the above described surface coal 

mining operations a s  used i n  UDEQ's simulation of the Corridor has been 

applied t o  the area source configurat ion i l l u s t r a t e d  i n  Figure 4-2. 

4 . 3  LONG-TEBH COFSDOB MODEL RESULTS 

The ISC Model r e s u l t s  depict ing the annual period a re  t o  be compared t o  

the UDEQ dispersion ana lys i s  f o r  the Corridor. WDEQ's model ana lys is  is  

therefore included t o  f a c i l i t a t e  t h i s  comparison. Figure 4-3 is the WDEQ 

isople th  map of t h e i r  calculated annual geometric mean TSP concentrations due 

t o  the Corridor 's mfning a c t i v i t i e s .  The important fea ture  of Figure 4-3 is  

tha t  the annual ambient air qua l i ty  standard fo r  t o t a l  suspended pa r t i cu la t e s  

of 60 ug/m3 vill not be exceeded due t o  the mining a c t i v i t i e s  associated 

with the s i x  surface coa l  mines. In  p a r t i c u l a r ,  the MEQ predicted maximum 

annual average geometric mean TSP concentration due t o  1988 mining operations, 
3 plus background, v i t h i n  the Corridor t o  be 58 ug/n . 

The ISC Model long-term program predic ts  annual ar i thmetic  mean TSP 

concentrations. In the Povder Mver Basin region, the background TSP 

concentration has been determined by WDEQ t o  be 15 ug/m3 with a 0.75 

conversion fac tor  from an ar i thmet ic  t o  a geometric mean concentration. 

Applying these constants t o  the 1SC Uodel-predicted TSP concentrations f o r  the 

long-term Corridor run r e s u l t s  i n  the i sop le th  map shown i n  Figure 4 - 4 .  The 

values on both maps represent  the annual geometric mean TSP concentrations due 

t o  the 1988 mining operat ions within the Corridor plus a background 
3 concentration of 15 pg/m . A s  a r e s u l t  of simulating the Corridor 's  mining 

a c t i v i t i e s  with a more sophis t ica ted  atmospheric dispersion model and using 

s i t e  spec i f i c  emission f a c t o r s  f o r  the various. coa l  surface mining a c t i v i t i e s ,  

a general improvement is seen i n  the  predicted 1988 a i r  qua l i ty  impact from 

the s i x  coal  mines. The EDS-predicted lower pa r t i cu la t e  impact i s  due t o  the 

accurate  simulation of dry deposi t ion and g rav i t a t iona l  s e t t l i n g .  The 

i sople th  pa t te rn  i n  Figure 4-4 (EDS model run) i s  s imi lar  t o  the i sople th  

pa t te rn  of Figure 4-3 (UDEQ model run) .  The maximum annual geometric mean TSP 

concentration. including background, as  generated by the EDS model, however, 



TABLE 4 .2  

1988 EMISSION INVENTORY FOR CORRIDOR 

Emission Rates  (g / sec )  Developed by Applying EDS Emission F a c t o r s  t o  
P roduc t ion  Ba tes  A v a i l a b l e  from WDEQ P u b l i c  Documents (and Summarized i n  

I 
Volume 1 1 )  Using the Equa t ions  L i s t e d  Above. I f  no  Emission Rate i s  
L i s t e d ,  M E Q  d i d  n o t  Inc lude  t h e  Source  i n  T h e i r  Ana lys i s  o f  t h e  C o r r i d o r .  I 

\I 
I 
I 
I 
I 
I 
I 
I 

S c r a p e r  Opera t ions  

Overburden Removal 

Coal Removal 

Truck Dump 

Wind Eros ion  

Coal Haul Roads 

Overburden Haul Roads 

Haul Road Repa i r  

Overburden B l a s t i n g  

Coal B l a s t i n g  

Crushers  

T r a i n  Loading 

S i l o  S t o r a g e  

Barn S to rage  

Trough S to rage  

T o t a l  Prep P l a n t  

Sampling S t a t i o n  

T o p s o i l  Removal 

Overburden Replacement 

Access Road 

A.MAX 
B e l l e  Ayr 

3.95 

18.77 

1 .08  

11.87 

1.42 

102.36 

35.04 

1 .43  

0.23 

0.10 

1.89 

0.28 

11.26 

76.65 

CARTER 
Caba l lo  

2.37 

17.75 

0 .52  

6.21 

2.19 

19.06 

14.62 

1.43 

0.43 

0.15 

2.39 

0.30 

0 .30  

0.67 

8.00 

30.34 

MOBIL 
Caba l lo  Rojo 

0.74 

15.12 

0.64 

7.12 

2.47 

52.96 

31.05 

0.84 

0 .18  

0.15 

0.18 

6.04 

0.55 

9.07 

3.19 

SUNEDCO 
Cordero 

3 .73  

25.07 

1.03 

12.42 

3.10 

56.63 

33.04 

1.19 

0.26 

0.19 

1.01 
1.57 

0 .58  

1.16 

0.90 

15.04 

84.45 

CONSOL 
Pronghorn 

0.47 

5.89 

0 .21  

2.37 

3.39 

11.80 

16.85 

2.22 

0.08 

0.05 

0.29 

2.01 

0.18 

3.48 

10.65 

ARC0 
Coal Creek 

1.63 

21.52 

0.78 

8.54 

8 .91  

17.88 

40.41 

3.47 

0.18 

0.01 

2.59 
1.03 

7.25 

0.52 

0 .33  

12.92 

70.48 
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3 i s  .only 46 ug/m . The maximum concen t ra t ion  of 46 ug/m3 is  predic ted  by 

the  ISC Model t o  occur a t  a g r i d  l o c a t i o n  near  the  c u r r e n t  BA-3 SLAMS hi-vol. 

This va lue  i s  lower than c u r r e n t  annual average measurements, s e e  Figure 3-4, 

mainly due t o  the  r ecep to r  g r i d  s i z e  and due t o  the  changing mine p i t  geometry 

and l o c a t i o n  a s  modeled by WPEQ, i l l u s t r a t e d  i n  Figure  4-2. Table 4.3 lists 

the  output  from the  long-term Corr idor  run. &Is0 included i n  Table 4.3 i s  the  

ca lcu la t ed  TSP concent ra t ion  con t r ibu ted  by s e p a r a t e  sources a t  each 

receptor .  These s e p a r a t e  sources  are :  

- CARTER MINING COMPANY'S Caballo Mine; 
- AMAX COAL COMPANY'S B e l l e  A y r  Mine; 

- MOBIL O I L  C0RPORATIOE;'s Caballo Rojo Mine; and 

- ATLANTIC RICHFIELD COMPANY'S Coal Creek Mine. 
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5.0 INTEXPRETATIONS AND CONCLUSIONS 

Part 2 has involved a model (the ISC Model) vith a level of 

sophistication above prior EPA approved atmospheric dispersion models. In 

verifying both the short-term and long-term programs of the ISC Model, site 

specific data vere employed. Accurate production information, field developed 

emission factors and particle size distributions, and on-site meteorological 

data comprised the input for both programs of the ISC Model. The 

model-predicted particulate concentrations vere compared vith an independent 

set of data composed of site specific hi-vol measurements for both the 

short-term and long-term simulations of the surface coal mining activities at 

AMAX COAL COMPANY'S Belle A p  Mine. By comparing these data sets. the ISC 

Model has verified very well. Verification of the WDEQ-modified CDM model 

(CDMW) vith input and output data specific to the Povder River Basin is 

unknovn. 

T h e  ISC Model-predicted impact of particulate matter from the 1988 

permitted mining activities vithin the Gillette Corridor shov maximum annual 

geometric mean concentrations to be 14 ug/m3 lower than the Wyoming Bir 

Quality Standard and , 12 vg/m3 below, the WDEQ's CDMW-predicted TSP 

concentrations. An important observation from the long-term ISC Model run, is 

the limited areal extent of the particulate impact, 1.e.. the maximum 

particulate impact from each mine is confined to separate regions in the 

imediate vicinity of the mine. 

Evident from both the ISC Model verification runs and the Corridor model 

run, the EDS developed emission factors accurately describe the surface coal I 
afning operations measured. The successful ISC Model verification runs 

(short-tern and long-term) are attributable to emission factors specif,Lc to 

the coal mining activities. If the developed emission factors vere not 

I 
accurate, the ISC Model vould not have verified-even though this model 

represents state-of-the-science dispersion theory. The surface coal mine 

i 
specific emission factors enabled an accurate simulation of the particulate 1, 
impact from the Gillette Corridor of mines. 

I. 



From the various applications of the long-term and short-term programs 

of the ISC Model, it is apparent that the technical capabilities of this model 

ate greater than other atmospheric dispersion models. &11 of the predicted 

particulate concentrations obtained from the ISC Model applications appear to 

simulate the mining operations in a physically sound manner-with the 

exception of the 100 m radius surrounding each source. The correct simulation 

of observed phenomena results from a combination of site specific input data 

and an accurate model of various processes associated with atmospheric 

dispersion. 

The modeling has shown that application of the ED5 developed emission 

factors requires an exact simulation of the large particle behavior. 

Therefore, if these developed emission factors are to be used in atmospheric 

dispersion models, then these factors must be used in the ZSC Model or a model - 
that handles gravitational settling and dry deposition in an equivalent manner. 

From the modeling performed during this task, there is strong evidence 

that the high volume air sampler is indeed biased vhen collecting particulates 

larger than 100 um in diameter. Consequently, -if the measurement technique 

used to collect the particle size distributions to be input into the 

dispersion model is not equivalent to the technique (hi-vols) used in 

collecting the field data for comparison to the model-predicted particulate 

concentrations, the model results vill be biased accordingly. 

In summary, the validity of the modeling exercise described in Part 2 is 

critically dependent upon three factors: 

- the accuracy/representativeness of the EDS emission factors; 

- the realistic simulation of gravitational settling and dry 
deposition in application of the developed emission factors; 

- application of an atmospheric dispersion model sophisticated enough 
to accurately simulate real processes (the ISC Model). 
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A.O DERIVATION OF TH€ SOURCE DEPLETION FACTOR 

A. 1 INTRODUCTION 

Hi-vol .measured particulate concentrations result in a calculated 
.. apparent" emission rate vhich is lover than the actual emission rate since 
the largest particles settle out of the atmosphere betveen the particdate 

source and the hi-vol receptor. Chamberlain (1953) has described a method for 

computing a source depletion relationship based on deposttion velocity. In 

the original derivation of this relationship, deposition velocity vas treated 

as a constant because suspended particulates and gases vere considered. The 

EDS data. however, indicated significant gravitational settling causing the 

resulting deposition velocity to be a decreasing function vith increasing 

distance from the source. The remainder of Appendix A describes a derivation 

of a nev source depletion factor--a modification of Chamberlain's method. 

A-2 MAPEUTICAL DERIVATION 

Utilizing the method of Chamberlain, (Slade, 1968) the source depletion 

or deposition factor is derived as follows: 

From Volume I. Part 1. Section 3.2, equation (3.1). the deposition rate 

is given by, 

and 

vhere Q(x) = "apparent" emission rate as seen at distance x 

The exponential terms vith receptor height ( 2 )  and source height (H) have been 

neglected in (A.2) because they are very small relative to the y2 term vhen 

considering surface measurements of surface mining operations. 



The rate of change of "apparent" emission rate with distance from the 

source is equal to the deposition taking place across the plume, i.e., 

Substituting (A.1)  and (A.2) into (A .3 )  and integrating. 

Rearranging (A.4)  

By substituting analytical expressions for Vd and uZ as a function of x 

and integrating the result, the result is an analytical expression for 

depletion of the source Qo with distance. The expression for Vd(x) has 

been derived from measurements, Volume I, Part 1, Section 3 . 3 ,  

equation ( 3 . 9 ) .  An expression of similar form for UZ has been developed by 

smith ( 1 9 7 3 ) .  

where c and f are constants which depend upon stability class. 

Substituting ( 3 . 9 )  and (A .6 )  into ( A . 5 ) .  the resulting expression can be 

integrated and yields 



Equation (A.7) applies to a point source only. However, the expression I 
may be modified to be utilized with an extended source by moving the point 

source upwind of the real source a given distance. The extended source is 

thus simulated by a virtual point source at a distance. xvirt, upwind of the 
I 

actual source. This virtual distance is a function of the size of the source 

and the atmospheric stability. I 
The virtual distances are computed utilizing equation (A.6). First, it 

is estimated that the average height of the sources being simulated is 10 ft 

I 
or 3.05 m. Next, it is assumed that the source height is 2.15 azo. ~ h u s ,  I 

The virtual distances, x 
virt ' are then computed for each stabiliry class I 

utilizing equation (A.6), e.g.. 

( x ~ ~ ~ ~ ) ~  ' 0 20 / C  (A.9) 

I 
The values for the constants and the virtual distances are given in the I 
Table A.1. 

TABLE A.l 

VIRTUAL DISTANCE WITH TEE APPROPRIATE 
CONSTANTS FOB EACH STABILITY CLASS 

STABILITY CLASS . 
A 
B 
C 
D 
E 
F 

* 

c 

0.2793 
0.2255 
0.2229 
0.1994 
0 .I485 
0.1173 

f 

0.90 
0.85 
0.80 
0.76 
0.73 
0.67 

Xvirt(m) 

6.08 
8.70 
10.10 
13 -21 
22.00 
41.27 



Equation (A.7) may n o w b e  modifed to apply to the extended sources by 

changing the limits of integration to xvirt and (x + xvirt): 

) b-f+l - 
and - Q(x) = e x p  ('virt 

Qo u b-f+l 

- +  ]] (A.1.) 





9.0 ISC MODEL AS AF'PLIED TO TIE EDS STUDY 

The Industrial Source Complex (ISC) Dispersion Model has been recently 

relqased by the Favironmental Protection Agency (EPA) to perform complicated 

air quality impact analyses for a vide variety of source types, including 

surface coal mines. The ISC Model combines various analytical dispersion 

modeling techniques in tvo computer programs, a short-term version and a 

long-term version. The ISC Model short-term program (ISCST) is an updated 

version of the EPA Single Source (CRSTER) Model. The ISC Model long-term 

program (ISCLT), a sector-averaged model, updates and combines the features of 

two EPA UNAMAP models: Climatological Dispersion Model (CDM) and Air Quality 

Display Model (AQDM). Both programs (ISCST and ISCLT) of this comprehensive 

model include the same features. The feature options exercised for this 

modeling task, each to be discussed in detail. include: 

- plume rise due to momentum and bu0yancy.a~ a function of 
dovnvind distance; 

- emissions from a combination of point, area, line, and volume 
sources vith physical separation of the multiple sources; 

- application-defined receptor grid; 

- effects of gravitational settling and dry deposition; 

- dispersion coefficients and mixing depths for a rural environment; 

- simulation of site specific atmospheric conditions. 

The same basic dispersion model assumptions apply to both programs (ISCST and 

ISCLT). The steady-state Gaussian plume equation for a continuous source is 

used to calculate ground-level particulate concentrations for point, volume, 

and line sources. The area source model is based on the dispersion equation 

for a continuous and finite cross-vind line source. This extremely flexible 

model calculates particulate concentrations using sequential hourly 

meteorological daca for the short-term (6 and 24 hour) and a joint frequency 

distribution of vind speed, vind direction, and Pasquill stability class for 



the long-term (annual) values. A technical discussion of each of the model's 

features, as well as the required input, and the resulting output format is 

included in the remainder of this Appendix. 

The ISC Model calculates the plume rise, using a generalized form of 

Briggs (1971, 1975) equations, as a function of downwind distance, momentum, 

and thermal , buoyancy. Separate plume rise equations exist for 

heutral/unstable and stable atmospheric conditions. For applications 

involving stack emissions the effective stack height of a plume is a 

combination of the physical stack height and the plume rise. For simulation 

of surface coal mining activities, however, only the physical height of 

fugitive dust emissions, e.g., height of the stockpile and height of wake from 

haul trucks, are of concern. 

B.3 SOURCE TYPES 

The ISC Model programs (ISCST and ISCLT) accept the following source 

-types: point, area, and-volume; line sources are simulated by multiple volume 

sources. The dispersion of particulate emissions from "stacks" (point 

sources) are determined using the steady-state Gaussian plume equation for a 

continuous elevated source. The area and volume source options are used to 

simulate the impact of particulate emissions from a variety of the surface 

coal mining operations, such as reclaimed land and stripped overburden (area 

sources) and coal and overburden haul roads (volume sources). The area source 

model is based on the equation for a continuous and finite cross-wind line 

source. Since each area source must be square, the effects of an irregular 

shaped area source can be simulated by a series of multiple squares 

approximating the source's actual geometry, as illustrated in Figure B-1. 

Note the size of the individual area sources varies; the only requirement is 

that each area source must have the same north-south and east-west 

dimensions. In general, no plume rise exists with area sources; consequently, 

the effective emission height is equivalent to the physical height of the 

source of particulate emissions. 



FIGURE 8-1 REEESENTATION OF AN IRREGULARLY SHAPED AREA SOURCE 
BY 11 SQUARE AREA SOURCES ( I S C  DISPERSION MODEL 
USER'S GUIDE, 1 9 7 9 ) .  



The s teady-s ta te  Gaussian plume equat ion f o r  a continuous source is a l s o  

used t o  c a l c u l a t e  ground-level p a r t i c u l a t e  concent ra t ions  cont r ibuted  by 

volume source emissions. As v i t h  the  a r e a  source model, t h e  north-south and 

eas t -ves t  dimensions of each volume source  must be the  same. A c o a l  or  

overburden haul  road ( l i n e  source)  i s  represented  by a s e r i e s  of mul t ip l e  . 
volume sources. To r ep resen t  a l i n e  source e x a c t l y ,  equa l ly  d iv ide  t h e  l i n e  

source i n t o  N volume sources ,  vhere N i ~ ' ~ i v e n  by t h e  length  of the  l i n e  

source d iv ided  by i t s  v i d t h .  Th i s ,  however, i s  usua l ly  n o t  practical-so a 

haul road i s  simulated by an approximate r ep resen ta t ion ,  a s  i l l u s t r a t e d  i n  

Figure B-2. I n  spacing a smal le r  number of volume sources a t  equal  . i n t e rva l s  

(not t o  exceed t v i c e  the  v id th  of the  l i n e  source)  an approximate 

r ep resen ta t ion  of the  l i n e  source i s  achieved. A s  suggested i n  Figure B-2, 

s e t t i n g  the  user  s p e c i f i e d  i n i t i a l  l a t e r a l  dimension, o. equal t o  2W12.15, 
YO' 

where W i s  the  v i d t h  of the source,  r e s u l t s  i n  overlapping Gaussian 

d i s t r i b u t i o n s  f o r  the  i n d i v i d u a l  sources a s su r ing  a reasonable r ep resen ta t ion  

of t h e  haul  roads. A s  v i t h  a r e a  sources ,  gene ra l ly  no plume r i s e  occurs from 

volune sources. Consequently, the  e f f e c t i v e  source emission height  i s  s e t  

equal  t o  the  physical  he ight  of p a r t i c u l a t e  emissions. 

It is .Important t o  no te  a p e c u l i a r i t y  of the  ISC Model. I f  the d i s t ance  

betveen a receptor  and a dogwind source i s  l e s s  than 100 m ,  a varning message 

i s  p r in t ed  i n  t h e  output  and no suspended p a r t i c u l a t e  concent ra t ions  a r e  

ca l cu la t ed  f o r  t h a t  source-receptor  combination. No o the r  receptors  a r e  

a f f e c t e d  however. . The ISC Model c o n s i s t e n t l y  underpredic ts  the  ground-level 

p a r t i c u l a t e  concent ra t ion  a t  a receptor  within 100 m of a source. This 100 m 

r e s t r i c t i o n  a r i s e s  from t h e  f a c t  t h a t  t h e  Pasquil l -Gifford curves begin a t  

100 m. A l l  source types (po in t ,  a r e a ,  volume, and l i n e )  a r e  a f f ec t ed  by this 

l i m i t a t i o n .  

B .4 RECEPTOR G R I D  

Se lec t ion  of a Car t e s i an  ( x , y )  or  a polar  ( r , 6 )  receptor  g r i d  system 

al lows the  user  t o  des ign  t h e  ISC Model output  f o r  t h e  s p e c i f i c  app l i ca t ion .  

Since a combination of m u l t i p l e  sources ,  not  loca ted  a t  the  same poin t ,  



(a )  EXACT REPRESENTATION 

(b) APPROXIMATE REPRESENTATION 

FIGURE B-2 EXACT AND APPROXIMATE REPRESENTATIONS OF A LINE 
SOURCE BY MULTIPLE VOLUMESOURCES (ISC DISPERSION 
MODEL USER'S GUIDE, 1979). 



comprise surface coal mines, the Cartesian co-ordinate system was chosen. In 

the Cartesian grid system, the x-axis is positive to the east ok the origin. 

user defined for each application, and the y-axis is positive to the north. 

Discrete (arbitrarily placed) receptor points can supplement the Cartesian 

grid. In applying the ISC Model to the coal mines in Gillette, Wyodng, 

disc;rete receptor points corresponded to the locations of high volume air 

samplers (hi-vols) surrounding the mines. 

B.5  SETTLING AND DEPOSITION 

The effects of gravitational settling and dry deposition on ambient 

concentrations can be neglected for small particulates (diameters less than 

about 20 ~m). The small particulates tend to remain suspended in the 

atmosphere for long distances. The larger particulates, hovever, are brought 

to the ground surface by a combination of gravitational settling and 

atmospheric turbulence. Additionally, small particulates are generally 

reflected from the ground surface, whereas the large particulates that come in 

contact with the surface, usually are completely or partially retained at the 

surface. The ISC Model includes the effects of both dry deposition and 

gravitational settling. The Dumbauld, et-al. (1976) dry deposition model, -- 
used in the ISC Dispersion Model, assumes that a user specified fraction of 

the material that comes into contact with the ground surface is reflected from 

the surface back into the atmosphere. The reflection coefficient, analogous 

to the deposition velocity in other deposition models, is a function of the 

gravitational settling velocity. This relationship is illustrated in 

Figure B-3. Figure B-4 illustrates the vertical concentration profiles for 

complete reflection from the ground ( Y =  1.0), 50 percent reflection (7'- 0.5), 

and complete retention at the surface (Y=  0.0). Gravitational settling of the 

large particulates results in a tilted plume with the plume axis inclined to 

the horizontal. Using McDonald's (1960) technique the graviational settling 

velocity can be determined for all particulate sizes. 



REFLECTION WEFFiClENT y,, 

FIGURE B-3 RELATIONSHIP BETWEEN THE GRAVITATIONAL SETTLING 
v n o c I n  AM) THE REFLECTION C O ~ I C I E N T  SUGGESTED 
BY DUMBAULD et al. (1976) (ISC DISPERSION MODEL -- 
USER'S GUIDE. 1979). 

I 
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Fnr each source  of p a r t i c u l a t e  S a t t e r ,  She t o t a l  emissions a r e  

subdivided i n t o  s e v e r a l  s i z e  ca t egor i e s .  The p a r t i c l e  s i z e  d i s t r i b u t i o n  can 

be described by t h r e e  parameters. i n p u t  i n t o  t h e  ISC Model computer programs, 

f o r  each category: 

- mass f r a c t i o n  of p a r t i c u l a t e s ;  

- r e f l e c t i o n  c o e f f i c i e n t ;  and 

- g r a v i t a t i o n a l  s e t t l i n g  v e l o c i t y  f o r  t h e  mass 
mean diameter of the  p a r t i c u l a t e  s i z e  range. 

The t o t a l  p a r t i c u l a t e  concent ra t ion  from each source is computed by summing 

over  the a r r a y  of s i z e  ca tegor ies .  

B. 6 RURAL MODE 

Both computer programs of the ISC Model have one Rural and two Urban 

opt ions.  I n  s imula t ing  the  su r face  c o a l  mines i n  the Powder River Basin, the 

r u r a l  mixing he igh t s  and d i spe r s ion  c o e f f i c i e n r s  vere  used i n  c a l c u l a t i n g  the  

particulateconcentrations.  

Determination of t h e  mixing he igh t s  i s  based on t h e  c u r r e n t l y  accepted 

procedure developed by Holzworth (1972). Since t h e  morning (minimum) and 

af te rnoon (maximum) mixing he ights .  developed by Bolzvorch, vere  determined 

from da ta  r ep resen t ing  urban environments, t h e  ISC Model a d j u s t s  the  mixing 

l a y e r  depths  f o r  the  Rural mode. 

Unlike t h e  tvo Urban modes, t h a t  account f o r  the  enhanced turbulence 

o f t e n  a s soc ia t ed  v i t h  urban areas .  t h e  Rural  mode's l a t e r a l  and v e r t i c a l  

d i s p e r s i o n  c o e f f i c i e n t s  ( a  and o Z  r e s p e c t i v e l y )  a r e  detennined using t h e  
Y 

a c t u a l  P a s q u i l l  s t a b i l i t y  category. (Note the  ISC Model's r e d e f i n i t i o n  of 

extremely s t a b l e  "G' category t o  t h e  very s t a b l e  "F" category.) The 

d i s p e r i s o n  c o e f f i c i e n t s ,  a  funct ion  of dovnvind d i s t a n c e ,  a r e  ca l cu la t ed  using 

equat ions  t h a t  approximately f i t  the  Pasquil l -Gifford curves (Turner, 1970).  



B.7 SITE SPECIFIC 

To assure  t h e  ISC Model conforms as c l o s e l y  t o  a  s p e c i f i c  s i t e  as 

poss ib le ,  the  user  may inpu t  s i t e  s p e c i f i c  va lues  of t h e  wind-profile exponent 

and the  v e r t i c a l  p o t e n t i a l  temperature gradients-for each combination of wind 

speed and Pasqu i l l  s t a b i l i t y  category. When an i n s u f f i c i e n t  quan t i ty  of 

on-si te  meteorological  da t a  t o  determine s i t e  s p e c i f i c  va lues ,  the  ISC Model 

uses the  d e f a u l t  va lues  given i n  Table B.1. 

TABLE B . l  

DEFALlLT VALUES FOR THE WIND-PROFILE EXPONENTS 
AND VERTICAL POTENTIAL TWERATURE GRADIENTS 

PASQUILL STABILITY WIND-PROFILE VERTICAL POTENTIAL TEMPERATURE 
CATEGORY EXPONEIT GRADIENT (oK/m) 

A 0.10 0.000 
B 0.15 0.000 
C 0.20 0.000 
D 0.25 0.000 
E 0.30 0.020 
F 0.30 0.035 

Applying the  ISC Model t o  the  c o a l  mines near  G i l l e t t e ,  Wyoming, the  

fol lowing da ta  a r e  requi red  f o r  each source: 

- Car tes ian  x , y  coordina tes  of the  source with 
r e spec t  t o  the  user-defined o r i g i n  (m); 

- source e l eva t ion  (meters above mean sea  l e v e l ) ;  

- p a r t i c u l a t e  emission r a t e  (g /sec) ;  

- mass f r a c t i o n  of p a r t i c u l a t e s  i n  each s i z e  category;  

- g r a v i t a t i o n a l  s e t t l i n g  ve loc i ty  f o r  the p a r t i c u l a t e s  
i n  each s i z e  category (m/sec); and 

- su r face  r e f l e c t i o n  c o e f f i c i e n t  f o r  p a r t i c u l a t e s  
i n  each s i z e  category. 



I n  add i t ion ,  p i n t  sources  r equ i re  the s t ack  parameters (he igh t ,  diameter ,  

e x i t  v e l o c i t y ,  and e x i t  temperature) f o r  the  plume r i s e  c a l c u l a t i o n s .  The 

e f f e c t i v e  p a r t i c u l a t e  emission height  and dimensions ( 'vidth of square a r e a  

source  and the  i n i t i a l  ho r i zon ta l  and v e r t i c a l  dimensions of volume sources)  

a r e  r equ i red  f o r  each a r e a  and volume source. 

Each program (ISCST and ISCLT) of the  ISC Dispersion Model have 

d i f f e r e n t  meteorological  input  requirements.  The shor t - t e rn  program (ISCST) 

c a l c u l a t e s  p a r t i c u l a t e  concen t ra t ions  us ing  s e q u e n t i a l  hourly meteorological  

da t a ;  whereas t h e  long-term program (ISCLT) uses  an annual s t a t i s t i c a l  

meteorological  summary t o  determine the annual  average concent ra t ion .  

Consequently, t h e  fol lowing meteorological  d a t a  a r e  requi red  f o r  'each hour 

ISCST i s  applied:  

- mean wind speed (m/sec); 

- d i r e c t i o n  vind is bloving toward (degrees) ;  

- ambient a i r  temperature (OK); 

- depth of s u r f a c e  mixing l a y e r  (m); and - 

- P a s q u i l l  s t a b i l i t y  c l a s s .  

Regular annual  STAR (STab i l i t y  m a y )  da ta  a r e  t h e  primary meteorological  

i n p u t  requi red  by t h e  ISCLT program. STAR d a t a ,  s t a t i s t i c a l  t abu la t ion  of the  

j o i n t  frequency of occurrence of vind speed, wind d i r ec t ion .  and P a s q u i l l  

s t a b i l i t y  c l a s s ,  a r e  a v a i l a b l e  from t h e  National  Climatic  Center (NCC) i n  

Ashevil le ,  North Carol ina.  Parameters a l s o  requi red  by ISCLT include: 

- annual  mixing he igh t  (m) f o r  each vind speed 
and s t a b i l i t y  category;  and 

- annual  mean ambient a i r  temperature (OK) 
f o r  each s t a b i l i t y  category.  



The extremely f l e x i b l e  ISC Model has s e v e r a l  output  format opt ions  

a v a i l a b l e  t o  a l l o v  the  use r  t o  t a i l o r  t h e  d a t a  p re sen ta t ion  t o  each s p e c i f i c  

app l i ca t ion .  For t h e  ISCST and ISCLT model runs t h a t  vere discussed i n  

Volume I, the following t a b l e s  v e r e  included: 

- program c o n t r o l  parameters,  source  d a t a ,  and r ecep to r  da t a ;  

- meteorological  da t a  (hourly va lues  f o r  each day f o r  
short-term, and annual STAR d a t a  f o r  long-term); and 

- p a r t i c u l a t e  concent ra t ions  c a l c u l a t e d  (6 o r  24 hour f o r  
short-term and annual average f o r  long-term) f o r  the 
des i r ed  combination of sources  f o r  a l l  receptors .  

Several  sources of d i f f e r e n t  types s imula te  t h e  v a r i e t y  of opera t ions  

assoc ia ted  v i t h  a  su r face  coa l  mine. To evalua te  the impact of the  e n t i r e  

mine opera t ion  ( a l l  the  mines i n  t h e  reg ion)  on the  surrounding r ecep to r s ,  t h e  

ISC Model allows the sources comprising each mine o r  type of mine opera t ion  t o  

be repor ted  sepa ra t e ly  f o r  each receptor .  This output  format i s  va luable  i n  

eva lua t ing  the impact of each type of mine opera t ion  simulated i n  the  model 

v e r i f i c a t i o n  runs and each ind iv idua l  mine modeled i n  the  1988 G i l l e t t e  

Corr idor  runs. 



B -10 REFERENCES 

Briggs. G. A . ,  1971: Some recent  ana lyses  of plume r i s e  observat ions.  
Proceedings of the  Second I n t e r n a t i o n a l  Clean A i r  Congress, Academic 
Press ,  Nev York. C 

Briggs,  G. A., 1975: Plume r i s e  p red ic t ions .  Lecrures on A i r  Po l lu t ion  and 
Environmental Impact Analysis ,  American Meteorological Society,  Boston, 
Massachusetts. 

Dumbauld, R. K, J. E . k a f f e r t y ,  and H. E. Cramer, 1976: Dispersion 
depos i t ion  from a e r i a l  spray r e l e a s e s .  P r e p r i n t  Volume f o r  the  Third 
Symposium on Atmospheric Dif fus ion  and Air Qual i ty ,  American 
Xeteorologica l  Socie ty ,  Boston, Massachusetts.  

EnvLronmental h-o tec t ion  Agency. 1973: User 's  guide f o r  the  Climatological  
~ ~ - 

Dispersion Model (CDM). EPA Report No. GA-~4-73-024,  U.S. 
Environmental P ro tec t ion  Agency. Research Tr iangle  Park, North Carolina. 

Environmental P ro tec t ion  Agency, 1977: User's manual f o r  Single Source 
(CXSTER) Model. EF'A Report No. EPA-450/2-77-013, U.S. Environmental 
P ro tec t ion  Agency, Research Tr iangle  Park, North Carol ina.  

~ n v i r o n m e n t a l  P ro tec t ion  Agency, 1979: I n d u s t r i a l  Source Complex (ISC) 
Hodel u s e r ' s  guide.  EP.4 Report No. EPA-450'4-79-030, U.S. Environmental 
P ro tec t ion  Agency, Research Tr i ang le  Park, North Carolina. 

- 
Holzworth, G. C.,  1972: Mixing h e i g h t s ,  wind speeds,  and p o t e n t i a l  f o r  urban 

p o l l u t i o n  throughout t h e  contiguous United Staces. Publ ica t ion  No. 
- 0  U.S. Environmental P r o t e c t i o n  Agency, Research Tr iangle  Park, 
North Carolina. 

McDonald, J. E., 1960: An a i d  t o  computation of te rminal  f a l l  v e l o c i t i e s  of 
spheres.  J. Met., 17,463. 

TBW Systems Group, 1969: A i r  Qual i ty  Display Model. Contract  No. PH 
22-68-60, U S  Department of Heal th,  Education, and Welfare, Washington, 
DC . 

Turner ,  D. 3.. 1970: Workbook of Atmospheric Dispersion Estimates.  PHs - 
Pub l i ca t ion  No. 999-AP-26, U.S. Department of Heal th,  Education, and 
Welfare. National  Air Pollution Control  Administrat ion,  Cinc innat i ,  Ohio. 





** .... . . ? * *  F'L5 1 ?-4NPV78_  .!.flPf'-4e! ............................... : .. 

I . . . . .  ....... . . . . . . . . . . .  
I * H E ~ E ~ R O L O Z I ! . C A L . . ~ ! T ? . . ~ O R .  O A t  3 0 8 .  ? 

........ ..... *.. . . .... ' . . . . . .  .-.- _. :.-. _pol x n p ,  . . .  ,_: 
r inw L~INO . n l x I N G  G R A D ~ E N T  MINO D E C A Y  

VECTOR S PEE0 HEIGHT TEMP. I O ~ G .  M 5 1 A B I L I T I  PROFILE COEFFIC 1 ~ ~ 1 '  
HOUR IOCLRfESI . I YPS I ... . . . . . . . . . . . . .  - . . .  ! ~ C T L R S !  J ~ E G ~ ! . ' ? . - ~ E ~  f 'ErEP) . .: . .ZA?S.EOR~--~_XP_0.NCNI.. , . ,  ! P C R . . S f C j  .- - - - - - - - - - - - -  - - - - - - -  - - , - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 . *o. . . .  L ..!..1.? ?5O*O.. . . .  ??.!.i.Oi---- *.oooo ...... 4 -2500  ~.c!c!oou c!.. ...... 
> 
L . O  -4.02 250.0 278 .o .oooo 4 .zsoo .ooooo c 
3 . O  , 5 r 8 1  ' 250.0 278.0 .OOOO '4 - 2 5 0 0  .OOOOO 0 
q . .  .. . : 0 .  6 .  7 1 , ..... ;150*.0-. . .  ??K?.P ... O P O 9  . . .  Ir .2500 ~ ! o o o o  0 
5 . r! t . 2 6  250.0 278.0 ... .OOOO 4 e2500 . O O O O O O  . 
C .O 1-15 250.0 271.0- .DO00 4 a2500 .OOOOO 0 

......... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - . - - . . . . . . . . . . . . - - . . .  - . . . . . . . . . . . . . .  - . . . . . . . . . . . . . . . .  , 

- 
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* 4 u  FALL 8 7t~Ow78 JOAH-4PY +++ 

4 HCTCOROLOGICAL DATA FOR DAY 3 1  2 

POT. TEMP: 
FLOW ',IN0 r (1X lNG GRADIENT UlND DECAY 

VECTOR S PEED HEIGHT I E H P .  (DCG H S TABILITV PROFILE COEFFIC 1ENT 
HOUR I DEGREES 1 I HPS 1 I ' i ETLRS l  IDEG. K I PER HETERI CATEGORV EXPONENT (PER S E C I  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - & - - - - - - - -  

I '43.C 1 - 3 9  12Ui).T, Z87.0 .DO00 3 .5000 .OC000 C 
2 5 t . 0  .'4 4 I 2cu.0  289.0 .oooo 3 . ~ P O O  .ooooo c 
3 63.0 - 8 9  1200.0  289.0 - 3 0 0 0  3 .2000 .00000 C 
4 bS. ! l  1.79 l 2 0 0 . b  291  -0 . i l l l o0  3 .2 0 0  0 - 0 0 0 0 3  0 
5 77.0 4.47 1 2 O G . O  7 9 1  -0 .OCOO 3 .2CDO .O@OOO C 
6 70.0 5.36 12f l3.0 789,G .OOOO 3 .2000 .O PO00 C 

i > 



~ o MtTEOROLOGICAL 0 4 T A  FOR DAY 3 1  2 * I 
POT.  TE,HP. 

FLOU U I N D  H I X l N G  GRADIENT WINO DECAY 
VECTOR 5 PEE0 H E I 6 I I T  TEMP. ( D E G .  H 5 1 A B I L I T V  P KOFILE  C O E F F I C  I F N T  

tlOU? I D E G R E L S I  ( t'PS 1 ( Y E T E R S I  IOEG. U l  PER METER)  CATEGORY C  XPONENT (PER S  ECI 
_ - _ - _ _ - ' _ - _ _ - - - - - _ _ _ _ _ _ _ _ _ - _ - _ - - _ - _ _ _ _ _ _ - _ - _ _ _ _ _  



0 0 9  FALL 1 0  ONuV79 lOdM-9PH *$+  

9 HLTEOROLOGICAL DATA FOR O A Y  3 1  3 * 

POT. TEHP. 
r ~ o w  u I N n  Y 1 x 1 1 ~ ~  G R A O ~ E N T  m~ NO O C C A Y  

V ~ C T O R  S PEE0 YEIbHT TEMP. (DEG. K S 7 A B i L I T Y  P AOFlLE COEFFIC IENT 
H OUP I O E G R E E S I   PSI I Y E I E R S I  IDEG. K t  PER YETER) CATEG09Y E XPONENT IPER 5 EC) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I 1 t . O  .tl9 1201J.G 290.0 .DODO 3 .2000 . 30000  C 
z 356.0 . e v  1znc.t.1 292.0 .oooo 3 .2000 .OCOCIO e 
3 9.0 1.39 1200.C 292.0 . O O O O  3 .2000 .OL!0000 
4 124.0 2.24 I2Uu.O 292  - 0  .ODD0 3 .2000 .00000 C 
5 397.11 1 - 3 9  12FU.G 292.0 .Oflo0 3 .ZCOO .OCOOO 0 
b 353 .0  2.24 12QO.O 293 .O .OOOO 3 .ZOO 9 a Of3000 0 



I 

4 o *  FALL 12 9tJ0V79 ICBM-4PM a * *  

* l4tTCOROLOGlCAL DATA FGR DAY 3 1  4 * 

POT. TEHP. 
FLOU k I R D  M I X l N l i  LRAOIENT k I  NO OFCAY 

VCCTOR SPEED HEIGHT TCHP. ( O E C .  K 5 1 A B I L I T Y  P GOFILE COEFFIC ]EN7 
HOLJR IIIEGREESI I MPSI I ~ E T E R S )  IIJEG. H I  PER MEIERI C A T E G O R Y  E XPONENT IPER s ECI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 l b 4 . f l  2.24 1ZGli.O 277.0 .DO00 4 .250C . DO000 C 
2 124 .n  .44 1 2 0 0 . 0  276.0 .DODO 4 .zsoo .OOO!JO c 
3 191 .0  .44 1200 .0  273.0 . O @ O O  4 - 2 5 0 0  .DO003 0 
4 2 5 9 . 0  4.47 1200 .0  272.C .DO00 4 .250D .OCOODO 
s 259.11 8 - 0 5  1200 .0  271.0 ' .unoo 4 .ZF.OO . 00000  c 
b 232.11 e.9 4 120C1.0 271.0 .cnoo 4 .zsoo .DCOCO c 

* 



* a *  W I N T E R  1 3 1  J A N  7 9  1 0 3 0 ~ ~  4 3 0 ~ ~  +** 

* +!LTCOROLOGICAL D l l T A  T O R  D A Y  3 1 * 

P O T .  TEMP.  
F L O W  L'INO Y I X l Y G  G R A D I E N T  W I N O  D E C A Y  

V T C T O I ?  - 5  P E E D  '1 E I ljll 1 T E M P .  ( U E G .  6 S T A R I L T T V  P R O F I L E  C O E F F I C I E N T  
HOUR 1 U K L I : C E S I  I UPS I Y E T L R S )  I D E G .  H 1 P E R  H E l E H )  C A T E G O R I  E X P O N E N T  ( P E R  S C C I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 • C ?.24 1 ODO. 0 257.0 .0000 3 a2000 .OCOOO C 
, 
L . ? 1.7Q l O f l C i . 0  257.0 .on00 3 .2000 .OCOOO C 
3 .o 1.3'4 1000.0 2 5 7 . 0  .on00 3 .2qoo .on000 o 
4 2 3 . ?  1.79 1 C O O . O  257.0 .OOOO 3 . Z O O 0  .OOOOO C 
5 . $ 2 . 6 9  1000.0 257.0 .OC0[1  3 . Z O O 0  .OOOOO 0' 
b . r, 3 - 1 3  i rno.  c 257.0 .o r00  3 .ZPOO .ooooo c 



r 

* * 0  U I N T E R  2 3 l J A V  1FE879  9 P H  3 A M  +++  

* H t T L O R O L O G I C A L  O L l A  F O R  DAY 3 1 * 

P O T .  TEHP.  
F L O U  Y l N U  H I X I N G  G R A O I r N T  U I N O  O f  C A Y  

Vt-CTOP 5 P C C 0  H t l G t l T  I E HP. I D E G .  I( 5 T A S l L l T V  p R O F l L E  C O E F F l C  1 L N T  
HOUR ( O C b P C E S I  I YPS 1 ( q E T E R S I  (OEG.  K I  P E I I  M E T r R I  CATEGORY E YPONENT I P E R  5 EC)  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - - - - - - - - - - - - - - - - -  

I . n 9 - 0 2  306.0 256.0 .oooo 4 .2500 .OOOOO c 
Z 3 3 8 .  I' 7.6: 3 0 0 . 0  2 5 5 . 0  .GOO0 4 - 2 5 0 0  .OOOOO 0 
3 . C 1 - 6 0  3 0 0 . 0  2 5 6 . 0  . O r 0 0  4 - 2 5 0 0  .OOOOO C 
'4 .I: C . Z 6  3OG.O 2 5 6 . 0  . .OOOO 4 .ZCOO .OOOOO 0 
5 2 3 . 0  1.5R 3FU.O 2 5 7 . 0  .l3coo 4 - 2 5 0 0  . o o o O ~  c 
6 9c.0 1.1 3 3 n o . o  2 5 6  .o .ooon 4 .21:00 .ooooo t 

- 



* a s  ;INTEII 3 1 f  E079 -9AH 3PtI  +++ 
L 

* HETEOROLOGICAL DATA FOP DAY 3 2 + 

POT. TEMP. 
FLOU UIN Cl q I X I N G  GRflDIENT CINO DECAY 

v rcTon  s r cc r )  HE I I,H I TEMP.  IOFG. H SIARILITY PROFILE COEFFICIENT 
HOUP IUTGliCE5 I 1 PPS) I Y E T l i R T I  IDEG. H i  . PER METER) CATEGORI E XPONENT (PER S ECl - -  - - - - - -  - -  - - - - - - - - - - - - - - - -  - - - -  - - - - - - - - - - - - - - - - -  

1 1 1 3 . V  .0?  lCC0.0 .251.0 .UOOD 3 .ZGOO .OOOOO C 
z 1511.17 1 - 7 9  ~ 0 c i l . c  253.0 .ocoo 3 .zoo0 .ooooo c 
3 135.0 1.79 lOOU.@ 254 - 0  .UOOO 3 .ZOO0 .OOOOO C 
4 2!!3.n 1.13 1OOJ.U 255.0 .OOOO 3 .2COO .OOOOO C 
5 203. P 1.79 1000 .0  255.0 .COO0 3 .2000 .00000 C 
6 113.0 1.35 1000 .0  255.0 .On00 3 .ZOO0 . O o O O O  C 

4 
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- 
o a a  ;IIIT €11 7  I F F 8 7 9  9 n r  JPH +++ 

* METEOROLOGICIL ObTA FOR DAY 3 4  * 

POT. TEMP. 
fLOU '41 ti0 M I X I N G  GRADIENT. UI 110 DECAY 

V C C T O R  SPEED H E I 6 H l  TEHP. tOEG. K S l A 9 I L l T Y  PROFILE COEFFIC I E N 1  
HOU? (DEGREE5 I 1 t'PS1 (YCTLRSt  ( O E G .  K I  PER METLHI CATEGORY EXPONENT (PER S C C I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 b e . ?  ? a  1 3  1 GCO.0 263.0 .OF00 3 .200O .00000  G 
2 9r.n 2.66 1 ~ 0 0 . 0  263.0 .OOOO 3 .2 t00 .ODOOD c 
I 9 t . r  4. C2 1 0 0 3 . 0  263.0 .DO00 3 .zoo0  .0000U 0 
!4 9 7 . 9  9 - 0 2  1000.G 263.0 .DO09 3 .ZOO0 .OD000 C 
5 23.7 2.24 1 O C G . O  264 .O .DO00 3 .ZOO0 .OD000 0 
-5 23.0 2.b9 1COii.C 2b9.0 .OODO 3 .ZOO0 .O.OOC)O C 



I * M E T E O R O L C G I C A L  O l T A  F O R  OAV , 3 4 I 
P O T .  TEMP.  

F L O U  LIKD H I X I N G  -I G R A D I E N T  k I N D  OCCAV 
VF C T O R  S P E C 0  HEI6HT I E H P .  ( U E G .  K 5  I A B I L I T Y  P R O F I L L  C O E F F I C  I f N l  

t IOUR 1 O C L R E E S l  1  H P S I  ( Y E T E R S I  1 D E G .  I0 P E R  M E T E R )  CATEGORV E XPONENT ( P E R  S C C l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



h e *  LINTER 9 l(FCB79 9AH 3PM ***  

+ IlETEOROLClGICAL 04TA F O R  DAY 3 5  

POI.  TEMP. 
r ~ n v  . I I JO Y IX ING t iRAl l IEN1 YINO DECAY 

VTCIOI: 5 P E E I I  tIEIGIIT T E M P .  I O E G .  K 5 I A Y I L I T I  PROFILE COEFFIC TEN1 
H OUq I I J r C R C C S  1 (WPS I (YCTLRSI (OEG. M I  PER HETERI CATEGORY E XPONENT ( P E R  5 ECI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

L 

I I I I ~ .  n 3.511 1ooo.o zb 3 .o .onoo 3 .ZOOO .otrooo c 
2 15r.n 11 . 11 2 1Oou.o 263.c .GcuO 3 .Zoo0 0 0 0 0 0  0 - 
5 1 3 5 . P  4.72 1000.3  263.0 . O C D ' l  3 .ZOO0 .OOOOO 0 
9 1 5 5 . r  ?. 1 3  1ooo.u 263.c . i l l loo 3 .zroo .ooooo o 
s 4 5 . f  - 8 7  1oou.o 263.0 .onon 3 .ZCOO .OPOOO c 
6 4S.P 2.60 1000.0 263.0 .orlOn 3 .ZOO0 .DO000 C 

b 



* M E T E O R O L 3 6 1 C A L  D A T A  F O P  D A Y  3 5  * 

P O T ,  T E M P .  
TLOL k I l i O  H l X l f l G  G R A O I C N T  Y l H O  D E C A Y  

J T C T O Q  S P C C O  H E I G H I  TEflP. I O E G .  H S l A 9 I L I T Y  P R O F I L E  C O E F F I C I E N T  
HOUR I O C G ~ ~ E C S  I I P r s )  I Y E T E R S I  IOEG. K I  PER H E T E R I  C A T E G O R Y  E XPOYENT ( P E R  S E C ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



b 
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smo k I t i 1 E R  12 2 -bFE079  FPIq 3AH 9 9 4  

* METEOI~OL3GlCAL DATA FOR DAY 3 6  c 

P O T .  TEMP. 
FLOU CINO M I X I N 6  GRAIIIENT h I  NO OE C A Y  

V T C T O R  SPEED HEILWT ~ E M P .  ( D E G .  K S I A B I L I T Y  PPOFILE COEFFIC I E N I  
tIOU9 LUECEEE? I t PPS 1 L!tETECT) I D E G .  K l  PEH N E I E R I  CAlEGORl EXPONENT (PER S E C I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 45.C 2.t 8 30C.U 2613.0 .OOOD 4 - 2 5 0 0  . 00000  C ' 
* ,. Yf1.0 2.16 3nC1.0 2 6 7  .C .DO00 4 - 2 5 3 9  
3 

.OPOOO C 
1 3 5 . r  'I. 9 2  336.0 267.0 . 3000  'I - 2 5 0 0  . 30003  '2 

'I 13E.O 4.02 30Ci.O 268.0 .OflUO 4 a2500 3 r 1 0 0 0  0 
5 15t..rl 4 - 9 2  330 .0  268.0 " .onon 4 - 2 5 0 0  .OOOOO C 
6 15b.P '4. Q 2  30G.C 2b9.O . O O O O  4 a2553 0 0 0 0 0  C 



*+o SPR I N G I  2 7 A P R 7 9  IOAM-4PH ++9 

* HLTLOROLOGICAL 0 4 T A  FOR DAY 11 7 + 

C 

POT. TEMP. 
FLOU U INO H I X I N G  GRADIENT MIND DECAY 

VECTOR S  PEED H E I G H T  TEMP. ( L I L G .  H S T A B I L 1 7 7  P R O F I L t  C O E F F I C  1ENT 
HOUR IOEGRCESI  HPS I ( ' I E T E R S I  (OEG. N l  PER M E T E R 1  CATEGO47 E WPONENT (PER S  CCI . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 1 3 0 . 0  3.13  l 4 n 0 . 0  2 8 0 . 0  . O D D ~  3  . 2000  . o o o o o  c 
2  1 4 0 . 0  2 .68  14Ob.O 2 8 2 . 0  .GO00 3 .ZOO0 .OOOOO 0 
3  1 3 0 . 0  2 . 6 0  1UOO.C 2 8 3 . 0  .DO00 3 . 2 0 0 9  .OOI?OO C 
I( I 4 C . 0  4.92 140C.0  2 8 4  - 0  .0000 3 .2COD .DGDCD O 
5 13C.C 5.36 140G.D Z84.0  .OOOO 3 .2000  .OPOOO 0  
b 1 4 5 . 0  5.58 1 4 0 0 . 0  2 8  5.0 .0000 3 .2001) .OCOOO C' 



o * r  SPR I t lb2 i 7 - 2 8 A P R 7 9  YPM-JAM *** 

* HETEOROLOG1CAL DATA F O R  DAY I 1  7 * 

POT.  TEMP. 
FLOU WINO H l X I N G  GRAOlENT Y I  NO OECAY 

VECTOR S PEE0 H E I G H T  I E H P .  IOEG.  K S T A B I C I T I  P R O F I L E  C O E F F I C I E N T  
HDUP I D E G I I C E S I  I PPSI  ( Y E T E R S I  (OEG. K I  PER H E T E R I  CATEGORI E  XPONENT ( P E R  S LC1 
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* * a  >PRI&G 5 2 9 A ~ R 7 9  10AH-UPH +++ 

9 HLTEOROLOGICAL OLTA FOR DAY 11 9 * 

POI .  TENP. 
~ L O U  WINO H IX I N G  GRADIENT WINO D C C A Y  

V C C T O R  s PEED HEIGHT T E H ~ .  (OEG.  n s IABILITV PROFILE COEFFIC IENT 
H O U ~  IDEGRECS1 . lHPS I  l ' 4 E T L R Z l  (OEG. K I  PER METER1 CATEGORY E XPONENT (PER S E C l  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
I 1'4C.C 6 - 2 6  1411U.O 285.0 .DODO 4 a2500 .OOOOO C 
2 145.0 7 - 6 3  1'490.0 286.0 .OOOO 4 -2500  .00500 C 
3 160.0 8.911 1 4 0 0 . 6  287.G .0000  4 .2500 000000  C 
4 ISC.0 1 C.73 140G.C 286.0 .OOOO Y e2500 .OCGOO C 
5 165.0  1 C.73 1'100.0 285.0 0 0 0 0 0  4 .2500 .00000 0 
t 1bO.O 9.62  140U.G 283.0 .OOOO 4 - 2 5 0 0  .00000 G 

. 



*++ SPRI hG 7 3PAPR79 13AH-4PM *+* 

* t!ETEOROLOGICAL OhTA FOR O A Y  1 2 C  * 

POT. TEMP. 
FLOU YINCJ M I X I N G  GRADIENT LlNO DECAY 

UEClOR S PEE0 H E I b H T  TEHP. I O C G .  K 5 1 A B I L l T Y  P ROFlLE COEFFIC 1EN1 
HOUR ( U T C R ~ E S I  I PPSI ( H E T E R S I  ~ O E G .  K )  PER ~ E T E R I  C A T E G O R V  E XPONENT ( P E R  s ECI - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 1 S . C  1 . 1 5  1 400.  0  286.0 .DO00 4 a2500 .OOOOO C 
2 ic. o 6.11. 1unc.o 287.0 .OOOO 4 ,2500 . O O O G ~  c 
3 5 . C  6.26 14flC.O 287.0 .OCOO 4 .250!l . O C O O O O  
4 5. !' 5.11 1 1400 .0  289.0 . .OCOO 4 a2500  .OOOOO C 
5 .I) 6.26 1400.0  289.6 . 0 0 0 0  4  - 2 5 0 0  .OOOOO C 
b 355.0 6.26 140ir.G 289.0 .DO00 4 ,2503 .00000 C 

. . 
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I 

* * *  S P D l t i G  4 l H a Y 7 F  I D A H - 4 P H  ++o 

b M i T C O R O L D G l C A L  O A I A  F o r  D h Y  1 2  1 9 

P O T .  TCMP. 
r L r. .: b~ N 0 n l r i t r c i  GRAOICIJT G I  NO O C C A Y  

V E C T O n  S P C E D  Y E  J b H I  TE HP.  I O E G .  K 5 1 A B I L I T Y  P R O F I L E  C O E F F I C  IENT 
tl011? ( U E G F C 5 1  I P1'5 I l ! l E T i R S I  (OEG.  K l  PER HCTEf;, C h l E G 0 4 1  E X P O N E N T  I P F R  S E C l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 zl:.c 4 . 4 7  1 4 r d . 0  2 8 4  .O . O f l o 0  3 .2COO .OOOOO C 
7 ?L!i7. !' 4. '1 2 1c tCu .O  7 8 4 . 0  .OCOO 3 .ZCOO .OOOOO 0 
3 7 b c . s  4 . 4 7  ~ Q ? G . O  2 8 s . c  .onor, 3 .2ooo .ooooo L! 
4 .?lie. I' 'I. 1.5 2 lctf'3.0 20 5 .  D . O f l o 0  3 . to00 0 0 0 0 0 0  
5 -. c 

&. .I ., . ri 5 .36  1 4 C i I . O  2 8 6 . 0  . . O D 0 0  3 .2000 .OOOOO C 
b 21G. C 5 - 3 6  1 4 0 S . U  2 8 6 . 0  .0@00 3 . 2 0 0 f l  .OOOOO C 



- 
SPRI lJG 10 1 - 2 H A Y 7 9  9PH-3AH 0 + +  

* HETtOROLOGICAL  DbTA FOR DAY 1 2  1 * 

POT. TEMP. 
FLOU WIND M I X I N 6  L iRAOlENT U I  ND DECAY 

v r c ~ o n  s PEED HCIGIII IEHP. ( O T G .  K s T A B I L ~ T Y  PROFILE COEFFIC IENT 
IIOUR IUCGREES I ( UPS I ( Y E T C R S I  (UEG. K I  PER H E T C R l  CATEGORY E XPONENT (PER S ECI  - _ - - - - _ -  - - - - -  - - - - - -  - - - - - -  - - - - - - - - - - _ -  * - - - - - - - -  - 

1 210 .0  8mi15 40i1.U 2 7 9  .O .JOOO 4 ,2500  . 0 @ 0 0 0  C 
2 1 9 5 . 0  8.49 4 n l i . 0  7 7 7 . 0  .OOOO I( , 2 5 0 0  . 0 0 0 0 0  0 
3 19c .  o 9.3s '100.0 276.0  . o con u .2s30  .ooooc c 
11 I P G . O  9.39 l~no.o 2 7 5 . 0  .OOOO 4 .:'JOO . ocooo c 
5 195 .0  e.94 4 n u . 0  275.0  .on00 4 .zsoo .OOOCiO C 
6 7GO.O 9.39 40d.C 2 7 4 . 2  .Of lo0  U - 2 5 0 0  .OrOUZ C 



. 
a + o  S P R  IYG11 2 H 4 Y 7 9  1GA14 -9PM ***  

* M E T E O R O L O G I C A L  D A T A  F O R  D A Y  1 2  2 * 

P O T .  TCHP.  
r ~ o u  k lN IJ  YIXING GRADIENT WINO O E C A I  

V r C l O R  S P E E 0  H C I G I I T  TEMP.  ( D C G .  H S T A 9 I L I T Y  P R O F I L E  C O E F F I C I E N T  
HOUQ I U ~ G R E E S I  I V P S  I ( Y E T E R S I  IDEG. W I  PER H E ~ C R I  C A T L G O R Y  E XPOYENT [PER s E C ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 22!1. C 8 . 0 5  l 4 0 3 . C  2 7 2 . 0  . O P O l l  4  - 2 5 0 0  .OOODO C 
2 2 3 0 . 0  5.39 l 4 0 0 . 0  2 7  3 .D .OOCIO 4  . 2 5 0 0  .OflOOO C 
T ? J C . T :  6 . 2 6  1 4 n o . u  2 7 3 . 0  .ocon 4 .2501) .OOOOO C 
4 1 YO. C 5.R 1 l Z O 0 1 0  273.0 .O!l9o '4 - 2 5 0 0  .OOOOO 0 
5 ,":IO.C. r. 3 6  l ' 4 0 0 . C  2 7 3 . 0  . . O O O J  4  . 2 5 0 0  .OOOOQ @ 
6 7 0 5 . 0  4 . 9 2  1'4CIO.C 7 7 3 . 0  . D O 0 0  4  - 2 5 0 0  .OOOOO C 

- 



* 4 *  S U H K R I  7 C J U L Y 7 9  I O A H - 4 P M  +++ 

* H E T E O R O L O G I C A L  D A T A  f D R  D b Y  2 0  1 + 

P O T .  TEMP.  
r L O U  k l h 0  Y l X l t l L i  G R A D I E N T  kI1:O D E C A Y  

V f  C l O P  S P E E D  H E l L t i l  TEMP.  ( D U G .  K S 1 A B I L l T I  PROFILE C O E F F I C  I E N T  
HGUP ( G E L F E E 5  1 1 MPS I I Y E T E R S I  ( O E G .  K l  P E R  M E T E R 1  C A T E G O R I  E X P O N E N T  ( P F R  S E C l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 .O 4.92 1 5 5 0 . 0  3 0  3.0 .OOOO 3 .ZOO0  .OOOOO 0 
2 1C.O 4.4 7  1 5 5 C . P  3 0 2 . 0  . D O 0 0  3 e2COO .GOO00  C 
3 3l:. 0 9.92 1 5 5 G . O  ' 3 0 2 . 0  .OOOO 3 .2 00 0 .00000 0 
4 3 5 . C  5 .36  1 5 5 0 . 0  3 0 2 . 0  .OOOO 3 .ZOiJO . .O@OOO 0 
5 5C.  0 4.47  1 5 5 t i . O  3 0 2 . 0  .OOOO 3 .2000 . 0 @ 0 0 0 C  
L; br;. CI 4 . 0 2  1550.0 3 0 2  .o .0000 3 . 2 ~ 0 0  .ooooo o 



r 

oo+ SUHVCH 5 22JULY79  1nAH-4PH ++ + 

* HETEOROLOGICAL OATk F O R  DAY 2 0 )  

POT. TEMP. 
r L 0 U  Ul lJD Y l X l N G  GRADIENT U l  NO DECAY 

VrCTOP S PELD H E I GH T TEUP. IOEG. K S 1 A 8 I L I T V  PROFILE COEFF I C  ICNT 
t i  OU? IOTGRCES I ( HP5 I (YETCRSI  (OEG. K l  PER HCTERI CATEGO91 E XPONENT tPCR 5 C C I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 395. P 8.94 1550.0  305  0 .O 0 0 0  3 .ZOO0 .OCOOO C 
2 395.n 8.49 155iJ.O 306.0 .DO00 3 .2COO . OD000 C 
3 3913.0 8.05 1 5 5 0 . 0  307.0 .OOOO 3 .2009 . 00000  O 
4 45.c 7.62 1ssu.c 308.0 .onoo ' 3  .zoo0 . DOOOO o 
5 5C. C 8.94 1550 .0  307.0 .00Orl 3 .2000 .OD000 C 
6 5C.C 1 - 1 5  1550.0  308 .O .OCOO 3 . ZOO0  .DOOO[U C 





Q * +  SUHHER 7 2 3 J U L Y 7 9  i a ~ n - Q P ~  o++ 

+ H E T E O R O L G G I C A L  D A T A  F O R  OAY 2 O q  

P O T .  TEMP. 
F L O U  U I N O  ' 4 I X I N G  G R A D I E N T  L I N O  O E C A ' I  

VTCIOT! S P E C O  ' i E I G H T  TEMP.  ( O t G .  K S  I A B l L l T Y  P G O F I L E  C O E F F l C  I E N T  
t i O U R  I O C G R E E S I  I EPC 1 I ' I E T E R S I  I D C G .  W 1  P E R  HCIERI C A T E G O R V  E X P O N E N T  ( P E R  IS E C I  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

I 1 L 5 . 5  8.9Q 1 5 5 i j . t  2 9 1 . ~  . O D D 0  4 - 2 5 0 0  G C O O O C  
2  1 7 C . n  8. CS 1 5 5 G . 0  3 U O + O  .OOOO 4 - 2 5 0 0  00000 0 
3 1 LC. 0 8.119 1 5 5 U . O  2 9 6 . 0  .OOUO '1 - 2 5 0 0  .OPOOO C 
4 1 7 5 . 0  9.4 9 1 5 5 U . O  2 9 7 . C  . .OOOO 'I e 2 S D O  . G O O 0 0  0 
5 1 7 5 . 0  7.15 1 5 5 0 . 0  2 9 7 . 0  .0000 4 - 2 5 0 0  .O(IOOO C 
b 17C .O  1.15 1 5 5 0 . 0  2 9  7  - 0  .0000 4 .2EOO .OOOJD C 

. 



***  SUHHEII 8 23-2'(JULY 9PH-3AH *** 

+ 1~CTEOROLO~ICAL DATA FOR DAY+ 2 0  4 * 

POT. TEMP. 
FLOW UIND Y l X l N G  GRADIENT' IrltJO DECAY 

VECTOR S PEED HEIGHT TEMP. (OEG. K S 1AB IL ITV  P ROF1LL COEFFIC IENT 
IIOUR (DEGREES I HPS 8 (YETERS) IOEG. K )  PER METER1 CATEGORt E XPONENT (PER S C C I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1 160.0  2.68 3110.0 291.0 .DO00 '4 m2500 .OCOOO 0 
2 185.0 1.79 3flO.O 2 9 2 1 0  .DO00 '4 .2500 .DO000 0 
3 155.0 2.68 300.0 291.0 .oooo 4 .2530 .DnooD o 
'4 195.0 1.79 300.0 290.0 .OOOO '4 - 2 5 9 0  .OI?OOLlC 
5 . c 1 -79  3nu.o zt19 .o .oooo '4 .2soo . UCOOD o 
6 5C. 0 3.58 , 300.0 209.0 .DO00 4 .25011 .O@@OO C 



9*+  SUMMER 9 i q J U L Y 7 9  IDAH-4PH *+* 

* METEOROLOGICAL DATA FOR DAY 2 0  5 * 
L 

POT. TEMP. 
F C C U  UIIIO H I X l N G  LRADICNT UI I10 DE C A Y  

VrCTOR S PCLO H E I G t i I  I E H P .  10CL. U 5 1 A B l L I T Y  P A O F I L C  COEFFlC I E N I  
tl OU4 IGCIIREES I I PI'S I (YETERSI  IOEG. li I PEIt tIE1ER) C A T E G O R Y  E XPONENT (PER S E C l  
- - - - - , - - - - - - - - - - - - - - - - - - - - - -  . . . . . . . . . . . . . . . . . . . .  

1 2 i 3 . C  2.08 1553.C 299 .0  .Gfl00 'I .2500 . 0 0 0 @ 0  C 
2 737.  C 2 .68  1550 .0  301.C .OD00 11 .2500 .OOOO@: 
3 240 .0  3.13 155L.O 302.0 .UOOO 4 .2500 .O@C93 C 
'I 202.C 3.5C 155b.O 333.0 .OOOfl '4 .250@ .OOOfl!I C 
5 223.1; 3.5A 1550.G 303.0 . boo0  Y -2  50 0 O O O C O  C 
6 2 2 9 .  I7 3.13 1 5 5 0 . 0  333.0 .UOOO 11 ,2500 .OD000 I: 
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SIIORT-TEREI ISC FIOI)EI. VIZRlPICA1'TON RI2SULTS 

1.59 

P3 (234.0) . 

RECIAIMED LAND 

IRAIN LOADOUI 
RECLAIMED LAND 

BeEore Screen ing  * (Measured i l lnus  Oackground) 
AEter Screen ing  





SIIORT-TERM ISC EIOnEI. VEIIIFTCI\TION RESULTS 

1 
FA1.1. 5 rtp21.12 

(60.8) NOV 5 - 6, 1981 * F2 SJMMER 
10pm - 4nm 1.12 

0.27 * PI SUMMER APl(72.1) 28.78 
OMRBURDEN HAUL ROAD 0.27 * P4 (69.3) 

28.78 

STRIWED 
OVERBURDEN 

& 
lOPSOlL REMOVAL RECLAIMED LAND 

0.0 
*P6 (15.9) 

0.0 

P IRAIN LOADOUT 
RECLAIMED LAND 

SOVn l ROAD 
0.0 * P7 (46.5) 

KEY FOR SIX IlOUR CONCENTRATIONS 0.0 
VALUES (ug/m3) 

0.0 0.0 * Before Screening *w(o.o) *Pa (10.8) 
(Measured t l i nus  nackground) 0.0 0.0 
A f t e r  Screening 0.0 

W Withdraw Case *PIo (0.0) 0.0 









m m - - - = - - = m - = - - - -  d d 

SIIOIIT-TEIIEI JSC EIOIJEI. VliRII.LCAI'IoN I{Es[jl,~s 

A .  10 A p2 96.93 
NOV 8, 1978 (120.0) 
10nm - 4pm n srvurn W 

132.26 * PI s u u M r n  * P I  (0.0) 31.91 
OVEROURDEN IIAUL ROAD w * r n  (64.1) 

& OVEROURDEN w 
DMSTING I IAUL ROAD 

STRIPPED 
OVERBURDEN 

& 
120.35 

lOPSOlL REMOVAL 
p3 (15.9) 

RCCLAIMED LAND 
P W 

& 
OVEROURDEN 

REMOVAL 

0.83 * P6 (-) 
W 

W 

IRAIN LOAD OUT 

OVERBURDEN 

-- 
SOUIII ROAD * ~ ~ ( 2 . 2 )  30.03 

KEY FOR SIX IlOUR CONCENTRATIONS 
VALUES (1lg/m3) * Before  Screening 

(blcasured t f inus flackground) 
A f t e r  Screening 

W = Withdraw Case 

W 

11.42 18.98 

+pp (0.0) *Po (25.1) 
w W 

2.05 
*PI0 (28.7) 



FALL 12 AI'2 0.0 

NOV 9. 1978 (4.1) .f r? sJMMrn 
' loam - 4pm 0.0 

0.0 * P I  SUh~Mrrl * P1 (0.0) 0.0 

OVEROURDEN HAUL ROAD 0.0 
A P4 (5.5) 

& OVEROUIII>EN 
0.0 

8L4SllNG - - - - . .. - -. . .. - 

STRIFl'ED 
OMRBURDEN 11.90 

& p3 (0.0) 
IOPSOIL REMOVAL RECLAIMED LAND 11.90 

& 
OVERBURDEN 

REMOVAL 

13.10 

* P6 (-) 
13.10 * p5 (13.3) 

162.10 
IRAIN LOATrOUl 

RERlACED 

80.92 
SOUII I ROAD * P7 (19.9) 

KEY FOR S I X  IlOUR CONCENTRATIONS 
VALUES (vg/m3) 

Be fo re  Screening * (Measured t l lnus Dackgronnd) 
A f t e r  Screening 

W = Wlt l idraw Case 

80.92 

44.0 41.30 
*W (86.3) *pa (23.2) 

44.0 41.30 

26.68 
(75.4) * PI0, 7 6  LR 



? m 
VI 

! 
I -  ISC EI0l)k:I. VEI(1 I;I.CATIoN I(BSUI.TS 

WINTER I. $I p2 63.28 
.IAN 31.. 1979 (209.0) 
10:30om - 4:30pm * P2 SlJMMrl? 63.28 

81.95 * PI SUMMCQ * P1 (276.0) 
OVERDURDEN HAUL ROAD 81.95 * M (6.8) 

& - OVEROURDEN 3.92 
BLASTING HAUL ROAD 

- - . . . . . 

SlRlPPED 
OVERDURDEN 

& 
37.32 

lOPSOlL REMOVAL RECIAIMED LAND 

& 
OVERBURDEN 

REMOVAL 

0.0 
* P b  (27.2) 

*P5 (-1 0.0 
24.20 

IRAIN lOAlXOU1 
RERACED 

OVERBURDEN 
! 

0.0 

KEY FOR SIX llOUR CONCENTMTIONS 
VALUES (14~1rn3) * Before Screen ing  

(Measured t l i n t ~ s  Dackgrot~nd) 
A f t e r  Sc reen ing  

W = Withdraw Case 

SOUIC4 ROAD * P7(0.0) 

0.0 

0.0 0.0 

* m  (-) +Pa (-) 

O - "  0.0 0.0 
(2.2) 

*p10 0.0 





3; 
0, 
U 

SIIORT-TBI(M TSC EI0l)l:l. VI<IIII'ICI\'~ION RESIJLTS 
r 

WlNTER 3 
lrEB 1. 1979 
9a1n - 3pm * m w r n  0.0  

* P l  SIMMER 0 .0  * Pl(18.6)  
OVERBURDEN HAUL ROAD 

& 
BLASIING 

STRIPPED 
OVERBURDEN 

& 
IOPSOIL REMOVAL 

& 
OVERBURDEN 

REMOVAL 

L 

S0UTti ROAD 
d 92.64 

KEY FOR SIX HOUR CONCENTRATIONS 
VALUES (11~1rn~) * Before Screening 

(Measured Minus Background) 
After  Screening 

W = Withdraw Case 

0 .0  
r 

-OVERBURDEN 
HAUL ROAD 0.0  

9.13 
P3 (94.0) 

RECLAIMED LAND 9.13 

12.41 
COAL PIT DUMP 112. 38 * Pb(132.0) -_____ - 

* p7 (46.5) 
92.64 

56.66 52.60 
APP(125.0) *p8(23s3) 

5 6 . 6 6 3 4 . ~ 3  52.60 
(76.7) 

*P'O 34.23 

REFlACED 
OVERBURDEN 

RECLAIMED LAND 

~ 5 1 1 4 . 0 )  12.41 
112.38 

TRAIN LOADOUI 



SIIORT-TEIOI ISC EIODI!I. VEI<IFICATION RESULTS 

*p2 1.99 
. 

WTNTER 4 ( 1 7 . 1 )  
Fee 1 - 2, 1979 * ~2 SIJMMCR I .99 
9pm - 3am 29.99 * PI W M L R  *P1(31.9) 75.65 * P4 (-) 

OVERBURDEU HAUL ROAD 29.99 - OVERBURDEN 75.65 
l IAUL ROAD 

MCWMED LAND 

COAL RT 

98.12 
TRAIN LOADOUT 

RECLAIMED LAND 

187.19 

& 
BLASIING 

STRIPPED 
OMRBURDEN 

& 
TOPSOIL REMOVAL 
P 

& 
OMRDURDEN 

REMOVAL 

SOUn l ROAD * P7 (126.0) 

KEY FOR SIX llOUR CONCENTRATIONS 187.19 

VI\i.ueS ()lg/m3) 
85.97 89.09 

Be fo re  Screen ing  * p p  (178.0) *PO (-) * (Measured Elinus Background) 85.33.12 
89.09 

A f t e r  Screen ing  (148.0) 

W = W i t l ~ d r a w  Case 37.12 

v 











SIIORT-TERN I S C  blODEl. VERIFICATION RESULTS 

- 
WINTISR 9 *p2 3.42 

r15n 4, 1979 PI SUMMFR (9.2) 
9nm - 3pm 3.42 

* P I  WMER 
6.69 

*P1(4.9) 21.33 
OVERBURDEN kIAM ROAD 6.69 * pd(l0055) 

& - '- OVERBUllDEN 21.33 
BLASTING IIAUL ROAD 

SlRlPPED 
OVERBURDEN 49.40 

& P3 (30.8) 
TOPSOIL REMOVAL RECLAIMED LAND 49.40 

& 
OVERBURDEN 

REMOVAL 

5.54 
COAL PI1 DUMP 12. 01 *P6 (2.4) 

*P5 (13.2) 5.54 
12.01 

TRAIN LOADOUI 
RECLAIMED LAND 

OVERBURDEN 

155.23 

KEY FOR SIX 1IOUR CONCENTRATIONS 
VALUES (pp/m3) * Before  Screen ing  

(Measured Minus Background) 
A f t e r  Screening 

W = Withdrnw Case 

* P7 (26.7) 
155.23 

17.73 61.58 
*pp (39.4) *PO (-) 

17.7311.~7 61.58 

(18.3) 
*PI0 11.07 







SIJORT-TERN I S C  #Ol)BI. VEBl FTCATION RESUI.TS 





SHORT-TERN I S C  FIODlll. VEIITFICATION RESULTS 

SYKINI: 2 
*P26B.44 

(50.0) 
APIi 2:' - 28, 1979 * n W M M ~  68.44 
Ypm - 3 am 104.33 * P I  m M I n  *PI (69.0) 54.98 

104.33 P4 (52.0) OVERBURDEN HAUL ROAD 
& OVERBURDEN 54.98 

I 

I 
i 
I 
1 
i 
I 

1 
i 
1 
I 

BlASTlNG 

SlRlPPED 
OVERBURDEN 

& 
TOPSOIL REMOVAL RECLAIMED UWD 

& 
OVERBURDEN 

REMOVAL 

2.73 
COAL P(T *P6(19.0) 

*P5 (-) 2.73 

24.71 
IRAIN LOABOUl 

RERACED RECWMED LAND 
OVERBURDEN 

. . . . . .  . . . . .  . . . . . .  
SoLrnl ROAD 0.0 

KEY FOR ' S IX  llOUR CONCENTRATIONS 
1 VALUES (11g/m3) 

B e f o r e  S c r e e n i n g  
(Measured t l i n u s  Dackground) 
A f t e r  S c r e e n i n g  

I 
W = Wi t ! i d raw  Case 

* P I  (-) 

. . 0.0 

0 . 0  0.0 
*p9(77.0) *pa (-) 

0.0 
0 .0  

0.0 

(63.0) 
*P I0  0.0 

I 
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SIIOIW-TERM ISC EIOI)EL VERIFICATION RESULTS 

A P2 0.0 SL'IIING 5 
APII 29. 1979 F? WMMCR ( 3 )  
loam - 4pm 0 .0  

0.0 * Pl  SUMMER *P I  (0) 
OVERBURDEN HAUL ROAD 0.0 * M ( 4 )  

& 
BLASTING 

STRIPPED 
OVERBURDEN 

& 
lOPSOlL REMOVAL 

& 
OVERBURDEN 

REMOVAL 

,. - 
OVERBURDEN 0.0 
HAUL ROAD 

0.0 

RECLAIMED IAND 
P 

0.0 
COAL PIT *P6 (20.0) 

*P5 (78.0) 0.0 

0.0 

KEY FOR SIX HOUR CONCENTRATIONS 
VALUES (ug/m3) * Before Screening 

(Measured Minus Dackground) 
AEter Screening 

W = Withdraw Case 

IRAIN LOADOUl 

2.21 

REFlACED 
OVEROURDEN 

- 
SOUR1 ROAD * p7 (53.0) 

2.21 

0.77 1.89 

*pq(58.0) kp~ (24 .0 )  
0.77 1.89 

0.77 
(46.0) 

*'lo 0.77 

RECLAIMED LAND 
? 











Sii0RT-TERN ISC EIOI)I:I. VEI~1I:ICATION RESULTS 

SL'HINC 11 *p2 0.0 
(0) MI\Y 2 ,  1979 * P2 SIMMER 0.0 l0il1n - 4pm 

0.0 * PI XMMER *PI (0) 0.0 
OVERBURDEN HAUL ROAD 0.0 

& r OVERBURDEN 

! 
I 

I 
I 

i 
i 
i 
1 

I 

BIASIING 

SIRIPPED 
OMRBURDEN 

& 
TOPSOIL REMOVAL 

& 
OMRBUROEN 

REMOVAL 

KEY FOI; SIX HOUR CONCENTRATIONS 
1 VALUES (pg/m3) 
I * Del'ore Screening 

(M~~asured ttinus Background) 
A f  lier Screening 

W = Wilil~draw Case 

0.0 
IiAUL ROAD 

SOW ROAD A P7 (0) 

4.59 
. . 

73.60 0.0 
*w(0)  *pa (0) 

73.60 
68.0 

0.0 

(0) 
*'lo 68.0 

0.0 
p3 (1) 

RECLAIMED LAND 
P 0.0 

0.0 
COAL flT *P6 (0) 

r 0.0 

REFLACED 
OVERBURDEN 

. . . . . , ,  

RECLAIMED LAND 

. . . . . . . . . . . . ,  4.59 

*P5 (14) 0.0 
0.0 

IRAIN LOAD-OUT 



I 
SIIORT-TERM TSC EIODBI, VERIFICATION RESULTS 













SIIOR'C-TIIRH 1SC EIOI)BL VI:RIFICATION RESULTS 

SWIER 11 144 .4  * P2 
JULY 25 .  1979  0 ' )  * m s m ~ n  
loam - 4pm 144.4 

199 .92  * PI  sw,, * P1 

I 
(61)  * PA ( 1 )  

N 
OMROURDEN IIAUL ROAD 199.92  

0 . 0  O 0  1 

OMROURDEN 

RECVUMEW LAND 

0 . 0  * P6 ( 8 )  
0 . 0  

IRAIN LOADOUI 
RECLAIMED LAND 

* P I  (7 )  
0 . 0  KEY FOR SIX HOUR CONCENTRATIONS 

Be fore  S c r e e n i n g  * (Eleisured t l inus  IJackground) 
A f t e r  Screen ing  

W n Withdraw CD-0 

*PP (14)  
0 . 0  

0 . 0  
(3 )  

*PI0 n n 





YAllLE E. I 
CARTER MLNINC COMPANY 

CABALLO HlNE 

1. Sc:aper Operations - 50% Control 
(0.50)(32 lblacraper-hr)( .726)(5 scrapers))(2840 hr/scraper) 

(8760 hr/yr) 

2. Ovt rburden Removal 

I Trrck/Sliovel - 75% Suspended 

(0.02 lb/ton)(0.75)(26.6 x lo6 yd31yr)(1.74 ton/yd3)(2) - 
I (8760 I1r/~r)(3) 

I ? 1 
\D Dragline - 75% Suspended 
h I 

1 
(0. b4 lblyd3)(0.75)(26.6 x lo6 yd3/yr)(1.74 tonlyd3)(l) - 

I (8760 t1r/~r)(3) 
t 
I 

! 
I 3. Coa 1 Removal - 70% Suspended 
I Fro~~tend Loader or TruckIShovel 

6 (0.(103 lb/ton)(0.70)(12 x 10 tonlyr) 
v 

(8760 hr/yr) 

i 
4.  rock Dump - 85% Control 

1 75% Suspended 
I 



5 .  Wind Eros ion 

6 .  Coal llaul Roads - 50% Control  
62% Suspended 

TAULE B . 1  (Cont 'd )  

lb/lir g l s e r  

, 

Emission Fac tor :  I 
( 0 . 6 2 ) ( 2 . 5 ) ( 0 . 8 1 ) ( 8 . 6 )  ( (165;:y) = 3 . 4 8  l b / W T  

T i r e s  S i l t  

7 .  Overburden llatll Roads - 50% Control  
62% Suspended 

Emiaaion Fac tor :  

0 . 6 2 . 5 0 . 8 1 8 . 6  ( (16:;103 = 1 . 9 6  Ib/VMT 
T i r e s  . S i l t  

8 .  Haul Road Repair - 50% Control  

3 (32 lblgrader-hr)(0.50)(.726)(8.53 x 10 I i r lyr )  
(8760  h r l y r )  



9 .  B l a ~ t i n g  - 75% Suspended 

Ove:.burden 

10- Primiry and Secondary Crushing 

i 
11. Sampling Station 

TABLE E.l (Cont'd) 

I 

12. Silos 



TABLE E.2 (~ont'd) 

5. Wind Erosion 

6. Coal llaul Robde - 50% Control 
62% Suspended 

Emisaion Factor: 

0 . 6 2 2 . 5 0 . 8 1 8 . 6 )  ($7 fb5;:;') = 3.48 lb/VMl' 
Tires Silt 

7. Overburden liaul Roads - 50% Control 
.62% Suspended 

Emiseion Factor: 

(0.62)(2.5)(0.81)(8.6) ($)' t6iii0y = 1.96 lb/VMT 
Tires Silt 

6 3 3 
(0.50)(1.96 lb/VMT)(O.B mi)(25 x 10 ton/yr)(l.74 tonlyd )(1.5 yd /ton Stripping Ratio) 

(8760 hr/yr)(ltO ton/vehicle) 48.7 6.14 

8. llaul Road Repair - 50% Control 
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TABLE E . 4  (Cont'd) 

5 .  Win1 Erosion 

6 .  Coa'. llaul Roads - 60% Control 
62% Suspended 

Emiiieion Factor: 

0 . 2 2 . 5 0 . 8 8 . 6  (gy t65i::0) = 3 . 4 8  lb/VMT 
: Tiree S i l t  

7 .  0vel;burden llaul Roade - 60% Control 
1 62% Suspended 
I 

1 Etoi~lsion Factor: 

0 . 2 2 . 5 0 . 8 1 8 . 6  (gy t6zit0y = 1 .96  lb/VMl' 
T i r e s  S i l t  

8 .  Ilaul; Road Repair - 50% Control 
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5.. Wind Erosion 

6. Coal Ilaul Roads - 60% Control 
62% Suspended 

Emission Factor: 

(0.62)(2.5)(0.81)(8.6) (gy f65ii9 = 3.48 IblWT 
Tires Silt 

7. Overburden llaul Roads - 60% Control 
62% Suspended 

Emission Factor: 

0 8 . 6  (gy (16ii:00) = 1.96 lb/WT 
Tires Silt 

8. Haul Road Repair - 50% Control 





TAIILE E. 6 
ATIANTIC RICIIFIE1.D COMPANY 

COAL CREEK MINE 

1. Scraper Operations - 50% Control 

2. Overburden Removal 

Truck/Shovel - 75% Suspended 

Dragline - 75% Suspended 
? 
e' 
0 
w (0.04 lb/yd3)(0.75) 

(8760 hrlyr) 

3. Coal Removal - 70% Suspended 
Frontend Loader or Truck/Shovel 

(0.003 lb/ton)(0.70)(18 x lo6 tonIyr) 
(8760 hrlyr) 

4. Truck Dump - 50% Control 
75% Suspended 






