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Introduction 

Calcinator emissions from Western Gypsum’s Rosario F a c i l i t y  
were sampled on April  5, 1979 by Kramer, Callahan & Associates 
and analysed f o r  t o t a l  p a r t i c u l a t e  mat te r .  
located approximately 40 miles  north of Albuquerque on 1-25 and 
east of  t h e  i n t e r s t a t e  about 3 miles.  
t h e  sampling included: 

The f a c i l i t y  i s  

Individuals  present  during 

1. 
2. Marvin Fields ,  Engineer, Western Gypsum Co. 
3.  Robert Malone, K & P Inc.  Sa les  Engineers. 

Gases discharged from t h e  ca l c ina to r  were passed through a bag- 

Gary Kramer and B i l l  Rista --Kramer, Callahan & Assoc. 

house dust  co l l ec to r  p r i o r  t o  discharge t o  t h e  s tack.  Sampling 
loca t ions  on t h e  s tack  a r e  i l l u s t r a t e d  i n  t h e  attached drawing. 

ci. / 

New-Mexico A i r  Qual i ty  Control Regulation #SO3 permits an 
emission r a t e  of 690 mg/m-’ f o r  gypsum processing p l an t s .  

Methods & Procedures 

A l l  procedures used followed those  set f o r t h  i n  t h e  Federal 
Register,  Thursday, August 18, 1977, pages 41776-82. A 40-point 
t r ave r se  was sampled f o r  two minutes pe r  point  through a %” nozzle.  
The sampling t r a i n  used was a MISCO Model 7200 Source Sampler 
which is iden t i ca l  i n  operat ion t o  t h a t  shown i n  Method 5 of  t h e  
Federal Register referenced above. 
w i t h  an Industro Model Burrel l  Analyser, and a l l  f i l t e r s  and 
p a r t i c u l a t e  catches were weighed on a Sa r to r ius  ana ly t i ca l  
balance (0.1 mg s e n s i t i v i t y ) .  
glassware upstream from t h e  f i l t e r  were cleaned w i t h  acetone 
which was co l lec ted  i n  a j a r  with l i d  f o r  t r anspor t  t o  t h e  KCA 
laboratory i n  Albuquerque. 
acetone i n t o  ta red  beakers fo r  evaporation. 
cated fo r  a t  l e a s t  24 hours p r i o r  t o  reweighing. 
were i n  t h e  custody of  Gary Kramer a t  a l l  times. 

Results E Discussion 

Gas analyses were performed 

Probes, nozzles and associated 

J a r s  were emptied and r in sed  with 

A l l  samples 
F i l t e r s  were des s i -  

Test da ta  and ca lcu la ted  r e s u l t s  are summarized i n  Table 1; 
Equip- o r ig ina l  da t a  and ca l cu la t ions  a r e  l i s t e d  i n  Appendix 1. 

ment ca l ib ra t ion  da ta  i s  at tached a s  Appendix 2. 

Over 30 DSCF of  gas was co l l ec t ed  f o r  each sample over an 
80 minute period a t  an i s o k i n e t i c  r a t e  of  95-102%. 
were 10.1 mg/m3 which is much l e s s  than t h e  allowable 690 mg/m’. 

Average emissions 

kramer, cal lahan & assoc ia tes  
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1 -_ - . . . .  ............... ___--.-I- . . . . . . . . . . . . . . . . .  .. ~ 

c’. ... Particulates conc. in stack gas (gr,&CF)o.oor/ 

G .... Particulates conc. in stack gas ( lb /hr>  0./7 

S .... Particulates conc. instack gas (mg/m 3) 9.5 ”m 

i t  Table 1 

0 . 0 0 6  0.00% I 
‘/Os 4 / O S  

0. z5 0. 26 

.l 

TEST DATA 

V.. .... Actual metered volume (CF) 
Pb .... Barometric pressure (“Hg) 

T,. .... Ave. dry gas meter temp. (OF) 
W.. .... Particulate collected (mg) 
Vw. .... Total H20 collected (ml) 
CO, .... Carbon dioxide in stack gas, % 

0 2 . . . . .  Oxygen in stack gas, % ,  

?I2..... Nitrogen in stack gas, % 

Ps..... Absolute stack pressure (“Hg) 
TS.. ... Average stack gas temp. (OF) 
C 
AP.. ... Averag*-velocity pressure (“H20) 

A..  .... Area of stack (ft‘) 
t...... Sample time (minutes) 
Dn.. ... Nozzle diameter (in.) 
&H.. .. .Pressure drop across orifice (“H20) 

- 

S-type pitot correction factor 
P““‘ 

7 

Plant processing rate, lb per hour /izmo 22-u 

TEST NO. 
1 2 .5 4 

nOm 

0.835 I i, 38 I I I 

krazer, calla\an 6 associates 
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PARTICULATES SAMPLING AND ANALYSIS DATA 

. 
P l a n t  Name and Location W E $ W  &p S O  bl 

Ambient Temp. OF.  5s - R m  No. 1 Date 4 / ~ / 7 9  Time 

Bar. Press.,in. Hg. 2 { - , 6 ~ -  Stack Location f l ~  CHOUJE SlW-k 

Stack Diameter, in. 25.75 Stack Pressure, in Hg Ly . C s- 

Processing Rate // ZNS/*. 

P l a n t  operator FIZLDS PS/$ 1-00 

pi. 
F i i t e r  Assembly MiSco Fi l t e r  No. i 3  

S i l i c a  Gel No. - Acetone Jar No. / I  Acetone Bkr No. I f  
Probe Tip Diameter, in. v4 Assmed Moisture, % 17% 

. Probe Length, F t .  q h ’  Cp 0.77 AH@ 1.7 

Calculator Se t t ing  b P= I /Jf+ = 1.85 

Orsat Analysis Data 

3.6 c02 3.7 - 
co2+ o2 17.4 - 18.0 

co2+ 02+ co 17.9 

Moistrne Content 

- 3.5 Impinger 3!0 
Impinger 82 iiil I a 

1 7 4  Impinge #3 

Total initial H 0 

- 
? C C  

.‘2, z 

2 
N e t  Lmpinger H20 -?!4 

Net H 0 i n  S i l i c a  Gel 
2 

Total H20 Collected. 72 6 .I- 

kramer, callahan e associates  
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PARTICULATES SAMPLING AND ANALYSIS DATA 

-5 
F i l t e r  Assembly fi;&o F i l t e r  No. l J  

S i l i c a  Gel No. 

Robe  Tip Diameter, i n .  YJ " Assumed Moisture, % 20 

Robe  Length, F t .  7 %  . Cp' 0.77 AH@ k 7  

Calculator Se t t i ng  4P= / 

Acetone Jar No. [% Acetone B k r  No. 1 2  - 

Pff  =/17 

Orsat Analysis Data Moisture Content 

Impinger tl Z& 

Impinger 82 

Impinger t3  

3. G - - 
=k- 7 - co*+ o2 I7,B 

co2+ 02+ co - 1718 - - 
Total  initial H20 -0 

Net Impinger H ~ O  

. Net H?O in S i l i c a  Gel ' /+.+ 
6 

Total  %O Collected. a8. # 

kramer, callahan & assoc ia tes  
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PARTICULUES SAWLING AND ANALYSIS DATA 

Plant Name and Location W e d  GY?5W 

Run No. - 3 Date 4-k Time Is00 Ambient Temp. OF. d s  
B a r .  Press..in. Hg. 23.6ST Stack Location 6-c D- 
Stack Diameter, in.  25.7f Stack Pressure, i n  Hg .&c 
Plant Operator g/ m 5  Ps/P, 1.0 

Processing Rate 

3. 
Fi l te r  Assembly MISW F i l t e r  No. / I  

S i l i c a  Gel No. 

Probe Tip Diameter, i n .  5/+ Assumed Moisture, % 

Probe Length, F t .  7% Cp 0.77 A H @  117 

d Acetone Jar No. 2 Acetone Bkr No. Z 

Calculator Se t t i ng  J i’; I L rl =r.g5’ 

Orsat Analysis Data Moisture Conzent 

Impinger 81 7,96 

Impinger #2 1351 
Impinger $3 

Total i n i t i a l  H 0 280 

Leak Test Net Impinger H20  23 1 

- - c02 

co2+ o2 - - 
co2+ o*+ co - - 

2 

Net H 0 i n  S i l i c a  Gel 13.5 
2 

Total H20 Collected 44.s 

kramer, callahan & associates  
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ACETONE WASH, S I L I C A  GEL AND FILTER WEIGHT RECORDS 

FILTER NO. 
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Orifice 1 G ~ S  volume 
manometer wet t e s t  

s e t t i n g ,  meter 
!> H , 

' v,J 1 

0.5 

1.0 

2.0 

3 . 0  

4.0 

5.0 

1 f t '  
a in .  H20 

0.0368 1.03'78 Il 60 
0.0737 I.04+7 I . @  
0.147 1.0664- 1,72 
0.294 i,oai7 1.68. . . c . :  . 

0.431 

0.588. LIII I  

. .  . 

I . O w  L64 , .. . 
1.55 

I 

I 

0.5 5 

1.0 I 5 

2.d- I 10 

3 . 0  10 

Calculations 

a47 in. Hg Dry gas meter No. 63 
1 I 

. .  

Y = Ratio of. accuracy of wet t e s t  meter t o  dry t e s t  meter. 

inches o f  mercury, i n .  H20. 
A H p  = Orif ice  pressure d i f f e r e n t i a l  t h a t  gives 0.75 cfm O f  a i r  a t  70°F and 29.92 - 



PITOT TUBE CALIBMTION SHEET 

P i t o t  Tube No. I P i t o t  Length 772 Calibrazion Date 4/26/79 

Wind Tunnel Location €/;A & ! . & E  Calibrated By G. &u/rpr 

Nozzle Size: !4 " Nozzle S ize :  3/& " 

96" Nozzle Size:  Nozzle Size:  

pL pS cP pL pS cP 
3lb' 

Nomenclature: P = Velocity pressure  (inches water) measured with Standard B i t o t  L 
S- P - Velocity pressure  (inches water) measured with S P i t o t  . 

cP= s p i t o t  cor rec t ion  f a c t o r  =, o.99(PL/Ps)' . 

kramer, ca l iahan  6 assoc ia t e s  



TESTING APPARATUS CALIBRATION DATA 

Hg Thermomeier 
Bath Temp. F 

76.6 
100 PP 
120.9' 
62.6 
41.9 

Temperature Indicators 

0 
Gas Meter 

Inlet, 'F Outlet, F 
73 76.5 
95.5 

115 

~~ 

100.5 
121.5 

64 63 
42 42 

0 Impinqer, F 
76 
100 
121 
63 
42 

Thermocouple 

Hg. Thermom. Thermocouple 

97 95 
106 105 
131 130 
153 150 
168 165 
181 180 
195 195 

kramer, callahan and associates 
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#d?-d&Ccer 
The R- t ion ,  operating a Gypsum 
Wallboard Plant a t  Rosario, New Mexico was tested on 
July 2 and 3, 1974. 
baghouse using the Joy EPA t r a in .  

The r e s u l t s  of t h e  tests performed on the  baghouse showed 
the  plant  t o  be i n  compliance with Air Quality Regulation 
0503. 

Air Quality Regulation #503, however, does not apply t o  
fug i t ive  dust emissions which were extensive. 

Three tests were performed on the  
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These tests were conducted to  deternine compliance r;ith 
Regulation #SO3 fo r  t he  baghouse of t he  gypsum wallboard 

- plant  located a t  Rosario; N e w  Mexico, owned by Republic 
Rousing. 

2. Equipment Tested 

The.equipment tes ted was a gypsum wallboard plant.  

Erne and Location of Company Operating Equipment 

Republic Housing Corporation i s  located a t  1100 Mercantile 
Bank Building in  Dallas, Texas .  

3.  

4. Location of Equipment 
5. 
The gypsum wallboard plant is located east of EIighway 1-25 
a t  Rosario, New Mexico. 

-. 

5 .  Date of T e s t  

T e s t s  were perfonned on July 2 and 3, 1974. 

6. ,Operating Conditions during T e s t s  

The p lan t  w a s  operating at  full capacity.with three 
impaction m i l l s  running. 

7 .  Location of Sample Port 

Access t o  the  por t  was gained by u t i l i z i n g  six sectioos 
of scaffolding. The EPA samples were taken at  t h e  exit 
of a rectangular duct approximately 25 feet from the 
ground. 

Names of Personnel Conducting T e s t  

Personnel conducting tests were Brian Page, Jack Ellvinger,  
Elaine B r m ,  and Jim Shinas. 

Company Personnel Present During T e s t  

Plr. Pet ty ,  Plant  Superintendent, w a s  present a t  t he  plant 
during t e s t ing  but did not observe test procedures. 

8 .  

9 .  

10. T e s t s  Performed 

Three t o t a l  pa r t i cu la t e  tests were performed with the  Joy 
EPA t r a i n  according t o  procedures specif ied by the Fede ra l  
Register,  December 23, 1971. 

-1- aq 



. .. . . . . . . , . , . . . . . . . . . . . .. . 
DESCRIPTION OF PROCESS 

Gypsum is a na tu ra l ly  occurring mineral i n  the form of 
calcium s u l f a t e  combined with two molecules of water of 
c rys t a l l i za t ion  (CaS04.2H 0). The Rosario gypsum used . 
by Republic Housing fo r  igs wallboard is approximately 
97% pure. 

After the  rock is mined, it i s  crushed t o  314"s ize  and 
taken by conveyor b e l t  t o  t h e  p l an t  processing site where 
i t  is stored in l a r g e  bins .  
then goes through a process ca l led  f l a s h  calcinat ion.  
Flash ca lc ina t ion  is the  process whergby by CaS04.2H20 
is pulverized and heated t o  about 320 F. In this process,  
t h e  gypsum loses about 314 of its water of c r y s t a l l i z a t i o n  
and becomes calcium s u l f a t e  hemihydrate (CaSO %H O), a l s o  
ca l led  calcined gypsum. 

hot air from a na tu ra l  gas k i l n  simultaneously. 

This calcined gypsum i s  then taken through cyclones, one 
f o r  each of the  impaction mills, using both forced and 
d r a f t  air. 
cyclones and is transported t o  another s torage a rea  by a 
screw conveyor. 
i n t o  a P r e c i p i t a i r  e l e c t r o s t a t i c  p rec ip i t a to r  for f i n a l  
col lect ion.  Emissions from the  p r - 7  
l eased  i n t o  the  atmosphere through a 51-foot stack. 

The captured calcined gypsum is combined with o ld  newspaper 
and water t o  a pulp consistency. This paste  i s  then spread 
on heavy paper, formed, layered, and cut  t o  y i e l d  a f in i shed  
wallboard of var ious thicknesses a f t e r  drying. 
of the wallboard i s  cut  t o  t h e  desired size by r o t a t o r y  s a w s .  
The duct from these s a w s  i s  ducted i n t o  the baghouse. 

From these bins,  t h e  gypsum 

This i s  a f l a s h  proc&s &?cause the 
S m s u m  is pulverized by an impaction m i l l  and heated with 

The heavier material drops out i n s ide  t h e  

The emissions from the cyclones are ducted 

The width 



c 
Pre-Test 

Before leaving the Air Quality Technical Support 
i n  Santa Fe. t he  filters to be used with the  Jov 

Fac i l i t y  
EPA . 

system were weighed and sealed i n  manila envelopes. 
arrival a t  the plant,  scaffolding was set up, enabling 
t he  Environmental Improvement Agency (EIA) source sampling 
team to  gain access to the sample port .  A test fo r  carbon 
monoxide w a s  performed on the scaffolding platform t o  
determine i f  gas masks were necessary. 
temperature traverse were performed next, followed by a 
moisture determination. This information w a s  then used 
to set the  nomograph, which w a s  used as an a id  in achieving 
i sokine t ic  sampling. The sample box was assembled and 
leak-checked a t  18 inches of mercury vacuum. 
was then attached t o  the sample box and both w e r e  pre- 

- *heated t o  250°F before sampling was star ted.  

Upon 

A ve loc i ty  and 

The probe 
s. 

T e s t  

Due t o  the  rectangular design of the  o u t l e t  on the  baghouse, 
only one point  could be tes ted.  
done t o  determine w h a t  the  average veloci ty  across  the  o u t l e t  
was. 
f o r  one hour with readings being taken every f i f t e e n  minutes. 

- 

A ve loc i ty  t raverse  w a s  

The point  of average ve loc i ty  for the  o u t l e t  was sampled 

Post-Test 

The equipment was leak-checked again a f t e r  each test. For 
the f i r s t  tvo tests, the probe was cleaned a t  the test si te,  
whereas a t  the  end of the  th i rd  test, the  probe was  sealed 
and cleaned a t  the Air Quality Technical Support F a c i l i t y  
i n  Santa Fe. 
acetone washings were placed i n  sample jars and labeled 
appropriately. 
measured, and the  s i l i ca  gel  weighed to  determine t h e  
moisture content of the  s tack gas. 
sealed and sen t  back to  the  Air Quality Technical Support 
F a c i l i t y  f o r  cleaning. A t  the Air Quality Technical Support 
F a c i l i t y  the  cyclones and f ron t  half  of the  f i l ter  holders 
were washed with acetone, and the  catches were placed i n  the 
appropriately labeled sample jars. All  the sample jars 
were then sent  t o  the Albuquerque Laboratory f o r  analysis .  
The f i l t e r s  w e r e  desiccated f o r  48 hours and re-weighed 
so that the  amount of pa r t i cu la t e  col lected could be 
measured. 

The probe was cleaned with acetone, and these 

The impinger w a t e r  i n  the  sample boxes w a s  

The sample box was then 

-3- 
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SWiWY OF RESULTS 

A partial  summary of results for the three EPA samples 
is given in . the  following table: 

Sample Time Stack Flow 'Emissions 
T e s t  No. (min) (SCR4) ( m R ~ m 3  ) 

1 60 2916.3 353.5 

2 60 2591.1 354.9 

3 60 ' . 2573..a 502.2 

- 403.5 
>.. . 

Aveyage .- 

kokine t i c s  
( X )  

102.1 

96.2 

90.6 

. .  

- 
. .  



! . . .  . . .  . . . . . . . . . . . . . . . . 
DISCUSSION AND CONCUSIONS 

In concluding the calculations, it was found that 
the exhaust gas emission rate of the baghouse was 
430.45 mgfm3. Air Quality Regulation 0503 al lows 
an exhaust gas emissions rate of 690 mgfm’. 
source does have a fugitive dust problem which is 
caused by d w i n g  fine particulate from the baghouse 
to the ground approximately every fifteen minutes. 

The 

zc -. 
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~- . . . . . . . -. . . . . . . . . ..~. 

0 
CPLCUTIONS 

. .  



2 
A = Area of s t ack  ( f t . )  

i 
Cp 

Dn 0 Sampling nozzle diameter, inches 

Ds 0 Stack diameter, f t .  

= S-type p i t o t  tube cor rec t ion  f ac to r  

F = Mole f r a c t i o n  of dry gas  

- AH = Pressure drop across  t h e  o r i f i c e ,  inches H20 

I 0 Percent i s o k i n e t i c  sampling, 5: 

Lc 9 Volume of condensate from condenser, milliliters . , 

Md = Dry molecular weight of  t h e  s tack  gas, lb . / lb .  mole 

Mw = Wet molecular weight of t h e  s tack  gas, l b . / l b .  mole 

AP = Velocity head, inches %O 
s; 

“Pb * Barometric pressure,  inches Hg 

Ps 9 Absolute stack pressure,  inches Hg 

Pvc 0 

Q - 
Vapor pressure of water a t  condenser condi t ions 

Stack gas  flow r a t e  a t  s t ack  conditions,  a c f m  

Stack gas flow rate a t  STP (70°F, 29.92 inches Eg) scfrr (dry) Q(s td)  

t 9 Sampled time, minutes 

Tm = Meter temperature, OF 

Tc = Condenser temperature, OF 

Ts Stack gas temperature, F 0 

V = Meter volume of gas at  meter conditions. cf 

V c  = Equivalent gaseous volume of condensed water, cf 

Vmc = Meter volume of gas a t  condenser conditions,  cf 

. V s  0 Velocity of stack 925, fpm 

V(std) = Meter volume of gas at  STF (70°F, 23.92 inches Ag), 
scf (dry) 

Vw = Water vapor volume through t h e  meter at  condenser 
conditions,  cf 

4- 
33 



. . .  . - .  .: . . .  . .  . .  

. . . .  . . . . . . .  I _ .  . .  . .  . .  

.. 

. - _ i -  
.. . ,. 

. .  

V u f  = Volume of' water collected in impingers and silica g e l .  
milliliters 

Volume of water vapor collected a t  'STP (70°F, 29.92 inches 

Weight of the 'cd lec ted  particulate, a i g r a m s  " 

. .  . .  
V w  

W' 

= 
Hg), scf 

. .  

Ug(std) = Stack gas particulate a t  STP (70°F, 29.92 inches Hg), 

. .  
grainsfscf (dry) 

Wn(std) Stack gas particulate af STP ( i O ° F ,  29.92 inches Hg), 
m 2 h 3  @rp) 

. .  

ut P Emissions, 1b.Ihr. 
. -  . .  . : 

. . .  

.~ X C02 - Percent carbon dioxide by volume, Z 
.. 

X E20 = 

= 

Percent moisture in stack gas by volume, X 
. .  

Percent nitrogen i n  stack gas by volume, 4 % % ' .  - -. 
Z 02 = Percent oxygen in  stack gas by volume, Z ' '  

... ... . . .  .. .......... __ ,- ... . .  ..... - - _. _ _  . . . . . . .  

. .  
. .  

. .  . .  . .  
. .  

. .  

. . -. 
. .  . .  ~. . . .  . .  .: ..: 
.... . . .  

.. 
. . .  . :. . ~ . i ,-.. . . . . . .  . .  . . .  . . . .  . . .  . .  

. .  . . . . . . . . .  
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. .  PARTICULATE STACK SAMPLING EQUATICNS , 
. 

Volume of gas sampled: 

AH 17.7(V) (Pb + 13.6 ) 
= scf (dry) v(s rd)  rn + 460 

Weight of p a r t i c u l a t e . i n  s t a c k  gas: 

. .  Volume of moisture co l l ec t ed ,  i f  expressed as a vapor: 

Vwv = ,0474 (Vwf) = scf . .  . .  

P o r t i o n  of stack gas volume which is moisture: 

' *& 100 (om) % % H2Q =. 
. .  

- .  

._ -. .. -. _ _  . ! !  (std)-LVWV . - . -. - - . .__ 

F r a c t i o n  of stack gas voltme which i s  dry: 

100 - X H20 = F =  
inn  

Molecular weight of dry s t a c k  gas: 

>:d ' 3  % C02(.44) + 9. 0 2 ( . 3 2 )  3- X N2(.28) = l b . / l b .  mole 

. .  
.Molecular weight  of wet s t a c k  gas: 

.. . ;  . . .  

. .  . .. .. . .  . . .  . . . .  .. 
... . .  - XW Md(F) t 18(1 - F) = l b . / l b .  mole . .  

- .  . '. .. : .. -. , . .  . . . . .  
Veloc i ty  of t h e  s t ack  92s: 

vs = 5129 C p m  J T s  + A60 = fF 
PS Mw 

Stack  gas  flow rate: 
. .  

Q = Vs(As) = a c f m  

I s o k i n e t i c  sampling v a l i d a t i o n  e q r e s s i o n :  

Par.ticula:e ejlission r a t e :  
= lb . /hr .  . W t  = 8.6 x ~ l ~ ! g ( ~ r d ) l [ Q ( s t d ) l  

- 

-a- 
35 



. . . . . . .. . . . .. __  . . . . . -. 

2. 

3. 

. .  
. . .  

. .  
-ne. - .  

.2008 
Stack Gas Particulate 
(gkains/SCQ dry .1545 

Stack Gas Particulate 
(mg/m3) dry 353:s .354.9 . . 502..2 :. 

f 
\ 

8. 

9 .  

:O. 

.1. 

RESULTS 

Wet Molecular 'Weight - .  
(lb./lb. - moie) 28.76 28.90. .' 28.a.2.  . 

Stack Velocity . .  
(FP14) 3900.6 '' ' 3484.9 . .  3475.9 

Stack Flow (Actual Q) 
(ft.'/min.) 2.783.6 . -3380.4 - 3371.6 . _  

Stack Flow (Standard) 
Qstd (Ft'/min.) 

, 

2916.3 2591.1 - . 2573.8. 

. . .  

Table 11. 

I Run 83 . . I Run #l Run E2 

I 32.56 I 27.27' I . 25.50 * 

I -284 . . .474 . . .' Volume of Water Vapor 

I . .  

1,43 : .. '-35. _ _  1 . .  . .l.lQ'.. :. I Percent Moisture ' 

(percent) 
I - I .  

I . .. 
-99 : .997 . . ..99: :'. 

Xole Fraction 
(dzr 

I 
~~~ ~~ ~ - ~~ ~~~ 

7. Dry Molecular Weight, . I (lb./lb. - mole) ~~ I 28..92 I ' 28.94 28.94- ' . 

. .  
4.02 . ' 1 4.20. 

.3. Emissions 
(lb . /hr . ) 3..51- 

Air Quality Reeulation #5G3 allO1~S 690 mgfm3. 

Information for Table I1 was taken from particulate stack sampling 
equation sheet .  
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. . . . . . . . . . . . . . . .  
PARTICULATE DATA 

Table 111. 

T e s t  Filter Weight Probe and Wash Total Particulate - N O .  ( m d  (mg) ' (mn) 

1 170.8 170.1 326.01 

2 175.3 180.26 354.86 

3 180.1 183.29 362.69 

-5 
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A I R  QUALITY SOURCE: SAhlPLING REPORT #152 

AMERTCAN GYPSUM WALLBOARD PLANT 
ALBUQUERQUE, N E W  MEXICO 

ABSTRACT 

The A m e r i c a n  Gypsum Wallboard P l a n t  i n  Albuquerque, 
New Mexico w a s  tested on A p r i l  24 and 25, 1978 a t  

.'-%he reques t  of the A l b u q u e r q u e  D e p a r t m e n t  of E n v i r o n -  
m e n t a l  H e a l t h .  Three tests w e r e  performed t o  deter- 
m i n e  par t icu la te  emissions f r o m  the  ca l c ina t ion  process 
and t h e  r e su l t s  w e r e  turned over t o  the C i t y  f o r  
f u r t h e r  action. 
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INTRODUCTION 

1. Name and Address of Company Tested 

Hudspeth McDowell Enterpr ises  
American U . S .  Gypsum Wallboard P lan t  
Los Angeles and Jefferson,  NE 
Albuquerque, NM 87103 
CONTACT: Charles Googe, P lan t  Manager 

(505) 898-4811, Ext .  30 

2. Location of Equipment Tested 

The equipment i s  located approximately 5 miles north of 
Albuquerque, on the  east s ide  of Pan American Frontaqe 
Road. 

3. Date of Testing 

April  -2% and 25, 1978 

4. Description 

Gypsum or hydrated calcium su l f a t e , .  i s  a na tu ra l ly  occurr ing 
mineral t h a t  i s  an important bui lding material. When heated, 
gypsum loses  i t s  water of hydration, it becomes plaster of 
pa r i s ,  or when blended with f i l t e r s ,  i t  serves a s  w a l l  glaster. 
In  both cases,  t he  mater ia l  hardens as water r eac t s  with it t o  
form the  so l id  c r y s t a l l i n e  hydrate. 

The usual method of ca lc ina t ion  of g y ~ s u m  cons is t s  of gr inding 
the  m i n e r a l  and placing it i n  large,  ex te rna l ly  heated ca l c ine r s .  
Complete calcinat ion of 1 ton (0.907 MT) of p l a s t e r  t akes  about 
3 hours and. requires  about 1 .0  n i l l i o n  3 t u  (0.25 = i l l i o n  Kcal.) .  

Emissions 

The process of calcining'gypsum ap9ear.s t o  be devoid of any a i r  
pol lu tan ts  because it involves simply the  r e l a t i v e l y  low temper- 
a ture  removal of t he  w a t e r  of hydration. However, the gases 
created by the  release of t he  water of c rys t a l i za t ion  car ry  
gypsum rock dus t  and p a r t i a l l y  calcined gypsum dus t  i n t o  the  
atmosphere. 
gypsum before calcining and from the  mixing of the  calcined 
gypsum with f i l l e r .  The exhaust gases are vented t o  t h e  atmos- 
phere through a 25 foot  s tack.  

In  addi t ion ,  dus t  emissions occur from t h e  gr inding of 

Process 

American Gypsum mines i t s  ore near Cuba, New Mexico and t r anspor t s  
it by truck t o  the  p l a n t  s i t e  i n  Albuquerque. The ore is then 
crushed and fed t o  Raymond M i l l s  f o r  pulver izat ion p r i o r  t o  en ter ing  
the ke t t l e s .  I n  the  k e t t l e s ,  calcinat ion takes place whereby 
temperatures of 34032 dr ive  of f  3/4 of the  water of c r y s t a l l i z a t i o n  
from the  ore;  and calcium su l f a t e  hemihydrate (Ca  504 1 /2  H z O ) ,  
a l so  ca l l ed  calcined gypsum, i s  produced. The calcined gypsum 
i s  s tored i n  hoppers and used as  needed t o  produce t h e  f in i shed  
wallboard product. 

- 1 -  
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5. Descript-ion of the Sampling Location 

Two sampling po r t s  were located a t  3.5 equivalent diameters from 
an elbow, located one diameter from the  fan ,  and two equivalent 
diameters upstream from the stack e x i t .  S l igh t ly  negative V e l O -  
c i t y  heads were encountered i n  one quadrant of the stack as  
seen on Figure 1. These points  were not sampled during t e s t i n g .  

6 .  Personnel Present During Testing 

Arm Dhawan - Junior Engineer - 2nd tes t  
Jimny T. Romero - Environmental Technician 111 - 3 tests 
Michael J. Owen - Environmental Technician I11 - 3 t e s t s  
Jim Shinas - Environmental Technician 111 - 3 t e s t s  
Dick K e n  - Engineer - Albuquerque Environmental Health Dept. 

SAHPLING PROCEDURES 

c 
The procedure:+followed Methods 1 and 5 a s  described i n  EPA Federal Register, 
Volume 42 ,  NO. 160, Thursday, August 18, 1977. The sampling t r a i n  was 
assembled a s  shown i n  Figure 2 .  

The following were deviations of the  procedure: 

Twenty seven (27) points  were tes ted  instead of the fo r ty  (40) 
required by Method 1. 
close proximity of the  points  t o  the s tack wall  and t h e  r e s t  
were eliminated because of the negative ve loc i ty  heads en- 
countered. 

Four points  were eliminated due t o  the 

SWL94RY OF RESULTS 

Tha following t a b l e  summarizes the r e s u l t s  of the three t e s t s  performed: 

Test 
1 2 3 Average 

Concentration mq/m3 47.5 74.7 65.9 62.7 

Concentration qr/scf .02 .03 .03 .026 

Emission r a t e  lbhr. 3.7 6.2 5.2 5.0 

Gypsum Production Rate t o n h r .  15 15 15 15 

Percent of I sok ine t i c  Testing 108 103 105 

DIsCZ-SSION AND CONCLUSION 

The s l i g h t l y  negative veloci ty  heads encountered i n  one quadrant of the 
of the stack did not appear t o  be a r e s u l t  of cyclonic flow i n  the s t ack  
but rather a s  a r e s u l t  of local ized disturbances created by the  uneven 
d i s t r ibu t ion  of the  flow. I t  is not believed t h a t  elimination of t h e  
t raverse  points  along t h i s  quadrant s ign i f i can t ly  affected t h e  r e s u l t s .  

- 2 -  



! 
Previous tests performed on the same source in May of 1973 show comparable 
results both in emission rates and f l o w  rates. In future testing, a stack 
extension or straightening vanes should be considered as means of smoothing 
Out the uneven flow distribution. 

The average stack gas concentration of 62.7 mg/m3 appear to be in compliance 
with Albuquerque's Air Quality Regulation 903 which limits the concentration 
to 690 mg/m3. 
determination. 

The results have been provided to that office for final 

c .. - 

- 3 -  
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Figure 1. Cross Section of Stack and Velocity 
Traverse Po in t s  ( inches of H20) 
American Gypsum, Albuquerque 

Circled points  ind ica tes  those not t e s t ed  due t o  zero o r  negative 
velocity heads and close proximity t o  the  stack wall. 

- 4 -  
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CALCULATIONS 



A .= 

cp = ( 
Dn = 

D s  = 

€ 3  

AH = 

I =  

LV = 

Md = 

M w =  
o =  
Pb = 

P s  = 

Pvc = 

Q =  
Q ( s t d )  = 

t =  

. .  T m =  

Tc = 

T s  = 

v =  
vc = 

x7mc = 

vs = 

V(std)  = 

vw = 

Vwf = 

vwv = 

w =  
Wg(std) = 

Wm(std) = 

r q t  = 

% Q 2  = 

4 N2 = 

s 02 = 

% H20 = 

Area oi Stack ( f t . 2 )  

S-type F i t o t  tube correct ion f ac to r  

Sampling nozzle diameter, inches 

Stack dizmeter, f e e t  

Mole f r ac t ion  of dry gas 

PXes5uTe drop across '&e o r i f i c e ,  inches H20 

Percent i sok ine t i c  sanpling, % 

Volume of condensate from condenser, m i l l i l i t e r s  

D r y  moleculer weight of the s t ack  gas ,  lb./lb. mole 

Net molecular weight of the s tack  gas ,  lb./lb. mole 

Velocity head, inches H20 

B w o m e t r i c  pressure,  inches Hg 

Absolute s tack pressure,  inches Hg 

-%par pressu=e of water a t  condenser con2itions 

Stack gas flow r a t e  a t  s tack  condi t ions,  acfm 

Stack gas flow r a t e  a t  STP (68OF, 29.92 inches H g ) ,  scfm (I-) 

Sampled time, minutes 

Meter temperature, O? 

Condenser temperature, OF . .  
Stack gas temperature, OF 

Meter volume of gas a t  meter condi t ions,  cf 

Ecpivalent qaseous volume of condensed water, c f  

Heter volume 35 qas a? conder.ser con<it ions, .cf  

Velocity of s tack  gas,  fpm 

Meter volime of gas a t  ST? (68 '7 ,  29.92 inches Aq), scf  ( d r y )  

Water vapor volume through the n e t e r  a t  condenser conditions,  cf 

Volume of water co l lec ted  in imp inges  and s i l ica  g e l ,  m i l l i l i t e r s  

Volume of water vapor co l lec ted  a t  ST? (68 '7 .  29.92 inches Hg), scf 

Weight of t h e  co l lec ted  p a r t i c u l a t e ,  m i l l i g r a m s  

Stack gas p a r t i c u l a t e  a t  STP (68O?, 29.92 inches I lg), Srains/scf (dry)  

Stack gas paz t i cu la t e  a t  STP ( 6 8 ' F r  29.92 inches Hg), mg/m3 ( d r y )  

Emissions, lb./hr. 

Percent carbon dioxide by volume, % 

Percent moisture i n  s tack gas by volume, % 

?ercent nitrogen i n  stack gas by volu te ,  % 

Percen t  ox!gen i n  s tack gas by volume, 4 



PARTICULATE STACX SX'LINS EQUAXONS 

AH Volume of gas sampled: - 
V = 17.65(V) (Fb + 13.61 SCf (dry) 

hn + 460 ( s t d )  

Weight of p a r t i c u l a t e  i n  s tack  gas: 

= .0154 W = grains/scf (dry) wg (Std) 
V(s td )  

h ( s t d )  = 35.3146 w = m9/m3 (dry) 
( s td )  

Volume of moisture co l lec ted ,  i f  expressed as a vapor: 

Vwv = .0474 (Wf)  = scf 

Portion of s tack gas volume which i s  moisture: 

% H20 = 100 ('lwv) = %  

%. V(std) + Vwv 

Fract ion of s tack gas volume which is dry: 
F = 100 - % H20 = 

100 

Molecular weight of dry s tack gas: 

Md = % CO2 ( .44) + % 02 (.32) + % N 2  ( - 2 8 )  = &./lb. mole 

Molecular weight of wet s tack  gas: 

MW + Md (I) + 18 (1-F) = Ib./lb. mole 

Velocizy of t ! e  scack gas: 

V s  = 5124 C p  = fpm 
Ps !?tu 

Stack gas flow ra t e :  

Q = Vs (A )  = acfn 

Q(,ta) = 17.65 (VS) (A) (F) (PSI = scfm (dry) 
Ts + 460 

I sokine t ic  sampling va l ida t ion  elrpression: 



TEST DATA 

t... ........ Sarqle  time (minutes)  

D,.......... Sampling nozzle diameter (inches) 

An .......... Pressure dro;, across  o r i f i c e  (H2O") 

CALCULATED RESULTS 

k!/X I / O B  1. /of 
t 9 ! U  I , I ? ' / C  1 t J ? ( O  1 

I 
.4c . 3 7  

V(,td) ...... Corrected metered volume ( S C F )  

.v, ( s td) .  . . . . weight of > a r t i c u l a t e  i n  s tack  92s (grains/sc?) 

T&(,td). . . . . Weight of p a r t i c u l a t e  i n  s tack  gas  b?6/rn3) 

7 - 7  

vwv...-.-... Volume 05 wzter vapor co l lec ted  

F _..,........ PIole f r ac t ion  of s tack  gas (dry) 

Md. ..__..... D r y  molecular weight of Stack gas (lb/lb-mole) , 

(SC?') 

%H2O ......., Percent H20 i n  s tack gas by volune 

E, <....-..... Wet molecular weight of s t ack  gas (lb/lb-mole) 
Vs... . . . . . .- Velocity of s t ack  gas (FPM) 

Q. -. .. . -. . . . Actual s t a c k  volumetric flow (ACFN) 

Q(std) .  -. . . . Stack volumetric flow (SCFX) 

I. .......... Percent i sok ine t i c s  

E........... P a r t i c u l a t e  emission r a t e  (lb/hr) 

-L'32i'7 i . c l $ l q  j 

b . + ? l L  7,773L j f . d Y P  I 
( ' / , 9 V  /.('.32 ! /?.y3- j 
, S O 6 6  Y)Gb' 1 <Y~S.T 
.I f n y Y  z 2 . r y  i 2Y. k'( 

J G ' I J G I  ~ ? j , i  9L02 1 27c5-,yqb7 

37aBE731 .? S 7 b q . 5 3  I 3fJk:;.V? 

. J I c ~ L - ~ ~  2 ~ o ) q , 2 )  i 2cqc~q.yq - 

. c 2 0 3  
i 

'/7,&//7F;) 7 - ? . 6 7 b G ; /  I b>-.?!,&-i 

I 
l b . b ? ? T  1 &.SF<)\ j 2 l c . 7 ) f b  , .  

. 

( O $ . b t  1 / C > , f ?  / G < / . q < \ - i  

J.I j*oZ/  1 L'. /YqYj 5.lb65'Y 



........... Actual metered sm$e volune (C?) 

Pb.. ........ BaromPtric pressure (Fig"), 

- 

302 ......... Percent oxygen i n  s tack gas (dry) 
~~ ,- * 

1~1.7~ i z4.y I ~ 4 . g  

I I I -  
. .  %N* ......... P p r c e n t  nitrooen in StaClC aas ( C N J  . ~ L  ......... .... -~ ~ . -~ 

Ps .......... Absolute s t a t i c  s tack  pressure (;rS")' 

T, .......... Average s tack  gas tem?erature ('F1 
I 
Cp .......... S-type p i t o t  tube cor rec t ion  f a c t o r  

' 

. ' 

IA? .......... Velocity head (H20"). . .  

A ........... Area of s tack (ft.*) : ' t ........... Sample time (minutes) 

An Pressure drop across  orifice (HzO") 
Dn .......... SamTling nozzle diameter (inches) 

.......... 

CALCULATED I k U L T S  

! vlstd) ...... correc ted  metered volume (SCF) 

Na(,td). .... I.leight of p a r t i c u l a t e  i n  s tack  52s @13/m3) 

V, ......... VoluTe of wnter vapor co l l ec t ed  ( S D 3  

Wg(,td)- . . - . Weight of p a r t i c u l a t e  i n  s tack  g a s  (grain&=) 

$H20 ......... Percent H20 i n  s tack gas by v o l & ~ e  

F ............ Mole f r a c t i o n  of s tack  gas (dry) 

....... E ! C . .  D r y  molecular weight of s tack  gas  (lb/lb-mole) 

E,, .......... Wet molecular weight of s t ack  gas  (lb/lb-mole) 

Vs .......... Veloci ty  of s tack gas (FPM) 

Q ........... Actual s tack  volumetric flow (ACFX) 

Q(s td) .  ..... Stack volumetric flow (SCFW 

I..... ...... Percent i s n k i n e t i c s  

E ........... ? a r t i c u l a t e  emission r a t e  ( lb/l~r) 

J ( y , 7 ~ r ,  I > L / . Y i L  I 14.222 - 
5 u 

, 170 / 9 C '  I / ? C  

I . Y Z  I ,PL 
.Wi75 -  I , k J @ T I  1 . b i  
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t 
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P i t o t  Tube 

#112 

Probe Tip  

D 

EPA BOX 

# 1  

Probe Temp. Sensor 

#112 

- CP w/o 

- 8 3  

S i z e  

3/16 

- 

MCF 

1.00 

- 

CALIBRATIONS 

- -  

Date cp w t Nozzle - - 
.82 4/18/78 

.. - 
Actual s i z e  

. 1 8 4  . 4/18/78 
. . - .. - -- 

An@ - 
. .. 

1.55 ',4/03/78 

. .  

Average D i v i a t i o n  

-0- 3/20/78 

. . .  

EY 
J. Shinas 

J. Romero 

i 

J. Shinas - 
! 
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