SECTION D-4

ASPHALT PAVING
. -~ {Methodology for Districts)

CES NUMBER AND DESCRIPTION

46870 A612. P340. E230. 26D30. _
Road Construction. Asphalt Paving. Petra-Evap. Cutback Asphalt.

46888 A612. P340. E230. 26D31.
Road Construction. Asphalt Paving. Petro-Evap. Road 0il.

46896 A612. P340. E230. 26D32.
Road Construction. Asphalt Paving. Petro-Evap. Paving Asphalt.

46904 A612. P340. E230. 26D33. :
Road Construction. Asphalt Paving. Petro-Evap. Emulsified Asphalt

DESCRIPTION

The volatile organic gas emissions for these CES categories result from the
evaporation of volatile petroleum distillates (diluents). These categories
collectively pertain to the use of wvarious forms of asphalt for comstruction
and maintenance of roads, streets, parking lots, shopping center grounds,
driveways, industrial pavements;fétc.

Cutback asphalt refers to asphalt cements liquified with petroleum solvents;
specification types include Medium Cure (MC), which is cut back with a-
kerosene-range distillate, and Rapid Cure (RC), which is thinned with naptha
or gasoline. Road oils refer to liquified asphalts of the Slow Cure (SC)
type, which is either distilled to specifications at the refinery or thinned
with residual oil. The amount of solvent used in the cutback asphalt or

road 0il determines its viscosity or grade. Paving asphalt refers to

asphalt cements heated to a liquid form (290°F) and transported to the site .
for application. Emulsified asphalt refers to asphalts liquified with water
containing an emulsifying agent.  There are two kinds of emulsified asphalt
systems produced; anionic, and cationic. The anionic types are those systems
in which the dispersed asphalt bears a negative charge. The cationic systems
are those in which the dispersed asphalt bears a positive charge.

Solvent contents for each cutback and road oil grade are obtained by multiplying,
the tonnage of each grade of RC, MC and SC asphalt by the weight percent of
petroleum distillate (solvent) as reported by the manufacturers. The solvent
content is then multiplied by the percentage of solvent evaporated to obtain
emissjions for each grade. The percentage of diluent to evaporate is dependent
on the cure type. The evaporating percentages are: Slow Cure (SC)-25 percent;
Medium Cure (MC)-70 percent; Rapid Cure (RC)-30 percent.l Emissions evolved
from paving asphalts are approximately 0.002 pounds per tom of mix or 0.04
pounds per ton of asphalt cement.? Emissions from emulsion asphalts are calcu-
lated by multiplying the percent by volume of distillate in the emulsion by

the volume of the emulsion. Emulsified asphalts contain an average of 40
percent by volume of water and emulsifying agent.

D-4-1



COLLECTION OF DATA - .

The amount of asphalt used for road construction may be obtained by contacting
city and county public works departments, the local Caltrans District, paving
contractors, asphalt batch plants, and refineries. Due to the difficulty of
obtaining accurate asphalt usage figures, it is recommended that a best esti-
mate of asphalt usage be made by surveying all organizations involved in road
construction, road repair, and asphalt production. Care must be taken not to
duplicate any of the usage figures received, i.e. a refinery reports its total
sales of asphalt and a construction company reports its total usage of asphalt,
same of which may have been purchased from the refinery. Survey sheets sent to
these agencies may request the number of comstruction days per year, miles of
new, reconstructed, overlayed, and repaired roads, and the types and quantities
of asphalt used. Attached is a sample survey sheet. The amount of asphalt
used can be calculated by multiplying the width (24' to 60"), by the depth

(2" to 8"), by the length of the road surface to obtain the volume of asphalt
used. The average density of asphalt mix, 144 lbs/cu.ft., is then multiplied
by the volume to obtain pounds of asphalt mix used. The amount of asphalt mix
multiplied by its percent by weight asphalt can be used with the emission
factors to calculate emissions. Asphalt mixes contain 5-6% by weight asphalt
for cutback asphalts and road oils, and 8-14% by weight asphalt for emulsified
asphalts. A sample calculation is attached.

SUMMARY OF ASSUMPTIONS

1. The use of rapid cure cutback asphalt is almost non-existent in

California. . .

2. The percentage of diluent which evaporates from SC, MC and RC asphalts
is 25 percent, 70 percent, and 80 percent respectively.

3. Emulsified asphalts contain 40 percent by volume of emulsion.

4. The density of asphalt mix is 144 lbs/cu.ft. for all grades. (From a
telephone conversation with Caltrans and county public works department)

TEMPORAL VARTIATTIONS

Annual variation in road construction and maintenance operations is dependent
on the local climate. Generally, most activity is in the late spring, all of

- summer, and early fall; however, some areas may requlre winter maintenance.

It may be assumed for a typical county that emissions in the winter are sllghtly
lower than during the rest of the vear.

Although road construction and maintenance operations most often occur during
daylight hours, Monday through Friday, emissions may be considered to be
uniform throughout each day of the week, because the evaporation of volatile
organics from the asphalt products is nearly a continuous process for months
after application.
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SAMPLE CALCULATIONS

1. Cutback Asphalt and Road 0il

Emissions from usage of MC-800 in Fresno County in 1979:
TOG Emissions

(quantity of MC-800 used) x (TOG emission factor)

(1,700 tons/year) x (241 lbs of emissions/ton of asphalt)
409,700 1lbs/year

204.9 tons/year

2., Paving Asphalt
Emissions from usage of paving asphalt in Fresno County in 1979:
' TOG Emissions
(quantity of paving asphalt used) x (TOG emission factor)
(266,281 tons/year) x (0.04 1b of emissions/ton of asphalt)

10,651 lbs/year
5.3 tons/year

3. Emulsified Asphalt

a) Emissions from usage of anionic (RS-1, RS-2) asphalt in Fresno
County in 1979: '

TOG Emissions

(quantity of anionic asphalt used) x (TOG emission factor)
(779 tons/year) x (40 1b of emissions/ton of asphalt)
31,160 1lbs/year .

15.6 tons/year

e

b) Emissions from usage of cationic (CRS-1, CRS-2) asphalt in
Fresno County in 1979: ‘

TOG Emiséions

(quantity of cationic asphalt used) x (TOG emission factor)
(178 tons/year) x (24 1b of emissions/ton of asphalt)

4272 lbs/year .

2.1 tons/year
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ASSESSMENT OF METHOD AND OTHER COMMENTS .

Although the emission factors are relatively accurate, the accuracy of the
emissions by county is uncertain, because no actual usage data for asphalt
are available for any county or region of the state.

REFERENCES

1. U.S. Environmental Protection Agency, Control of Volatile Organic
Compounds From Use of Cutback Asphalt, EPA-450/2-77-037, December,
1977.

2. Califormia Air Resources Board, Consideration of a Model Rule for
Control of Volatile Organic Compound Emissions from Cutback Asphalt
Paving Materials, May, 1979, pp. 16, 22, 28, 35-=37.

3. Documentation — 1979 Area Source Emission Inventory, CARB, Sacramento,
California, July, 1981.

4. Chevron Asphalt Company, Paving Handbook,. 1973.

5. 1Institute of Transportation Studies, University of California,
Design and Control of Asphalt Mixes, May, 1978, pp. 30-35.

PREPARER AND DATE .

Michael Tollstrup, Fresno County Air Pollutiom Control District, February,
1982,
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APPENDIX

TABULATION OF EMISSION FACTORS

: TOG Emission Factor
Type of Asphalt . (Pounds of Emissions/Ton of Asphalt)

Cutback Asphzalts:

RC~-70 544
RC=250 _ 384
RC-800 288
RC-3000 160
MC-70 ’ 463
MC-250 : 315
MC-800 241
MC-3000 132
Road 0ils:
sC-70 160
SC-250 118
SC-800 ' ‘ . . 69
SC-3000 . 32

Paving Asphalt: : o 0.04
Pmulsified Asphalts:

Anionic; RS-1, RS-2 ) ' 40

MS-2h 120
§5-1, S$S-1lh 0
Cationic; CRS-1, CRS-2 24
. CMS-2s 160
CMS-2, CMS=2h .. o ) - 96
Css-1, CSs-1lh : : 0

Sources: (2}, (&), (3

Specifications for each grade of asphalt are attached.
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, ROAD CONSTRUCTION

Department Name:

Address: ' Telephone:

Construction Days Per Year: days

Season: (circle one) Fall Winter Spring Summer
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USAGE
Amount of Length
Road Work Type of Asphalt OR of Road Width Thickness
Description Asphalt Used (tons) (miles) (ft.) {inches)
Other Comments:
Amount of Paint Used on Roads: Gal/Yr., Type:
Thinners Used: Gal/Yr.,
Contact Person: Date:




TABLE 5 - UNIFORM PACIFIC COAST SPECIFICATIONS!
PAVING ASPHALT VISCOSITY GRADED AT 60°C (140°F)
ON RTFC RESIDUE

. Viscoslty Grade

i AASHTO
wm Tont AR1000 AR-2000 AR-A000 AR-8000 AR-16000
grution Method

Tests on Residue from ATFC

Procadure-Ca. SAGE*
Absolute Viscosily at ‘

60°C {140°F) poise T-202 . 2% 1,500-2.500 3,000-5.000 £,000-10,000  12,000-20.000
Kinomatic Viscosity at

_X35°C (275°F) c3, min T-200 140 200 205 400 558
Ponslration at 25'C . —

— AITT) 100y50ec, tin,  _ ~_ T49 85 “a 25 20 20

Parcent ol orginal penelration

MECFrHma, ™ - “ 45 o __ 52
Ouctity s 25'C

iDemmn, TS 10" 100" 75 s Le ]
TEST ON CRIGINAL ASPHALT ’

Flash point, C.OC.,

Ug&_.l_‘-l —— e T-48 400 425 440 450 450
Sotutéiity in Trichiorathylene -

w, T-44 9 9 9 9 9

* TFQ may Be wted but RTFC thall be the mlsres mothod.
** if the ductiity at 25°C (77°F) is less han 100 cm., the matenal will be acceptable if s ductilty at 15.6°C (60"F) 1s more than 100 om,
** Oniginal penetration as well a3 pengization after ATFC loss will be determined By AASHTO Test Method T+9.

* AASHTO M226 Table 0. .

Reference 5

Table 10 Average We{ghu and Volumes of Asphalts

Gallons Per Barrels Per Pounds Per Pounds Per
Grade Ton @ 60°F | Ton @ 60°F Gallon @ 60°F Barrel @ 60°F
PAVING ASPHALTS
AC-40, AR-16,000, 40- S0 pen. 235 560 - 851 as7
AC-20, AR- 8,000, €0- 70 pen. - 235 5.60 851 as7
AC-10, AR- 4,000, B5-100.pen. 235 5.60 * 851 asy
AC- S, AR- 2,000, 120-150 pen. 7 5.64 844 ass
AC2%, AR- 1,000, 200-300 pen, 239 570 836 353
LIQUID ASPHALTS .
' 20 254 &.10 7.80 a8
7 x3 603 780 332
250 249 593 803 337
800 245 582 8186 343
3000 241 574 8.20 349
EMULSIFIED ASPHALTS
Al Grades - 241 573 83 349

NOTE: The above waights and volumes are average values, For specific information, contact Gur nearest

District OHfice.

Reference 4
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Table9 Bitumuls Anionic Emulsified Asphalt* — Product Specifications

" ] . D G i
Bitworwils Tyow Raped Setting Agtregere Mining | Aggregate Mizing | Sury Seal |
Bty Gvade Desgration RS-t RS2 (=21 = "2 Qs-h P
ASTM Grade Designation {Closest) Lzl RS2+ {n5-2n) 3-8 Nona) }
) Fest Merhod Wi, MRax, | Min, Max, | Min, Max. e, Max. | Mis. Max.
PASHO | ASTHM | Chewon .
Yot on Emubsion {23
Wiscosity, Savbolt Fursh 30 TF (2990 s, | T53 [O208 | = - wo - -} - - - wol - o0
Vascosity, Savbol w2t 1229F (50°CI mwe. | T-52 [O204 | - - ~| 100 00 - a0 - - - -
Suwage Srabiliry Tess, T doy, per cont - 0244 - . — 10! - 10 - 1.0 - i1 - 10
Demulsbiity, 35 mi. 0.02 N Cally per cony T59 D 224 - [} -1 80 - - - - - - -
- Myregatn Comting — Water Russmncy Tes N
Dry Smaded Referincs AQgmgme, .
P CEYE COBRd, TTNATIGNY - - <5 - - - - an - - - - -
Wt Scandard Arferercs Aggragace,
P CEIY CXMed, Ry - - (-] - -1 - - L] - - - - -
Catrramt Mining Test, per cent T-55 D248 - - -1 - - - - - 20 - -
Sieve T, pev cont TS3 (028 - - ow -~ oo - a0 - oW - 0
Particke Charge Text I T59 O 244 - Negqtive Negpte Megative Negarte Negative
oM 1.200 {E - - -] - - - - 3 - - -
Delvydranon, rato - - 15 - - - - - - [-1.1 - - -
Adhagign - - - 54 -1 - - - - _M - - -
Swry Seab Tess {Stancaed Relevance Agyregaie!
emey, spconds - - 7 - - - - - - - - & -
Settiong, (rwrvtes - - 8 - - - - - - - - - ©
Water . dtver K - - Pg - - - - - - - - Pass
Aavicn try Drstidahoes, par cmv TEY |[Da 5 = = - &0 - 57 - 57 -
[ Dy woheme o pnon, per cani T-53 O 724 - | - 5 LY 15 - - - -
3 - = :
Tawas oa Revicdue from Dvdtation Tast
Peretrarion at 177F 1257C), 100gm, 5 e T4 |- - 108 200{ w00 200 40 100 40 wa | 4« wo
Ductitity a1 779F 259C) am, T {ons | - 0 -~} 0 -] o - aa -] = -
Viscouty at 140°F, poses T22 |[onn| - 00 —| s00 - - - - - - -
oty pav cone T-44 omez| - 37 -1 97 - a7 - 97 - 7 -
a) AR Tesrs shalt bu purtormed vaitin X3 days brom the dete of smubnlied gaphaln thpmunt.
» lﬁumpﬂl’mﬂmw-c‘wfm
* Thea L Weiry wary v on locad agoregares, and clunatic condingr.
H_Mmhvwn——:mAWlCuw'Dnmunlluplcrmlu-labho-ma-n.
Reference 4
TABLE 9 — UNIFORM PACIFIC COAST SPECIFICATIONS
FOR CATIONIC EMULSIFIED ASPHALT '
. L . TRAMOSETTING __ MEDWMSETTING T sowserne,
.IATSH'I'O ArS'I'II —
(I3 st CRS%-1 CRS-2 CMS-2s CMS-2 CMS-2n €SS
GRADE Wethod MA MIz. Min. Max  Min. Maxz Min  Maz Max. Min. Mex uﬁ.ss'n‘n':..
'l’mmgr!’uiw‘ns:_c T e
Visgosty G TTF) 30 m [T} —_— m e = e wm em am em e
“mss’gﬂﬂ‘:nﬂ'ﬂm ™ Dos 20 10 100 400 50 450 50 a 50 450 2 '01 2_0 'u.)_
Msca,?.:‘ . - i - 5§ - 8 - 5 - 5 - 5 -8
iy 33 we 8% Socium - -t =1 - 3 = 1 = 1 -
docty » M = M - = = = e e e m e e
Mwlmm -
Castry, dry aggragale = = = = Good — Good — Good — —. = —
Costng, siter 3pr; — - -— -— Far — Far - Fau — — - —-— _
Costng, wel -— -— — - Far — Far - Far = -— - - —
Coatng, siter 3prayws] - -— —_ - Far - Fawr — Faw = -— —_ _ _
Partcle thamge tent : Pautve Posibve Pastve Positwe’ Pouive®
Sepve Tent. % Tost, % - w0 - a1 - 0 — 10— 01 «~ o) - 9.10
r Mg . T T T T LTl - 20
O Drstilate by vol. of amuizon % b2e - 3 = 3 =fm>C - () - _ _
\swadva = i &« - &8 - 8= _—__9-"__.@5_7 % =
Tasts on remdus Fom disbiaton [ 7)) . TT o
Panetraton, 25°C (7T'F) Tay o5 100 250 100 250
Ducthty, 25°C (77°F) 5 crumn . om. st G5 'S g om0 @ o o o8 LR SR
Sohjtety 1 ichicrosinyiens, % . T4 02042 975 — 975 — 5 — @S — M5 — 95 - 975 —

+ Tire sl ragusament 1o SefTement May Bir winesd when the smulshed 230hat 13 used i (833 Tan 5 days hre, or
e e e 32mpie 13 rechered il o 11 Laed, lm-ﬂ:mnmuln:m!da’vl
'mﬂmu m)mqomtmmnbouannsm

«of

-Anmta-mmmw
* Muat meel & pH Tequr

ofthe 5

day

ot 3hall D Made witten 30 days muoum
e spacihed win Mwmmmwmhmmuﬂlmhwm

&7

Reference 5

abons

aaphait agecific. may
(ASTM E-70) & the Parttie Charge Test result o8
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TABLE 6 — UNIFORM PACIFIC COAST SPECIFICATIONS
FOR SLOW-CURING (SC) CUTBACK ASPHALTS

AASHTG  ASTM Gaaoes T
Chamcteristics Tout Tost
Method $C-70 scaso sCa08 $C-3000
Min. Max | Ma | Max, | Ma  Mex | Min  Max
Kinematic Vissasity at 60°C (140°F) 3. T201 D270 § 70 | 140 1250 ] so0 oo fieco 3000 [eooo
Fiash Point (Cleveiand Open Cup), °F. T48 092 150 — 175 —_|2c0 —f2s-|] - |.
Distilation: k . I i
Total Destilate 40 350°C % by volume s a2 10 » 4> 20 23 w -
o o o oo CH = KBl =]~ s
Rasidue at 60°C (140°F) Stokes.! T201 02170 4 L) 8 a5 2 | wo 0 | 3s0
Asphakt Residus of 100 Penstration, % 56 02 T % _ 80 - n - . 8 -
Ductity of 100 Penatrahon '
_Resdue 81 25°C (77°F) cma. T51 D133 100 -— 100 | - .00 — 00 -—_
Solutifity in Trichioroomylers, % Ta4 D042 ; 95| — | 995 — | oes| — sms] -
T ) - b
' Water, % T35 05 | — 08! — 1 95] — 1 o5 -~ | o8
NOTE: When the Heptane-Xylene Equivaledit Test is specfied by Mhe cor . @ Pegative tost wiikt 35 percent xylens alter 1 hout well b roquered,
AASHTO Method T 102, ; o ven :
' ot Dy Usar Agencies at Seventh Pacific Coast © on Asphak Sp s, May 15967, for hon by Pache Coast Stat
ey by Ag Pacific; y adophon by c "3 On

_Reference 5
C TABLE 7 — UNIFORM PACIFIC COAST SPECIFICATIONS
FOR MEDIUM-CURING (MCO) CUTBACK ASPHALTS

AASHTO  ASTM . p
Charscteristics Tent Test [ Ghaos = — e
ne-70 . MG2se NC-200 NC-3000
. e Min. Sux | Min. Max. | M Mex | Min.  Man.
Kinemane Viscosity at 60°C (140°F) ey Y201 o2 n 140 | 250 500 800 11600 3000 ' 6000
Flash Point (Open Tag), %) L LTI oo Jwe | — T | — [ - ] 150 —
Orstilation: . i
D-‘:um cant of lotal distilate) R . : :
10 225°C {42 Vi | - 10 —_— -—1 - -
B R &S - R AN I
( - idue kon dissRation 10 (880°F) ; ' M Bl ”_ b =
. - yoharie pav cont by diftersnce -] -— &7 -— 3 —_— &0 -
?monflnig?cmm i i
Panetration, 100g., 5 sec. T49 05 20 1250 | 120 | 250 1120 | 20 | 120 | 250
Ductity, 26°C iﬂ%‘:r’mgol T5¢ D113 100 - | 00 —~ | 100 -] 100, -
Solubslity ylene, % Tad 02042 908 9s] — NS] 95 -~
Water, % S5 1] — 02] — 02§ e 02t — 0.2
GENERALmmm-mmwmmwﬁmnmmmwnwmomhm.
NOTE: When the Hoptane-Xylene Equi Test is speched by the . e tost with 35 percent mylene aiter 1 hour wili be requwed,

AASHTO Mathod T 102,

¢t

-nmPmuyc-uu}aomcmmqumbmm-mmwmmmmsﬂ

Ty
100+,

Reference S
pigeitie

mdmbmommmumuzs'cmhhﬂm1ou.mmmu|ummunmu 'ls.é'C(&."'F)'ia

Table5 ASTM Specifications For Liquid Asphalt, Rapid-Curing Type (D-2028)

l

Requirements For Liquid Asphait {Rapid-Curing Type)

! 0 RC250 RC-800 RC-3000
Designation hc-
Min, Max, Min, M=, | M. Max. Min, Max.
Kinamatic viscouty st 1400F (600G, <5t 70 140 250 SO0 800 1600 3000 6000
Flash poink (Tag open-cupl, dey. F {deg. ) B0+(27+) 80+(27+) 80+{27+) -
Dimiliasion Teau:
Dintillare, per cont by yolume of toral
distillate to 630°F {360%¢G):
0 3749F {190°C) 0
0 437°F [225°C) 50 o 15
w $00°F {260°C) 0 & - a5 x
o 6007F (316°C) 85 8 = 0
Raidus from distiliavon to 680°9F
(360°G), par cant woluweme by '
difference 55 [ -] *s 0
Tests on residue from datillation:
Penaeration ae 77°F {25°C), 100 g, :
S e g0 120 20 120 8o 20 80 120
’ ' Ductility a1 779F (25°C), em 100 "0 100 100
Saiubility it trichloroethymae, per
( { et 9.0 990 290 930
Water, pir cont 02 82 0z 02
P g NOTE §. — IF the ductility at 779F (259C) is tess than 100, the matarial will be acceptable if its ductility a1 60°F (15.5%C) is more than 100,
B

s’

Reference 4

e e L . i - 155 =
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EMTSSION FACTOR COMPUTATIONS

Type of % Solvent Z Petroleum Distillate Emission
Asphalt Evaporated in Asphalt Factor (1b HC/tomn)

Cutback Asphalts:

RC-70 .80 x .34 x 2000 1b/ton = 544
RC-250 .80 x .24 x 2000 1b/ton = 384
RC-800 .80 x .18 x 2000 1b/ton = 288
RC-3000 .80 x .10 x 2000 1b/ton = 160
MC-70 S .70 X .33 x 2000 1b/ton = 463
MC-250 .70 X .22 x 2000 1lb/ton = 315
MC-800 .70 x .17 x 2000 1b/ton = 241
MC-3000 .70 x .09 x 2000 1b/ton = 132
Road 0ils:
SC-70 .25 X .32 x 2000 1b/ton = 160
SC-250 .25 x 24 x 2000 1lb/ton = 118
$C-800 .25 x 14 x 2000 1b/ton = 69
x .06 x 2000 1b/ton = 32

SC-3000 .25

Paving Asphalt: Emission factor obtained directly from reference No. 2.

Page 16.
Type of ’ % Emulsion Z Distillate Emission
Asphalt in Mix - in Emulsion Factor (1b HC/tom)

Enulsified Asphalts:

Anionic; RS-1, RS-2 .40 X .05 ¥ 2000 1b/ton = 40
‘MS=2h 40 x .15 x 2000 1b/ton = 120

§5-1, Ss-1h .40 X 0 x 2000 lb/tom = O
Cationic;CRS-1, CRS-2 40 x .03 X 2000 1b/ton = 24
CMS-2s .40 X .20 x 2000 1b/ton = 160

. 'CMS-2, CMS-2h .40 x .12 x 2000 1b/ton = 96

CSS=-1, CSS-1h .40 x 0 x 2000 ib/tom = O
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SAMPLE ASPHALT USAGE CALCULATION

MC-70 asphalt used
Length: 0.5 mile
Width: 24 feet
Thickness: 4 inches

Calculations:

Volume of asphalt: (0.5 mile) (5,280 ft/mlle)(24 ft) (4/12 ft)
= 21,120 ft3

Asphalt mix usage: (21,120 fe3) (144 1b/ft3) < 2000 1b/ton
= 1520.6 tons of asphalt mix

Asphalt usage: (1520.6 tons of asphalt mix)(Z asphalt)
#Z asphalt: 5-67 for cutback asphalts and road oils

8-147% for emulsified asphalts
{(1520.6 tons of asphalt mix)(5.5% asphalt}
= 83.6 tons of asphalt

Emission Factor for MC-70: 463 1b HC/ton of asphalt

(83 6 tons of asphalt)(463 1b HC/ton of asphalt)

Total Emissions:
: = 19.4
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