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STRUCTURE
CioHg |

CAS Neo: 91-20-3
Molecular Weight: 128.18 Ib/Ibmole
Boiling Point: 218°C
Vapor Pressure 0.2762 mm Hg at 25 °C
Henry's Law Constant 43.01 Pa m*mol at 25 °C
Specific Gravity: 1.1131 g/em® at 20 °'C
Water Solubility: 31 mg/L at 25 °'C
Log Octanol/Water Coefficient: 3.37
Kow: 2,344

CHEMICAL PROPERTIES OF NAPHTHALENE f \
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FACTORS AFFECTING EMISSIONS

FINAL VACUUM and/or SWEEP TIME
NUMBER OF TIES

AGE OF TIES

¢ & o o

TEMPERATURE and VAPOR PRESSURE

P

STACKING GEOMETRY

. 4

SURFACE AREA

¢ WIND VELOCITY and HUMIDITY*

C

* Not taken into account at this time.
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EXAMPLE NAPHTHALENE RETENTION AND EMISSION CURVES FOR BLACK TIES

"Basis and Assumptions

Basis 3.72] cu. ft of treated wood (one 7" x 9" x 8.5' fie)
Creosofe Retention 8.0 Ib creosote/cu. f of wood
Percent Naphthalene in Creosote a.0] %
Initial Naphthalene Retention 1.79] 1b naphthalene
Life of Tie 40} vt
Naphthalene Retained (@ End of Life 77> 037] b
General First-Order Equation N(t) = No * exp[-k * ]
N(t) = b naphthalene
t = years
Emission Rate, k 0.000107 | 1/day
— - 0.039215] 1/vear
Retention Equation Under These Conditions N(t) = 1.79 * exp.( -0.039215 * t)

N(t). = Ib naphthalene retained

t= years

Emission Equation Under These Conditions

N = 1.79 * | | - exp ( -0.039215 * t)]
N(t) = Ib naphthalene emtted
= vears

CUMULATIVE NAPHTHALENE RETENTION IN BLACK TIES

Retention (ib nephthelcne)

CUMULATIVE NAPHTHALENE EMISSIONS FROM BLACK TIES

Emissions (lb naphthalene)




VARIATION OF NAPHTHALENE VAPOR PRESSURE WITH TEMPERATURE
Source: Perry's Chemical Engineer’s Handbook, 6th Ed.

'T"cmpcrature VP 1/Temp Cale. VP
°C °F (mm Ha) (1/R) In(VP) (mm Hg) %9 Dift.
52.6 126.68 1 0.001705 0.000000 1.4 43.0
74.2 165.56 5 0.001599 1.609438 47 -6.7
85.3 186.44 10 0.001547 2.302585 83 -17.0
101.7 215.06 20 0.001481 2.995732 17.3 - 2137
119.3 246.74 40 0.001415 3.688879 36.2 -9.5
130.2 266.36 60 0.001377 4.094345 55.5 -7.5
145.5 293.90 100 0.001326 4.605170 97.3 -2.7
167.7 333.86 200 0.001260 5298317 204.9 2.5
193.2 379.76 400 0.001191 5.991465 4419 10.5
2179 424,22 760 0.001131 6.633318 862.2 13.4
Regression Output:
Constant 19.38216
StdErrof Y Est 0.170405
R Squared 0.993869
No. of Observations 10
Degrees of Freedom 8
X Coefficient(s) -11161.25
Std Err of Coef. 309.9363

VP (mmHg)= 2616E+08 * exp [ -11161.25 /(T, °F +460)]

NAPHTHALENE VAPOR PRESSURE

900 " VAPOR PRESSURE AT AMBIENT TEMPERATURE o
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FIELD DATA

MEASUREMENTS INDICATE THREE RATES OF

DECAY GOVERNED BY THREE EQUATIONS

- TEMPERATURE-RISE EMISSIONS (MAXIMUM
EMISSION RATES)

- THIN- FILM EMISSIONS (FAST EMISSION
RATES)

- PORE-SPACE EMISSIONS (SLOW EMISSION

RATES)

EMISSION MEASUREMENTS WERE MADE FROM
CREOSOTE-TREATED POLES

EMISSIONS WERE MEASURED AT AMBIENT
CONDITIONS IN CALIFORNIA

DATA SUGGEST THAT NAPHTHALENE IS LOST AT AN
INCREASED RATE DURING THE FIRST 24 HOURS

AFTER THE TREATED WOOD IS TAKEN FROM THE
RETORT

TEMPERATURE DATA OF FRESHLY TREATED WOOD
WERE TAKEN FOR BLCK TIES AT KERR-McGEE
FACILITIES IN AVOCA, PENNSYLVANIA AND
INDIANAPOLIS, INDIANA, AND FOR POLES AT
THE KOPPERS FACILITY IN GRENDA, MISSISSIPPI

EMISSION RATES CLOSELY FOLLOW THE
TEMPERATURE OF THE THE TREATED WOOD

o)
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GEOMETRY OF TIE STACKS
ONE TIE SURFACE AREA (7 inx 9inx 8.5 fi) =23.55 f¢
® TRAM
46 TIES PER TRAM
17 TRAMS PER CHARGE
- TOTAL TRAM SURFACE AREA =
171 fi2
4.6 ft e
6 in 8.5ft
525R
@ BUNDLE
ASSUME 48 TIES = 1 BUNDLE
SURFACE AREA = 197.83 2
4-2/3 1t
851t
+12 8
@ YARD LAYOUT
= 288 TIES IN 6 BUNDLES = I STACK |
7 SURFACE AREA =582.5 fi? ) 7
A SURFACE AREA OF 288 STACKED TIES =
SURFACE AREA OF INDIVIDUAL TIES
34\ W S42.5f2  _ S425f8  _ gog
Ry (23.55 fi2)288)  6,782.4
vie
b?;,\ R , STACKING RESULTS IN 92%
H REDUCTION IN SURFACE AREA
" 851t FROM SINGLE TIES
\q@/) SLb.S T AT S5 2 Lols F1*

93,888 TIES PLACED IN 326 STACKS = 1 UNIT/MONTH PRODUCED
r SURFACE AREA = SURFACE AREA OF ONE STACK * 326 STACKS
or

542.5 fiz * 326 STACKS = 176,855 ft/UNIT h
AquAeTer




ASSUMPTIONS for BLACK TIES

¢ TREATED TIES ARE PLACED IN STORAGE ONLY DURING
DECEMBER TO MARCH, AT THE BEGINNING OF EACH |
MONTH

& TREATED TIES ARE SHIPPED ONLY DURING
APRIL TO NOVEMBER

¢ ONE UNIT CONSISTS OF 652 STACKS OF 144 TIES
OR 93,888 TIES

¢ OLDEST TIES ARE SHIPPED FIRST EACH MONTH

4 ONE 652-COUNT UNIT (93,888 TIES) IS TREATED
EACH MONTH

¢ TIES, BUNDLES, AND STACKS ARE STORED IN SUCH
A WAY THAT ONLY OUTSIDE SURFACES HAVE THE
POTENTIAL TO EMIT F

4 THE AREAL EMISSION SOURCE IS CALCULATED AS
l 6 - 48 CROSS TIE UNITS STACKED 3 HIGH AND 2 WIDE.

THE TOTAL AREA AVAILABLE FOR EMISSIONS FROM
THIS UNIT SOURCE IS 542.5 f2.

| _ ‘AquAeTer‘ I
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GEOMETRY of POLE STACKS

24-28 POLES per TRAM
4-5 TRAMS per CHARGE
MAX EMISSION RATES ON TRAM

TIME ON TRAM 7-8 hours

TIME IN RAILTRUCK 16 hours

TOTAL TRAM SURFACE AREA =
709 ft/TRAM

100 POLES - 100% ASSAY

1 LAYOUT AREA
40 ft
y TIME IN LAYOUT  MAX 36 hours
e X 106in SHIPPED OFF-SITE
1758 RioSmRISER LAYOUT SURFACE AREA =
100 ft 4,496 f/LAYOUT
@ YARD LAYOUT

121t -7

1278 80 POLES PER STACK N ™

YARD AREA 5 1,806 fiZSTAC
S
551t .
® TIME IN YARD 3-4 months
- Hh - weroz  MAXIMUM INVENTORY =

2,000 POLES

l L _ ‘AquAeTer‘




I | ASSUMPTIONS for POLES

¢ POLE BUNDLES AND STACKS HAVE POTENTIAL TO EMIT
FROM 5 SURFACES; BOTTOM EMISSIONS ARE ?
ACCOUNTED FOR AS SIDES AND ENDS. .

4 INVENTORY OF POLES ARE RELATIVELY STABLE
THROUGHOUT THE YEAR. |

TIME IN INVENTORY - 3 MONTHS.

¢ MAXIMUM INVENTORY OF 2,000 POLES AT ONE TIME.

¢ 24-28 POLES PER TRAM; 4 TRAMS PER CHARGE; 8 HRS ON
| TRAM.

¢ 100 POLES PER 100% LAYOUT; 36 HOURS FOR LAYOUT;
ALL POLES GET 100% LAYOUT
5 SURFACE AREAS - 100 ft x 1.75 ft x 40 ft.

¢ MAXIMUM 80 POLES PER STACK:

STACK HAS TRAPEZOID SHAPE - 12 ft (TOP) x 35 ft
(BOTTOM) x 5.5 ft (HEIGHT)

5 SURFACE AREAS -
STACK RISER EQUIVALENT TO 0.5 ft.

¢ ALL HEIGHTS ARE FROM GROUND LEVEL FOR
DETERMINING SURFACE AREA.
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SUMMARY and CONCLUSIONS

EMISSIONS ARE DEPENDENT UPON VAPOR PRESSURE
- VAPOR PRESSURE IS DRIVEN BY TEMPERATURE

EMISSION RATES FOLLOW FIRST ORDER KINETICS

THREE PHASES OCCUR IN EMISSION RATES:

- 1IST 0-12 HOURS INCREASE/DECREASE HIGH
- 2ND 12 - 24 HOURS DECREASES LOW
- 3RD + 24 HOURS STABILIZES

EMISSION RATES DEPENDENT UPON EXPOSED SURFACE
AREAS

MAXIMUM INVENTORY OF TIES OCCURS IN WINTER

POLE INVENTORIES ARE CONSISTENT THROUGHOUT THE
YEAR

LONG TERM EMISSION RATES ARE DEPENDENT UPON
AMBIENT TEMPERATURE

ANNUAL STORAGE EMISSIONS FOR CREOSOTE TIES AT
AVOCA, PENNSYLVANIA WERE 1.39 TPY

ANNUAL EMISSIONS FOR CREOSOTE POLES AT GRENADA,
MISSISSIPPI WERE 0.70 TPY

‘AquAe Ter'

Al




CALCULATED NAPHTHALENE EMISSIONS FROM BLACK TIE STORAGE
YARDS

These calculations were designed to calculate the naphthalene emissions from creosote-
treated railroad ties in a storage yard. Naphthalene emissions from black ties were based on
emissions monitoring data from creosote-treated telephone poles at the Koppers plant in Oroville,
CA (the Feather River plant). The first step was to determine a relationship between the
emissions and time. Three curves were fit to the available data, because it was found that one
curve would not adequately represent all of the data. It was determined that the emissions data
represented three distinct phenomena: 1) temperature-driven emissions: the emissions of newly-
treated ties and poles increased briefly after removal from the retort (0 to 6 hr), 2) thin-film
evaporative emissions: emission rates then decreased rapidly (6 to 24 hr), and 3) ambient-
temperature emissions: emissions stabilized at a lower level once the initial film dissipated (24+
hr). The emission equations representing these three rates are shown in Equation (1). The
second equation of each set is on an area basis, derived from the 699 ft* surface area of the six
creosote-treated poles on which the original emission test was done.

Temperature-Driven Emissions (Rate 1):

N, (£) (”’g "apﬁhale”e) = 18,104 (0-46683%0) ¢ < 0,25 days

N, (£) (lb nfafiwcli‘z:lene) = 1.370#10 2 (0-96683:8) £ < 0 25 days
—aay

Thin-Film Emissions (Rate 2):

N, (&) (.1!9 Hapﬁihaleﬂe) = 36,697 e("2:43497%t) 0,25 < t 5 1.0 day (1)

N, (£) (lb ”?ffc;’alene) =2.777%103("3:4397*0) | 0 25 ¢ £ £ 1.0 day

Pore-Space Emissions (Rate 3):

Ny (£) (mg napl}'zltz:-ha.lene) = 3,347 @(-0-04358%0) £ 5 1,0 day

N, (¢) (XRnaphthalene\ | ; g33x1074e(-0-043%8%0) ¢ > 1.0 day
3 fr3-day

An age distribution was constructed which determined the percentage of stored black ties
at a given age during any month. The percentage age distribution can apply to any KMCC site,
because each facility follows the same general treating and shipping schedule. It was assumed
that:

5<




The same number of ties was treated every month,

When shipping occurred, the oldest treated wood was shipped off-site,

When shipping occurred, the same number of ties were shipped off-site,

No ties were shipped between December and March (building inventory), and
Ties were shipped off-site during the months of April through November only.

L B 2 & 4

Using January as an example, one-third of the treated wood would be newly-treated (0
months old), one-third would be 1 month old, and one-third would be 2 months old. During
February, one-quarter of treated wood would be newly-treated, one-quarter would be 1 month old,
one-quarter would be 2 months old, and one-quarter would be 3 months old. This age
distribution showed that no stored ties were ever more than 4 months old. The distribution is
also conservative in that aged black ties (with fewer emissions) were shipped out first each
month, keeping the higher-emitting newly-treated wood ties on-site. The age distribution 1s
shown below.

AGE DISTRIBUTION EXPRESSED AS A PERCENTAGE OF STORED BLACK TIES

Percent of Ties __ Months Old:
Month 1, 1 2 3 4
Month Month | Months | Months | Months
1 33 33 33
2 25 25 25 25
3 20 20 20 20 20
4 22.6 22.6 22.6 22,6 9.7
5 26 26 26 22
6 304 304 304 8.7
7 37 37 26
8 47 47 6.7
9 64 36
10 100
11 100
12 50 50
2




The stacking geometry assumed six bundles of 48 p.'gf%geach, stacked 2 bundles wide
and 3 bundles high. Between the bundles stacked 3 high are 6 inch spacers. The 6 inch spaces
between the stacked bundles were assumed to contain air saturated with naphthalene, those spaces
were treated as if they contained treated ties. Each of the stacks therefore contained 288 treated
ties, with an external surface area of 601.5 ft’

Black tie emissions were calculated from the time the treated wood was removed from
the retort. All treated ties were assumed to remain on trams for 24 hours before being moved
to the storage yard and restacked in the 288-pole geometry described above. The age distribution
was not applied to black ties on trams, because it only applies to the storage yard.

For emissions calculation purposes, each month was assumed to have 30 days. Using
January as an example, the following conditions applied:

¢ Black Ties On Site: 281,664 ties
¢ Black Ties Produced: 93,888 ties
L Surface Area of Black Ties on Trams: 349,529 ft*
4 Number of 288-Tie Bundles: 978 bundles
¢ Surface Area of Each 288-Tie Bundle: 601.5 f£?
¢ Total Surface Area of Yard Stacks: 588,267
¢ Percent of Black Ties On-site in January which are:

0 Months Old 33.3 %

1 Month Old 333 %

2 Months Old 333 %

The total emission loading for any time period is simply the area under the appropriate
rate curve for that time period. Therefore, integration between times t, and t, (days) was
performed as shown in Equation 2. The emission expressions are of the form Ae™, as was
demonstrated in Equation (1).

ZAe"“‘-' dt = AZe““ dt = -(-%)[e""]g: = -(—%)(e"“’-e"“‘), (2)

where A and k are constants.

Black ties were assumed to be stored on the trams for 24 hours (1 day), which is a very
conservative estimate. The emissions must therefore be divided into Rate 1 Emissions (0 to 0.25
days) and Rate 2 emissions (0.25 to 1.0 days). Rate 1 emissions for January for treated ties on
trams for less than 0.25 days were integrated between the limits of t = 0 to 0.25 days. The result
is shown in Equation (3).



0.25
-3

. *10-3 @0-96683¢ gp = [1:370*1077) ,(0.46603+0.25) _ g (0.4666340)

[1 370+107%e t ( 270 ) )

(3)

1lb naphthalene
ft? of treated surface area

= 0.000363

Rate 2 emissions from black ties on trams for 0.25 to 1.0 days were calculated as shown
in Equation (4).

1.0

-3
777 102 @-2-43497¢ gp = [2:.777*10 ) (=2.434971.0) _ g (~2.43497+0.35)
0 352 7eioTe £ ( 543497 )€ )
| (4)
= 0.000521 1b naphthalene

Ft? of treated surface area

After 1 day on the trams, ties were moved to the storage yard. Rate 3 emissions for black
ties which are between 1 and 30 days old and on-site during January are calculated in Equation
(5). The age distribution factor of 33.3% is also applied in the equation.

30 :
. *10™4 o=0.04358¢ = - M) (-0.04358930) . o (=0.04358+1)) & (),
[2.533%10% de (--0.04353_ (e e )* (0.333)
1 - < _ ,
TPG ":iC_‘ﬁ Y S { R A
1b naphthalene R T
ft? of treated surface area ' I 1
NLUWGA T A Slaevn v

(5)

\/ = 0.00133

Emissions for month 2 (60 to 90 days), month 3 (90 to 120 days), and month 4 (120 to
150 days) were calculated by changing the time limits in Equation (5). The total emissions for
January are equal to the sum of the integrated emissions from 0 to 90 days, because the age
distribution showed no ties older than 2 months (0 to 90 days). Note that all January yard
emissions have the same age distribution factor of 33.3%.

A summation of the January emissions is shown in Equation (6).

. G -Yeenn & .
ate ) £ = B‘oozﬁg(o, - ,)

v

) - =2, yI7 4 Cnipyead
oz 2 EF - _ o6l 1 27 .)
AT = C. /(e e_ '

- :-_‘..:qggg.(a' ~0.6435% _{3)

Rare a2 E}.s :_Mi (@ - e
7 4

+ 0 (_)()Shﬁ}
Carl act “0 - QOATE —0, B 3}
5Fo- 0% sa (€ A ' 7§




January Emissions:

From Trams:

A 0 to 0.25 days = 0.000363 ( 1b naphthalene )

fr? treated area

% 0.25 to 1.0 day = 0.000521 (—L2-naphthalene
Ft? treated area

=1

1b naphthalene
mo= = (.000884
ko ;» ft? treated area)

1b naphthalene
ft? treated area

= 309 (lb naphthalene)

0.000884

)*349 ,529 (ft? treated area)

From Storage Yard:

(6)

= 1b naphthalene
1.0 to 30 days = 0.003993
‘ v (ft:“ treated a:ea)
B 30 to 60 days = 0.001147 lb naphthalene
' ft? troated area
ft? treated area

90 days

} - 1b naphthalene
Y ) g - N;(t£) = 0.00545
SR ;1 y (ft:’ treated a.rea)

* 588,267 ft? treated area * 0.333 (age distribution)

= 1,067.6 1b naphthalene emitted during January from Yard

January Total Emissions = 309 + 1,067.7 = 1,376.6 lb naphthalene



The vapor pressure of naphthalene increases exponentially as the temperature increases,
and therefore naphthalene emissions from black ties are expected to do the same. It follows that
the temperature correction factor should also be represented by an exponential expression. A
temperature correction factor was needed to adjust the emissions as the ambient temperature of
the storage yard location varied from the 24-hour average test temperature of 80 °F in California.
Intuition, and the naphthalene vapor pressure data, indicated that emission rates should rise as
the temperature rises, and fall as the temperature falls. The temperature correction factor was
defined as the ratio of naphthalene's vapor pressure at the average monthly temperature of the
wood treating site to the vapor pressure evaluated at the average test temperature of 80 °F.
Equation 7 shows the derivation of the temperature correction factor equation, and its calculation
for Kerr-McGee's Avoca, PA site.

2.616 *10’9( F+460 | = Ae(r

S
-11,161.35 _g) P\V‘)";\(r-"’ v
NL o)

Naphthalene Vapor Pressure (mm Hg)

a2
VE(T,) _ aolTs) _ ol%ew) AT Ts) L N - )

TRleond (1) ()

(7)

-12,261.25( 13 e Teo';uso))
Temperature Correction Factor = e -~

For January, T,y = 25.2 °P, which is less than the original test temperature
of 80 °F, so the temperature correction factor will be less than one:

. —u.:.s:..zs(.r_._.!-_.._).-.(_.?’-_._r)
Temperature Correction Factor = e 25.3°Fra60)  (807F*a80}/ = 0,097

Note that a temperature correction factor of 1 results if T,,=80°F.

The total monthly emissions for January were calculated as the product of the monthly
emissions in |b naphthalene/ft’, the surface area of treated wood on-site during January, and the
age distribution factors for treated wood in January, as shown previously. Application of the
temperature correction factor is shown mathematically in Equation (8). This essentially translates
the test emissions from the test site with a temperature of 80 °F (California) to a site with a
colder temperature of 25.2 °F (Pennsylvania). The naphthalene vapor pressure is lower at
Pennsylvania, and therefore, the emissions will be lower due to the decreased temperature.

Temperature-Corrected Emissions for January:

(8)
1,376.6 (lb naphthalene) *(0.097) = 133 1b naphthalene

The procedure shown in Equations (1) through (8) was followed to determine a
naphthalene emission rate for the other months in the year. The monthly rates were added to
determine the annual naphthalene emissions. The calculated annual naphthalene emissions from
the Avoca, PA facility's black tie storage yard was 2.78 tons/yr, assuming a maximum on-site

/_,



quantity of black ties of about 470,000 ties. However, the Avoca facility generally has a yearly
on-site maximum of about 234,000 black ties, which equates to 1.39 tons/year.




CALCULATED NAPHTHALENE EMISSIONS FROM BLACK POLE STORAGE
YARDS

These calculations were designed to calculate the naphthalene emissions from creosote-
treated telephone poles in a storage yard. Naphthalene emissions from black poles were based
on emissions monitoring data from creosote-treated telephone poles at the Koppers plant in
Oroville, CA (the Feather River plant). The first step was to determine a relationship between
the emissions and time. Three curves were fit to the available data, because it was found that
one curve would not adequately represent all of the data. It was determined that the emissions
data represented three distinct phenomena: 1) temperature-driven emissions: the emissions of
newly-treated poles and poles increased briefly after removal from the retort (0 to 6 hr), 2) thin-
film evaporative emissions: emission rates then decreased rapidly (6 to 24 hr), and 3) ambient-
temperature emissions: emissions stabilized at a lower level once the initial film dissipated (24+
hr). The emission equations representing these three rates are shown in Equation (1). The
second equation of each set is on an area basis, derived from the 699 ft* surface area of the six
creosote-treated poles on which the original emission test was done.

Temperature-Driven Emissions (Rate 1):

N, (£) (mg napll:;;halene) = 18,104 g (0-46683+8) ¢ < 0,25 days

N, (€) (lb nfaffcél:;e'ﬂe) =1,370#%10"2e(0-46683%c) ¢ ¢ 0,25 days

Thin-Film Emissions (Rate 2):

(1)

Ny (£) (”'9' ”apﬁghale”e) = 36,697 o("3:43497°0) | .25 < £ < 1.0 day

N (E) (lb ”;‘fftga;ene) = 2.777 %102 (-2.4389748) g 25 ¢ £ g 1.0 day
=aa.

Pore-Space Emissions (Rate 3):

N (E) ("‘9' napﬁghale“e) = 3,347 @(-0-043%8%0) £ 5 1.0 day

N, () (22 naphthalene) _ 5 53341074(-0-0435848) £ 5 1,0 da
3 fti-day Y

An age distribution was constructed which determined the percentage of stored black poles
at a given age during any month. It was assumed that:



The same number of poles was treated every month,

When shipping occurred, the oldest treated wood was shipped off-site,

When shipping occurred, the same number of poles were shipped off-site, and
Poles were shipped off-site each month.

L A B L 4

Using January as an example, one-third of the treated wood would be newly-treated (0
months old), one-third would be 1 month old, and one-third would be 2 months old. This age
distribution applies to all months, because poles are treated and shipped year-round. This age
distribution showed that no stored poles were ever more than 4 months old. The distribution is
also conservative in that aged black poles (with fewer emissions) were shipped out first each
month, keeping the higher-emitting newly-treated wood poles on-site. The age distribution is
shown below.

AGE DISTRIBUTION EXPRESSED AS A PERCENTAGE OF STORED BLACK

POLES
Percent of Poles __ Months Old:
Month 0 1 2 3 4
Month | Month | Months | Months | Months

1 333 333 333

2 333 333 333

3 333 333 333

4 333 333 333

5 333 333 333

6 333 333 333

7 333 333 33.3

8 333 333 333

9 333 33.3 333

10 333 333 333

11 333 333 333

12 3?.3 333 ) 333 1

2



The stacking geometry assumed a trapezoidal stack of 80 poles, each supported by a pole
riser. The space between the stack and the ground was assumed to be saturated with naphthalene
and counted as part of the surface area. Each of the stacks therefore contained 80 treated poles,
with an external surface area of 1,806 ft’.

Black pole emissions were calculated from the time the treated wood was removed from
the retort. All treated poles were assumed to remain on trams for 6 hours before being moved
to a 100 percent layout configuration, and then to the storage yard. The age distribution was not
applied to black poles on trams or in the 100 percent layout configuration, as it only applies to
the storage yard.

For emissions calculation purposes, each month was assumed to have 30 days. Using
January as an example, the following conditions applied:

¢ Black Poles On Site: 2,600 poles
¢ Black Poles Produced: 2,600 poles
L Surface Area of Black Poles on Trams: 76,808 ft*
L4 Number of 80-Pole Stacks: 33 stacks
¢ Surface Area of Each 80-Pole Stack: 1,806 ft*
4 Total Surface Area of Yard Stacks: 58,695 ft
¢ Percent of Black Poles On-site in January which are:

0 Months Old 333 %

1 Month Old 333 %

2 Months Old 333 %

The total emission loading for any time period is simply the area under the appropriate
rate curve for that time period. Therefore, integration between times t, and t, (days) was
performed as shown in Equation (2). The emission expressions are of the form Ae™, as was
demonstrated in Equation (1).

ZAe""’ dt = AZe'kc dt = -(-}%)[e"“]:: = -(T‘z)(e'k“-e'“‘), (2)

where A and k are constants.

Black poles were assumed to be stored on the trams for 6 hours (0.25 day). The
emissions are therefore Rate 1 Emissions (0 to 0.25 days). Rate 1 emissions for January for
treated poles on trams for less than 0.25 days were integrated between the limits of t = 0 to 0.25
days. The result is shown in Equation (3).



0.35

-3
f 1,370 %103 0-46683¢ gp = (1~370 +10 )(e (0.4668320.25) _ g (0.46683401)
o

0.46683
(3)

1lb naphthalene
Ft? of treated surface area

= 0.000363

All treated poles were assumed to go to a 100 percent layout configuration for 30 hours
after being unloaded from the trams. Rate 2 emissions from black poles on trams for 0.25 to 1.0
day were calculated as shown in Equation (4).

1.0
2.777 %103 @~2-43497¢ 4 = _( 2.777 % 10-3)(9 (~2.43497+1.0) _ g (~2.43497+0.25))
0'as 2.43497 (4)
= 0.000521 1b naphthalene
ft? of treated surface area
Rate 3 emissions for 1.0 to 1.5 days during the layout period are shown in Equation (5).

i 2.533+10°¢

f2_533 £10-4 @-0-04358¢ gr = _,( . * )(e(—o.oasae-l.s)_e(-o.ouss-:..o))

0.04358

: (5)
= 0.000120 1lb naphthalene

ft? of treated surface area

After 1.5 days, the poles were moved to the storage yard. Rate 3 emissions for black
poles which are between 1.5 and 30 days old and on-site during January are calculated in
Equation (6). The age distribution factor of 33.3% is also applied in the equation.

30
-4
2,533 -4 5-0.04358¢ e -[2:533 %1077\ (-0.04358%30) _ 5 {-0.04358x1,5) .
[ *107e de ( 5 04388 ) © @ )*(0.333)

1.5 (6)

1b naphthalene

=0.00129
Ft? of treated surface area

Emissions for month 2 (60 to 90 days), month 3 (90 to 120 days), and month 4 (120 to
150 days) were calculated by changing the time limits in Equation (6). The total emissions for
January are equal to the sum of the integrated emissions from 0 to 90 days, because the age
distribution showed no poles older than 2 months (0 to 90 days). Note that all January yard
emissions have the same age distribution factor of 33.3%. A summary of January emissions is

given in Equation (7).



January Emisgions:
From Trams:

1b naphthalene
0 to 0.25 days = 0.000363 o naparhalene
¢ e (ft:z treated a.raa)

From Layout:

1b naphthalene
ft? treated arsa

0.25 to 1.0 days = o.ooosz:{

1.0 0 1.5 day = 0.000120 (____&__lb na, thalen_.e_)

£t? treated area

1b naphthalene 2
Trams + Layout = 0.000363 *+76,808 (ft? troated area
ue =0 (Et’ treated area 1808 { )

1b naphthalene 2
+ 0.000641 *116, 896 (ft? troated aread)
(ft‘ treated a.rea) ! ( )

= 102.9 (1b naphthalene) (7)

From Storage Yard:

1.5 to 30 days = 0.00387 ( 1b naphthalene )

£t? treated area

30 to 60 days = 0.001147 ( 1b naphthalene )
ft*? treated area

ft? treated area

60 to 90 days = 0.000310 (_lb naphthalene )

20 days
X, M(6) =0.00533 ( 1b naphthalene

t=1.5 ft? tzeatoed area

+ 58,695 Ft? treated area = 0.333 (age digtribution)
= 104.2 1b naphthalene emitted during January from Yard

January Total Emissions = 102.8 + 104.2 = 207 lb naphthalene

The vapor pressure of naphthalene increases exponentially as the temperature increases,
and therefore naphthalene emissions from black poles are expected to do the same. It follows
that the temperature correction factor should also be represented by an exponential expression.
A temperature correction factor was needed to adjust the emissions as the ambient temperature
of the storage yard location varied from the 24-hour average test temperature of 80 °F in
California. Intuition, and the naphthalene vapor pressure data, indicated that emission rates
should rise as the temperature rises, and fall as the ternperature falls. The temperature correction
factor was defined as the ratio of naphthalene's vapor pressure at the average monthly temperature
of the wood treating site to the vapor pressure evaluated at the average test temperature of 80 °F.
Equation (8) shows the derivation of the temperature correction factor equation, and its
calculation for Koppers Grenada, MS site.

e



~11,161.25

B
Naphthalene Vapor Pressure (mm Hg) = 2.616 *1093( T'F = 450 ) = Ae( '-")

B --a
VP(T) | ael) | oMl | szhoak) | ol )
Hleond) (7)) (7m)

(8)

1 1
~11,161.35 -(—.-—--T-—(—u-—)-
" ’

Temperature Correction Factor = e ( Towy F+460 807rea60 )

For January, Ty, = 41.2 °F, which is less than the original test temperature
of 80 °F, so the temperature correction factor will be less than one:

-11,161.25 Y - 1
Temperature Correction Factor = e (T Feer " @ "’““') = 0,202

Note that a temperature correction factor of 1 results if T, =80°FP.

The total monthly emissions for January were calculated as the product of the monthly
emissions in Ib naphthalene/ft?, the surface area of treated wood on-site during January, and the
age distribution factors for treated wood in January, as shown previously. Application of the
temperature correction factor is shown mathematically in Equation (9). This essentially translates
the test emissions from the test site with a temperature of 80 °F (California) to a site with a
colder temperature of 41.2 °F (Mississippi). The naphthalene vapor pressure is lower in
Mississippi, and therefore the emissions will be lower due to the decreased temperature.

Temperature-Corrected Emissions for January: (9)
207 (1b naphthalene) = (0.202) = 41.8 lb naphthalene

The procedure shown in Equations (1) through (9) was followed to determine a
naphthalene emission rate for the other months in the year. The monthly rates were added to
determine the annual naphthalene emissions. The calculated annual naphthalene emissions from
the Grenada, MS facility's black pole storage yard was 0.70 tons/yr.





