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I NTRODUCTI ON 

Large quantities of cutback asphalts have been used nationwide 

in highway construction and maintenance for many years. Concern 

about our environment and the wasteful use of our resources has 

caused highway personnel to take a new look at the potential uses 

of emulsified asphalts in place of cutbacks. The cutbacks are 

asphalts liquefied by the addition of petroleum distillates, 

distillates which could be used as productive energy instead of 

a liquefying agent which evaporates into the atmosphere as environ

mentally harmful hydrocarbons. Emulsions, on the other hand, use 

water as the liquefying agent resulting in no air pollution or 

waste of a petroleum product. 

Vermont has used both emulsions and cutback asphalts for a 

variety of treatments such as: tack coats, prime coats, slurry 

seals, sand seals, and single and multiple seal coats. This report 

describes the application of an emulsified asphalt single surface 

treatment by State of Vermont maintenance forces, The objective 

was    on the design, construction and perform .. 

ance of the treatment, plus evaluate the cost, energy usage and 

environmental effects as compared to the use of a cutback asphalt. 
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The experimental surface treatment was applied to 4.96 miles of 

Vermont Rou in the towns of Well s and Poultney � Vermont, 

Appendix A ) . Initial construction of Vt. Route 31 as a surface treated 

gravel roadway occurred in two stages. The portion within the town of 

Poultney was constructed in 1939 and 1940. The remaining portion� to the New 

York Vermont line, within the town of Wells was constructed in 1 

Retreatments to the entire roadway were as follows: blade mix bituminous 

surface treatment in 1960, single chip seal surface treatment in 1964, 

blade mix bituminous surface treatment in 1965, single chip seal surface 

treatment in 1966 & 1969, and two inches of asphalt emulsion open graded cold 

mix in September, 1979. 

Average daily traffic for the twenty-one foot wide, two lane roadway is 

600 vehicles per day, of which 4.5 percent are trucks. Over the past decade, 

there has been a zero percent growth in traffic flow. The posted speed limit 

for the route is 50 miles per hour. 

Prior to application of the chip seal, seven pre-determined 200 to 300 

foot test sections of the existing one year old cold mix surface were ex

am'ined for texture, rutting, ravel ing, and cracking. See appendix B for lay

out of test area locations. 

            

ly porous, indicating a higher than average absorption characteristic. Friction 

values on the surface prior to application of treatment averaged 45.0. The 

readings ranged from a low of 43 to a high of 47. 
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The 111 truck mounted spray bar had 450 no es mounted four inches apart 

at angle ngs of appro�imately 100, Height of the bar with the truck loaded 

was 8". There was no means of correcting the height as the truck unloaded or 

for irregularity in the roadway, 

Flow of the emulsion was governed by three controlling systems within the 

cab of the truck. Systems consisted of valves f@r control of flow of material, a 

pump ure gauge for measuri ng pump output, and a bi tumeter for indicating 

number of per minute and total distance traveled. 

Stone was applied by means of a la' wide Goodroads mechanical spreader. The 

spreader was readily attachable to the rear of a dump truck, accommodating 

speedy change from emptied to loaded truck, An auger within the receiving hopper 

of the spreader insured stone distribution for the full width of the box. Below 

this, a roughened spread roll generated a positive feed of aggregate onto the 

roadway. Both the auger and spread roll were driven by the four supportive 

wheels of the spreader. In addition, numerous adjustable fans on the outlet 

of the spreader allowed for regulation of application rate and consistancy of 

stone application across the width of the spreader. 

AGGREGATE (Vermont A.D.T.  704.14) 

The grit cover stone for the project was produced by F . \'1. Whitcomb 

 in    was   
 

for transporting the cover stone to the Poultney Town Garage where it was stock-

piled for future loading onto State vehicles for delivery to the project. 

The washed, uniformly graded, crushed gravel cover stone primarily consisted 

of siliceous quartzite material. Samples of the aggregate were taken prior to 

and during application of the surface treatment. The samples taken during 

application were tested for moisture content, while previously sampled 
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3/811 
No. 4 
No. 8 
No. 1 6  
No. 30 
No. 50 
No. 200 
Pan 

Table II 

Gradation of Cover Stone 

Range of Test 
Results 

98-1 00 
39-40 

6-7 
2-3 
2-2.5 
2 
1-1 .5 
o 

Averaged 

1 00 
40 

7 
3 
2 
2 
1 
o 

A cationic rapid setting emulsion (CRS-2 ) manufactured by Chevron 

USA of Troy, New York was used for the surface treatment. Base l;\spha lt 

for the emulsion was a Chevron blend of Venezuelan Bascan and Heavy Arabian 

asphalts. Prior to emulsifying, the base asphalt had a penetration value of 

1 48. Design criteria of the emulsion indicated an acidic emulsifier used at 

a rate of 0.3% based on total weight of asphalt and water, and a solvent 

content of 0.0 1 %  caused by oils in the base petroleum product. 

Preliminary samples of the emulsion were tested in conjunction with the 

cover stone for coating ability and water resistance in accordance with 

AASHTO Standard Method of Test T-59, Testing Emulsified Asphalt. Test re-

sults indicated CRS-2 emulsion had good coating ability and water  

in conjunction with the chosen aggregate. 

The emulsion was transported from Chevron to the Poultney Town Garage 

by Merrill Transport Company. The project required three tankers of approxi

mately 6200 gallons each. 

Averages of test results for samples of each tanker were as follows: 

penetration of residue at 770 F of 1 55; percent residue by distillation of 68;

and a Saybolt-Furol viscosity at 1 220 F of 268. For a breakdown of each 

sample's results see Table III. 
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Tanker 
II 

1 

2 

3 

AVERAGE 

CHIP SEAL SURFACE TREATMENT 

TABLE II I 

Penetration 
of Residue @ 

nOF 

155 

156 

153 

155 

Percent 
i due l3y 

Di 1 1  ation 

68 

67 

69 

68 

Saybo 1 t-Furo 1 
Viscosity @ 122°F 

272 

276 

256 

268 

Application of the chip seal began on August 18, 1980 and took bJO 

days to compl ete. Ailbi ent temperatures ranged from 720F; n the morr.li n9 to 

85°F in the afternoon on the first day, and 6GoF to 80°F on the second 

day. Humidity varied from a low of 30% to a high of '6n�. No precipitation 

was experienced during the application but total cloud cover was present for 

the major; ty of the time. 

Pri or to appl i cat; on of surface treatment no repai rs were made to the 

roadway nor was any of the surface cleaned. Very little of the surface 

Traffic regulation consisted of closing down o ne travel lane for the ap-

proximate distance required for distributing an entire load of emulsion, 

7000 feet on the average. Flagmen on each end of the closed lane stopped 

traffic and allovJed a lead vehicle, which traveled back and forth on the 

open lane, to shuttle groups of cars. This system provided excellent COIl

trol of traffic speed \'Jithin work area and on freshly surfaced lanes. 

The surface treatment train was comprised of the asphalt distributor 

truck, the stone spreader attached to a truck load of stone, five to six 
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onto the emulsion without disturbing the emulsion. One distributor load 

of ernul s ion \!wul d approximately 7,415 square yards and go,7 to 8 times 

further than a load cover stone. Average cover stone appli on was 18.0 

pounds per squai�e yard� ranging between .7 and 20.1 pounds per square yard. 

As a load of stone was used up, the truck \'Jith the spreader would pull 

ahead 20 to 30 feet on the just treated surface, unhook the spreader, pull 

away and a11o\,1 one of the following loaded trucks to immediately hook up and 

c6ntinue applying stone. Change over of the spreader from an empty to a loaded 

truck was conducted smoothly and took approximately one to one and a half 

minu The distributor continued spraying the emulsion non stop until 

empty and since the spreader had to be changed from truck to truck, appl; 

cation of stone frequently fell B. significant behind. Average dis-

tances between emulsion and stone application were 200 to 300 feet with some 

as high as 800 to 900 feet. On occasions witll the higher ambient temperatures, 

there were noticable signs of the emulsion breal4ing prior to receiving stone. 

Possible solutions to this problem would have been to have the driver of the 

distributor truck operate at a slower rate of speed, stop occasionally allow 

the chip spreader to catch up, or use a self-propelled aggregate spreader. 

Once empty, the distributor truck returned to the Poultney Town Garage to 

distributor truck to the roject 

from reloading and heating, which took about 45 minutes, traffic was changed 

over to the lane just completed and treatment was applied to adjacent lane. 

This process was repeated throughout the entire project. 

On the first pass along a section of roadway, the stone application ex

tended all the way to the centerline edge of the emulsion application, leaving 

no overlap edge. Often stone was also dispersed on the adjacent untreated lane. 

As treatment was applied to the adjacent lane an 18" to 24" overlap of both e

mulsion and cover stone occurred at the centerline. 
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Throughout the entire project stone appl; ion seemed heavier between 

the wheel paths. This may have been due to wear to the rough roller or the 

need for adjustment of the fan guides on the spreader. 

Overall the completed project had a good appearance. Extra cover stone 

was not excessive and adhesion and bility of the stone was good. There 

was no control of traffic or its speed once a section of roadway was com-

pleted and some cover stone was dislodged by fast moving vehicles on freshly 

treated areas. 

Friction tests were taken two days after completi.6n of the surface treat

ment. The readings ranged from 52 . 1  to 55 . 6  with an average of . 7 or 8.7 

points higher than the readings on the old surface. 

COST (August, 1980) 

Costs incurred during application of the emulsion surface treatment 

were as follows: delivery and application of emulsion - $17,023 @ 90 . 5¢ 

per gallon; purchase and delivery of cover stone - $2,582; truck expenses 

for stone spreading and traffic control - $1,610; rental and expenses for 

rollers - $2,360; labor - $2,263 . The aspha�t distributor and driver 

were supplied as part of the purchase price for the emulsion . Total cost 

for the emulsion surface treatment, as applied, \lIas $25,838 or 44.4¢ per 

square yard. 

Substituting the emulsion with an MC- 3000 cutback asphalt at $1 . 03 per

           

in a total cost of $28,190 or 48.4¢ per square yard. 

Cutback asphalt would have been 14% more costly to buy and would have 

increased the total cost of the treatment by $2,352, or 9%. 

ENERGY CONSUMPTI ON 

Energy consumption for manufacturing and placing the emulsion surface 

treatment was compared to that required to manufacture and place the same type 

of treatment using a cutback asphalt. Application rates of asphalt and cover 

stone were considered to be equal for both types of treatment . Consumption for 
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each treatment was the total sum of energy required to manufacture the asphalt 

and stone, haul to the project, heat the asphalt, and place the material. 

PlaC"ing of the emulsion surface treatment resulted in an energy use of 

21 5,639,796 Btu or 3705 Btu per square yard, whereas use of cutback asphalt 

would have resulted in the use of 735,566,1 44 Btu or 1 2,639 Btu per square yard. 

For a detaned breakdown of energy requirements, see appendix B and C. Cutback 

asphalt would require 241 %  more energy in the form of approximately 3760 gallons 

of petroleum distillates, and a small quantity of diesel required to heat cutback 

asphalt to a higher temperature. It should be noted that the emulsion requires 

sl ightly more energy (2% ) for haul ing than does cutback due to the fact that" 

in equal quantities, emulsion weighs more than the cutback. 

Environmental Consideration 

Vermont presently does not have any environmental regulations for the use 

of asphalt emulsions. The hydrocarbon emissions statewide are not of high 

enough levels to justify regulation. For this reason and the fact that the State 

does not equip its monitoring stations with instruments for measurements of 

hydrocarbons, no emission figures were available. 

Even though there was no monitoring, it is easy to realize that the 

emulsion ;s dramatically beneficial environmentally. 

SUMMARY 

An emulsion single surface treatment was placed by State maintenance 

forces as a seal over a cold mix pavement on Vt. Route 31  in the towns of Wells 

and Poultney. The 4.97 mile, 20' wide treatment consisted of a CRS-2 emulsion 

applied at an average rate of 0.33 gallons per square yard and covered with a 

3/8" graded crushed gravel at a rate of 1 8  to 1 9  pounds per square yard. 

The surface treatment was applied in 1 0' widths one lane at a time. One 

segment of road was entirely treated before moving onto the next section. 
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An 18"-2411 over1 ap of treatment occurred at the centerl ins o'f the roadway 

as a result of spreading stone to the edge of the rst application of em

ulsion. Application and rolling of the cover stone was a noticeable distance 

behi nd the aspha It di stt'i butor, but stone adhesion and stabil i ty seemed good 

over the entire project. Some crushing of cover stone was noted from the use 

of the steel wheeled roller. 

The seal �I/as pl aced over a period of two days at a compl eted cost of 

44.4¢ per square yard. Weather conditions during and after the application 

were favorable. Energy consumption was calculated to be 3,705 Btu per square 

yard or a total of 215,639,769 Btu. 

The use of an Me-30DO cutback asphalt in place of the emulsion for the 

identical treatment would have cost 9% more overall, used 241% more energy, 

and knowingly produced considerable hydrocarbon air pollution . 

Friction values were improved from an average of 45,0 for the cold 

mix surface prior to treatment to ah average of 53�7 obtained 2 days after 

application of emulsified asphalt surface treatment. 
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  PROJECT LOCATION 

SHOWING o 
PRINCIPAL HIGHWAYS 
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Test Section 
Vt. Route 31 

Granvi11 e 
Nev-I 

Vermont 
Wells  

Test Section  
Starts 5951 north of 
State line and extends 
north 300' . 

Test Section #3 
Starts 2691 north of 
milemarkerOl.40_and 
extends north 200� 

Wells 

Poutlney- --

Test Section #4 
Starts 2.401 south of  
milemarker 00.7� and  extends nortn 200' 

Test Section #5 
Starts 1451 gouth of 
milemarker 01.51"and 
extends north 2001 

Test Section #7 

� Sta rts 66' north af mil e-
marker 02.50 and extends 
north 200' 

16 

on 

Test Section #2 
Starts at milemarker 00.77 and
extends north 2001 

Test Section #6 
Starts 4291 north of mile

  and proceeds 
 2  



Appendix C 

Surface Treatment Using Emulsified Asphalt 

Materials 

Produce CRS-2 Emulsified Asphalt @ 
2100 Btu/gal. x 18,810 gal. used = 

Haul 88 Miles x 2 x 79.9 tons @ 
3270 Btu/tm = 

Crushed Gravel @ 40,000 Btu/ton x 
528 tons = 

- - - - - - - - - - - - - - - - - - -

Haul 20 Miles x 2 x 528 tons @ 
3800 Btu/tm = 

- - - - - - - - - - - - - - - - - - -

Haul and Place 

Haul Stone - 2.9 mile x 2 x 528 t ons 
@ 3800 Btu/tm = 

Asphalt Distributor 18,810 gal x 
144 Btu/gal = 

Haul Asphalt in Distributor 

4270 Btu/tm = 

Rolling - 2 Rollers 
58,197 s.y_ x 107 Btu/s.y. = 

- - - - - - - - - - - - - - - - - - - - - - -

Total Energy Used = 

Energy Use per Square Yard = 

17 

39.501,000 Btu 

45,984,048 Btu 

21,120,000 Btu 

80,256,000 Btu 

11,637,120 Btu 

2,708,640 Btu 

1,978,803 Btu 

12,454,158 Btu 

215,639,769 Btu 
3705 Btu 



Appendix D 

Surface Treatment Using Cutback Asphalt 
(Same Application Rates) 

Material 

Produce Me-3000 - Application Rate of 0.32 gal/sy 
18,810 gal @ 29,500 Btu/gal = 

Haul 88 Miles x 2 x 18,810 gal t 241 
Gal/ton @ 3270 Btu/tm = 

Crushed Gravel @ 40,000 Btu/ton x 

528 Tons 

Haul 20 Miles x 2 x 528 tons @ 
3800 Btu/tm 

Haul and Place 

Haul Stone 2.9 Miles x 2 x 528 Tons @ 

= 

= 

3800 Btu/tm = 

Haul Asphalt in Distributor 
18,810 Gal - 241 Gal/ton x 2 x 2.9 miles @ 
4270 Btu/tm = 

Asphalt dis tributor - Application 
18,810 gal @ 444 Btu/gal 

Roll 1n9 - 2 Rollers 

= 

554,895,000 Btu 

2l.120,000 Btu 

80,256,000 Btu 

11,637,120 Btu 

1,932,981 Btu 

8,351,640 Btu 

58,197 s . y . x 107 Btu/s.y •  x 2 = 12,454,158 Btu 

Total Energy Used = 

Energy Use Per Square Yard = 

,8 

735,566,114 Btu 
12,639 Btu 
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ASPHALT EMUL SION SURFACE TREATMENT 
(REGION 15 - DEt'10NSTPJHION PROJECT IW. 55) 

WORK PLAN 80-R-5 

OBJECTIVE OF EXPERIMENT 

To evaluate the cost, energy consumption, and performance of an asphalt 
emulsion surface treatment placed as a seal over a cold mix (emulsion) 
pavement. 

PROJECT 

Vel'mont Rte. 31, the former Hells-Poultney RS 0145 (8) construction 
contract completed in September, 1979. 

PROJECT LOCATION 

On Vt. Rte. 31 beginning at the New York-Vermont State line and extending 
northerly 4.957 miles to the Poultney Village line. 

EXPERIMENTAL WORK LOCATION 

The emulsion surface treatment shall be placed over the full length of 
the 4.957 mile project covering an area of approximately 60�OOO square 
ya l�ds. 

INVESTIGATION PROC 

The investigation will lnclude obtaining and documenting the following 
i nformati on: 

1) Obtain initial design, construction and maintenance l�ecords 
on the existing roadway. 

2) Note traffic data, roadway geometries, and climatic conditions 
at the test site. 

3} Record condition of base, subbase and surface pavement (distress, 
texture, friction numbers, absorption characteristics) 
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4) ign, test and analyze emulsions and aggregates to insure 
the quality and c tibility of the materials. 

5) Type and extent of any repairs to the existing pavement. 

6 ) Observe the application process and document information 
on climatic conditions during construction; variations in 
emulsion and aggrega properties such as asphalt content, 
moisture and gradation; asphalt spraying and aggregate 
spreading and rolling information; equipment used and production 
rates; problems which occur and related information. 

7) Document field and lab tests taken during the application. 

8) Determine total energy consumption for the seal application 
and compare it to an estimate of the energy which would have 
been expended had cutback asphalt been used. 

9) Deter1lline if the use of an emulsion provides significant 
environmental benefits. 

CONTROL SECTION 

COST 

There will be no control section. 

timated cost of the emulsion surface treatment is $0.50 per square 
yard or $30,000 for the 60�OOO square yard project. 

D,D.TE OF CONSTRUCTION 

The experimental treatment shall be completed prior to October 1, 1980. 

DURATION OF STUDY 

The experimental p}�oject will be evaluated for a minimum of three years 
following completion of construction. 

SU ILLANCE 

The experimental treatment shall be inspected at least twice yearly for 
the duration of the study. 
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An initial report covering the basic data collected, construction 
experiences, test results and initial observations shall be for'warded 
to the F.H.W. A. Contract Manager within 90 days after project completion. 
Interim reports shall be made on an annual basis. A final report shall include 
recommendations for use in developing future surface treatment projects. 

Agency of Transportation 
i'�aterials & Research Division 
,July 17,1980 
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