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Introduction

After some success in the process of recycling asphalt pavement in 1975,
Kossuth County decided to implement further recycling projects on a larger
scale in its 1976 road construction program. The work done in 1975 indicated
that a quality product could be produced, but that an air pollution problem
created during the heating and mixing operation must be brought under reasonable
control.

As part of its 1976 road program, Kossuth County planned to salvage a
total of 16 miles of old asphalt pavements in three projects. Two of these
projects were three miles in length and the third project of ten miles. The
ten mile project was selected by the Federal Highway Authority as one of the
recycling projects to be completed in cooperation with Demonstration Project
No. 39, Recycling Asphalt Pavements. The Federal Highway Authority granted
$29,750 to the Iowa Department of Transportation for project testing and
evaluation.

Cooperation and input into the proposed work was received from many sources.
Participants included three offices of the FHWA, two offices and two laboratories
of the Iowa D.0O.T., the contractor - Everds Brothers, Inc. of Algona, Iowa, the
equipment supplier - Barber-Green Company, the Federal Environmental Protection
Agency, the Iowa Department of Environmental Quality, the Asphalt Paving Association
of Towa and Kossuth County through its Board of Supervisors and Engineering personnel.

To establish some project parameters, the Iowa D.O.T. Materials Laboratory,
as part of the FHWA work plan, evaluated the existing pavement. Roadway samples
were subjected to extensive testing to determine the characteristics of the

aggregate and asphalt binder. These tests indicated that the existing pavement -
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particularly the cold laid base course -~ contained considerable fines, some 10
or 11 percent passing the 200 mesh sieve and a high percentage of shale‘and

sand size particles. The tests also indicated that the asphalt binder had
hardened dramatically over the years. Recovered penetration test values ranged
from 16 to 28 and absolute viscosity test values ranged from 14,400 poises to
49,300 poises. When some virgin aggregate and softer asphalt cement were added,
a considerable improvement in test characteristics was observed. After plant
reprocessing, follow-up tests indicated the blended materials tended to resemble
a conventional new mixture. From what we know at this time, it looks as though
future asphalt recycled projects can have properly designed and graded mixes.

Kossuth County Project SN-~1179(6) was let to contract by the Iowa D.0.T. on
April 22, 1976, and awarded to the low bidder, Everds Brothers, Inc., Algona, Iowa,
for the amount of $621,418.71. The contract was formally awarded May 13, 1976,
by the Kossuth County Board of Supervisors and approved by the lowa D.0.T. A
copy of the contract as it was awarded is shown in Exhibit A. Exhibit B, the title
sheet, indicates the location and length of the project, contains the proper
approval signatures, and other relative information to the project. GTxnibit C
contains typical cross-sections of th~ :ruject pefore and after construction
and special notes which were to be part of the plans and specifications for the
work.

When writing a report such as the one now being developed, it is much
easier to write about a completely successful undertaking that it is to expound
on only a partial success. Cne portion of the project that was not a success
was our inability to reach the required air pollution standards established by
the Iowa Department of Environmental Quality and the Federal Environmental
Protection Agency.

The main reason for cthe above failure probably was that too much work

was contracted at this one time with too short a completion date allowed for
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all the work. A total of four projects involving about 82,000 tons of
recycling were contracted and tied together; all to be completed in IQO
working days or before October 15, 1976. As the contractor did not move in

to do the work until the last week in July, it was apparent from the beginning
that only God could make a success of this project. The contractor was

simply not equipped to accomplish this much work in so little a time and still
be able to devote enough time to experiments which would bring the air
pollution under reascnable control. As it turned out the contractor did not
finish the work until Noveﬁber 2, 1976, at which time he had been fighting
cool and cold weather for about ten days or two weeks.

Another disappointment was the inability of the contracting authority
to obtain air pollution test results promptly during the mixing operation. If
these results had been available promptly, perhaps the contractor or Barber-Greene
Company could have made plant adjustments in an effort to bring plant emmissions
to an acceptable level. Barber-Green Company did continually test pollution,
but their results are probably not available for public inspection and evaluation.
It is quite certain that, had the air pollution problem been sclved by
Barber-Green or Everds Bros, Inc., the process would have been patented or
copyrighted by one or both of them. At this point, it should probably be
stated that, as long as a contractor or equipment manufacturer is absorbing
the costs incurred in the experimental process, the industry can expect a patented
process when the problem is solved.

A source sampling report conducted by Entropy Environmentalists, Inc. for
the Federal FEnvirommental Protection Agency is hereby referred to and made a part
of this report. This report is entitled "Experimental Asphalt Concrete Recycling
Plant in Iowa', Number 68-01-3172, dated October 1976, and is noted in reference

material at conclusion of this report.



Preliminary Work

The first step in the reconstruction of the new roadway was the extension
of existing culverts to accomodate the proposed new roadway design width.
Luckily, all but one of the in-place culverts were reinforced circular concrete,
and the extension of these was a simple matter. This work was performed by
County day labor forces and was not part of the recycling contract. At the
road intersection five miles North from the South end of the project a concrete
box culvert, which was too short and narrow, was replaced with a large 12 foot
diameter corrugated metal pipe. Some anticipated roadway settlement is
expected in the area of this pipe even though a good granular backfill material

was used in placing the structure.

Reclaiming Asphaltic Pavement

The first contract phase of the work was in the salvaging and stockpiling
of the existing asphalt pavement. It should be mentioned here that the contractor,
on one of the other recycling projects, attempted to scarify and crush the old
pavement on the roadway before loading and stockpiling. This was done by
using a Pettibone pulverizing machine. Though the Pettibone machine did
pulverize the old pavement to an acceptable maximum 2" size, production was
considered by the contractor to be too slow to keep pace with his other
equipment. Also, it was the contractor's opinion that maintenance of the
Pettibone pulverizing hammers would be too costly and time consuming.

On this project, all of the old pavement was salvaged by first ripping
the pavement with two scarifier teeth mounted on the rear of a D-9 tractor.
The old pavement broke up quite easily into chunk sizes which could nicely be
1oaded into ten cubic yard trucks with a three cubic yard rubber-tired loader.
To help limit the amount of foreign material, such as dirt and grass, being
picked up in the loading process, the sod along the pavement edge was removed

by a motor grader and pushed into the road ditch.
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It is thought that one of the errors made in the salvaging process was
that too much of the fine bituminous treated base was salvaged. It is possible
that the fine, asphaltic saturated materials were igniting in the heating and
mixing process and causing most of the pollution problem. 1In future projects,
Kossuth County will not try too hard to salvage all of this fine material.

After being loaded into ten cubic yard or 15 ton capacity three axle dump
trucks, the salvaged pavement material was hauled an average of three miles to
the plant site where it was stockpiled for future crushing. At this point it
should be pointed out that, had all virgin aggregate been used in this project,
the average haul for aggregates would have been 23 miles. The 33 1/3% virgin
aggregate which was incorporated in the asphalt mix was hauled 23 miles, but
this gravel pit is now depleted and future virgin aggregate requirements will
have much longer haul distances.

The total asphalt mix produced on this project was 42,129 tons. Of this,
2,215 tons were asphalt cement. Calculations indicate that 5,26% asphalt cement
was added to the mix on this project. In previous pavement projects using
similar aggregates, a design asphalt content of 7 1/2% was normally required.

From the preceding paragraph it can be determined that energy was conserved
on 66 2/3% of the required aggregates (0.66) x (42,129 - 2,215) or on 26,622 tons.
If the haul distance saved on 26,622 tons of aggregates is 20 miles, then a total
of (26,622 x 20 x 2) 1.06488 x 106 ton miles of energy was conserved with respect
to the haul of aggregates. According to the Federal Highway Administration (FHWA)
published table (1) showing the distribution of highway travel and fuel consumption
by vehicle type, a three-axle dump truck consumes 4,270 Btu per ton mile. On
this project then, (1.06488 x 106) (4.270 x 103) = 4.5470376 x lO9 Btu was
conserved in the aggregate required for the asphalt mix. This amounts to about

36,376 gallons of gasoline or 32,713 gallons of number two diesel fuel.



The asphalt pavement salvaging operations also conserved energy in that a
lower amount of asphalt cement was required to be added to the recycled pavement.
For work in this area and to obtain a well designed recycled mix, this savings
amounts to 2 1/4% on asphalt cement. For a project of the magnitude of 42,129
tons, this amounts to an asphalt savings of 948 tons of asphalt cement. According
to energy requirements for producing asphalt cement, "Energy Requirements For
Roadway Pavements, the Asphalt Institute, MISC.--75-3, April, 1975," one ton
of asphalt cement requires 587,500 Btu to produce same. Then on this project,

8

a total of (487,500 x 948) 5.5695 x 10~ Btu of energy was conserved by not

adding an additional 2 1/47% asphalt cement.

Due to the fact that 948 (2 1/4%) additional asphalt cement was not required
in the final mix, a transportation energy saving was realized. Routinely,
asphalt cement is hauled from the refinery in Minneapolis, Minnesota, to
Algona, Iowa, and then to the job site. This involves transportation of the
asphalt cement an average of 175 miles. Elimination of hauling 948 tons of
asphalt cement a one-way distance of 175 miles saves, using the Federal Highway
Authority's energy haul table, (175 x 2 x 948) = 7,11 x 105 ton miles of
haul. This amounts to an energy savings of (7.11 x 107 x 4.27 x 103) =
3.03597 x 10° Btu's. This savings converts to (3.03597 x 109 + 1.25 x 10°) =
24,288 gallons of gasoline or (3.03597 x 109 + 1.39 x 105) = 21,842 gallons
of number two diesel fuel.

Energy is required to heat asphait cement in storage before it is used
in the mix. If 948 tons of asphalt cement were conserved on this project, it
was not necessary to heat this amount of asphalt before it was used in the mix.
The Asphalt Institute(l) has estimated that it requires about 6,400 Btu per ton
of asphalt cement to heat the asphalt for storage. On this project this

amounts to an energy savings of (948 x 6,400) 6.0672 x 106 Btu.



Reclaiming Gravel-Clay Base and Roadway Widening

The process of salvaging the gravel-clay calcium treated subbase and
the lowering and widening of the roadway was performed practically in‘the
same operation. First the 4" of gravel-clay subbase were scarified on one
half the roadway and windrowed on the other half. Then, with the gravel;clay
subbase material windrowed on half of the roadway, the exposed dirt half of road
was lowered uniformly 18" by simply pushing the material over the shoulder and
compacting with a sheeps-foot roller. When that side of the roadway was
lowered, widened and compacted, the process was repeated on the other half
of the road. This produced a finished typical road cross-section 34 feet
wide with 3 to 1 foreslopes which had a 2 -~ 4 inch gravel clay surface,

Later, when the subbase was constructed, the salvaged gravel-clay base
was incorporated in the project. Had virgin aggregates been used in place of
the salvaged gravel-clay, 27,000 tons of virgin aggregates would have been
required for the construction of the subbase. Thus, energy was saved in reclaiming
the gravel~-clay base, mostly in truck haul savings and a small amount in the
gravel crushing operation. For the purpose of this paper it will be assumed
that the energy conserved due to the elimination of the crushing operation will
be negligible because energy was expended in scarifying, windrowing, and salvaging
the material even though it was not crushed.

Energy was conserved in both salvaging the gravel-clay base and in the
grade lowering and widening operation. On project SN-1179(6) the amount of
gravel-clay subbase salvaged and incorporated in the new subbase was about
27,000 tons. Once again, if all virgin gravel had been used in the subbase,
the haul distance would have been 23 miles. On the salvaging operation the
haul distance was completely eliminated thus saving (23 x 2 x 27,000) 1.242 x
106 ton mileé of haul. Using the Federal Highway Authority's energy haul gable

6 .
for three-axle trucks(1l).this amounts to a savings of (1.242 x 10 x 4.27 x 103)



5.30334 x 109 Btu's for this portion of the project. This could mean a savings
of (5.30334 x lO9 + 1.25 x 105) 42,426 gallons of gasoline or (5.30334 x 109 +
1.39 x 103) 38, 153 gallons of number two diesel fuel.

Estimating the energy conserved by lowering and widening the grade rather
than truck hauling all the shouldering material is difficult. Normally, on
regular shouldering projects of this nature at least 27,500 cubic yards per
mile of shouldering material is required. Generally the shouldering material
will have an average haul distance of two miles. For Project SN-1179(6), under
this assumption, the total yardage of fill required for the project would have
been 270,000 cubic yards and the total yard mile of haul would have been
(270,000 x 2 x 2) 1.08 x 106 yard miles. By lowering and widening the existing
grade, the required fill yardage to be hauled for finish shouldering was reduced
to 40,000 cubic yards and (40,000 x 2 x 2) 160,000 yard miles of haul. This
indicates a savings of 0.92 x 106 yard miles. If one yard mile equals 1.3
ton miles, then (0.92 x 106 x 1.3) 1.196 x 10 ton miles of haul were saved
on this project on the grade widening operation. Again using FHWA tables for
three-axle trucks (1) this amounts to a savings of (1.196 x 100 x 4.27 x 103)
5.10692 x 109 Btu's for this part of the project; This conserves 40,855 gallons

of gasoline or 36,740 gallons of number two diesel fuel.

Construction of Subbase

Specifications for crushing the salvaged asphaltic concrete pavement
required the material be crushed to a maximum 2" seive size with no other grada-
tion being required. Crushing of this material was quite routine and proceeded
without serious problems. The only discomfort encountered was the dust situation
created in the handling of the material due to it's extremely dry condition.

The crushing contractor solved this situation by constantly wetting down the

stockpiled material.
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Crushing equipment was a primary crusher used for initial breakdown of
the material and a standard secondary screening plant. Plant production was
practically the same as that for crushing normal gravel aggregates.

Although sizing and gradation of the recycled aggregate were not required
on this project, sizing and gradation guidelines on future projects could be
specified as might be required for a precisely designed pavement mix. These
requirements probably would not necessarily be prone to reduce production rates
or increase costs significantly.

There was no significant energy savings in the crushing of the recycled

pavements as these materials had to be crushed as would virgin aggregates.

Mixing Recycled Pavement

On Project SN-1179(6), and all other 1976 Kossuth County recycling work,
a Barber-Green 10 x 30 drum mixer was used to heat and mix the old pavement.
The primary plant modification was an arrangement whereby the burner was backed
away from the rotating drum. It was hoped that this would eliminate the direct
flame contact with the recyclable asphalt material and reduce initial contact
temperatures. In backing the burner away from the drum and by adding a high
air output fan, excess ailr was also introduced at the drum inlet in an effort to
cool burner gases and thus lower mix contact temperatures. Neilther of these
modifications seemed to improve the pollution problem. In fact, the introduction
of excess alr at the drum inlet may have made the recyclable material more
combustible due to the increased supply of oxygen.

In addition to the above modifications, a deflection heat shield was also
placed in the inlet end of fhe drum mixer to deflect the flow of the hot gases
and prevent impingement of these gases on the asphalt. This change was also

not effective in reducing the pollution problem.
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Sadly, the modification which, for a very short period of time, seemed to
have the most effect on improving the air pollution was when the fine recyclable
aggregates were separated from the coarse recyclable aggregates. Then, with a
structurally underdesigned anger device, the fine recyclable aggregate was
introduced into the rear end of the drum mixer. Because of the structurally
underdesigned anger, this method of operation only lasted a couple of hours due
to a permanent breakdown of the angering device. It was during this operation
that the most notable improvement in the pollution problem was noticed. 1In the
future, perhaps Barber-Greene should pursue this method of pollution control
further.

Various proportions of recycled materials and virgin aggregates were used
in the experimentation process. The percentage of recycled material incorporated
varied from 30% to 66 2/37 with the balance being made up of 3/4" crushed virgin
gravel aggregates. Naturally, as the percentage of recycled materials incorpo-
rated was reduced, the percentage of added asphalt cement was increased in an
effort to maintain overall constant residual asphalt content.

Regardless of the proportioning of materials to be incorporated in the mix
or the equipment modifications made, the pollution problem still persisted. The
Barber-Green Company, through its field laboratory, constantly monitored and
tested various measuring devices located at critical locations within the
pollution control system. Some of the factors measured were temperatures at
several locations within the drum mixer and in the pollution control system,
pressure drops in the venturi, and stack emissions.

A wet wash scrubber system of pollution control was employed in the asphalt
plant configuration. An inter-departmental memorandum dated January 19, 1976,
within the Iowa Department of Envirommental Quality established minimum parameters

required by the D.E.Q. for the removal of particles in the one micron range.
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These parameters were made available to all contractors and engineers before
the work was let to contract. A copy of this memorandum is shown in Exhibit D.

Energy was conserved in the heating and mixing process. Probably‘the main
reason for this was the dry condition of the salvaged asphalt. As indicated
earlier, it was so dry that it was necessary to wet down the stockpile while
the material was being crushed to keep the dust down. It is highly possible
that the salvaged asphalt material was even absorbing moisture though this
possiblity was not verified. Another possible reason for energy conservation
in the heating and mixing process was that the characteristiqs of the salvaged
materials was such that it retained the ambient heat of the season while in the
stockpile.

It is regrettable that Kossuth County was unable to precisely document
fuel requirements in the asphalt pavement heating and mixing process. However,
the contractor doing this work was familiar with and had done nearly all of
Kossuth County's asphalt work in the past.

In talking with the contractor - Mr. Doug Meyer, President of Everds
Brothers, Inc., - on several occasions he emphasized the fact that less energy,
or fuel, was being consumed in the heating and mixing process. He stated that
in past years and on similiar projects using all virgin materials in this same
location, that at least 2 1/2 gallons of number two diesel fuel were required
per ton of asphalt produced. He also stated that on most occasions - mostly
due to the high moisture content of the local virgin aggregétes - that closer
to 2 3/4 gallons of number two diesel fuel were required per ton of mix.

He also confirmed our suspicion that less number two fuel was being consumed
by stating that the fuel consumption on this project was running between 1.9 and
2.0 gallons of fuel per ton of mix.

From the above, we should be safe in assuming that a minimum of one-half

gallon of number two diesel fuel per ton of mix produced was conserved on this
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project in the mixing process. Again, using the Asphalt Institute's copyrighted
document "Energy Requirements for Roadway Pavement', MISC-75-3, April 1975, we
can estimate that, on SN-1179(6), (42,129 x 0.5 x 1.39 x 105) 2.927G96 x 109 Btu's
were conserved and that this energy savings can be attributed to the fact that

recycled asphalt pavement aggregates were being used.

Pavement Laydown

There were no problems incurred in the paving operation. A full-width
Barber-Green paver was used to do the work. Vibratory and pneumatic rollers
were used for compaction. Generally, 94 percent minimum required density was
obtained quite easily until ambient temperatures in the fall dropped toward
the end of the project.

Even with all virgin material being used in asphalt work in this area,
low laboratory density values and high voids are encountered. Knowing this
before the recycling work began, these characteristics dictated that the percent
of added asphalt cement be higher than in other areas of the State of Iowa.

The recycled asphalt mix produced looked exactly as though 100% virgin
aggregates were used before and after laydown. The finished pavement surface

looked as good or better than conventional pavement.

Lab and Field Testing
Laboratory analysis, involving proposed pavement design mixes,
laboratory densities, asphalt extraction tests, etc., were performed by the
Towa Department of Transportation District and Central Laboratories. All
field tests and samples were handled by the Kossuth County Engineer's Office.
Due to the fact that the project specifications did not establish any specific
srggregate gradaticns, there were no sieve analysis raken of these materials

on the cold feed belt.
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Exhibit E shows the results of some of the tests ran. These are
enlightening in that this exhibit clearly indicates that the residual asphalt
penetration decreases as the percent of virgin aggregates is increased énd
that at the same time the viscosity decreases. By using a higher penetration
asphalt, rather than 120-150 which was used on this job, these characteristics

can probably be improved in future pavement design.

Energy Conserved

0f course, with this method of construction, Kossuth County's short
supply of gravel aggregates are conserved as well as the world's supply of
asphalt.

At the moment, the big savings is in the conservation of energy. Though
it was and is nearly impossible to precisely document these energy savings,
it is highly possible to make an educated estimate when various factors are
known or assumed. The following table should give the reader some indications
as to the energy savings that can be realized in recycling asphalt pavements,

or entire roadways for that matter.

Project SN--1179(6) Kossuth County, Towa

Item Where Energy Saved Estimated Energy Conserved ]
Btu's Gasoline #2 Diesel Fuel
(1) Reclaiming Pavement 4.570376 x 109 36,376 32,713
(2) Reclaiming Gravel 5.30334 x 10° 42,426 38,153
(3) Lowering & Widening
Grade 5.10692 x 107 40, 855 36,740
(4) Asphalt Storage 0.55695 x 10° 4,456 4,007
(5) Asphalt Transportation 3.03597 x 109 24,288 21,842
(6) Heating & Mixing
Asphaltic Concrete 2.92796 x 10° 23,424 21,065 |
TOTALS 21.501516 x 10° 171,825 154,520 |
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It should be pointed out that the preceding estimates were arrived at by
using, hopefully, good common sense calculations with the assistance of the
Asphalt Institue Publication concerning energy requirements for roadway

pavements.

Costs —~ Virgin Vs. Recycled

Though recycling is desirable due to the savings of energy and natural
resources, a good engineer will determine the most desirable method of
constructing a project from the standpoint of economics and the environmental
impact. On Project SN-1179(6), the recycling project as was complete was
initially compared to a construction improvement of placing 4" asphaltic
concrete on the existing pavement and shouldering with an additional 4 foot
and six foot shoulders on each side of the pavement. This method also required
that an additional $10,000 per mile be considered as part of the project
cost. When these two methods are compared, we find that there is a cost
savings of $138,418.33 or $13,852 per mile when the recycling method is
constructed. Exhibit F shows the actual construction cost of recycling as

compared to the estimated cost of using the conventional method.

Summary

As a result of this report and this experience, it can be said that under
specific condition of aggregate scarcities, where road widening is required,
or where energy and natural resource conservation is of prime importance, then
serious consideration should be given to recycling the old asphalt pavements as
wellas the reconstruction and widening of the old roadway. This particularly
after the air pollution problem caused by the mixing process is solved; and it

will be solved.
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Exbordos # »3 Highway Uivision
P T = CONTRACT . N0 123

FORM 383 D 3.74 14374

foe ot wok ASPHALTIC_CONCo PAVEMENT _ _ _reiec e SN-1179(b)--51-58
Wi 10.0LS COST CENTER 801000 0BJECT 8kD

County  KOSSUTH _
ON SECONDARY ROAD FROM THE SU COR. SEC. 3-97-27 NORTH

“APPROY. 10 MILES TO TOWA 3 ___ .o L

f Tronsportation, Das Moines, lowa, consisting of the following memberss

THIS AGREEMENT mode and entered by and between the lowa Deportment o

_,_~EQB,ERLR‘,RIGL,E&‘,,,STEPHE N GARST« DONALD K GARDNER. A LLAN THOMS.
MUA-_J‘:LAN( GR_AM '_/ANNE_ELL EG_R E,NQ v_ &;_VLA_',__'S'TWA_ NL_E!_»SCHO{EL ER”AN I of the first part, and

"RDS. BROTHERS~ INC. OF ALGONA. IO0UA 1330

party of the secand port.
WITNESSETH: That the porty of the second parf, for and in consideration of $ ‘*xxBSl‘ Y 1‘&‘:371'____ , paycble a3 set forth in the specificas

tions constituting o part of this contruct, hereby agrees to construct various items of work and, of, to ;u;;p]y various materials or supplies in accordonce with the plons
in the notice 1o bidders, ot follows:

ond specifications therefor, ond in the locations desrignaried<

n ITEM Quantity 1 Unit

Unit Price Amount

BASE. RECLAIM. CRUSH & STOCKPILE '
BITUMINOUS CONCRETE 128.192 S4Q. YDS-. 1.13 L4Y4.85k.

RECONSTRUCTION OF SUBGRADE .51k NMILES 11.347.00 107.978.

SUBBASEs CONSTRUCTION OF SOIL
AGGREGATE 9.932 MILES 3.200.00 3l.782.

BASE+ RECYCLED ASPHALTIC CONCRETE 44,838 TONS 4.85 217464,
PRIMER OR TACK-COAT BITUMEN S+139b6 GALS-. - 50 2+ 598
ASPHALT CEMENT 1+719 TONS a41.00 139.239.

MOBILIZATION COST Lun? sun ?+500-
GRAND TOTAL $hL5L.418.

of the 1975 Code of fowa as amended.
d a true copy of said plans ond specificotions i now on

Party of the second part certifies by his signature on this contract thot he hos complied with 324.1748)
Said specificotions and plans  are hereby made o part of and the basis of this agreement, on

file In the office of the lowa Department of Tronsporiation under date of A PR IL a a - L‘i ?E
That in consideration of the foregoing, the party of the first part hereby ogrees to pay the porty of the second port,r Vprompﬂy and
the specifications the amounts set forth, subject fo the conditions as set forth in the specifications.

Tetording Vo The reauirements of

The porties hereto agree shat the notice and instructions to bidders, the proposal filed herein, the general specifications of the lowa Departinent o

Transportotion '°'..}‘ﬁ,za o , together with spocial provisions attached, together with the general and detailed plans, if ony, for said project

" 1111_2_‘3 (_!3)»”:511:‘55 _ e together with second party’s parformance bond, ore mods o part hereaf, ond together with this instrument con
stitute the contrad between the porties hereto.

That it is further vnderstood and  ogree befcre, ond shail be completec

d by the parties of this contract that the obove work shall be commenced on or

"7 Specified Completion Date
or Piu_mber of Warking Daoys

Approx. or Specified Starting Dote
*_or Number of Working Days

on or before:

100 WORKING DAYS 0CT. 15« 197b

That time is the essence of this controct and thot said onlract contains ol of the terms and conditions oyrced upon by the porties hereto.
IN WIINESS WHEREQF the purties heteto have set thoir hands for the purpose herein  enpiessed o this und thice other instruments of like

he o devef MAY 131976 _w
IOWA DEPARTMENT OF TRANSPORTATION ST
g T e 2 3
L e e ey - :
By . ,«—//f;?:?/\“v/é //}‘:‘, I G ) ;%)"

Pur!‘)} 56 the fiat Part

BROTHERS« INC. _OF ALGONAS IOWA

T TS
e D 7 e

Wdf"mry’é;f the Second art




{ "ON 133HS

SS-15-- (2 bLil-~c "ON 1DIrO8d ANNOD HLNSSOM

IR 3 (1e67) Qo AOLI-IZC 10V

:.:ax HONT RSB YO S¥OStANIANS 40 QuvOl

F R

o e vz Sl

worsing)  Co,
soe .".7% :
Avriyiineg ey

{et>s 10N °q)
o5 ut pernpel
” suojd |'012Q

e ——

)
GIAO®daV ° : A

5 a3

EINW S0V s AL SIS o e e 137004y se MIDNITT RIN
W D22 e e QB ISS] VIS MOUIIERIIN] 2OJ JINTRD
P 10RO WIS IIOING WO L2OCT]
e 055 o e e e SL2- 49 WiS FOCIND wou 1A
- 0%§

— e e PEDP WIS FOTINQ wO4 iI0OI(T
LSOLICES 2 §2+C25 04 1720 Vi§ 433r0wy 40 HINET] THL0L

AYEWWAS  FOLINW

_ nuﬁO«a SIHL NO X¥OAM NOHINYISNOD Of A14dV TTYHS
‘NOWSSIANWOD AVMHDIN 3LYLS ¥MO! IKL 4O
~ ‘T26) 3O $2MIS SNOILYIIIILS OUVONVILS IHL

Q3GN §¥ ST

N 490
Cuppmiond Am0D NI DIBWNVAY B140¥L P NV

: _ SS-15--(9 bLII-NE

MEGGS BLASSCH

CHIUINGND #O FIWWIIET 3 NOILLIFS SYO¥D TMdiiiy 2 ON LTINS
POV IS ] ON 1IIN:G
SLIFHE JO XIANI!

1208 NID3E
TTHoWIT T T

729}

L1l F3

NEEL NRGL

A == =

 poy Mt
e
ey ey

ey by

WELSAS LEHEVA Ol WEW =
IHL NO INIW3IAORIW! Q350404 40 SNV Py
- OIS AT ;m.a.&mmﬂ. et
zoxﬁ%mmﬁ.ﬁ 10 1i =
== \ G_ SNDIE TYNOINIANGD
H
S o e s o




T ON 1TMS SG-15 -~ {7 b1l -5 "ON LDIM0O¥d AANNOD HLNSSOM ‘
tLITv et 93 s.ksuh«to)& . -
. . oi a1 Pyoagt I By Svondmiet A3y3c endd - »

“1244Y JoM TTng

RN
Giedevs it ::_ AN u3tm,,n INOILIYALIIINag OVVINVAS 26T 40 §7 BOLT MO1A23S (D)

9 W% Tip 43T 0L TIavns B
. 2\..2.: Q1315 Qud “£I801ed Tlavx

- o Y ININY WHi 98
SLaied TEaniiditydiNl ORNTSOND TMAYHY (IT) MOTLINISIQ IRi LY GTLwWINITD TT AWK Savd Ax¥ %0 VY {9)

IO ke e M Mt B
R u w0 €5 53083 »0s Simdwds .G_x Wiy 133w
- - Ak _izmzma!:??; Il ‘ain nw jLE]

1ivnasy WOLiYRINId 0gL DFL 350 ot...ﬁw

) S ©
i FYViRRAVY] INOXINLIR QADYATIYE INOL PR Aitwwiit] (w)
ARV AEE S 98 1)
RARTS AN Bt
ARL LT ]
vy e S e 34) (117

REIRINAE IS LT AL 4
Qv Tt Ly woLioy wodtEeg
SN Ny

LTI IS CR I TRUTN COAR RS IS R
Bl Ais1 1302 Biws) Teim e

R AR AN

DY, any

Ity 3et 0 WNEIE B10vatwg MM QL 03007 38 0L v Sl ()
’ e PR L A ed 35v] 11740807
Toveisy w9 eyt L) SE R DT INMIn] () J0ITAESy M319A32% #0 HOLITRNSaA €D 2357 18 Avd
0z *o1L37g TN T a1 ) MUY
i . et A A 1 8 Ayt 007 NOTLIIG ALIR DN TamD) INTeairs§ Dvitiy wud (D
Ciovwrind b Cosnd I 1V Lniaavd vl ()

N . . IR0

9605

[V

B3]

.
il »\:tnu .
Ay o rog Doy

0D t?:.tvb FLECIRE ) IR \R&Mﬂﬁ\éw 2w, gag 2RI fuo
(RS PR A Y &\’.,(:(L PR TR prjOry S RSO0 | JRAf RO AR v ORY

N CoM TV TYO V19SS STHY NONDAML BIIVIINY Tui AT (ILNIET SY
B R : Fe67E TimwesT ¥ WiwDaea ML CYY 30§ T 3a073 Ym0 Thy wtatava My

w VT Rrd BNOLLING

TQIR ¥ DNLLLIRETE T304
TETETYN ORUXTE LN NINRNOUT AN 4 LR T Yedde ve) Logyraoion ©
i LR SINIrS Iy 38 a¥e Lwe 5L

YV 40 We0g del Nt I2NFLISLY
203 TTR arM STHL

R A CUPIP OO I IO TP L)

PESTINEIR 1Y

401400 w.;

Gevig 3reg g

EYPOAS G LWL TINIee LN

Cv4 20 TrA OGNV IN3OY NI
!

ol st 33tidvye

Cre T.

N

3L2e32) S1°0a004, Q¥4 QL Y TISY M iia 4) Senade oy © 1
DA : S1t3%g Terw
A LIES BSERR AN ML TIAeAD T B BRERR-E B )

R T O PN I R AT

Tavg 33 ,u SULwHesy 81704034 L) ¥ S30EL0MTY

CANCTLYIL 2D
RIS A ZACFRE YRS PEL 300,

I35 HiTe JICNCHOIIY AL IEYN-eNg Bivnde

Sra kT T

ST e

,,,,,,,, [IE X4

~

R 7?!!? A ¢ TR

S oL R 2 I LR I

s

Ty
soien T

e A L I———

P

re sy

\:L.ia

RN

BPMG payrasfEeCIBYy
- Ges-dE) S J1eD i
NOILDZS S5052 TDISAL

tvoanfalizy o

-~
1
PN ESETH
- vy
.rzjdwnrJJaW Teu oAl .
) I e Ty ueR b T
TS TE RS RSN e
e T T L T
, L e T T
H - - ;
o
SEP0 A4 100 18 01 30 o A0
WU KOITTRY INFYRT IS pems th
. it . i
1 - -  var b

CWOILYIIIIATY 40 WiLT
ML NOL KNG QENANA ANY GIYE TH TVIN WDIIVEINDD THD LnY ‘xuOn
Ard 104 TN TIenS AWM 1T wN) 4D 118D HDW) w0
R N M A T R S T A R ) «wm;m
3132y SIIVIG HNDY SY BMI3T4w0) I Lowsd weom |
3L 410 4n3aT=4 RIIIBTS WD Wit TILDITOWIONY AMY ¥D 13¥I1NIY
I UYL 0L LHOLN 3ML STABISIE ALTAONLOY SHILIVaIwad INY

. OLEY IR id
TIVHINDD IRE A0 WIS IVaTN JH1 QIvd 6 TNOY i
SDANE1 SO WMWY LISSINDD TYNEATNO IME 4G W el
BT ANATAY 11T21N3) ML $0 17, OUvd f :.- 01272
“TVaNd SH oA AID8T Ty g 8 .::u

1
"

<3 1IvaINGY
4S9 uew AW ALK ROTIYIIVIEoy 604 bhmivs Teioay,

YA

T35meng
[TV Cuy SHILT4 4T WO SEMYTN IR N0

537183y 3y

1.0 g
AVITIYIN Tim
PR S 3

any dure

Wy LTSN wds B Gusin 3w
T O R L I Y
e fiS3] g amITg a3 WL el By woing

ALEIYRE TriKBmOvian
£ LRT-LNYAT weI| INL A 23x(N0am 38 AvaTS Zm m
A3SETE TEILETS 0N 3TEY s 3: A
I

..w *
R S R
Saom s 3% V1334 Gay D90 ONE BELIY

TG R

YOI
EWETNIT T Y3Aves

w3 ROTIYIrEY

3 45 F Q01 dLvwivieduy
@ e

L IMI4TAvd

0 KIILVITEY

RATETIeS |

¥ OB OB W 86 DOU divexswsay
(302 LARLLIR Ts S 74 S22
HN - STSATR IS

TEINTINAOTINT TR IOR 1A SIIPN Ny

7 ove T W O 8

L3304 SEENR /A 14
002 0 058 0
BANSEE L o

AsomL T
357 HrTd
EEITRICEN

P S IC AT REEL LYY S

Wrae P sasEweday
COIEIL U PafakEs WG
NOILIZS SS0YD W' Iradl

SLIRDENOAM D4OYATVE SHIER) IS
SULINULEM) SY TYax S¥ LAniiN1d AYSO0IATE §T SN
I VUK FOvE-IAE ILWAcr 00V 1OE LK LIWISLC), We C

NY vy
OLIYEIST I NI
33 W14 10 K

I ANFLIONY]

B R T
iy e NJ
A HCI¥ It EILLY (400

BRI
dxwien &1
1eR1I Qe LyiETvg
o
[ R Y
Sorwee By

SINIATHIG Ty e S 3T vk
T Ty

P el it W 34

Wi WRR o SWILSIRS arieds Tk
o ety apay gy Y T oy

R N
c s

RSSSSEE N -

| SO
H

{Aampoay  sresmyy )

. QELTE A 140 Aag
ADILTIL SCON D TWWIILL




ExHig 7T D

STATE OF 10WA

DEPARTMENT OF ENVIRONMENTAL QUALITY
DES MOINES, 10WA 506316

MEMORANDUM
January 19, 1976

Tor R A Valker - e—— Date:
From: —eo Classen, ;?-E-f_y( Re: _ Recycling Asphalt
Permits Section " TXossuth County T

After reviewing Mr. Henely's letter of December 16, 1975, we offer the
following comments.

1. We fully endorse the concept and offer our cooperation in solving the
problem of meeting air pollution control regulations.

2. Our observations of the experimental run last September as discussed
in Mr. Woll's report of September 30, 1975, and Mr. Walker's letter
of December 10, 1975, point out that the process used at that time
would not meet our existing regulations.

3. We can not offer a solution to the problem but will outline our
recommendations for any future experiment.

4. We believe the observed emissions consisted of a high percentage of
small particles one micron or less in size. In order to remove an
acceptable percentage of these particles, a medium energy scrubber -
will be required.

5. We have calculated various venturi configurations and believe that the
minimum parameters for the removal of particles in the one micron range
are:

a. A throat velocity of 200 feet per second.

b. Water injection rates from 8 to 10 GPM per 1000 CFM

¢. An air pressure drop through the venturi in the 20
to 25 inch water gauge range.

6. Other types of scrubbers with efficiencies above 95% may be a possible
substitute for a venturi. We do not believe fabric filtration or dry
collection devices can be used because the asphalt-coated particles
would blank-off or clog these devices in a short time.

7. We will evaluate any proposed control device but will not issue a
permit other than an experimental permit with the condition that a
stack test be made within’ two wecks of startup.

8. Any contractor who is awarded this contract should be advised of the

construction permit requirements and informed to contact us as early
as possible on any permit questions.

LC:mah
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EXHIBIT F

Actual Recycled Project Cost ‘

Item No. Item Unit Unit Price Qpanti;i  Amount
1 Bage, reclaim, crush & stockpile Sq.Yd, 1.13 128,192 i 144,856.96
2 Reconstruction of sub-grade Mile 11,347.00 9.516 107,478.05
3 Sub-base, Construction of
soil aggregate Mile 3,200 9.932 31,782.40
4 Base, Recycled Asphaltic Conc. Ton 4.35 42,129 204,327.83
5 Primer or tack-coat bitumen Gal. 0.50 5,848 2,924.00
6 Asphalt Cement (5.26% added) Ton 81.00 2,215,03 179,417.43
7 Mobilization Cost Lump Sum 7,500.00 Lump Sﬁm 7,500.00
8 Wedge Shouldering,
after paving Mile 2,000.00 10.065 20,130.00
9 County furnished gravel (331/3%Z) -+ Ton 2.30 13,303 30,596.90
TOTAL COST OF RECYCLING PROJECT = $729,013.57

S

ESTIMATED VIRGIN MATERIALS COST

1 Construct 4'-6' shoulders Mile 31,000.00 10.065 312,015.00
2 Base, Asphaltic Concrete, 4" Ton 8.00* 30,195 241,560.00
3 Primer or tack-coat bitumen Gal. 0.50 5,196 2,598.00
4 Additional Right of Way Mile 10,000.00 10.065 100,650.00
5 Asphalt Cement (7.5%) Ton 81.00 2,259 182,979.00
6 Wedge shouldering, Mile 2,000.00 10.065 20,130.00
after paving

7 Mobilization Lump Sum 7,500.00 Lump Sum 7;500.00

TOTAL ESTIMATED COST ALL VIRGIN MATERIAL = $867,432.00

R

*Based on similar 1975 bid - all aggregates and materials furnished by contractor.

TOTAL SAVINGS = $138,418.43 or $13,752.45 per mile
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REPORT CERTIFICATION

The sampling and analysis performed for this report

was carried out under my direction and supervision.

1976 Signature 2;“%/%£/,dﬂfﬁ‘u4;r

Date December 15,
Emil W. Stewart

I have reviewed all testing details and results in this

test report and hereby certify that the test report is authentic

and accurate.

/
Signature é&) AQQZ /Zééi:ZZL

Date December 15, 1976

Walter Smith
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INTRODUCTION

The asphalt concrete industry and state transportation
agencies are looking at the feasibility of recycling old
asphalt pavement in modified drum-mix drier plants. Cne such
experimental plant 1ocated in Kosuth County, Iowa, has concerned
the Iowa Department of Environmental Quality, due to previous
observation of excessive visible emissions from a similarly operated
plant. EPA Region VII was requested by the lowa DEQ for technical
assistance to determine if the plant was complying with the
state air pollution regulations.

As part of 1its continuing study of new asphalt concrete
technology trends and their impact on the Federal New Source
performance Standards, the Division of Stationary Source
Enforcement of EPA agreed to provide assistance to the Iowa
DEQ.

Source sampling was performed at the Everds Brothers, Inc.
asphalt recycling plant located near Titonka, ITowa, on two
separate 0CCasions, under three different plant operating <on-
ditions.

Briefly, the first two conditions involved changes in the
iocation of the recycled material injection. Only one set of
cimultaneous particulate tests at the inlet and outlet of the
wet scrubber control equipment was made on September 29, 1976,
hecause of problems encountered with the conveyor equipment used
co introdiace the recycled material midway in the drier. Three

ialpt-outler partioniate CoShs cnd one wel

-



1, 1976 (after process changes were made to feed all of the
recycled asphalt material into the drier at the elevated end,
along with the virgin material). In addition to the par-
ticulate tests, air samples before and after the scrubber were
taken for a hydrocarbon analysis.

The last condition constituted a change in the type and
rate of production of asphalt mix produced and an increase in
the rotary drier's angle of elevation. The asphalt mix was
changed from 66% recycled/34% gravel at a production rate of
185 to 204 tons per hour to 70% recycled/30% limestone at 245
to 250 tons per hour, while the drier slope was increased from
2° to 2.98° Three particulate tests were run at the separator
outlet on October 6, 1976; three venturi-scrubber inlet
particulate tests were performed on October 7, 1976 along with
a set of inlet-outlet particle sizing tests.

During all the testing, water samples were taken at the
scrubber water pump inlet and at the separator water discharge
for a water analysis.

Present during the testing were Ronald Kolpa of the Iowa
Department of Environmental Quality and Robert Farnham and Lee
Binz from Barber-Greene Company, the manufacturers of the plant
facility.

The measurements made for stack gas flow rates and particulate
emissions were made according to the Iowa Department of Environ-
mental Quality's recommendations and generally followed the U.S.
Environmental Protection Agency's requirements. Due to the
sampling problem of plugging filters encountered Jduring the pre-

vious tests, a modified Method 8 sampling train was used in an



attempt to alleviate the problem.

tions of this report treat the summary of

Following secC

results, a brief descrition of the process and its operation,

and the sampling and analytical procedures used.



SUMMARY OF RESULTS

The results of the particulate testing program are
summarized and presented below in Table 1. The values used in
computing the averages presented below were reasonably consistent,

considering the nature of the process and the control equilpment.

Table 1
AVERAGE PARTICULATE CONCENTRATIONS
grains/dscf
. Venturi Inlet Separator OQutlet
Operating o
Conditions* EPA S EPA 5 + Test EPA'5 EPA S + Corresponding
# Only Impingers Set # Only Impingers Table #'s
2.04 2.35 1 0.22 0.31 2-3
5.35 5.54 2-4 0.48 0.57 4-5
DNA 20.67 1-3 DNA 0.88 6-7

* See '"Process Description and Operation" for details

Tables 2-7, as noted above, are summations of the
individual test results from the particulate testing. Since
a modified Method 8 sampling train was used in making the inlet-
outlet tests during the third operating condition, no "EPA
S'"results are available - a Method 8 train eliminates the filter
between the probe and the water-filled impingers. For this
reason, only "EPA + Impinger' results are presented in Tables
6 and 7, and in Table 1, under condition 3. Flow rate determina-
tions for the scrubber outlet stack appear to be higher than real
based on the calculated venturi-scrubber inlet flow rate. The

higher value is probably due to non-parallel flow in the stack



(most probably tangential). Generally, the results would be lower
than teal due toO sampling over isokinetically; however, due to

_ the extremely small particle sizes as noted below, there probably
was a negligible effect.

Results of the particle sizing tests on conditions two and
three are given in Tables 8-11; no particle sizings were made
under the first operating condition of the plant. During the
second and third conditions, the aerodynamic diameter of 50%
of the particles was less than the following sizes - second con-
dition: inlet, 5.5 microns, outlet, 0.453 microns; third condition:
inlet, 99% greater than 10 microns; outlet,7.1 microns.

Analysis for gaseous hydrocarbons on the air samples taken from

the venturi inlet and scrubber outlet during condition two resulted

in values for the inlet only. The outlet bag samples developed
2 leak during shipment, resulting 1in dilutions and lowerT figures.
By assuming the amount of carbon monoxide to be constant from
the venturi inlet to the scrubber outlet, the total hydrocarbon
content reported at the outlet was recalculated and found to be
approximately the same as at the inlet. The inlet data was
reported as follows: total hydrocarbons, 468 parts per million;
methane, 18 parts per million; carbon monoxide, 2065 parts per
million. On the total hydrocarbon measurement, an apparently
very heavy hydrocarbon was present since the relative decay of
a portion of the total was very slow. If heated lines were used
to bring the sample from the stack directly into the instrument,

the total hydrocarbon results might have been much higher.



Analysis of the water samples resulted in the valucs
reported in Table 12. Because the analytical method used
in determining the dissolved solids is designed for concen-
trations lower than those found, the results for the dissolved
solids are questionable.

No visible emissions data was taken because of the nature
of the steam dissipation in the plume. In general, .however,

the opacity was noted to be approximatcly 25-30%.



“T""RUN NUMBER
_ DATE _

STACK TEMPERATURE,

" PFRCENT EXCESS AIR

___PERCENT ISOXINETIC

STACK FLOW RATE
SCFM* DRY

STACX FLOY RATE

ACFM,WET

Table 2

VENTUBRT INLET DUCT

DEG. F

VOLU#E OF GaS SAMPLEL

SCE¥ DRY

PARTICULATES,

CCATCH - MGRAMS

EMISSION RATE -
LBS/Hit
PARTICULATES, EPA

CATCH - MGRAMNS

ENTSSION RATE -
~ Los/zHR
* §8 DEG F, 29.92 IN.

__ CONCENTEATION = 6

METHOD 9 +

CONCENTRATION - GR/DSCE®

HG

56C.41

IMPINGEKRS:

T1006C7.3
2.353

647.69

““SOM&ARY‘os‘RESULTSZPAFTitulATf”EMISSiCEé*
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ee— 7 7 SUMMARY OF RESULTS,PARTICULATE EMISSIONS

. VENTURI-SCRUBBER OUTILET STACK

CounwumBER T T T R
_DATE L 8728776
sTACK TEMPERATURE, DEG. F B TS
“PERCENT EXCESS AIR o T  qes,
PERCENT TSOKINBTIC _ . 1063.1 .
STACK FLOW RATE 0 68301.
_SCEM* DRY s e e

STACK FLOW RATE 162545,
ACFH,WET

VOLUKE OF GAS SAMPLED - 82.8
SCF* DRY

PARTICULATES, EPA METHOD 5:

" CATCH - HGRAMS T T 1155.9

EMISSION RATE - 127.72
LBS/HR S o

PARTICULATES, EPA METHGD 5 + IMPINGELRS:

CCamCH - memAws 77T Mes0.r
. CONCENTRATION — GR/DSUE* _ . 6.313_ . ..

EMISSION RATE - B , 185, €4
LES/HR _

* 68 DEG F, 29.92 IN. HG



TRUN NUMBER

DATE

[op

STACK TEMPESRATURE, DE

PERCENT EYCFSS AIR

_ PERCENT ISOKINETIC

STACK FLOV RATE
SCFiM* DRY

STACK FLOY RATE
ACFM,WET

VOLUME OF GAS SANPLED
SCF* DRY

Ve

1]

PARTICULATES, EPA METHOD 5:

" CATCH - MGEANS

¢<CONCENTFA?JOﬂ7:”§RZPSCffTW

EMISSTON PATE -
L3S/HR

NTURI INLET CCCT

9,30,76

364,

21429.3

1471.69

PARTICULATES, EPA dETHOD 5 4+ INPINGERS:

CLTCH - MGRAWS

CONCENTRATION = GP/LSCE*

EMIS3TON RATE -
LBS/HE

* 68 LDFG F, 29.92 Ib.

o
N

22

1528.58

5.388

7.6

T T SUMAARY OF RESULTS,PARTICULATE EMISSIONS

9,30,76

366.

146,

97.0

3¢831.

65192,

57.5

2159¢€.5

1528.27

22347.4

5.985

1581.26

BT

107 V/76
382.
166.

10E. 4

29797.

67057,

19022.1
4.878

1245.67

196547
5.051

1289.71
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SUMMARY OF ZESULTS,PARTICULLATE

DHISESIONS

VIELTURY~SCLRUBEER CUTLET STACK

CPUN NUMBER - 2
DATE ) 9/3C0,76
STACK TEMPERATULRE, DEG. F 166,
PERCANT FXCESS :IR 7 T lhue.
PERCENT 1SNKINETIC - 101.2
STACK FLOW RATE ' 75389.
SCFM* DPY e
STACK FLOW RATE 121156.
ACFE, WET
VOLUNE GF GAS SIMPLEL 49.4
SCE* DRY ] *
PAPTICULATES, EPA METIOD S
CATCH - HGRANS ' ' 1667.9
CONCENTGATION = GR/DSCF*  0.52C
BMTSSTON 2ATD - 335.75

LBS/IR

PARTICULATES, EDPMN METHOD S 4+ IMPINGERS:

CATCU - LGRAMS 20664

CONCENTEATION ~ GR/DSCFx 0.ouly

ENISSION RATE - 415, 50
LBS/HR

@

* b4 DEC F, 29,92 IN, |

i0

Y/30,/76
145,
146,
103.9

73062,

113166,

48.7

1¢17.2

0.512

32G.35¢C

1903. 5
C0.602

377.08

6y 1,76
147,
165,

106. 4

71668.

114850,

49.4

0.477

293,21



Table 6

SUMMARY OF'RBSULTS,PABTICULATE’EMISSIONS

VENTURI INLET CUCT

. . LBS/HR

x 68 DEG F, 29.92 IN. HG

“RUN NUMBER 2 3
DATE 10, 77,76 10/ 7/76 10/ 7/76
STACK TEMPERATURE, DEG. F 410. 410. 425.
“DERCENT EXCESS AIR “q3s. 138, 138.
_PERCENT ISOKTNETIC 109. 3 105.9 107.2
STACK FLOW RATE 30029. 32324, 30422,
______ SCPM* DRY e ) ]
STACK FLOW RATE 68482 . 72455. 72792.
ACF M, WET ) .
VOLUME OF GAS SAMPLED 40.8 38.6 36.8
~ SCF* DRY L ] . )
PARTICULATES, FPA METHOD 5 + IMPINGERS:
CATCH - M4GEAMS 59145. 3 48014, 1 49067.9
;~“CONCENTRATION#;”GR/Dscf?;;;f;;ﬂw22.39§”“w“ ~19.158 20.541
FMISSION RATE - 5740.18 5306.97 5355. 24



Table 7
~ SUNMARY OF WESULTS,PARTICULATE EMISSIONS ~

_ VENTURI-SCRUBBER GUTLET STACK

T I;?#{;J'NWNUMB ER S T T S 2 T 3
__DATE . ; e 10y 676 10/ 6,76 10/ 6/76
STACK TEMPLKATURE, DEG. F 151, 153. 151.
w“‘PERCENdeXbFSSMXIRMMQW"MW‘MWMWN“MMNH3O.WWWV“WMM'A133.A'”m ’ 1“6.
_ PERCENT ISOKINETIC  _ _  107.9 _  109.8 » 101.2
_ STACK FLOW RATE . . 68084. 66322, 65319.
o SCRMEODRY
STACK FLOW RATE 105586, 110040. 105097,
ACFM,WET
VOLUME OF GAS SAMPLED - 47.8 29.7 26.9
. .scrx opRY — S
PARTLCULATES, EPA METHOD S:
 CATCH - mGrans T 0.0 0.0 0.0
_ CONCENTRATION - GR/DSCE*_ __ 6.000 ___  0.000 €. 000
EMISSTON RAIE - 0.00 0.C0 €.00

LBS/HR

PARTICULATES, EPA METHOD S 4 INDPINGFERS:

©CATCH - NGRAMS T T 2963.6 0 77T 1617.5 1487.0
_CONCENTRATION - GR/LSCF* 0.954 0.840 0.851
EMISSION RATE - 556.53 477.31 476.19
~ LBS/HR ) ) )

* 68 DEG F, 29.92 IN. lG
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Table 8

Summary of Results

particulate Size Analysis

Condition 2 Inlet
Physical Particle Aerodynamic Particle pPercent Less Than
Size, Microns Size, Microns §E§ted Size,Weighthasis
6.85 8.15 67.4
4.30 5.12 47.4
2.83 3.37 23.6
1.97 2.34 7.4
1.24 1.48 3.6
0.63 0.75 3.1
0.38 0.45 2.8
0.25 0.30 2.5

Sampling Conditions

Location: Point A-4

Sampling Time: S min.
Sample Volume: 6.89 acf
Stack Temperature:370°F

Date: 10-1-76



Table 9

Summary of Results

Particulate Size Analysis

Condition 2 Outlet
Physical Particle Aerodynamic Particle Percent Less Than
Size, Microns Size, Microns Stated Size,Weight Basis
10.40 9.77 99.9
6.52 6.15 95.9
4,34 4.09 92.9
3.01 2.84 91.0
1.90 1.79 87.2
0.98 0.92 79.6
0.59 0.55 69.2
0.39 0.37 40.4

Sampling Conditions

Location: Point B

Sampling Time: 9 min
Sample Volume: 8.60 acf
Stack Temperature: 150°F

Date: 10-1-76
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Table 10

Summary of Results

Particulate Size Analysis

Condition 3 Inlet
Physical Particle Aerodynamic Particle Percent Less Than
Size, Microns Size, Microns Stated Size,Weight Basis

9.02 10.3 ‘ 1.4

5.59 6.38 -

3.71 4.24 -

2.58 2.95 -

1.64 1.87 -

0.84 0.96

0.50 0.57 1.1

0.34 0.38

Sampling Conditions

Location: Point E-7
Sampling Time: 15 min
Sample Volume: 13.37 acf
Stack Temperature: 463°F
Date: 10-7-76
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Table 11

Summary of Results

Particulate Size Analysis

Condition 3 Outlet
Physical Particle Aerodynamic Particle Percent Less Than
Size, Microns Size, Microns Stated Size,Weight Basis
14.9 14.1 . 81.9
9.32 8.79 60.8
6.23 5.88 42.5
4.34 4.09 38.1
2.72 ' 2.57 29.0
1.41 1.33 22.7
0.86 0.81 21.8
0.59 0.55 20.4

Sampling Conditions

Location: Point D-5
Sampling Time: 15 min
Sample Volume: 7.09 acf

Stack Temperature:151°F

Date: 10-7-76

16



Table 12

WATER ANALYSIS RESULTS

DATE PART . SAMPLE SOLIDS*
TEST # IDENT. OIL &
A- INLET TOTAL SUSPENDED  DISSOLVED  GREASE
B-OUTLET (mg/L) (mg/L) (mg/L) (mg/L)
9-29 1 1A 2393 152 2241 94
1B 2932 462 2470 457
9-30 2 2A 2629 152 2477 126
2B 4384 1232 3152 360
3 3A 2577 134 2443 103
3B 4803 620 4183 301
10-1 4 4A 2791 104 2687 92
4B 4441 964 3477 252
10-6 5 5A 4973 152 4821 33
5B 13020 11332 1866 621
6 6A 4929 150 4779 66
6B 11442 6236 5206 476
10-7 7 7A 4425 142 4283 44
7B 13302 12632 670 813
8 8A 4149 224 3925 35
8B 14553 10248 4305 733

*Total solids figures are accuyrate. Dissolved solids figures are

questionable, since the method for dissolved solids is designed for much

lower concentrations.
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PROCESS DESCRIPTION AND OPERATION

The Everds Brothers, Inc. plant located near Titonka,

Iowa, is a modified Barber-Greene continuous drum-mix asphalt
plant. The modifications allow the plant to manufacture asphalt
using recycled asphalt pavement removed from existing road surfaces.

In general, the continuous drum-mix plant operates in
the following manner: coarse and fine aggregate is proportion-
ately released from feed hoppers (according to the type of road
mix being produced) onto a conveyor which drops the aggregate
into the elevated end of the rotating drier. The aggregate
is mixed, dried, and heated so that when the asphalt is
introduced into the drier, the desired asphalt mix is produced.
The hot asphalt mix leaves the drier and is mechanically elevated
to holding bins for storage until released into trucks for
hauling to the job site.

Potential emissions consist of stone dust from the aggre-
gate and hydrocarbons from the asphalt introduced in the drier.
When recycled asphalt pavement is used, a greater amount of hy-
drocarbons in the form of pulverized asphalt is introduced,
thereby increasing the possibility of larger potential emissions.
As shown in Figure 1, control equipment consists of a venturi-
scrubber system with a separator stack. During the testing the
normal pressure drop across the venturi was 14 to 15 inches
of water, with the scrubber using from 450 to 485 gallons of

water per minute.

18
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FIGURE 1. PROCESS AIR FLOW SCHEMATIC § SAMPLING LOCATIONS
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At the beginning of the testing program, the fine aggregate-
pulverized recycled asphalt pavement - was introduced into the
drier just prior to the asphalt injection location. The as-
phalt mix produced consisted of 66% recycled asphalt and 34%
gravel, and at a rate of 185 tons per hour. Due to problems with
the recycled material injection system, the fines injection at
the midpoint of the drier had to be abandoned and replaced with the
jntroduction of the recycled material in the normal manner, i.e.,
with the coarse aggregate, by conveyor. The original method
constituted condition one, while the subsequent system became
condition two, with a production rate of 185 to 205 tons perT hour.

After a partial analysis of the results from the first series
of tests the plant mode of operations was changed substantially
by Everd Brothers in an attempt to clean up the plume; The slope
of the drum mixer was jncreased from 2 to 2.98°., Aggregate
mix was changed to 70% recycled asphalt and 30% limestone with
a rate of production of 245 to 250 tons perT hour. This condition
of operation was designated condition three. Following is a

table cataloging the parameters for each of the three conditions.

20
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SAMPLING AND ANALYTICAL PROCEDURES

A1l of the sampling and analytical procedures used were
those recommended by the U.S. Environmental Protection Agency
or the Iowa Department of Environmental Quality.

In accordance wtih Method 1, the number of points to be
sampled was determined by the distance of the traverse axes from
the nearest gas strean disturbances. The location of each
sampling point was also found using Method 1 guidelines.

The venturi-scrubber inlet testing was performed on the
ducting between the drier and the fan. As shown in Figure 2,
the duct cross section was divided into 48 equal areas, with
eight sampling points on each of the six traverse axes. Due to
the duct dimensions, the access holes were staggered as illus
trated in Figure 2, and labeled A through F. While testing con-
ditions one and two, each point was sampled for two minutes each
for a total testing time of 96 minutes for each run. For
condition three, each point was only sampled for one and a
quarter minutes, giving a total testing time of 60 minutes
for each run.

For the outlet testing at the separator stack, the stack
cross section was divided into 48 equal areas. Four ports
1abeled A through D as shown in Figure 3 provided access to the
traverse axes. Each of the points was sampled for two minutes
for a testing time of 96 minutes for each run performed on con-

ditions one and two. Condition. three tests sampled each point for only
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one and a quarter minutes for a run time of 60 minutes.

Velocity data was taken following Method 2, while Method
3 was used in determining the molecular weight, excess air,
and composition of the stack gases. In general, Method 5 as out-
1ined in the Federal Register provided the sampling and
analytical procedures that were followed; however, the analysis
also included the condensibles found in the impinger water. For
condition three tests, a Method 8 sampling train configuration
with the filter placed between the third (dry) impinger and the
fourth (silica gel) impinger was used. Paritcle sizing was per-

formed using an Andersen Head Impactor and a Method 5 sampling

train.

On the first test performed on condition two at the
outlet (labeled "outlet #2), the frit material in the filter
holder broke on the last point in the test. There seemed to be
negligible particulate carryover, as most of the particulate
was adhering to the filter and was not in a loose, dry state
in the filter holder chamber.

All equipment used was manufactured by Research Appliance

Company, Nutech Corporation, or Entropy Environmentalists, Inc.
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