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The contents of this report reflect the views of the authors who 
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CHAPTER I 

INTRODUCTION 

As the nation faces a growing energy shortage and a con

comitant shortage of road materials, transportation depart

ments at all levels are re-evaluating present construction 

methods. The Texas Department of Highways and Public Trans-

portation is no exception. Project 214, also called "Engineer-

ing, Economy and Energy Considerations in Design, Construct~on 

and Materials," is a study made by the department on the 

efficient allocation of energy, material, and financial re

sources.1 As a result of the study, a small experimental 

recycling project was initiated by the department in 1974 

near McAllen, Texas. 

PAST METHODS 

Concurrent with the McAllen experiment, a contract was under 

way north of Snyder, Texas on U.S. 84 in the Abilene District. 

The design criteria of the project was typical of past methods 

used in correcting deterioration problems on the highway sys-

tern in the district. The design called for an overlay of 3 

inches of asphalt stabilized base and 1-1/2 inches of asphaltic 

concrete pavement; a type of rehabilitation that has been used 

for the past four or five years in the Abilene area with mod-

erate success. The cracked pavement eventually reappears 

however, providing a limited solution to the problem. Before 

the recycling concept, the best alternative to the overlay 

procedure was to remove all the old pavement, reshape and 

1
"Engineering, Economy and Energy Considerations in Design, 
Construction and Materials," Texas Department of Highways 
& Public Transportation and Texas Transportation Institute, 
Texas A & M University, Cooperative Research Project 
2-9-74-214. 
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restore the base, and replace the entire surface with approx1-

mately 5 inches of asphalt materials. This has proven to be 

not only expensive and wasteful, but also harmful to the en

vironment as the old pavement had to be buried or deposited 

in open areas. 

FIRST ATTEMPT AT RECYCLING IN DISTRICT 8 

Because of the possibilities observed at the McAllen 

recycling project, a request was approved to explore recycl

ing on the ongoing U.S. 84 overlay project. Under a revised 

contract agreement, the contractor was to remove approximately 

1/2 mile of the existing asphaltic concrete pavement, crush, 

heat, and relay the material as an asphalt stabilized base. 

To reach the required asphalt content, additional asphalt 

was added ranging from 1 percent AC-10 to 4 percent EA-llM 

1 . 2 R d emu s1on. oa way results were satisfactory--mix appearance 

as well as workability were both good. 

The hot-mix plant used on this project was a standard plant 

with a bag filter system. The pollution problems were intense. 

The asphalt particles clogged and eventually destroyed the 

entire set of filtration bags causing 100 percent stack emis-

sions. 

plant. 

The standard plant was then replaced with a drum-dryer 

Stack emission problems still persisted. After varying 

the percent mixtures of different types of asphalt, moisture 

content, and percents of new aggregate with the salvaged 

material, it was determined that modifications of the plant 

would have to be made to meet Texas Air Control Board standards. 

In succeeding years, equipment manufacturers began development 

of pollution-free recycling systems. After observing experi

ments throughout the United States and witnessing the successful 

2Texas Highway Department, 1972 Standard Specifications 
for Construction of Highways, Streets and Bridges. 
Adopted by the State Highway Department of Texas, January 
3. 1972. 
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efforts of two separate systems, a request was approved for 

a complete rehabilitation project on Interstate 20 at 

Roscoe, Texas. 

Because of the experimental nature of the project, a 

Pre-Bidders Conference was held in the District Office in 

Abilene on March 10, 1977 to give interested contractors an 

opportunity to discuss possible problems and to offer comments 

for project improvements. The following contractors were 

present and expressed interest in the project: 

Abilene Paving Company, Inc. 

Ashland Oil, Inc. 

Bailey Bridge Company, Inc. 

Cooper & Woodruff, Inc. 

Dahlstrom Corporation 

Jagoe-Public Company 

J. H. Strain & Sons, Inc. 

Jones Bros. Rental Equip. Co., Inc. 

Strain Brothers, Inc. 

Texas Bitulithic Company 

H. B. Zachry Company 

Abile!le, Texas 

Cambridge, Mass. 

Abilene, Texas 

Amarillo, Texas 

D/FW Airport, Texas 

Denton, Texas 

Tye, Texas 

Odessa, Texas 

San Angelo, Texas 

Dallas, Texas 

San Antonio, Texas 

On March 24, 1977, the contract was let to J. H. Strain 
Other bidders on the project 

Work 
& Sons, Inc. for $1,724,262.61. 

were cooper & Woodruff, Inc., and Ashland Oil, Inc. 

began on this project July 5, 1977. 



COMPUTERIZED ANALYSIS 

CHAPTER II 

DESIGN CRITERIA 

The highway department computer program, "Flexible Pavement 

Design System," was used in determining pavement design 

for the recycling project. 1 Major variables considered in 

the pavement design program are freeze-thaw cycles, annual 

rainfall, soil types, vertical rise of soil, traffic volume 

and related axle weights, and expected pavement life. Other 

less significant values must also be considered in the design 

program. (See Technical Appendix I) 

Design criteria for the section was determined to be 8 inches 

of asphalt stabilized base, 10 inches of flexible base, and 

1-1/2 inches of asphaltic concrete pavement overlay for a 

riding surface. (See Figures 1, 2, and 3) 

HISTORY OF EXISTING PAVEMENT STRUCTURE 

A complete soil and roadway materials analysis was made on 

the 2.9 mile section of I.H. 20 which was selected as the site 

for the recycling project. Samples of existing roadway 

materials were sent to the Materials and Test Division of the 

Texas Department of Highways and Public Transportation in 

Austin, Texas, the Texas Transportation Institute in College 

Station, Texas, and the Center for Highway Research at the 

University of Texas in Austin, Texas. Evaluations of the 

various test results are included in this report. (See 

Technical Appendix II) 

1
Texas Highway Department, Part I - Flexible Pavement Design 
Manual, Highway Design Division, 1972. 
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BATCH DESIGNS 

FOR 
ASPHALT STABILIZED BASE MATERIAL 

ITEM 13057 

Mixture made up of the following materials: 

1. Salvaged Pavement 
2. Salvaged Flexible Base 
3. New Coarse Aggregate 
4. Asphalt 

% % % % Type 
1. Mtl. 2. Mtl. 3. Mt1. 4. Mtl. New Aaph. 

67.65 15.69 14.70 1.96 AC-3 

67.48 15.65 14.67 2.20 AC-3 

67.48 15.65 14.63 2.44 AC-5 

67.12 15.61 14.60 2.72 AC-3 

67.00 15.53 14.56 2.91 AC-3 

Figure 3 

% New Aaph. 
added to 

100% Aur. 

2.0 

2.25 

2.25 

2.8 

3.0 

4c 
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In general, the existing asphaltic concrete pavement ma~erial 

contained approximately 5.8 percent asphalt. Existing pave-

ment aggregate had retained its original quality. 

particle size of the aggregate was 3/8 inch. 

PAVEMENT DESIGN DETERMINATIONS 

Maximum 

To produce an asphalt stabilized base from the salvaged 

material, Item 292, "Asphalt Stabilized Base," as described 

in the Texas Highway Department's standards and specifications, 

was used .as a control. 2 Since the existing pavement was only 

5-3/4 inches deep, additional existing flexible base (approx

imately 2 inches) was included to make up the 8 inches called 

for in the design. A mixture of 70 percent salvaged pavement, 

20 percent coarse aggregate additive, and 10 percent 

salvaged base was used to produce the asphalt stabilized 

base. Laboratory tests indicated the remaining untreated 

limestone base, exposed by removal of the top 7-1/2 inches, 

contained an excessive amount of fine particles. The tests 

also indicated that the existing ba~e could meet design 

specifications by compaction. A 4 percent solution of ernul-

sified asphalt would waterproof the existing base and give it 

the desired stability. 

Laboratory tests indicated that 2.5 percent high penetration, 

(AC-3), asphalt would be sufficient to coat the additional 

aggregate and soften the existing asphalt. Such an addition 

would raise the penetration of the residual asphalt from 

approximately 20~ to mid 50, adequate for asphalt stabilized 

base. 

2Texas Highway Department, 1972 Standard Specifications 
for Construction of Highways, Streets and Bridges. 
Adopted by the State Highway Department of Texas January 3, 
1972. 
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CHAPTER III 

CONSTRUCTION PROCEDURE 

I.H. 20 traffic was removed from the lane under construction 

to allow complete freedom of operations. 

was speed-zoned to 40 MPH~ 

PAVEMENT REMOVAL & SUBGRADE PREPARATION 

The entire section 

The existing asphaltic concrete pavement and approximately 2 

inches of the flexible base was scarified with ripper teeth 

mounted on the rear of a D-14 motor grader.* The scarified 

material was bladed into a windrow and picked up with a 

front-end loader and transported three miles to the crushing 

location.* 

After removal of the required surface and base material, the 

contractor disk-plowed the remaining base material to loosen 

it for penetration of an asphalt emulsion. The emulsion 

a p p 1 i cat i on v a r i e d de p ending on a i r t em per at u r e and ;r, o ~ s t u r c 

content of the base material. The emulsion was plowed into 

the base material and mixed with a high speed mixer to a 

depth of 10 inches.* Three mixing cycles were requjred For 

uniform mixing. The base material was then compacted hith a 

vibrating roller. Test holes were periodically cored to 

observe the condition of the base for uniform mixing and 

mixing depth. Rolling patterns and density tests t)troughout 

the pro j e c t were obtained with a n u c 1 ear dens i t y mach i ;H' . 

The base was shaped to grade and a light solutjon of emuision 

was applied for a prime coat. The tests and their results 

were recorded by the field inspector for depth documcntion. 

* See pictures at end of chapter. 
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The base material and asphaltic concrete pavement removed from 

the roadway were stockpiled together at the beginning of the 
project. This procedure, however, proved unsatisfactory. 

Removing the base and existing surface together was discon

tinued because the base tended to segregate in the stockpile 

producing a nonuniform material after crushing. After 

isolating the segregation problem, the 2 inches of existing 

flexible base was stockpiled separately. 

A jaw-type crushing unit was used successfully--no gumming of 

the crusher jaws occurred.* A cone crusher had been tried at 

another location in the district with unsuccessful results as 

the cone tends to "pancake" the material instead of breaking 

it down. A recrushing of all asphalt particles exceeding the 
1-1/2 inch maximum was required. 

MIX-PLANT OPERATIONS 

The mix plant for this project was a Boeing Drum-Dryer Plant* 

which had been modified to avoid the pollution problems 

encountered on the district's first recycling attempt on 
U.S. 84 north of Snyder. 

A thermal shield made from high alloy steel was placed in 

front of the burner in the dryer to disperse the flame evenly, 

creating a uniform distribution of heat.* In addition, the 

shield prevented the materials from being exposed directly 
to the flame. 

Modification was required on the feed-belt system into the 

drum since the standard system dropped the crushed material 

and mix ingredients directly into the open flame.* The feeder 

belt was moved from the top of the drum to the bottom where 

materials could be induced into the drum beneath the flame. The 

feeder belt change greatly reduced pollution problems. 

* See pictures at end of chapter. 
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d O f the Boeing Plant was covered with 3 inches of The lower en 
high-quality insulation to prevent heat loss and to create a 

more uniform temperature range throughout the drum.* The 

d Wl.th metal to hold it in place. A insulation was covere 

variable choke venturi was installed in the duct work between 

the drum and the wet scrubber dust collector.* Each side of 

the venturi was equipped with sixteen high pressure spray 

nozzles to knock out dust particulate as it passed through 

the ducting. The only other modification to the plant was 

water nozzles on the belt in front of the entrance to the plant 

that saturated the fine asphalt particles before they entered 

the plant. This process prevented the particles from drying 

too rapidly in the intense heat. 

AIR QUALITY CONTROL 

After all plant modifications, the stack output was running 

40 percent opacity which would not pass Air Control Board 

standards. In an effort to reduce opacity, the moisture 

content of the crushed pavement was increased by watering the 

stockpile with a watertruck. Tests indicated that 6 percent 

moisture in the recycled mix solved the opacity problem; 

the stack readings were well within the standards of the Air 

Control Board and the problem of excessive moisture retention 

in the mix was not encountered. 

Two separate stack samRles were taken by the Air Control 

Board during this project--one September 21 and 22, 1977, 

and another on November 2, 1977. The results of the Septem

ber test showed a concentration of .0977 grains per dry 

standard cubic foot, falling short of the Air Control Board 

specifications of .04 grains. The November test results 

showed .0645 grains, again not conforming to Air Control 

Board specifications. The failure in both tests was due to 

* See pictures at end of chapter. 
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vaporized asphalt, rather than dust particles, collecting on 

the test filters in the plant. Portions of . these stack 

sample results are included in this report. (See Technical 

Appendix IX) 

As a result of the data gathered in the two stack sample 

• tests, equipment alterations and new methods of material 

manipulation will be implemented in future recycling projects 

in a concerted effort to reduce the particulate to conform 

to Air Control Board standards. 
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Picture #1 - Ripper teeth mounted on the rear of a 
D-14 motor gradBr. 

Picture #2 - Scarified material bladed into a 
windrow. 
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Picture #3 - High speed mixer used to mix emulsion 
into existing base material. 

Picture #4 - Modified Boeing Drum-Dryer Plant 
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Picture #5 - Thermal shield made from high alloy 
steel 

Picture #6 - Feed-belt inducing materials into 
bottom of drum beneath flame. 
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Picture #7 - Crushing Unit 

Picture #8 - Belt Feed to Boeing Plant 13 

Picture #9 - Insulation on lower end of Boeing 
Plant to prevent heat loss 

Picture #10 - Variable choke venturi 

14 



ENERGY COMPARISONS 

CHAPTER IV 

ENERGY ANALYSIS 

To compute the energy analysis, actual fuel consumption 

over a typical three day period of operations was recorded. 

(See Pages 17 and 18) Daily records for the three day 

period were maintained on all equipment using diesel and 

propane fuel. Records for propane fuel use on the dryer 

in the plant were already being maintained for the length 

of the entire project. 

While the overall energy consumption for recycled base is 

1 e s s than t hat o f s t and a r d asp h a 1 t i ·c s t a b i 1 i z e d b a s e , t h e 

propane fuel used in the plant dryer with recycled material 

exceeded the amount of fuel needed for standard asphaltic 
stabilized base. The plant used on this project consis-

tently used 3 gallons of propane per ton of recycled material. 

An average figure for propane used on standard asphaltic stab

ilized base is 2.6 gallons per ton of mix. 

The drum-dryer plant used on this project requires the 

addition of free moisture for polluti~n control. Other 

types of hot-mix plants may not require the addition of 

moisture in the mix. In cases where moisture does not have 

to be added, the propane fuel consumption of the recycle 

method versus the standard method has been found to be very 
close. 

Another factor to be considered in establishing amounts 

of energy consumption on a project · is availability of a 

15 

base source. There was ~ base source in close proximity 

to the I.H. 20 project making the haul distances for both 

the recycle method and the standard method very close. 

The greater the distan~e of the base source from the project, 

the greater the savings from recycling. 

16 



BASIS FOR ENERGY CALCULATIONS* 

CRUSHING UNIT: 

Major Equipment - D-353 Cat Power Unit 

Diesel Consumed-

D-343 Cat Generator Set (200 kw) 

966 Loader 

621 Cat Scraper 

D- 6 Cat Dozer (1/2 time) 

F-600 Ford Water Truck 

F-600 Ford Service Truck 

425 gal/day 

Production of Recy~led Material- 1500 ton/day 

Fuel Consumption- 0.28 gal/ton 

DRYER SUPPORT EQUIPMENT: 

Major Equipment - D-398 Cat Electrical Unit 

980-B Cat Loader 

F-600 Ford Water Truck 

Diesel Consumed- 500 gal/day 

Production of Recycled Material- 800 ton/day 

Fuel Consumption- 0.62 gal/ton 

NOTE: The consumption rate is high for this operation 
because this is the total energy source for the 
plant operation. This power plant runs continuously 
whether in production or not. 

BOEING DRYER DRUM: 

Major Equipment - Boeing 600 Heater 

Propane Consumed- 3500 gal/day 

Production of Recycled Material- 1156 ton/day 

Fuel Consumption- 3.00 gal/ton 

* Production and consumption quantities are averages based 
on three days of production. 
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LOAD AND TRANSPORT BASE: 

Major Equipment - 14-G Cat Blade 

12-F Cat Blade 

Diesel Consumed-

Ford F-150 Mechanic Truck 

GMC Service Truck 

11-Various Capacity Dump Trucks 

2-966 Cat Loaders 

1-980 Cat Loader 

2002 gal/day 

9~75 tons Material Transported

Fuel Consumption- 0.2 gal/ton 
HAUL AND PLACE RECYCLE MIX: 

Major Equipment - Barber Green Laydown Machine 

Cedar Rapids Laydown Machine 

Tampa Pneumatic Roller 

Tampa Vibrating Roller 

GMC Service Truck 

F-100 Sign Truck 

F-100 Foreman Truck 

7-12 CY Tandem Dump Trucks 

Fuel Consumed- 884 gal/day 

Production of Recycled Material- 2679 tons 

Fuel Consumption- .33 gal/ton 

18 



ENERGY REQUIREMENTS 
FOR RECYCLED ASPHALT STABILIZED BASE 

MATERIALS: 

(2.8\) Asphalt Cement 
Manuf·acture 
Haul 70 Mi. 

1 Ton Asphalt Cement (100%) = 587,500 Btu/t 
457,800 Btu/t 

1~045,300 Btu/t 
29.269 

X 2 @ 3~270 Btutt 
Total 

1~045~300 Btu/t X 2.8% Asph. in Mix 

Salvage Base (20%) 
Load & Haul Base 0.2 Gal/t 
0.2 Gal/t X 139~000 Btu/gal X .20 
97.2% X 5,560 Btu/t 

Crushed Rock Additive (15%) 
4 Mi. Haul X 2 X 3,800 Btu/t 
.28 Gal Fuel/t X 139,000 Btu/gal 

Total 
69,320 Btu/t X .15 
97.2% X 10,398 Btu/t 

Crushed Bituminous Materials (65%) 
Scarify & Transport (avg. 3 mi) 
0.2 Gal. Fuel/t X 139,000 Btu/gal 
Crush Bit. Cone. & Stockpile 
.28 Gal Fuel/t X 139,000 Btu/gal 

Total 
66,720 Btu/t X .65 

. 972 X 43,368 Btu/t 

PLANT OPERATION: 

Propane Fuel for Dryer 
3 Gal/t X 91,000 Btu/gal 

Plant Support Equipment 
0.62 Gal/t X 139~000 Btu/gal 

Total 

HAUL AND PLACE MIX (avg. 3 mi) 

0.33 Gal Fuel/t Mix X 139,000 Btu/gal 

TOTAL ENERGY CONSUMED 

= 

= Btu/t 

= 5,560 Btu/t 
= 5,404 Btu/t 

= 30,400 Btu/t 
= 38,920 Btu/t 

69,320 Btu/t 
= 10,398 Btu/t 
= 10,107 Btu/t 

= 27,800 Btu/t 

= 38,920 Btu/t 
66,720 Btu/t 

= 43,368 Btu/t 
= 42,153 Btu/t 

= 273,000 Btu/t 

= 

86,180 Btu/t 
359,180 Btu/t 

45,870 Btu/t 

491,983 Btu/t 

SOURCE: Basic energy calculations taken from "Energy Requirements 
For Roadway Pavements,: The Asphalt Institute, Asphalt 
Institute Building, College Park, Maryland 20740, 
MISC-75-3~ April 1975. 
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ENERGY REQUIREMENTS 
FOR STANDARD ASPHALT STABILIZED BASE 

MATERIALS 

Asphalt Cement (6.5%) 
Manufacture 1 Ton Asphalt Cement (100%) 
Haul 70 Mi. X 2 @ 3,270 Btu/t 

Total 
1,045,300 Btu/t X .065 Asph. in Mix 

Crushed Limestone 
0.28 Gal Fuel/t X 139,000 Btu/gal 
38,920 Btu/t X 93.5% 

WASTED OLD PAVEMENT 

Scarify & Haul Waste Pavement 
0.2 Gal Fuel/t X 139,000 Btu/gal 

PLANT OPERATIONS 

= 
= 

= 

= 
= 

= 

Propane 2.6 Gal Fuel/t X 91,000 Btu/gal = 

Plant Support Equipment 
* 500 Gal/day Fuel = . 33 Gal/t 

1500 Ton/day 
.33 Gal/t X 139,000•Btu/gal 

Total 

HAUL AND PLACE 

** 7 mile 
3 mile X .33 Gal/t X 139,000 Btu/gal 

TOTAL ENERGY CONSUMED 

TOTAL ENERGY SAVED PER 

= 

= 

TON OF RECYCLED MIX = 

29.652 BTU 
521,635 Btu/t = 

587,500 Btu/t 
457,800 Btu/t 

1,045,300 Btu/t 
67~945 Btu/t 

38,920 Btu/t 
36,390 Btu/t 

27,800 Btu/t 

236,600 Btu/t 

45,870 Btu/t 
282,470 Btu/t 

107,030 Btu/t 

521,635 Btu/t 

29, 652 BTU 

5.7 SAVED 

SOURCE: Basic energy calculations taken from "Energy Requirements 
For Roadway Pavements," The Asphalt Institute, Asphalt 
Institute Building, College Park, Maryland 20740, 
MISC-75-3, April 1975. 

* 

** 

1500 Ton/day is the average production for this area. 

Virgin materials processed 7 miles from the job site 
rather than 3 miles. This conversion is used to extend 
energy consumed because of the additional miles. 
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CHAPTER V 

SUMMARY AND CONCLUSION 

The I .II. 20 project in Nolan County confirmed other evi

dence that the pavement recycling concept is a reality 

and will in fact save energy and raw materials. Although 

a 6 percent energy savings on a project of this magnitude 

is not an overwhelming figure, it is meaningful. Inherent 

factors of the project itself such as base source location, 

type of plant used, etc., reduced energy savings. 

construction materials saved due to recycling was 

imately 50 percent - a significant savings. 

New 

approx-

Traffic was carried directly on the 1 d b recyc e ase for several 
months. The riding surface was not smooth, but structural 

strength was evl·de t · h n Slnce t ere were no failures in the 
base. 

Visual emissions were ne bl d ver a pro ern uring this project, 

however, particulate count on two tests did not meet the 

required .04 grains per standard cubic feet. Meeting par-
ticulate standards is a problem on any · proJect regardless 

of the type materials used. After modifications in plant 

operation and equipment adjustments, tests performed indi

cated a large improvement in emissions control. However, 

required specifications have still not been met. Further 

modifications are showing indications of solving this 

problem. 

The standard Texas methods of rating flexible pavements 

21 

were applied to the 

overall high rating 

an 

values 

sequence 

patterns required to produce optimal compaction were normal. 

on the pavement were 

finished product, resulting in 

in each case. 1 Skid resistance 

well above average. 2 Rolling 

During the project, one load of softening agent (Paxole) 

was mixed with asphalt at a rate of one part agent to 

two parts AC-3. Dramatic changes were observed in the mix 

with the softening agent. 3 Density was easily obtained, 

workability increased, and the mix had the appearance of 

standard asphalt stabilized base. The use of a softening 

agent produces a smoother riding surface for construction 

traffic. Due to these findings, softening agents will be 

required on future recycle projects in District 8. 

The results of this project and the data gathered shows 

that recycling of old asphaltic concrete pavement is a 

viable construction procedure. Evidence indicates that 

the future in recycling will yield tremendous savings 

in energy and natural resources, without sacrificing 

quality in pavement strength or design. 

1Technical Appendix VII 
2Technical Appendix III 
3Technical Appendix V 
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APPENDIX I 

PAVEMENT DESIGN 
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Table 1. Moisture Effects on Marshall Stability Before and After Recycling Table 2. Moisture Effects on Hveem Stability Before and After Recycling 

---
Marshall Stability Marshall Stability 

Before Lottman After Lottman 
Stability Flow Stability Flow 

Sample Value (In} Sample % Water Value _{In) 

Hveem Stability 
Before Lottman After Lottman 

Stability R Stability R 
Sample % Water Value Value Value Value 

I 

23 A7A 31B2 13 A3A 5.0 1733 
ABA 4.7 9B2 16 
A9A 10.6 1400 15 

A5A 45 96 23 90 
ABA 4.7 2B 93 17 B7 
A9A 10.6 40 97 37 93 

Avg 31B2 I 13 Avg 6.B l 1372 1B 
I I Avg 7.6 3B 9B 26 90 
! 

2.0 ! 1499 21 i A4B 
i A6B 1.0 627 22 

A9B 0.0 B66 25 

Avg Avg 3.0 99B 
I 

23 

A48 2.0 36 91 3 34 
A6B · 1.0 lB B3 B 41 
A9B 0.0 27 7B 11 56 

Avg 1.0 27 B7 7 44 

A2C 1043 I 21 I 
ASC 0.0 1019 I 2B 

I ABC 1122 21 

A2C 32 92 3 37 
ASC 0.0 25 7B 15 61 
ABC 20 BO 5 49 

Avg Avg 0.0 ! 1061 I 23 
I Avg 0.0 26 B3 B 49 

02A 1264 23 023A 3.1 i 327 34 
020A 1307 16 042A 1.1 325 34 
033A 69B 20 060A 2.2 I 34B l 35 

l 

023A 3. 1 25 BS 4 36 
042A 1.1 22 76 6 23 
060A 2.2 30 90 4 53 

2. 1 
I 

333 34 Avg BB7 20 Avg . 
Avg 2.1 26 B4 5 37 

011B 2630 21 033B 0.0 432 46 
020B 1469 26 036B 0.3 513 36 
0298 1176 25 0608 0.0 396 44 

033B 0.0 22 72 11 40 
036B 0.3 26 B5 10 62 
060B 0.0 13 76 24 

Avg 175B 24 Avg o. 1 449 42 Avg 0. 1 20 7B 11 42 

011C 1595 21 05C 1.6 495 32 
026C 1553 20 042C 0.4 6BO 35 

057C 0.3 52B 46 

05C 1.6 25 B6 15 59 
042C 0.4 12 67 2 37 
057C 0.3 17 72 16 55 

.L\vg 1574 21 Avg O.B 56B 3B Avg O.B lB 75 11 50 
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Table 3 . Temperature Effects on Resilient Moduli and Indirect Tension 
Data Before Recycling. 

Resilient Modulus Indirect 
(1 o6ps;) Tension 

Sample -l3°F 32°F 77°F l00°F Modulus Stress Strain 
( ps; ) (psi) (in./in.) 

AlA 3.424 1.700 . 7905 .4231 
A2A 2.085 1. 513 .4195 . 1541 
A3A 2.656 1.826 .8847 . 5472 
A4A 2.843 1.436 .4842 .3322 
A5A 2.328 1.054 .3313 --
A6A 2.105 1. 621 .5885 . 2586 
A7A 1.804 1.485 .6557 .3453 
ABA 2.741 1. 474 .4253 .1584 
A9A 3.091 1. 293 . 5693 .3329 
A lOA 2. 776 1.301 .3100 .1893 

Avg 2.585 1.470 .5460 .3046 

AlB -- -- -- --
A2B 3.520 2.554 .8985 . 3501 
A3B 2.825 1. 796 . 7877 . 2465 
A4B 3.952 2.518 .8663 .3341 
A 58 2.470 2.716 .4883 . 2968 
A6B 3.214 1.758 . 5611 .1613 
A7B 2.842 1. 987 .4410 .1426 
A8B 3.746 2.514 1. 0912 . 3299 
A9B 3.085 1.518 .3874 .1131 
A lOB 3.831 2.551 . 7436 .1589 

Avg 3.276 2.212 . 6961 .2370 

AlC 3.318 2.396 1.122 .4231 
A2C 1. 701 .9674 .3797 .2013 
A3C -- -- -- --
A4C 2.691 1.611 .5399 .1844 
A5C 2.804 1. 988 .5438 . 1764 
A6C 2.338 1. 735 .4120 .1824 
A7C -- -- -- -- ·-

A8C 3.676 2. 277 .8958 .1338 
A9C 3.488 2.191 1. 022 .5109 
A10C 2.464 2.551 .5793 .2030 

Avg 2.810 1. 946 .6868 .2519 
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Table 4: Moisture Effects on Resilient Elastic Properties 
Before and After Recycling 

Lottman Procedure Before Lottman 
Resilient 

Vol( Dry) Vol(SSD) % H20 Modulus 
Sample ( cc). (cc) (%) (106 psi) 7JOF 

A2A 218.0 223.6 2.5 . 4195 
A6A 280.0 279.4 .5885 
A lOA 365.2 366.0 0.2 . 3100 

Avg 287.7 289.7 1.4 . 4393 

A5B 493.2 498.3 1.0 . 4883 
A7B 405.8 409.2 0.8 . 4410 
A lOB 483.4 485.3 0.4 . 7436 

Avg 460.8 464.3 0.8 .5576 

A4C 432.7 437.0 1.0 . 5379 
A6C 377.0 381. 1 l.l .4120 
AlOC 392.4 396.0 0.9 . 5793 

Avg 400. 7 404.7 1.0 . 5097 

DBA 529.0 544.6 2.9 . 4323 
036A 498.0 507.2 1.8 .5829 
054A 482.0 495.0 2.7 . 1277 

Avg 503.0 515.6 2.5 .3799 

0268 419.0 431.4 3.0 .6194 
051B 420.0 432.5 3.0 .3248 
D54B 516.0 523:o 1.4 . 3440 

Avg 451.6 462.2 2.6 . 4294 

osc 498.0 510. l 2.4 .6388 
D51C 480.0 485.3 1.1 .4976 
054C 511. 5 520.5 1.8 . 2711 

Avg 496.5 505.3 1.8 .4692 

After Lottman 
Res i1 i ent 
Modulus 
(lo6 psi) 7JOF 

.3099 

. 1947 

.2195 

.2414 

. 1319 

.0598 

.0572 

. 0829 

.0598 

.0688 

.0844 

.0710 

.0317 

.0368 

.0122 

.0269 

.0355 

.0392 

.0345 

.0364 

.0420 

.0345 

.0293 

.0353 
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Table 5: Physical Properties and Stabilities Before Recyciing Tab 1 e 6 : Asphalt Properties Before and After Recycling 
, -

Stability Asphalt Properties 

Hveem Marsha 11 Penetration @ Viscosity @ Ring & Ball 
Bulk Rice % Air Stabi 1 ity R Stability Flow 

Samples So. Gr. S_Q. Gr. Voids Value Value Value {In) 
7rF (MM) 140°F (Poise) TemP (oF) 

Phase •A• 
Al2 1. 445 lB. 4 
AZA 1.555 12. 1 
A3A 1.520 14. 1 
A4A 1. 6Bl 5. 1 

Layer A 14 19,190 146 
Layer B 24 6,64B 134 
Layer C 14 19,702 144 

A5A 1. 500 15.3 45 96 
A6A 1. 575 11. 1 Phase •o• 
A7A 1. 502 15.2 31B2 13 
ABA 1. 5BO lO.B 2B 100 
A9A l. 643 7.2 40 97 
A lOA 

Layer A 36 4 '156 130 
Layer B 36 4,060 129 
Layer C 52 2.309 121 

Avg 1. 556 l. 771 12. 1 3B 9B 31B2 13 

AlB 2.206 7.4 
A2B 2.302 3.4 
A3B 2.242 5.9 
A4B 2.324 2.4 36 100 
A5B 2.301 3.4 
A6B 2.224 6.6 lB B3 
A7B I 2.185 B.3 
ABB 2.27B 4.3 
A9B 2.222 6. 7 27 7B 
A lOB 2.325 2.3 

Avg 2.261 2.382 5. 1 27 B7 

AlC 2. 233 3.9 
A2C 2.195 7.6 32 92 
A3C 2. 2B9 3.7 
A4C 2.327 2. 1 
A5C 2.250 5.3 25 7B 
A6C 2. 249 5.3 
A7C 2.251 5.3 
ABC 2. 271 4.4 20 BO 
A9C 2.296 3.4 
AlOC 2.28B 3.7 

Avg 2.270 2.376 4.5 26 B3 

35 36 



Table 7. Temperature Effects on Resilient Moduli and Indirect Tension 
Data After Recycling. 

Resilient Modulus Indirect 
(l06psi) Tension 

Sample -13°F 32°F 77°F 100°F Modulus Stress Strain 
(psi) (psi) (in./in.) 

D2A 2.664 1.429 . 6174 .1832 
D5A 1.807 1.099 .3170 .1013 26920 66.3 .002462 
DBA 1.902 1.282 .4323 .1430 
D11A 2.126 1.193 .3586 .1096 33741 61.5 .001823 
D14A -- -- -- --
D17A -- -- -- --
D20A 3.721 1. 871 .6761 .1800 
D23A 3.345 2.339 . 8046 .2409 
D26A -- -- -- --
D29A -- -- -- --
D33A 2.632 1.396 .3413 .0708 
D36A 3.113 1.649 .5829 .1612 
D39A -- -- -- --
D42A 2.495 1. 274 .3208 .0818 
D45A 1.905 1. 241 .3482 .0870 13908 43.1 .003100 
D48A -- -- -- --
D51A -- -- -- --
D54A 1.049 .6265 .1277 .0861 
D57A -- -- -- --
D60A 2.5424 1.035 . 3316 . 0979 
Avg 2.440 1.367 .4382 .1286 24856 57.0 .002461 

028 2.339 1. 221 . 4165 .1331 
058 -- -- -- --
088 -- -- -- --
0118 3.400 1. 732 1.147 .4494 
0148 -- -- -- --
0178 -- -- -- --
0208 2.418 1. 552 .5883 .1469 
0238 2.350 1.061 .2705 .0741 
0268 2.688 1.776 .6194 .1899 
0298 2. 774 1.873 . 4615 .0483 
0338 2.085 1.135 . 2572 .0651 
0368 1.306 . 6116 .1668 .0907 
0398 -- -- -- --
0428 -- -- -- --
0458 2.051 1.130 . 2714 .0658 
0488 -- -- -- --
0518 2.442 1. 821 .3248 .0877 
0548 2.068 1. 334 . 3440 .1098 
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Tab 1 e 7. Continued 

Resilient Modulus Indirect 
( l 06ps i ) Tension 

Sample -13°F 32°F 7rF lOOoF Modulus Stress Strain 
(psi) (psi ) (in./in.) 

0578 -- -- -- --
D60B 2.147 1. 381 .4168 .1051 
Avg 2.337 1.386 .4404 .1307 

02C -- -- -- --
05C 2.470 1. 288 .4848 .1587 
08C 2.931 1.479 .6388 . 2269 
OllC 2.669 1. 704 .7334 .2643 
014C -- -- -- --
017C -- -- -- --
020C 3.709 1. 948 .7533 .2485 
023C -- -- -- --
026C 2.004 1.183 . 3595 .0585 
029C 2.848 1.658 .5091 .1274 
033C -- -- -- --
036C -- -- -- --
039C 3.089 1.889 . 2324 .0392 
042C 3.017 1.650 .4110 .0832 
045C -- -- -- --
048C 3.096 1. 720 . 4146 .0887 
051C 2.936 1.669 .4976 .0743 
054C 2.085 1.154 . 2711 .0744 
D57C 2. 711 1.291 .3995 .1079 
060C -- -- -- --
Avg 2.800 1.553 .4756 .1293 

·-~-
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Table 8: Physical Properties and Stabilities After Recycling Jab 1 e 8: Continued 

Stability -
Hveem r~arsha 11 

--~~' -· ~-·-
_,, -~--"·-· -.,--

Stability 
-·-- -· ------~~ 

Hveem Marshall 

Bulk Rice % Air Stability R Stabi 1 ity Flow 
Samg1es So. Gr. Sp. Gr. Voids Value Value Value (In) 

Bulk Rice % Air Stability R Stability Flow 
Samples Sp.Gr. Sp.Gr. Voids Value Value Value (In) 

D2A 2.129 8.6 1264 '23 
DSA 2.035 12.7 
D8A 2.086 10.5 
DllA 2.073 11.0 

051B 2.057 12.8 
054B 2.087 11. 5 
DS7B 2.182 7.5 
0608 2.123 10.0 12 76 

D14A 2.095 10. 1 
Dl7A 2.165 7.1 
D20A 2.229 4.3 1307 16 

Avg 2.020 2. 359 14.4 20 78 1758 24 

023A 2.260 3.0 25 85 
D26A 2.123 8.9 
D29A 2.246 3.6 
D33A 2.066 11. 3 698 20 
D36A 2. 179 6.5 
D39A 2. 011 13.7 
D42A 2.125 8.8 22 76 
D45A 2.010 13.7 
D48A 1. 973 15.3 
D51A 1. 932 17. l 
D54A 1.934 17.0 
D57A 19.54 16.1 
DSOA 2.110 9.4 30 90 

D2C 2. 102 9.2 
D5C 2.126 8. 1 25 86 
D8C 2. 153 6.9 
011 c 2.176 6.0 1595 21 
D14C 2.089 9.7 
Dl7C 2.178 5.9 
D20C 2.208 4.6 
D23C 2.052 11.3 
D26C 2.100 9.2 1553 20 
D29C 2.'178 5.9 
033C 2.172 6. 1 
D36C 2.232 3.5 
D39C 2.244 3.0 

Avg 2. 086 2.330 10.5 19 84 1090 20 042C 2.169 6.3 12 67 
D25C 2. 121 8.3 
D48C 2.142 7.4 

D2B 2.113 10.4 
D5B 2.202 6.7 
D8B 2.138 9.6 
011 B 2.216 6. 1 2630 21 

DSlC 2.145 7.3 
D54C 2. 072 10.4 
D57C 2.157 6.8 17 72 
D60C 2.071 10.5 

D14B 2.009 14.8 
D17B 2. 121 10. 1 
D20B 2.139 9.3 1469 26 

Avg 2.144 2.314 7.3 18 75 3148 20 

0238 2.150 8.9 
D26B 2.119 10.2 
D29B 2.254 4.5 1176 25 
D33B 2.106 10.7 22 72 
D36B 2.058 12.7 26 85 
D39B 2.052 13.0 
D42B 2.068 12.3 
0458 2.025 14. 1 
D48B 2.055 12.9 

40 
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Form 2:. 3-76 

Bo Cbarge 
1 fodoal. . 3-76 

STATE DEPARTMENT OF 
HIGHWAYS AND PUBLIC TRANSPORTATION 

DIVISION OF MATERIALS AND TESTS 
AUSTIN, TEXAS 78701 

GENERAL TEST REPORT 

CONTRACf NO. 

ENGINEER ____ ~w~.~t~.~7~1~·•a1~•"•~---------

ADDRESS ----lr:A~i!t'll.-llH!e~aee------------

CONTRACfOR~~J~.~H~.~S~tr~aH{~QM&~S~on~s,~I~~~.~ 

LABOR A TORY NO. -~F~7+7~Sl.L-10~l~n~t.;)l9 ________ _ 

DATE RECEIVED -¥-9--.2~-'-17+7--------------
9-12-n 

SAMPLED FROM -------------------

QUANTITY ________________________ _ 

CONTROL INFORMATIONAL Po _______ _ 

PROJECT NO. __________________________ _ 

COUNTY _______________ _ HWY. _______ _ 

DISTRICf ____ .ae-REQ. NO. -----------------

MATERIAL _______________________ ___ 

PRODUCER _______________________ __ 

IDENTIFICATION MARKS -----.;J.......,7-~-<7Qyc)4~1)f-·--------

SPECIFICATION ITEM _____________________ _ 

!XTIACTION TEST RESULTS 

l.et. 1/2" 
1/2" - 3/8" 
3/S• • !fo. 4 
Bo. 4 - Ro. 10 
bt. Bo. 10 
!lo. 10 • Ho. 40 
Wo. 40 • No. 80 
Mo. 80 - No. 200 
Pass Jlo. 200 
le~idual Bit~A 

1'77.510109 
Cru.bed BMAC 
q. by wt) 

0 
3.6 

24.2 
22.Z 
so.o 
18.4 
13.6 
.5.6 
6.4 
6.0 

TEST ~E~ULTS ON P~SIDUAL BITUMER 

Viacoetty@ 1400 F., Stokes--------------------·---·---15,396 
~tlllty 0 77Gr •• c.. -----·----------·---------.... ---- 39 
Jeoetr•tioo G 1ror. ~-------.~------·----·----~-~----- 21 

L~. ·:::.,-:"".i c:· r: :.:~:~·5 :':;~ ·{·:~:s 
ru:-, ll'.rC; .. ,,...;,'X~ ....... ,._.._y ~ 

lee Chuck nu~he~ 57 

STATE DEPARTMENT OF 
HIGHWAYS AND PUBLIC TRANSPORTATION 

DIVISION OF MATERIALS AND TESTS 
AUSTIN, TEXAS 78701 

NO CHARGE 

GENERAL TEST REPORT 

CONTRACf NO. --------------------

ENGINEER __ 1llL-• ....JllH· .~P:J..JltmQ!!l.JlLt:ee!l!.--------

Abilene. Texas 
ADDRESS-~~--~----------------

CONTRACfOR ,J. B. Stteia & Sons, Inc. 

CONTROL ______ IN.FO:aMt\TIOlfAL PO _______ ___.. 

PROJECT NO 

COUNTY-~-------- --- .----------··-- HWY ______ ..........,' 

DISTRICT_ 8 _REQ. NO. --u- _ __ ------< 

I 

MATERIAL ________ _ I 
LABORATORY NO. _p:p7~71-l'5H:l-90rllH0J-----------

9-2-77 
DATE RECEIVED --..,_~12,....._ .... 7,...1-----------

i I 
PRODUCER -----------------

SAMPLED FROM --------------------

QUANTITY-------------------------

IDENTIFICATION MARKS ____ __:J~7...:..70..:.:3~5:..:0'-ll=---l 

SPECIFICATION ITEM _________________ ---11 

EXTRACnOH TEST RESULTS 
I 
I 

F77Sl0110 
l.ecyc led RMAC 
'ii/AC-3 Added 
G by wt) 

I 
2,0%1 

She 
tet. 1 ll4" 
1 1/4" • 1" 
1" - 7/8" 
7/SW- 5/t? 
S/8" .. 1/2" 
1/2" - 3/8" 
3/8" - No. 4 
Jlo. 4 - Bo. 10 
bt. No. 10 
Ro. 10 • llo. 40 
Bo. 40 .. 5o. 80 
•o. 80 • Bo. 200 
has Ro. 200 
Rellidual B!t~n 

0 
1.9 
5.2 
4.0 
3.7 
3.4 

19.2 
11.5 
54.9 
15.7 
10.6 
S.l 
8.1 
5.6 

'tEST !U~SULTS ON RESIDUAL BITU1illf 

Yiecosity ~ 14007 •• Stokes------------.--·---3709 
Ductility (l no-,., era.-------·------- 141 
Peaetratioa ~ 7JOF .-------------------------~ 4.5 · 

Di'~isioll ttf ~bteri?~ ')na Test 
FOR IN~OFUv1ATION ONLy 

)8·--

I 

• 

. 



Form :tJI-Rev. 3-76 

STATE DEPARTMENT OF 
HIGHWAYS AND PUBLIC TRANSPORTATION 

DIVISION OF MATERIALS AND TESTS 
AUSTIN, TEXAS 78701 

GENERAL TEST REPORT 

NO CHARGE 

CONTRACT NO.------------ CONTROL In~OIJMtj opg] PD· _____ _ 

ENGINEER __________________ __ PROJECT NO·------------....----

ADDRESS _________________ ___ COUNTY___.rbl!jo"-'1'-"a>!.'r,L._ _____ _ HWY. I-20 

CONTRACTOR _____________ _ DISTRICT __ s~_REQ. NO.---------

LABORATORY NO. --JF:Y7'-17-d5-kl0v,l.,_.l...:;l s.__ ____ _ 

DATE RECEl VED --..ll..1.J _,_-.L11L:.-~7u7:___ ______ _ PRODUCER -------------------
11·3.0-77 

SAMPLED FROM -------------- IDENTIFICATION M ARKS_7uZu.Ol!oll~::..zfj.L7"t-fu... -------

QUANTITY SPECIFICATION ITEM ___________ _ 

EXTPJ\CTION TEST RESULTS 

Size 
Ret. 7/8" 
Ret. 5/8" 
5/811 

- l/2" 
1/?."- 3/8 .. 
3/S" - Eo. 4 
t-b. 4 - No. 10 
Ret. No. 10 
No. 10 - No. 40 
I\o. l:-0- Uo. 80 
l:lo. 89 - No. 200 
Fc:ss !-JD, 200 
Residunl IH tun:. .:1 

Viscosity@ 140~ •• 
Ductility@ 77°F., 
Penetration@ 770F. 

lee C. Haghes 

Ti:ST RESULTS ON R..":SIDUA"':" .. IHTtr:-it:N 

F77510148 
(% by '"t.)_ 

0 
1.7 
11.4 
2.9 

22.6 
21.6 
49.2 
19.7 
lZ.O 
6.4 
7.1 
5~--

Stokes ---------------·------------------------ 19,857 
em. ------------------------------------------- 9 
---------------------------~------------------ 17 

Di~sioo of Mauri~ls ~ TeriS 
FOR. INFORMAllOlt On·l Y 

59 

p 

Form 231-Rev. 3-76 

STATE DEPARTMENT OF 
HIGHWAYS AND PUBLIC TRANSPORTATION 

DIVISION OF MATERIALS AND TESTS 
AUSTIN, TEXAS 78701 

GENERAL TEST REPORT 

CONTRACT NO.------------ CONTROL INFORMA'riONAL 

ENGINEER ____________ ___ PROJECT NO. 

NO CHARGE 

PD· _____ _ 

ADDRESS _____________ _ COUNTY_~N~o~1~an~------ HWY._~_..z ..... o __ 

CONTRACTO"'-------------- DISTRICT_s......_ __ REQ. NO. ----------

LABORATORY NO. -~F~7~7~51~0~1~4~7 _____ __ 

DATE RECEIVED __ ___...__l..o...:l·=-...2"-"1....::-:..LZ..LZ ______ _ PRODUCER --------------------
11-30-77 

SAMPLED FROM ----------- IDENTIFICATION MARKS.--7H7410l.~~6.9H------

QUANTITY--------------- SPECIFICATION ITEM 

EXTRACTION TEST RESL'L't[ 

Size 

Ret. 1 1/2" 
Ret. 1" 
111 

- 7/8" 
7/8"-5/8" 
5/8"-3/8"' 
3/8"-No.4 
No.4-No.l0 
Ret. No.lO 
Ho.10-Ho.40 
No.40-No.80 
No.80-No.200 
Pass No.200 
Residual Bitumen 

F77.510147 
(%by Wt.) 

0 
3.1 
2.2 
4.8 
2.9 

21.8 
17.7 
52.5 
15.8 
9.3 
5.5 

10.1 
6.8 

TEST RESULTS ON RESIDUAL BITUMEN 
0 . 

Viscosity@ 149 F.,stokes ------------··----- 1333 
Ductility@ 77 F., em.---------------------- 141 
Penetration@ 77°F. ---------------------·--- 71 

&'•'•'•• c f ~,~;,;, -;.1 -~ -- .,. 
FO_R •. Ii'<FOf\M/\ fHJi'~ Y'\1 

60 . 



Form 231-Rev. 3-76 

STATE DEPARTMENT OF 
HIGHWAYS AND PUBLIC TRANSPORTATION 

DIVISION OF MATERIALS AND TESTS 
AUSTIN, TEXAS 78701 

GENERAL TEST REPORT 

NO CHARGE 

CONTRACT NO.------------- CONTROL PO 

B.R. Lindley ENGI~EER ______ ~~~~~~--------- PROJECT NO. Research No. 08-3-214-052708-807 

ADDRESS---·------------ COUNTY Nolan HWY. I-20 

CONTRACTOR J .1!. Strain & Sons, Inc. DISTRICT B REQ. NO. 

L.A. !:.lORA TOR. Y NO. MATERIAL ------~R.:.::'~.:.::c:...y:....c:.:l::..c::..:....~::.:{=i>.:.::::__ _____ _ 

D,\ TJ: RECE!VUJ --~~ ...... 1~..:-::..::.""''"'-'j-~7..~..7 ___ 1_,._--_"_~·-:c __ -_:·-':r_' PRODUCER ______ ...:.Jc..:•:....E_,~S=-t.::...r...:.a::c....::iuc...:...c:.&.--=~-'lo...:.~..:.:-s=-•.__1:.:. .. n=c. 
12-2-77 

SAM PLED FROM ---"P .... l-"'"'"'n._...__ _______ _ IDENTIFICATION MARKS ...S""e""e:......uh.ce.L.l ..,fli.._J _____ _ 

QUANTITY SPECIFICATION ITEM __ 3_0_5_2 ________ _ 

EXTRACTION TEST RESULTS 

E77640241 
E776402l~ J-770470N 
J-770472N 65%- Salv. PaveCJeni.: 
65%- Salv. Pavement 20%- Salv. Base 
20%- Salv. Base 15%- Add~t_ive l;;gr. 
15%- Addative Aggr. 2.8".4= AC- 3 \4/P<t;wlc 
2.0%- liC-3 (1/3 Paxc.le & 2J'.; LC-3) 

('' 
--!:2.._~. 7. e --~~------------~<~%~h~·~r~·J~'------------------~~~,~~~ 

Ret. l 1/2" 
Rei:. 1" 
1" - 7/3" 
7/3" - 5/8" 
5/8" ~ 1/2" 
1/211 3/8" 
3/8fr - ::J. 4 
l~o. 4 - ~:o. 10 
Ret. :7o. 10 
No. 10 - t~o. !:,.) 

No. /+0 - No. ,.., .... 
(;V 

No. so -No. 200 
Pass No. 200 
Rc:.li d U.:ll Bitu:~n 

0 0 
3.5 3.0 
0 0 

4.8 3.5 
3.7 1.7 
4.1 3.4 

13.5 17.1 
17.7 19.8 
52.2 48.5 
16.4 17.1 
9.0 9.7 
5.8 6.0 
9.8 10.5 
6.7 8.2 . 

TESTS RESULTS Ol-1 RESIDUAL BITUNEN 

Viscosity@ 140°F •• stokes ---------10,795 ---------------------~---433 
~Jctility@ /7°F., c~. --------------- 85 --~----------------------141 
Penstrntiou 0 770F. ------------------- 31 -------------------------152 --- _____ .. _ l •'; :,·, ... '; -~·"•.,.: , .. -· .t ''·,-'·;· 

~, __ ~-~ ··; ~. ·.·; ,"~ ·: ~. ~~.: ·-r ·, ~ . .<: · ~ i .: ~ 1 -,;~ • J I :..... f"\. ' '· r- , '(I", ,..., • · · -. .,__, I ., -

.. ----------61 -------· 
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Sieve 

+ 1" 

+3/4" 

+3/8" 

+ 4" 

+ 10" 

+ 40" 

- 40" 

+200" 

Pass 200" 

Residual 
Asph. 

EXTRACTION TEST RESULTS 

Item 3052 Recycled Asphalt Stabilized Base 

PERCENT 

7.3 2.8 3.1 7.9 8.4 6.5 4.5 2.4 2.9 2.8 2.2 

17.4 8.0 11.4 11.0 13.3 17.4 14.4 7.2 5.6 3.4 7.0 

37.6 10.7 20.6 17.9 23.3 27.2 25.6 15.6 36.8 6.7 18.0 

56.2 37.8 42.1 37.4 43.6 44.7 45.5 37.1 61.3 36.8 37.5 

74.7 56.9 60.3 56.7 61.2 61.9 62.9 57.9 70.5 59.0 57.3 

84.7 74.5 74.0 72.3 75.9 76.6 75.5 72.8 79.4 76.5 75.5 

91.0 90.3 89.1 87.9 89.8 90.6 90.4 89.5 92.1 91.3 91.4 

I 9.7 10.5 10.9 12.1 10.2 9.4 9.6 10.5 7.9 8.7 8.6 
I 

I 6.1 6.5 6. 7 7.4 6.3 
I 

6.2 7.6 7. 7 6.2 6.3 6.9 

SAMPLES FOR EXTRACTION TESTS TAKEN 
AUGUST 17 TI!ROUGI! DECEMBER 5, 1977 

Sieve 

+ 1" 

+3/4" 

+3/8" 

+ 4" 

+ 10" 

+ 40" 

- 40" 

+200" 

Pass 200" 

Residual 
Asph. 

EXTRACTION TEST RESULTS 

Item 3052 Recycled Asphalt Stabilized Base 

PERCENT 

3.8 3.7 4.2 2.6 7.7 

5.4 9.3 6.0 7.0 4.8 15.6 

12.3 23.6 17.7 19.4 12.5 26.2 

33.6 44.5 38.7 42.5 31.1 46.4 

57.5 62.8 59.3 63.4 53.3 61.7 

74.6 78.7 76.1 76.4 74.0 76.5 

90.5 92.8 91.0 90.7 89.8 90.0 

9.5 7.2 9.0 9.3 10.2 10.0 

6.4 6.0 6.2 6.3 6.3 5.9 

SAMPLES FOR EXTRACTION TESTS TAKEN 
AUGUST 17 THROUGH DECEMBER 5, 1977 

2.0 

6.1 

15.4 

36.5 

56.6 

74.8 

91.3 

8.7 

6.7 

8.0 2.9 6.7 2.1 

3.0 12.1 5.6 6.6 13.4 5.7 

ll.5 21.6 14.8 15.2 21.7 18.1 

30.9 41.6 33.3 36.1 40.8 40.2 

56.8 61.0 54.0 57.6 58.3 59.6 

75.3 75.6 74.4 72.7 74.8 77.1 

90.3 91.2 90.9 89.3 89.8 92.5 

9.7 8.8 9.1 10.7 10.2 7.5 

7.0 6.9 7.4 7.5 5. 7 6.4 

9.0 

12.4 

21.3 

40.3 

• 
58.7 

75.8 

90.0 

10.0 

6.5 
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QUALITY ASSURANCE 

EVALUATION 

The attached report has been evaluated in terms of adherence to 

standard procedures, practices defensible by sound engineering 

logic and compliance with established Quality Assurance policies. 

As a result of this evaluation, this report is classified as a 

~ ~TION and the following discrepancies are noted 

as a matter of record: 

*Sample was taken using 42 sarrpling points instead of 44 points that were 
the rniiUrru..un nurrber of points dictated by stack dimension criteria , 
established U.f the En.virornental Protection N:Jency and adhered to by the Texas 
Air Control Board. 

J. H. Strain & Sons, Inc. 
Plant 

Roscoe, Texas 
Location 

September 21 & 22 1977 
Date of Sampling 

Date of S~gnature 

J~es B. Draper, P.E.~ 
Quality Assurance, Source Evaluat 

Date of Signature 
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Introduction 

On September 21 and 22, ·1977, a team from the Source Evaluation Section 

of the Texas Air Control Board sampled the scrubber stack on the 

portable hot mix plant of J. H. Strain and Sons, Inc. At this time 

the plant was located near Roscoe, Texas and was processing re-

cycled asphalt. This source was sampled to evaluate particulate 

and sulfur dioxide emissions from this process. The team leader 

was Manny Pointer, Engineering Assistant III; he was assisted by 

Nick Starche and Jim Knipstein, P.E. 

New Source Performance Standards, Particulate 

New Source Performance Standards (NSPS) for this source allow 0.04 

grains per dry standard cubic foot, in-stack particulate concentra

tion. Data obtained on this test has been converted to units of "grains 

per dry standard cubic foot" on page A-12. The average concentration 

was 0.0977 grains per dry standard cubic foot.* 

Texas Air Control Board equipment and procedures were used in obtaining 

this data; however, the impinger catch has been deleted in calculating 

the above in-stack concentration to agree with Environmental Protection 

Agency (EPA) Method 5. Other Texas Air Control Board differences 

from EPA Method 5 were the use of deionized water wash in place of 

an acetone wash for cleanup of the probe liner and glass ware, and the 

1
use of an unheated probe liner in place of a heated liner. 

Voided Samples 

Sample one was terminated ~ecause the plant stopped operations for 

the day; this data has been voided. On sample two, a post sample 

check of the isokinetic percentage showed that this sampling did 

not meet Texas Air Control Board standards for particulate samplin~ 

however this sample can be used for the gaseous sulfur dioxide 

analysis. After completion of sample four, the glass filter holder 

broke. Since this presented possible filter contamination, this 

sample is voided for particulate sampling, but is valid for sulfur 

dioxide sampling. Particulate data from sample four has been included 

for comparison purposes but has not been used to obtain data averages. 

* Not corrected for excess air. 
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Sulfur Dioxide 
Sulfur dioxide pollutant mass rate was hand calculated from samples 

two, three and four. Hand calculations are shown on page A-13. 

Average sulfur dioxide pollutant mass rate was 0.42 lb/hr. 

Texas Air Control Board Rule 105.1, Particulate 

Average allowable particulate emission rated under Texas Air Control 

Board Rule 105.1 was 36.2 lb/hr while average particulate pollutant 

mass rate was 19.3 lb/hr. Impinger catch was included in the 

calculation of this pollutant mass rate. 

Sample Time Correction 
Plant power provided by a portable generator did not produce 60 Hz 

current. Necessary corrections have been made to the sample time 

shown on the raw data before it was input into the computer program. 

Additional Information on Plant Operation 

Since the recycling of asphalt pavement is a relatively new process, 

the following information was obtained, for reference only, from 

plant personnel. At the time of sampling, the burner fuel was 

propane. The percent of excess air is calculated on page A-14 and 

was 153% based on an average of eight orsat readings. The "average" 

temperature of the mix at the exit of the drum was 225 degrees 

fahrenheit. Nominal production rate was 200 T/hr. Sixty-nine percent 

(by weight) of the mixture was old asphalt, 16% was virgin base and 15\ 

was salvage base. Moisture content of the old material was 7%. There 

were no provisions for measuring the pressure drop across the venturi 

scrubber orifice. 

Plant Operational Status 

The percent of maximum operating capacity was 33% and the percent 

of normal operating capacity was 67%, see page 5 for additional 

information on plant status. 
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PARTICULATE SUMMARY OF RESULTS 

NAME OF STACK/DUCT Scrubber Stack 

Account Number 903-028-0 Emission Point Number 1 

Sample Sample Sample Sample Average 
One & two three four five Value 

Time 1221-1434 -1521-1729 1056-1238 
oate 9-21-77 0807-1011 9-22-77 

stack Temperatur 
Oeg F 164 161 161 162 
Port Velocity r-1 •.-i 

0. 
Ft/Sec ~ +l 67.8 63.4 63.6 65.7 

Percent u 
~ 

Water . Q) 35.0 32.6 32.4 33.7 
0. 

Total Flow Rate ) 
'0 0 

r-1 45,100 42,200 42,400 43, 800 ACFM +l 
::s 

Effective Stack (I) 

Height in 
Q) 

+l ::s 63.3 Feet c '0 60.5 60.6 61.9 

Standard •.-i 

Effective Stack 0 r-1 
+l 0. 44.7 Height in Feet ~ 43.7 43.7 44.2 
Q) 1\1 

Allowable '0 
Emission Rate in Q) 36.9 35.4 35.5 36.2 '0 +l 
lb/hr Q) 1\1 

'0 r-1 

Rule 105.1 •.-i ::s 
0 u 

14.4 16.2 24.2 19.3 

102 100 98.3 100 

39.0 45.7 68.2 53.3 

IIINIIII:>l.e four had p::>Ssible filter contamination due to broken filter holder. 
OCCurred after sanple carpletion. Filter did not appear to have any glass 

-'""-IC::s ~ examined prior to being placed in sanple envelope. Filter was 
w~th angled sunlight by team leader and an assistant. Sanple four is 

~\Xlen for infonnation only and was not used to calculate the average values 
on, this page. 
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Su~'UR DIOXIDE SUMMARY OF RESULTS 

NAME OF STACK/DUCT _.......;;;.S...;;.c...;;.r...;;.u_b""'"b...;;.e~r---

Account Number __ 9_0_3_-_0_2_8_-_0 __ Emission Point Number ----=-----

Sample Sample Sample Sample Average 
One Two Three Four Value 

Timr 0818-1014 1221-1434 
l!:>ll-1729 
0807-1011 

Dat~ 19 ·21-77 9-21-77 9L21-22/77 

Stack Temperature 
161 Deg F 164 161 162 

Port Velocity 
Ft/Sec 71.0 67.8 63.4 6Z11 

Percent 
Water 32.6 35.0 32.6 33. 4 

Total Flow 
Rate 
SCFM 36,600 34,800 32,600 34,700 

• Effective Stack 
Height in 

64.9 63.3 60.5 62.9' Feet 
I 

Standard I 

Effective Stack ~0 BOARI 
I TEXAS AIR CONTROL RULE APPLIE: TO THIS 

Height in SOURCE FOF so2 Fee_t 
~-

Allowab~, 

Emission l\,,yte NO TEXAS AIR CONTROL BOARr RULE APPLIE~ TO THIS 
in lb/hr SOURCE FOF so2 
Rule N/A 

I 

Pollutant Mass 
Rate ~n lb/hr 0.41 0.39 0. 45 0.42 

! * 
I -! 

Percef'lt of NO TEXAS AIR CONTROL BOAR[ RULE APPLIEt: TO THIS 
Allowable SOURCE FOF so2 -. . *Hand calculated values. Only two significant f~gures are val~d. See hand 
calculations on page A-13of this report. 

I 

I 
I 

Sampling Periods 

Texas Air Control Board 
8520 Shoal Creek Boulevard 

Austin, Texas 78758 
PLANT OPERATIONAL STATUS FORM 

Date q ... ·h. d... -77 Account Number 9tJ.3 -Od..,.f-0 
Plant Name .:Y. H. S-\yqjrJ ...,_ ~Al~ 
Stack Name f.')cJZ.4 bb~ &. 5 +~c f; 
Proportional or Isokinetic Sampling 

Location 8tJScoa. \ fx, 
> 

s·ample 
Number 

Duration of Sample Date of 
(Show Start time and Stop time) Sample 

)' ."L From ~ r I R To /{j lctr q -'),I- TZ 
J:.3 
,;r.(/-

~~ From 
Special Conditions 

-~=-'----: 

/if- 3 4- -z.. iXI h" L;. ~ ---~.-:::=::;;f;::=~=:;;~=;:// _=:-77:;=:77;::;!~("'-~ -77"' 
1 1 z r ~ < F~ ~ o <go-, 9.. ,>{ , J 

/z..3J' IDjCII) tj-U..-7/ 

~~~~~~Q~~~~~~~~~~~~~~~~~-
~~-~~~z~~~7~~~~~·~~~~~~~~~~~~~~~~~~~7f~~~rF 

Signature 

CJ • .i/ /l J!:-.-.1._ :n:::.. 
Title u c?ckf12kbl U<kU;_~ 

0 

The above portion is to be completed by the Air Control Board 
representative. ~e following portion is to be completed by the 
plant repres~~~~~!~· · 

--·-----Plant Status During Sampling 
Periods Shown Above 

~ype of Process _13-~.:~::L!:o?.S<:;&,J.\wh'...l.!t(J-PLTis::el:l\l\w't-;,j'-..LR:::..s,~·~~-(/rc-7'Jw.t---· -'A~·w..s~r...:...h:...~..l _s~4--=-.;:),.:;;:.b_.:..,~B.:..<:>=....-s~c:-
Abatement Controls 13Gc)l'l ~ Ih~'~"P,t"' 1 S t· ~-}d.,. !.)e:f Scvubl)(: r; t lb""fc'~ C. 

r
l tack Height t. W /0., ft Stack Exit Diameter :2. /1:.;] l( >( l:j ft 
'(Abele 5~1{nd &vtl..)

1 

Emission Point Number //en,, I J)c:,·:.""' tf/1,/r/ ¢.~. 
r ' 

Sample Percent of Percent of Normal J 
rUmber Maximum Cap~city Operating Capacity Special Conditions 

I .~- 2.. 33 ro <it 7?o .5 ec AJ~-k 0e/c.W 
~ 3 3'3% b·?~o 
%. ?- .?3% 
,k. s 51 21) 

~dditional Information-
I)'(" she e. .·I e 0>•\ cL ~ 

U.J~y· e .>:J·j -lh e ~n J. &~; 
h2·d 

are true to the best of my 

Signature 

Title --~-.,""-l.~-..f....4.,...:.....;,.:;...;..~...,;;,_;_ ____ _ 

78 



APPENDIX A 
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Explanation of Computer Printout 

1. Sample two ran "separately" and the output or calculation 

results have been used as input to the hand calculation of 

S02 pollutant mass rate. No data from sample two was used 
to produce page A-10 of this report. 

2. Sample four also ran "separately". 

eliminated from the averages shown 
possible filter contamination. 

This sample was also 

on page A-10 because of 
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J.H.STRATN ANO SUNS Sr:PT 1917 IUlSCOI~ :WPT 1977 

SCRliHRF:R STACK ST 1\RC H t-: 
STI\I~CHf.: 

Df\TE: ~-21-77 TIME OH1H 1'() 1014 SAMPf,F: NO TWO llATf: 9·?.1•77 TIM~: OHl~ TO 1014 

NOZ.ARF:A: ,0001241 SOFT PlTOT CI\L,l8. fACTU~: ,A370 
32,5Ft % H2n H ~~?. • 3 37 NOZ.VIlL, .3R,576 CUfT t-:Acr 1 • oon 

TRAV, DURATJQN ~3,0 MIN, VOL. DRY GAS ~IETER: 22,78 CliFT 
1\V,VFI.,PO~T 71,002 F'T PER Sr:C M.WT, 25,62 EF,STK.HT. 

STACK: DlA,F:XlT .3,7o r"1', PORT ~.76 FT, HEIGHT 23.8 FT 

OHSAT ANAI..Y~I~: rn2 ,050, 02,125, en ,001, N2 ,824, nGr-IC'F= ,9QHO 
ACFM 47303.1 SCFM 3 6 b 0 q • H ( N ll t-: X Cf~ S 5 A I~ C 0 R R E C T 1 0 N ) 

Tr:MP IN nEG F': DRY GA-s ~11-:Tr:F AVf·:R, R'l,00, STI\CK AVr:R, 161.00 

MASS IN GRMIS: TOTAl, PIP, GAlN 2\h,HO TOTAl, PAHTlCIILATE • 1 4 72 

P A R T 1 cut, A n: 1 rJ 1 ,.., P • ,0117., Sll2 • 0025, H2S ,oooo, 

H2S04 • noon, nJtlllR 1 n~: r ONS , 0000, SOJ .oooo,r.t.7. .oooo 

PRF.:ss: ATMOS 27,\A lN,Hf~, STACK -.650 JN,H?.O, AV,OEI,TA H ,1H9 TN,H20 

1-

PlTllT 1'UBF: DFLTA P'S IN ltl,H?.O: 

1,1\00 1 • 300 1 • lO 0 1 • 1 0 0 ,qoo ,650 ,450 1 • 500 

1.200 1 • 000 .<J20 .730 •. , 5 () .SAO l • 500 1. ?.00 

1.100 1.000 .QRO 1,/.00 ,A.30 1 • 400 1,300 l • 200 
1.200 1 • .3 () 0 1 • .300 ,820 1,400 1 • J60 1.300 1,300 
],400 1. 300 1 • 300 1,300 .700 \,200 1 0 200 1. 300 
1 • ?00 ,700 

I 

:RIJI,E 107 PRnn:ss Wf<: J GHT HI\Tr: ,o POU~DS PER HOUR , 

~lJI,~~ 105,3 & 201.~ HF~AT INPUT 

~XCESS AIR fLAG OFF . 
I 

'MOTSTURE fHACTlON WAS Bl\t;~:D UN SATI.IRAn:n CONDJtinNS 
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INPUT OATA 

J.ll.STHAlN fiNO SON~ Rnscm: SEPT 1977 

SC~lli:Hn:R STACK STAHCHF.: 

TIME 1221 TO 1434 

Nf~Z.AH£-:A: .00017.44 S<WT l?lTin' CALI~. F'ACTDR: .H370 

T f.' A V • D ll H A T T(l N A 1 • 0 r-1 l N • v rH, • n H Y c. 1\ s M r: n: R : 2 4 • 3 h c l!F' T 

S1'ACI': f)JA,EXTT L7b n·, l-'OHT L76 ~·T, HEIGHT 23.8 F'T 

11 R SAT A N A I, Y ~q S : C' n 2 • n 4 fl , ll 2 • I 1 7. , C (1 • 0 0 0 , N 2 • R 2 1 , n G ~IC F = .'J9AO 

THIP IN DfC. F: 01n C.AS 1•1t:n:R 1\Vf.o:R. R7.50, STACK l1Vr:R. 164.00 

~lASS JN GR,O.I1S: TOTAl, I~lP. <;AlrJ 254.30 TOTAL PAIHJC.ULAn~ .1029 

P/'IRTlCliLATE 1~1 !r-IP. .004S, SO?. .0028, H2S .nooo, 

H2Sfl4 • 0 0 () 0 , f l.lHH} 1 Dr.: 1 0 N S .0000, S03 • 0000, C(,2 .oooo 

PR~~SS: ATMOS 77.10 lN.HG, .STACK -.450 IN.H20, AV.DELTA H .212 IN.H~O 

PITOT runr~ OF:I/r A P'S IN TN.H20: 

1.300 1.100 1 • ]00 1. 400 1.400 1.100 .730 1 • 4 0 ('\ 

1. 000 .990 1. 100 1. 200 .710 1.300 .980 .900 

1. 300 1.300 1.300 1 • 4 00 1 • 200 .750 1.300 1 • 1 0 0 

.AJO .H30 .H30 .750 1. 100 1.000 .C)OO .750 

.600 .57.0 .450 1.200 1.?.00 1 • 000 .RHO .730 

.sso .400 

Rli~F: 107 PROr.F.S.S Wr:IGHT RAH: .0 POUNDS PER HOllR 

f R tJ L f. 1 0 5 •. ~ S. 2 0 1 • S H ~:A 'I' 1 N P lJ T .0 MILLION H'l'll PER HOUR 

RUL~:s Sfo~LECTEO 1 0 5. 1 

EXCESS AIR'fLAG IH'f Pt\HTlCI\L SIU: f't,AG fiMAI,li 

lMOlS1'11Rf. FRACTTDN WAS ·AASI·:D ON SATliRATF:O CONDITIONS 
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C AT,CIJLAT JON RESI.Il,TS 

,.l.H.STRAIN AND fiiHJS Sr:P1' 1977 

SCRIIIH\E~ STACK STARCHt; 

SAMPJ,f. NO THRn: nAn: q- 2 1 - 1 1 TIM~: 1221 1'0 1~34 

34.99 % H20 1\l~ 7. • l b 0 NOZ.VOL. 42.694 CUFT r:flct• 1. ooo 

AV.VEL.PORT 67.760 FT P~H SEC 

45143.2 SC F ~~ 3'l18Q.O (NO F:Xcr:ss /\1~ COHf~E'CTION) 

IHIJ_, r: 1 0 5 • 1 
39.0% OF A[,[,(li'Jf\JH,f·: ~li"U. 101 7 

r:MJSS.RIITFS,I,~\S/HI~: 1\l.l.UwAI\LE: • 
ST!1. E:F • .STK. HT. 

.3 h • 9 , P llt. L • ~~ A S S 
4~.7 r·r 

11. 4 
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T ~!PI IT DATI'I 

J • H • f, T P A T N AN[) S 0 N S . 11 0 S l. f1 F: .SFI-'1' 1977 

SCRIJHRFf~ STAl.K 
~·r ARCIIE 

11 AT 1-: 9/2 1-2 217 7 T I "1 E 1 52 1 -1 7 2 Q; 0 A 0 7- 1 0 1 1 

NOZ,ARFA: .nnnt?4~ SO~T PJTrJT CALli\. FACTflH: .H370 

TRAV. OIIHATTnN Hl,O I-IlN. V()J.,. IHlY (~AS ~H:TFH: 23, ~R CUf'T 

S1f\C':I<': Dlt\,EXTT L7h fo"T, PflHT 3.7i> FT, HF<IGHT 23.H FT 

IWSAT lltiALYSIS: Cfl2 .0 119, 11/ .130, CO .000, N? .H21, 0\.MCF: ,Qq~O 

M A S S J N r, R A 1·1 S : 'I' n T i\l, llltt' • (, 1\ I N 21 7. 9 0 T (l T 1\ I, P A H T1 C I I I, A T F. • 1 1 3 9 

PI'IRTICllJ,I'ITF TN ltv~P. • 0090, Sll? .no3?, H?.s .noon, 

117.504 .0000, f!.IHlHIIH·: lllNS .0000, Sfll .oooo,cL? .on no 

PRESS: ATMOS ?7.17. IN.HG, STACK 

PTTOT TUB F. Dt-'LTfl 1-''S IN IN.H?.U: 

) .700 1. ooo .Yf>O .920 .7')0 .520 .400 .950 

1.7.00 .P20 .700 .~so .')7.0 .430 1 • 200 .900 

.800 .710 .750 .7')0 .600 \ • 1 0 0 .930 1 • 0 1 0 

,970 1 • 1 on .990 .~HO 1 • 1 0 0 , • l 0 0 l • I 00 1.200 

1.7.00 .990 .h50 1.200 .97'S .950 1 • , 0 0 1 • 1 0 0 

.970 .nOO 

RilLE 107 PPnO~SS ~~~~lGHT HAn: .o POUNDS PER HOIIR 

R II l, E t 0 5 , 3 F. 2 0 1 • 5 11 FAT l h P ll T .o MILLION ATU PER HOUR 

RIJI,I·:S SF.l.ECTED 1 0 5. 1 

EXCf:~S A 1 R FT./\G OFF PAiniCAt, SIZr: FLAG SMALL 

M 0 T S T II H r: F H 1\ C T T 0 N WAS ·R A~ I< n UN SAT ll HATED C 0 N D IT 10 N S 
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CAf,CIJLATION Rf.SIILTS 

,J • H • S T R A T N AND S 0 N S 

~\.RUIHH:R STACK 

SAMPT,f, NO rOIJR 

•32. 56 % H20 HW2 • 335 

ACFM SCF!Iol 

I-HIT.~: l 05, 1 

lHlSC!H: .c;r:pr 1977 

.STARCHF~ 

0 An: 9 I 2 1 • 2 2 I 7 7 T I 1'-11< 1 52 1 - 1 7 2 9; 0 R 0 7-1 0 1 l 

NUI' .• Vnt,. 39 •. D5 ClifT ~ACF 1. 000 

M.WT. ?5.62 ~F.STK.HT. hO.~ FT 

3 2 h I 1 • 3 ( N 0 F XC f S S A I R C'cll~ R F C T T 0 rv ) 

45.7% OF 1\I,[,OW/I[H.~: %JSO. 100.1 STD.r:F.STK.HT. 
3S.4, POJ,L,I-IASS 

4 3. 'I FT 
16.2 F.: t-1 1 S S • R A T F: S , J., H S I H f • : A 1.1. U w Af 1 L E 
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{NPIIT 1>1\TA 

J.H.STRATN fiNO ~ONS SEPT \977 

SCR ll BrH:R S T AC I< STARCHE 

TIME 1056 TO 123H 

N IJ Z • A R F.: A : • 0 0 0 1 7. 41\ S ()I' T PlTOT CALlB. fACTO!~: .fl370 

T H A V • [) 1J R A T 1 n N H 3 • 0 ,_H N • VOL. DRY GAS METER: 7.2,99 CUVT 

STACK: OTA,fXIT 3.7f1 FT, Pl1kT 3.76 FT, HEIGHT 7.3.H f\T 

n P S AT A t-..1 A L Y ~ 1 S : C 11?. • 0 4 S , 0 7. • l l4 , C 0 • 0 0 0 , N 2 • H 2 1 , 0 C.~' C F = • 9 q R 0 

• 1673 

,0040, SO?. • 0000, H2S .oooo, 

H2~fl4 • 0000, Fl.llflR 1 DF I U"JS .0000, SLl.\ .nooo,CL2 .oooo 

P~r:SS: ATMflS 27.20 TN,H<;, STI\CK 

PTTOT TliiH-: OF!,TA P'S lN 1N,Ii20: 

1 • 1 0 0 1 • 1 0 () 1.200 1 • 0~0 1. oso .9~0 .630 1.100 

l • 100 1 • 1 0 0 1.100 I • 200 l • 1 0 0 ,660 1. 200 1.oso 

• 91 0 .<.J20 1. 000 1.000 ,nHO 1,100 ,1)50 .~30 

,770 • 71 0 .750 .430 1.100 .980 ,850 .730 

.600 ,')SO .440 1.oso 1 • 1 50 .990 .900 .'780 

,hOO •. ~ 6 0 

RllLr: 1 0'7 PRnCFSS \~F:!(at'J' Rl\'n: ,0 POUNDS PF.:H HOUR 

RIJT,fo: 105,3 & 201,S IWAT TNIJilT 

RULES sn.r.:crr.n 105,1 

PfiRT lCi\L SI7.1': fi,AG SMA!,[, 

1<1 0 T S T U R f. .. ~ R A C 1' T tl N W 1\ S ·'i3 fl S F D 0 N S A 1' II H A T F: D C 0 N 0 J 1' I 0 N S 
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J,H,STRATN AND SfJr.JS Sr:PT 1977 

SCRllHBER STACK 

SAM P L t~ N n F 1 V ~: l l 1\ TF; 9 - ? 2 - 7 7 T I M t: I 0 5 6 T 0 1 I 3 8 

32.41 % 112n BW2 .3311 i·Jl1Z.VOr,. 3R.71fl CUFT ~:1\0' 1.000 

1\V,VF:L,PORT h3.587 1-'T PF~R St:C 60.6 FT 

423hl.l 3/.'797.2 (~H1 t~XCESS AlR CniH~F.:('TtnN) 

RfJLF: 1 05 • 1 
68.2% flF AT,I,QIHifH,r: '}.1.50. 9H.3 

EMJSS.RfiTI-:~,I.RS/HI~: fll.l,(h;AHL.F: 
S T 0 • o· . S T K • H T • 

3 s . s , P t n. L • ~-~As .s 
43.7 FT 

24.7. 
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IWSI.Ur: Sr:PT 197 7 

~CRIHHH:k STACK 
STAHCHE 

33,70 % H7.1l ,l4H N u z • v u J.,. 4 o • 7 o 6 curT ~:ACF I, 000 

AV,VEL,POHT 65,h74 FT Prk ~r:C ~.WT, 25,48 EF,STK.HT, o1,9 rT 

ACFM 43751,1 SCF~\ .3379.~.1 (NO r~XCE:SS AJI~ CORRF:CTJON) 

~ Ill, E l 0 5 , 1 
~3.6% rlfo' AJ,T,OI·i/\1\t.~: %1Sll. 100,0 STD.EF.S'I'K.IIT, 

~~MJ~S.RATF:~,T.H~/HR: ALol,OioJAf\Lr: 36,2, Pt.l[,l,,M/\SS 
PfRO:NT OF AI.T.fJvJARIJF: FROI•I AVrJ~AGr~ RI-~SUloTS: 53.3 

44.2 ~·r 

19.3 
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HAND CALCULATED PARTICULATE 
POLLUTANT MASS RATES WITHOUT 

IMPINGER CATCH FOR "NSPS" TYPE 
SAMPLING 

60 
PMR( . 

part~culate) 
= 

Gm Part. (ACFM) 

Noz. Vol (453.592) 
lb/hr 

con~entration method 

Sample Three 

0.0984 (45143.2) 
42. 694 (453. 592) 

60 = 13.8 lb/hr 

Sample Four 

0.1049 (42233.6) 60 
39.335 (453.592) = 14.9 lb/hr 

Sample Five 

0.1633 (42363.1) 60 
38.718 (453.592) = 23.6 lb/hr 

Average 18.7 lb/hr (Sample four not included in average PMR; 
see note on summary of results page 3 ) . 
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CONVERSION OF TEXAS AIR CONTROL BOARD DATA 
TO IN-STACK CONCENTRATION WITH UNITS OF 

GRAINS PER DRY STANDARD CUBIC FOOT 

grains 
DSCF 

= 
grains 

7000 lb 

SCFM X DGF 

X PMRc lb/hr 

x 60 min/hr 

where DSCF is dry $~d. cubic feet. SCFM i~ standard cubic 
feet per minute, DGF is the fraction of dry gas in the 
stack, and PMRc is the pollutant mass r~te.based on • 
concentration and does not include the ~mp~nger catch, see 
page h-11. 

Sample Three 

7000 (13. 8) 
34,789.0 (0.6501) 

Sample Four 

7000 (14.9) 
32,611.3 (0.6744) 

Sample Five 

7000 (23.6) 
32,"797.2 (0.6759) 

60 

60 = 

60 

= 0.07119 grains 
DSCF 

0.07904 
grains 
DSCF 

0.1242 .grains 
DSCF 

0.09 77 grains (Sample four not ~~eluded in average 
Average DSCF 
concentration, see note on summary of results, page 3 ). 
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= 

HAND CALCULATION OF 
SULFUR DIOXIDE POLLUTANT 

MASS RATE 

Gm S02 (ACFM) 60 

Noz. Vol. (453.592) 
lb/hr 

Sample Two (voided for isokinetic sampling but valid for so
2 sampling) 

0.0025 (47303.1) 60 = 0.4055 lb/hr 
38.576 (453.592) 

Sample Three 

0.0028 (45143.2) 60 = 0.3916 lb/hr 
42.694 (453.592) 

Sample Four (voided for particulate sampling but valid 
for gaseous sampling) 

0.0032 (42233.6) 60 = 0.4545 lb/hr 
39.335 (453.592) 

Average = 0.42 

Note: sample five did not include provisions for measuring so2 PMR 

92 



I 

CALCULATION OF AVERAGE ORSAT VALUES 
AND PERCENT EXCESS AIR FOR EACH SAMPLE 

AND FROM AVERAGE VALUES 

ORSAT RESULTS AND PERCENT EXCESS AIR 

or sat X C02 X02 xco XN2 % Excess 

No. Air 

1 0.043 0.139 0.0 0.818 180.6 

2 0.042 0.136 0.0 0.822 167.9 

3 0.057 0.114 0.002 0.827 107.3 

4 0.047 0.132 0.0 0.821 155.8 

5 0.049 0.131 o.o 0.820 153.3 

6 0.050 0.130 0.0 0.820 150.3 

7 0.047 0.131 o.o 0.822 152.3 

8 0.045 0.134 0.0 0.821 161.9 

Avg. 0.048 0.131 o.o 0.821 153.7 

(X02 - 0. 5 (XCO)) 100 
% EA = 

0.264 (XN2) - (X02- 0.5 (XCO)) 

s~bstituting average orsat values into this equation gives. 

% EA = --~0~·~13~l~~x~~1~0~0~----------
(0.264 X 0.821) - 0.131 

= 152.8% 

93 

RECEiVED ~ 
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REGION 1 
TEXAS AIR CONTROL BOARD 
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J. H. STRAIN & SCNS, IN::. 
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Novarber 2, 1977 

Account No. 903-028-0 

Decerrber 6, 1977 
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QUALITY ASSURANCE 

EVALUATION 

The attached report has been evaluated in terms of adherence to 

standard procedures, practices defensible by sound engineering 

logic and compliance with established Quality Assurance policies. 

As a result of this evaluation, this report is classified as a 

STACK ~LE and the following discrepancies are noted 

as a matter of record: 

J. H. Strain & Sons, Inc. 
Plant 

Roscoe, Texas 
Locatl.on 

November 2, 1977 
Date of Sampling 

1-:J.- lf-77 
Date of S1.gnature Date of Signature 
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Intrcducticn 

On Noveirber 2, 1977, a team fran the Source Evaluation Section of the Texas Air 

Control Board sarrq;>led the scrubber stack on the portable hot mix asphalt plant 

CMned by J. H. Strain and Sons, Inc. At this time the plant was located near 

Roscoe, Texas and was processing recycled asphalt. This source was sampled to 

determine particulate in-stack ccncentrations according to the Environmental 

Protection Agency Meth:x:l 5. 

I:Irpinger catch has not been included in the calculation of Environmental Protection 

Agency (EPA) in-stack concentrations but has been used to calculate Texas Air 

Control Board pollutant mass rates. No excess air corrections have been made to 

any of the data shCMn in this report. Only two samples were taken because the 

plant shut dCMn for extensive repa..:.Xs prior to obtaining the third sample. 

The team leader was Manny Pointer, Engineering Assistant, he was assisted by 

Nick Starche and Jim Knipstein, P. E. 

Sample Matrix 

Forty-eight points were sarrpled through six ports on the shorter side of the 

nearly square cross-sectioned stack; this required eight sample points on each 

of the six traverses. Each element :rreasured 0. 445 by 0. 520 feet. This matrix 

layout was required because . of the six existing ports and the short distance 

between the ports arrl the stack exit. It is acceptable by Texas Air Control Board 

starxlards but does not rreet EPA requirenents for a balanced matrix. 

Conclusion 

This source did not meet EPA Ne.w Source Performance Standards (NSPS) allowable 

in-stack concentraticn of 0. 04 grains per dry starrlard cubic foot. Average EPA 

in-stack concentration was 0. 0645 grains per dry standard cubic foot which does 

not include impinger catch. 

Texas Air Control Board, Rule 105.1 average allowable emission rate was 41.0 lb/hr 

while average pollutant mass rate was ZO. 5 lb/hr which includes irnp;lnger cat.:::h. 

5ample Tirre Correcticn 

Plant power provided by a portable generator did not prcduce 60 Hz current. 

Necessary correcticns have been made to the sample tirre shONil on the raw data before 

it was in'[:Ut into the carp.Iter program. 
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Percent Asfllalt in Catch 

The laboratory report, page B-21, sh:Jws the percent of asphalt foond in each por

tion of the sanple catch. This percentage was determined by extracting dried 

sanple with nethylene dlloride. (CH2cl2) , evaporating the solvent and weighing 

the residue. This procedure gave 102% and 105% asphalt on the filters used in 

sanples one and two respectively, and 33.9% and 37.1% asphalt in the probe washes 

for sarrples one and two respectively. 

Plant Operaticnal Status 

The percent of maximum operating capacity was 35 percent and the percent of 

normal q>erating capacity was 70 percent. 

Information on Plant aperatian 

This soorce was previously sampled on Septarber 21 and 22, 1977 and at that 

time additional information on plant operation was cbtained for the sampling 

report. On Novamer 2, 1977, the same information was requested for this 

report. Plant personnel reported that the source was operating essentially 

the same as it was during the Septanber sampling; the following information 

is therefore repeated here: burner fuel was propane; "average" temperature 

of the mix at the drum exit was 225° F; naninal production rate was 200 T/hr; 

sixty-nine percent of the mixture was old asphalt, 16 percent was virgin base 

and 15 percent was salvage base; rroisture content of the old material was 

seven percent. 

Prior to the sanpling, a representative fran Boeing adjusted the venturi scrubber 

orifice. Pressure drop across the scrubber was not :rreasured because the adjust

ment was based an velocity at the venturi orifice. Average values of carbon 

dioxide, oxygen, carbcn rronoxide, and nitrogen were obtained fran four 

separate orsat analysis of the stack gas, these were used to calculate the 

percent of excess air as shONil on page A-7. Percent of excess air was 302%. 
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P~TICULATE SUMMARY OF RESULTS 

NAME OF STACK/DUCT SCRUBBER ST/I.CK 

Account Number 903-028-0 Emission Point Number 

Sample Sample Sample Sample 
One Two Three Four 

Time 1115-1257 1414-1555 . 
Date 11-2-77 11-2-77 

Stack Temperature 
,, I Deg F 141 142 

I: Port Velocity 
Ft/Sec 78.3 82.3 

! : 

Percent 
Water 19.8 120.5 

Total Flow Rate 

ACFM 52,200 154,900 

Effective Stack 
Height in 
Feet 69.9 ~2.3 

Standard 
Effective Stack 
Height in Feet 47.0 ~7.9 

Allowable 40.4 ~1. 6 
Emission Rate in 
lb/hr· EPA allo.vab1e i r-stack concent fa' is 0.04 c: ~ains per dry 
Rule 105.1 ,cuhir foot 

* Pollutant Mass 17.4 ~3.7 
· Rate in lblhr rcon l .. rf grams/ 

** dry Std. CU. Ft. 0.0567 • 0723 

Percent 
1102 Isokinetic 02 

Percent of 
Allowable 

p9.9 51.3 

*this pollutant mass rate includes impinger catch 
**this coocentration does not include impinger catch 

1 

Average 
Value 

142 

80 3 

20.1 

53,500 

71.1 
I 

47.4 

41.0 
-

sfA!rlard 

-
20.5 -
0.0645 -
102 

__.,. 

45.7 
.....--'. 
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Sampling Periods 

Texas Air Control Board 
8520 Shoal Creek Boulevard 

Austin, Texas 78758 
PLANT OPERATIONAL STATUS FORM 

Date //· 2.- 77 Account Number qcJ-C:-,.)._1-0 
Plant Name l"". r{ c>it(illr 'J-- Sc,;..,'\, l:::nc. Location ;:?_ Mj. S. af Rosuc_)Tx. 

c -· [, Stack Name , :x (,IJ ~ b,. i'., ~-\ <1~.: h.. 

Proportional or Isokinetic Sampling --:.:L<;l,):: \'\v_-+-·1<.:. 
--~~~-L~~~--------~-----------

Sample 
Number (Show 

Duration of Sample 
Start time and Stop time) 

Date of 
Sample 

L 
2. 

3. 
4 .. 

From 
From 

II: I ) To t.?.: 1
) z 

jl!'!t/ To )')':•;) 
J/--z_-77 
1/-L-77 

From To ------

Special Conditions 
(to- 1':5 _,~ 

v 
The above portion is to be completed by the Air Control Board 
representative. The following portion is to be completed by the 
plant representative. 

Plant Status During Sampling 
Periods Shown Above 

Type of Process 

Abatement Controls 

Stack Height 21.- '/[ '' ft 

4·-; /c 1/ 1-/ .. ·,',);ro / a'l Ocuw M/<" ;hoi;/) /·?!:/;) 
. (/11//,__ '"/ /)~,,..- ;,~,... ,V.-~ 'Ji't<!/.,. 

1 
0C'n•, .... ; s.J,. < 

Sample 
Number 

1. 
2. 
3. 
4. 

Percent of 
Maximum Capacity 

- --.j _:, 

Stack Exit Diameter 37-1t" X dz?j.-/,>j·.lc f"t" 

Emission Point Number / (AC/jqvr= 'Bc(·,"c) li:CcL.cU 
Percent of Normal 
Operating Capacity 

'/C. 

Special Conditions 

Additional Information ---------------------------------------------------

I certify that the above statements are true to the best of my 
knowledge and belief: 

Sienaturc 

Title ./ I ~r 

../- ·' / .. 
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APPENDIX A 

1 01 

INPIJT DATA 

,J,Il,STRAJN AND SONS Hnscm: NOV 1977 

SCRIIHBF.I~ STACK N, S 1' ARCH r: 

DATI': 11•2•77 T 1M~: 1 1 1 !'l T () 1 2 57 

NOZ,AR~A: ,000~057 SQ~T PITOT Cflf,tf\, fACTflH: ,B370 

T R A V , I) 1J RAT t (HI q 1 , h M I N , V rll, , D H Y \, fl S M r: Tfo~ R : b b , 3 2 C U F T 

S'I'ACI<: n]fi,F:XJT 3,7h FT, PUHT 3.7h FT, Hr:IGHT :U.,,H FT 

Cl H S A T A N A L Y S T S : C lJ 7. , 0 J 1 , (I 2 , 1fi1 , C () , 0 0 0 , N 2 , A 0 H , f) (; M C F = 1. 0 0 0 0 

TEMP IN Dr:G ~: OI-lY GAS Mt.:n:H AVrR, 7~.SO, STACK AVt:l~. 141,00 

MASS JN GRAMS: TOTAl. PIP, GAIN 3S2.90 T 0 T A 1., PAR T T C I I L fl T 1·: .217h 

PARTTCII!d•TE: TN tMP, ,011·~, S02 ,0000, H2S ,noon, 

H2S04 ,0000, FJ,IJOFllr>~: lflNS ,0000, SOJ ,0000,('1.? ,0000 

PRESS: ATMOS 26,<JO JN,HG, STACK • • 6 7 0 l N , 112 U , 1\ V , n f.t:r f. H 1 , 4 7 0 I N • H 2 C1 

P TTnr TlHW Dn,TA P'S HJ 

1 • 1 00 ,980 1.?011 1.100 
1. 500 1 • 400 1 • 30 0 1,200 
1 , hOI) , • 400 1. 500 1 • b 00 
1 , hOO 1, hOO 1. 75 0 1,8SO 
1,500 1 • 700 1. 700 1 •. , 0 () 
1 , .'WO I, 400 1. 450 1 • 7 !-> 0 

iRlJLfo: 107 PH!lCF:SS WEJ(,HT RATr: 

1

1~lii.,E 105,1 ~ :;>01,~ IIFfiT INPUT 

1 0 5. 1 

lN,H2rJ: 

.930 ,850 ,R50 ,700 
1 • 200 1 • 450 1.1150 ,ROO 
1. h50 /,000 ?..000 1.100 
t. qoo 2,100 2. 1 0 0 1,400 
1. 900 1 • 900 1. 900 1.100 
1,800 1 • 7 50 1. 600 ,RSO 

,0 POUNOS PER HO!IP 

, 0 M T L [, I Cl r~ H T U P I' n II Clll H 

, Ex c r: s s A I R rr, M: oFF P A R T 1 c A L s T z r.; r: LAG s 1-1 A L r. 

iMO I STIIHE F'~ ACT 1 ON WAS 1\ASED ON SATUHA n:r> CON 0 IT IONS 
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lNIJIIT DATA 
C A t..CIII,AT 1 nN IH:Sui,TS 

J,H,STRAlN AND SClNS IHISCm: NOV 1977 
J.H,STIHIN fiND SONS HIISCUI·: NOV 1977 

.SCRIJP!B~:R STACK N,STA~CHF.: 
.S C ~ I JK li F. R S T A C 1\ N,.STfiRCHE 

SAMPI.f. N£1 ONF.: DAn: 11•7.•77 T HI E 1 1 1 !) T II 1 2 ~ 1 
OAn~ 11•2•77 TIME 1414 Tn 1~55 

NflZ,fdH:A: ,0002057 SOF'T PJTflT CALIA. !'ACTOR: ,H370 

Hi~?. ,27.0 NOi'.. Vfll, • '1.3. 296 CUF'T F:ACF 1.000 
THAV, DUHATinN 94,"/ MIN. VflL, DRY GA:'; METI::R: 70,51 ('lWT 

AV.VU.,PI1RT 78.347 I'T PER S~:C M.WT. 26 •. 94 EF'.STK.HT, S 1' A C 1\ : n I A , ~~ X T T 3 • 7 6 F T , P fl R T 3. 7 6 I' T , H r:T G fl T 2 6 • H F T 

ACnl 41.107. ij (NO f:XCESS A I R CURPF.CT ION) OR.SAT ANALYSTS: C02 ,0]0, 02 .160, CO ,000, N2 .AlO, 0\.IICF= 1.0000 

TF.I_,P HJ DF:\. F: ORY 1.1\S r.-lETI<R AVr:R, R7,40, STACK AVt~R. 14?,50 
RlJI,f. 1flS,1 

34,9 % nF ALLOWfd'\1_,1-: \lSU, 102.0 STO,r~I'.STK.HT. 
r:MJSS,HAH:S,T.IIS/HP.: A[,l .. miAHT.,E 40,4, IJQJ,t,.MA.SS 

4 7. 0 I''T 
1 6. 1 

M A .S S I N r, R 1\ M S : T n T 1\ L lf.H> , G A U J 4 0 1 • h 0 T () T A L P A R T J C II T A T E .2893 

P/\RTJCIJJ,ATF: IN IMP, ,0.312, .S02 ,0000, H2S .oooo, 

H2Sn4 .oooo, ff,llf1R IDF: Jl!NS .oooo, .sn3 .oooo,cr.?. .oooo 

PR~~ss: ATI~ns ?.6.90 TN,HG, STi\CK •,H?.O 1 ~I, H 2 n, A V , llfo. L T A H 1 • 6 3 0 1 N, H 2 rJ 

PTTOT TIJB~: DFT.T A J.>'S IN IN,H?.fl: 

·1,100 1.300 1 • 4 00 1,600 1 • 8 0 0 1 • A 00 1 • h 50 ,qso 
1.1100 1 • h5 0 1 • 7 ':i 0 I • H 0 0 l,!J')O 2.0~0 2.000 ],]0() 

l.H00 1,700 1 , A 0 0 1 • q 50 2.000 2. 1 00 2.200 1 • 4 0 0 
1,6()() 1. hOO I. 800 1,4')0 2,100 2.100 2. 1 0 0 1,300 

1,500 1,400 1.3'10 1,!-o50 l,R()O 1 • q..., () 1.800 1.100 

1 • 1 0 0 1. ?00 1,100 1.100 1 • 2 () 0 I • 3 00 1,2')0 .RhO 

RUL~ 107 P~n('ESS W~IGHT WAT~ , 0 !-' 0 I l N I) S P ~~ R H U U R 

RIJLF.: 1flS,3 f. ')Ol,S HF!\T lN!-'IlT • 0 M I l, l. 1 0 N [\ T l J P ~~ R H n II P 

Hllr.r.s sr:J.r~rTr:n 1 () s. 1 

EXCESS AT R FLAG fli'F Pl\kTICAT. .SIZE r'LAG SMALL 

lwlOISTUR~: FRACTION viAS HASr:D UN SATURAH:D CONDITlUN.S 
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CAI,CIII.ATION IH:SUioTS 

d,H,STRAJN AND SONS HOSCUE NOV 1977 

:-;c H IIIHH·:H STACK N, STARCHI-: 

L>ATr~ 11-2-77 TIM~ 1414 TO 1555 

20.'>4 % H~n N{JZ,VOL, 4H,31H CllfT EACF' 1, 000 

1\V,V~:J.,POHT H?,B2 fT PFR SEC M,WT, 26.84 f.F,STK,HT, 72,.i FT 

ACF'M 54HSI,O 432Hl.2 (NO EXCf.SS AIR CORPECTlnN) 

RtJJ,E 1 OS, 1. 

51.3% rw AL.IolHoJAHLE %lSU, 102,2 STO,U',STI<,HT, 
F.:MISS,RI\TES,I.BS/HR: ALLOWAHT,E 41,6, POI,L,MASS 

47,9 fo'T 
21.3 

105 

NOV 1977 

' 95,R07 CLIFT. I::ACF' 1,000 

f, 26,89 ~F.STK,HT, 71,1 FT 

NO fXCI::SS AIR CURH~CTTON) 

,) 2 , 1 S T D , 0' , S T K • 11 T , 41. 4 r'T 
41.0, PlJ(,L,MI\SS 1 H, 7 

; RE:SULTS: 45,7 
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hilS{." I 11-: 

::, A 11 f' I, f·~ f' II fl i, I· riM~ 111~ ro 1757 

;,fl'Z.. i<f'F:l\.: • ()(10(0'' 1 S•1~ I' • H .3 '/ 0 

D f ~ Y t; 1\ S 1! r .' l't. ·~ 1\ V F r·: • 7 ~ • "i () , S T A C K 1\ V ~: H • I 4 1 • 0 () 

'I r 11' l\ I, l ,·w • C A I '.• J ') 2 • 9 0 TIlT A L P i\IH l C II L An: .2)44 

Pf.I~T TCIIT,I\TI·: II' 1 ,1f>. • 0 1 ., i , s tl2 .noon, H2S .oono, 
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CaNERSION OF TEXAS AIR CONTROL :BOl\RD I:ll\TA 
TO IN-STllCK CCN:ENI'RATION WITH UNITS OF 

GRAINS PER DRY STANDARD CUBIC FOOl' 

srains= 
DSCF 

grains 
7000 lb X PMI3c lb/hr 

SCFM X r:::GF X 60 min/hr 

where DSCF is dry std. cubic feet, SCFM is standard cubic 
feet per minute, rx;F is the fraction of dry gas in the 
stack, and PMRc is the pollutant mass rate based on 
concentratioo and does not include the impinger catch. 

Sarrple One 

7000 16.1 
41,307.8 (O.B025) 60 

Sarrple 'lWo 

7000 21.3 
43,283.2 (0. 7946) 60 

grains 
Average 0.06446 nscF 

= 0. 05667 ~ins 

= 0.07225 ~ins 
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Or sat X C02 
No. 

1 0.035 

2 0.026 

3 0.031 

4 0.029 

Avg. 0.0303 

CAICUIATICN OF AVERAGE ORSAT VAUlES 
AND PERCENI' EXCESS AIR FOR EACH SAMPLE 

AND FID1 AVERAGE VALUES 

ORSAT RESULTS AND PERCENr EXCESS AIR 

X02 xco XN2 % Excess 
Air 

0.155 0.0 0.810 263 

0.167 0.0 0.807 363 

0.157 0.0 0.812 274 

0.163 0.0 0.808 324 

0.1605 0.0 0.809* 306 

*used 1.00 - (. 0303 + .1605) 

(X02 - 0. 5 (XCO)) 100 
%EA = 

0.264 (XN2) - (X02 - 0.5 (XCO)) 

substituting average orsat values into this equation gives. 

0.1605 X 100 
%EA= = 302% 

(0. 264 X 0.8092) - 0.1605 

nun nn nnnu-nnnn ____ ===-till 

APPENDIX X 

OPACITY 
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