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REJUVASEAL PERFORMANCE INVESTIGATION

FOR

BITUMINOUS PAVEMENT REJUVENATION
DOCUMENTATION/CERTIFICATION

1. INTRODUCTION

The FAA Advisory Circular (AC) 150/5370-10E, Item P-632, Bituminous Pavement
Rejuvenation, was published on September 30, 2009 [1]; hereinafter, referred to as “Item P-
632.” The objective of the Item P-632 was to provide a performance base specification (PBS)
for an asphalt concrete pavement rejuvenator and/or rejuvenator/sealer* intended to retard
disintegration of the pavement surface due to aging and optionally to protect the pavement from
chemical attack (e.qg., jet fuel) [2].

The requirements of the PBS were to:

* Allow the Contractor the freedom to choose any commercially available material that has
a documented history of satisfactory performance and meets the performance criteria
contained in the specification, including friction characteristics, where required; and,

* Include all tests and testing responsibilities necessary to assure that material and
application complies with the performance criteria without specifying the material
ingredients.

The annotation above “that has a documented history of satisfactory performance” had the
requirement in the Iltem P-632 specification for a bid submittal to contain specific rejuvenation
documentation/certification information. In view of this requirement, Pavement Rejuvenation
International (PRI) commissioned Dr. Robert E. Boyer, PE, Asphalt Consultant, Airport
Pavement, to investigate the performance characteristics of Rejuvaseal to meet the
requirements of current bituminous pavement rejuvenation specifications,

Most current bituminous pavement rejuvenation specifications, including FAA, U.S Department
of Defense (DOD) services, state and local government agencies, and private owners with
responsibility for asphalt pavement maintenance, have provisions that the bid submittal include
documentation of previous use and test data to conclusively demonstrate a proven record of
satisfactory performance. Based on this requirement, the objectives of this investigation were
to determine the most restrictive documentation/certification requirements of current
rejuvenation specifications; review and analyze the performance records of Rejuvaseal; and,
lastly, validate a satisfactory performance record for Rejuvaseal in compliance with rejuvenation
specification documentation/certification requirements for bid submittal.
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n this report, the term “rejuvenator/sealer ” and “sealer/rejuvenator ' will be used in interchangeable format
because such connotation has been used in this manner throughout literature and technical references.
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2. BACKGROUND

A. Defining Characteristics of a Rejuvenation Mater  ial.

The deterioration of asphalt pavements caused by hardening and inherent changes in the
physical properties of the asphalt binder in the aging process has been generally recognized
throughout the transportation industry. The influence of chemical composition of asphalts on
pavement performance was initially advanced from research reported by Rostler and White [3,
4]; wherein, it was determined that an asphalt binder consists of five fractional components
which govern its behavior. With aging of the asphalt binder, the fractional components are
converted from one fractional component to another fractional component in a hierarchy
measured by the asphalt binder consistency; thus, with aging, or oxidation process, there is a
corresponding increase in the consistency of the asphalt binder. It was reported that “the ratio
of chemically more active to less reactive components present in the asphalt binder was a
measure of predictive durability [5].” To affect performance, a rejuvenation material must
possess characteristics to restore, or partially restore, the original chemical ratio of the asphalt
binder components when applied to the pavement surface. For these phenomena to occur, two
general rejuvenation criteria must be satisfied, as follows:

» First, the rejuvenation material has to contain ingredients with chemically active
components to decrease the asphalt binder consistency, and
» Second, the rejuvenation material must penetrate the asphalt binder to effect reaction.

Based on these research findings, asphalt rejuvenation products have been developed and
used as a pavement preservation technique since the mid 1960s.

B. 1976 - Independent Evaluation of Rejuvenation Pr  oducts

The U.S. Air Force has a vast worldwide inventory of aging bituminous airfield pavements.
Because of the need for pavement preservation and potential for proven rejuvenation products,
the U.S. Air Force sponsored the first independent study on the performance of rejuvenation
materials. This study was comprised of independent tests to evaluate the rejuvenation
characteristics of four different rejuvenation materials and an asphalt emulsion as the control,
and was conducted by the U.S. Army Corps of Engineers over the period from 1971 to 1975.
The study involved placing test strip applications of the materials at three different Air Force
bases and monitoring the performance for three years.

The results of this study were documented by a report in 1976 [6]; commonly referred to within
the bituminous rejuvenation industry as the 1976 Air Force report. Adjacent pavement areas
were treated at the three Air Force bases with four proprietary products available in 1971
[including Bituminous Pavement Rejuvenator (BPR), Reclamite, Petroset, and Gilsabind; and an
asphalt emulsion seal as a control application]. The tests were conducted at Williams AFB, AZ,
in the dry, hot southwestern part of the United States, Eglin AFB, FL, in the humid, hot
southeastern part of the country, and at Malstrom AFB, MT, in the cold north-central part of the
country. The objective of the effort was to evaluate the effectiveness of rejuvenation products
on existing aged airfield asphalt pavements and to prepare guide specifications for placing
these products. Rejuvenation was judged by a reduction in the viscosity or an increase in the
penetration of the asphalt binder in the treated pavement.
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The study reached the conclusion that BPR, Reclamite, and Petroset products accomplished
rejuvenation of the old asphalt binder while Gilsabind and SS-1 Asphalt Emulsion had a
hardening effect. The original Corps of Engineers, Unified Facilities Guide Specification for
Bituminous Rejuvenation [UFGS 02787] was developed under this study [7]. Other conclusions
were reported, including an indication that the viscosity of treated asphalt was a better indicator
of the rejuvenation effect of the materials tested than was the penetration test.

C. 1989 - Engineering Brief #44, Coal Tar Sealer/Re juvenator

The concept of a sealer/rejuvenator was formally introduced when the FAA published
Engineering Brief No. 44 (EB-44), Coal-Tar Sealer/Rejuvenator, on November 02, 1989 [8].
The EB-44 provided a material purchase description for a sealer/rejuvenator comprised of cold-
tar oils and cold-tar conforming to ASTM D 490 Grade 12, and included general guidelines for
construction procedures. The use of a coal-tar base material as a fuel resistant sealer was the
primary objective and rejuvenation was the secondary objective; thus, the specification was
termed “sealer/rejuvenator.” An asphalt base material was not considered because the primary
objective was the fuel resistant requirement to protect the asphalt pavement on airport parking
aprons from fuel spills. The EB-44 was subsequently used as the reference document for
grants under the FAA Airport Improvement Program (AIP) to pay for the work. For the next 17
years, the EB-44 was the primary specification for airport construction using proprietary coal-tar
sealer/rejuvenator products available on the market. The EB-44 contained no requirement for
specifying the performance of a product or to maintain a minimum skid resistance for the treated
pavement.

Since 1989, a wealth of experience was accumulated from demonstration projects and full scale
pavement preservation projects using rejuvenators and/or sealer/rejuvenators. These
applications include federal, state and local government transportation agencies, airport
authorities, and military organizations [9, 10]. New coal-tar sealer/rejuvenator products were
placed on the market with material ingredients in compliance with the EB-44 material property
criteria. The acceptance of the products received widely mixed reaction within the airport
pavement industry. This reaction was attributable to the absence of test procedures for fuel
resistance, unknown asphalt rejuvenation additives in the proprietary sealer/rejuvenator
products, and the absence of effective performance related criteria in the EB-44. This situation
eventually highlighted the need for a PBS.

NOTE 1: Rejuvenator versus Sealer/Rejuvenator . The EB-44 was the initial introduction of
the nomenclature sealer/rejuvenator product. Until this publication, all products were termed
rejuvenator products. The change in terminology is explained, as follows:

The fuel resistant rejuvenator is a coal-tar base material and the non-fuel resistant rejuvenator is
a petroleum base material. The coal-tar base material is commonly referred to as
sealer/rejuvenator. The petroleum base material is termed a rejuvenator. The distinction
between the rejuvenator and the sealer/rejuvenator is that a rejuvenator penetrates the asphalt
binder without leaving a residue on the pavement surface; whereas, a sealer/rejuvenator leaves
a coating of material on the surface that serves to seal the surface with fuel resistant residue.
The coating consists of cold-tar material and provides attributes normally associated with a seal
coat. This cold-tar coating, in turn, provides the fuel resistant characteristics of the
sealer/rejuvenator.

NOTE 2: Fuel Résistance Versus Non-Fuel Resistance . As more experience was gained
with rejuvenator and sealer/rejuvenator products, the industry expressed the need for

5
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performance criteria in terms of increased pavement life and resistance to chemical attack [e.q.,
fuel resistance]. For pavement life, a decrease in viscosity of the top 3/8-inch of the pavement
surface was advanced. For fuel resistance, the requirement of the pavement use classification
became an issue because the majority of rejuvenation applications on airport pavements were
placed on shoulder, taxiway, and runway surfaces [at selective general aviation airports]. A fuel
resistant surface is not the dominant criterion for these applications. A fuel resistant surface
may be a major criterion for aprons and aircraft parking areas; however, the criterion should not
over ride the requirement to enforce a mandated fuel spill plan. For these applications, the
material selection should be at the discretion of the airport manager, or owner, based on
pavement use classification. The documentation of independent evaluations indicates desired
rejuvenator performance can be achieved with either the fuel resistant or non-fuel resistant
material.

NOTE 3: Fuel Resistant Testing. There is no standard test for fuel resistant properties of a
sealer/rejuvenator sprayed on an asphalt pavement. Subject to FAA approval, test procedures
can be improvised to make a subijective “pass” or “fail” judgment on acceptability of fuel
resistant characteristics; however, there is no evidence that these procedures have been
employed for past projects.

D. 1996 — Draft Item P-629, Coal-Tar Sealer/Rejuven ator

A draft copy of proposed Change 10 to FAA Advisory Circular [AC] 150/5370-10A, Standards
for Specifying Construction of Airports, was issued for review by various industry
representatives in November 1996 [11]. Change 10 to AC 150/5370-10A was to add a new
specification, Iltem P-629, Coal-Tar Sealer/Rejuvenator.

The purpose of Item P-629 was to provide a PBS to supersede EB-44. To the contrary, this
draft specification included material requirements specifying a “...minimum of 35 percent coal-
tar pitch, CAS Number 65996-93-2.” The draft Item P-629 proposed performance requirements
to test asphalt binder extracted from the upper ¥2-inch of the surface for viscosity [ASTM D-
2171], ductility [ASTM D-113] or penetration [ASTM D-5] as measured within 24 hours after
placement and compared to untreated samples from the same pavement. Industry comments
reflected the following:

* Specification was tailored for fuel resistant coal-tar base sealer/rejuvenator products,
and did not consider the airport pavements not requiring fuel resistant properties that
could benefit from either petroleum base rejuvenator products or coal-tar base
rejuvenator/sealer products.

» Actual performance of the sealer/rejuvenator products had no independent testing
record.

» Coal-tar sealer/rejuvenator products leave a residue on the surface that invalidates the
rejuvenation viscosity performance parameter measured by residue from ASTM
methods for the asphalt binder extracted from the top %2-inch samples of the pavement.

This draft Item P-629 specification was never adopted as an official Change to FAA AC
150/5370-10.

E. 1997 — Government Accounting Office (GAO): Use o  f Sealer/Rejuvenators to Extend
the Life of Airfields
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This study was conducted by the U.S. GAO in response to a request from Honorable John
McCain, Chairman, Committee on Commerce, Science, and Transportation, United States
Senate, to determine (1) whether the coal-tar sealer/rejuvenator products used on federally
funded projects was in compliance with the guidance in FAA EB-44 and how FAA ensures that
coal-tar sealer/rejuvenator products complied with EB-44 and (2) what had been the experience
of airports in using these products [12]. Between 1989 and 1995, from when EB-44 was
published by the FAA and the conclusion of the GAO study, 77 airports had used the cold-tar
sealer/rejuvenator products and 36 of these airports received Grants under the FAA Airport
Improvement Program (AIP). The GAO reported that the three proprietary coal-tar
sealer/rejuvenator products used on the AIP funded projects during this six year period
complied with material properties identified in EB-44. To provide assurance that EB-44 was
followed, airport officials used certification documents provided by the manufacturer’s of the
proprietary coal-tar products. The study also reported that there were no comprehensive
independent tests for performance of the sealer/rejuvenator products and reported the following
rational:

“Sealer/rejuvenator manufacturers provided us with test results showing that pavements
were improved after the product was applied. However, FAA has not verified the accuracy or
validity of these test results and continues to rely instead on data presented in the 1976 Air
Force study.”

NOTE 4: In reference to the 1976 Air Force study, discussed earlier in this report, the only cold-
tar sealer/rejuvenator available for this study was the proprietary fuel resistant BPR, and the
product is no longer on the market. The only product remaining on the market from the time of
the Air Force study is the proprietary non-fuel resistant rejuvenator, Reclamite. Bottom Line —
the 1976 Air Force study established the validity of the rejuvenator and sealer/rejuvenator
products, but has become outdated with respect to product availability and for comparison to
rejuvenation performance. This GAO study discussed the November 1996 FAA initiative to
send the draft Item P-629, including proposed performance measures to manufacturers and
airport engineers and managers for comments. This effort was accomplished, but was not
adopted as discussed earlier in this report.

Lastly, the GAO stated:

“Because of the disagreement over guidance, most airport officials and sealer/rejuvenator
manufacturers agree that FAA should require performance based measures in any new
specification that may be developed. FAA agrees that EB-44 needs modification and has
initiated the process of preparing new guidance.”

F. 2000 — Draft Item P-629, Coal-Tar Sealer/Rejuven ator.

The FAA refined the previous 1996 draft temP-629, and proposed a second draft Item P-629 by
proposed Change 16 to FAA Advisory Circular [AC] 150/5370-10A, Standards for Specifying
Construction of Airports, for review by various industry representatives in April 2000 [13].
Change 16 to AC 150/5370-10A was to add a new specification, Iltem P-629, Coal-Tar
Sealer/Rejuvenator.

The purpose of Item P-629 was to provide a specification to seal asphalt pavement from
oxidation, to provide a fuel resistant surface (if required), to rejuvenate the asphalt binder; and
the specification was intended to replace EB-44 for all eligible uses of these products. Again,
this draft specification included material requirements specifying a “...minimum of 35 percent
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coal-tar pitch conforming to ASTM D-490, RT-12.” The draft Item P-629 added performance
requirements to test asphalt binder extracted from the upper 3/8-inch of the surface for viscosity
as measured within 48 hours after placement and compared to untreated samples from the
same pavement. Of the comments circulated regarding incorporation of the proposed draft ltem
P-629, Coal-Tar Sealer/Rejuvenator, into FAA AC 150/5370-10A, the primary objection to the
adoption related to the apparent exclusion of non-fuel resistant rejuvenator products by the draft
language as was the case for the FAA draft Item P-629 that was circulated to industry in 1996.

As of this date, this draft specification has not been approved as an official Change to FAA AC
150/5370-10.

G. 2003 - Rejuvenators, Rejuvenator/Sealers, and Se al Coats

A second independent study to evaluate rejuvenators, rejuvenator/sealers, and seal coats for
asphalt pavements was conducted during the period 2000-2001. The study was sponsored by
the United States Air Force Civil Engineering Support Agency and accomplished by the U.S.
Army Corps of Engineers, Engineering Research Development Laboratory (ERDC), Waterways
Experiment Station. The results of the study were published as the 2003 USA ERDC Report
[14]. The scope of this study was to investigate the comparative field performance of various
rejuvenator, rejuvenator/sealer and seal coat products after application on taxiway test locations
at McDill AFB, FL, and McGuire AFB, NJ. The Introduction of the 2003 USA ERDC Report
states the following:

“There are a number of proprietary rejuvenator, rejuvenator/sealer, and seal coat materials
available. It should be noted that throughout this report the term rejuvenator will be used to
describe both rejuvenator and rejuvenator/sealer materials, because the primary purpose of this
study was to use these materials to rejuvenate the asphalt pavement.”

The field performance of these materials was evaluated over a period of more than one (1) year.
The materials evaluated in this study were proprietary products. The study was not intended to
determine the best or optimum rejuvenator, rejuvenator/sealer, or seal coat material, but was
intended to provide information for the development or updating of guide specifications for the
use of these types of materials. The materials placed at the two airfields and their effect on the
binder properties of the treated pavement were compared to untreated areas. Performance
data for three (3) rejuvenator and eight (8) rejuvenator/sealer products at the two U.S. Air Force
bases were obtained for a period of approximately 15 months.

Rejuvaseal was one of the eight (8) rejuvenator/sealer products tested in this USAF sponsored
independent study. The test strips at McDill AFB, FL, were placed o n Taxiway O as depicted in
Figure 1; wherein, Rejuvaseal N [standard Rejuvaseal product] was applied on Area 2, Section
C. The test strips at MacGuire AFB, NJ, were placed on Taxiway L as depicted in Figure 2;
wherein, the Rejuvaseal N was applied on Area 2, Section B. Detailed performance data for
these Rejuvaseal test strips will be addressed later in this report.

It was concluded that the rejuvenator and rejuvenator/sealer materials used in this study
reduced the viscosity of the asphalt binder in the treated pavement. The U.S. Air Force issued
Engineering Technical Letter (ETL) 03-08, Rejuvenation of Hot Mix Asphalt (HMA) Pavements
which published the a Bituminous Rejuvenation PBS, U.S. Air Force Guide Specification,
August 2003 [15]. The UFGS 32 01 22 [previously UFGS 02787], Bituminous Rejuvenation,
was revised to employ the PBS criteria. The latest version of the UFGS 32 01 22 was published
in the World Design Development Guide in August, 2008 [16].

8
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Figure 1 — Rejuvenator/Sealer Product ApplicationsTaxiway O, McDill AFB, FL.

Figure 2 — Rejuvenator/Sealer Product ApplicationsTaxiway L, MacGuire AFB, NJ.
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In this study, it was determined that the application of the materials, in the short term,
reduced the skid resistance, and, generally, the skid resistance of all the treated sections
recovered with time after application. The rejuvenator/sealer materials resulted in a coal tar
material residue on the pavement surface that served as the fuel resistant coating.

H. 2006 — Engineering Brief #44A, Coal-Tar Sealer/R ejuvenator

On May 9, 2006, the FAA published EB-44A replacing the specification attached to EB-44 [17].
The EB-44A placed additional material submittal and testing requirements on the
sealer/rejuvenator product [i.e., Volatile Organic Compound (VOC) content limit established for
the airport location, manufacturer certification that the product does not contain mercury, lead,
halogenated solvents, any added creosote, or any added crude tar, and that the manufacturer
identify the inclusion of any recovered and/or post consumer use materials in the mixture]; test
section for friction surveys, when applicable for runway or high speed taxiway exit; and Engineer
responsibility for verification testing of Table 1, Material Properties. The material submittal and
testing requirements were annotated as mandatory until further notice. The EB -44A retained
the material property attributes as specified in the original EB-44, without any reference to
performance requirements.

I. 2008 — Engineering Brief-44B, Coal-Tar sealer/Re juvenator

When published by the FAA on May 28, 2008, EB-44B replaced the EB-44A specification
attached to EB-44 [18]. The EB-44B provided sealer/rejuvenation product clarification by
maintaining requirements for additional material submittals, and testing and in addition to the
restrictions annotated in the EB-44A to types of hazardous chemicals allowed in the material,
the EB-44B further required the manufacturer to certify that application will not release
reportable quantities of hazardous substances identified under the Comprehensive
Environmental Response, Compensation, and Liability Act and the Clean Water Act. The
material submittal and testing requirements were annotated as mandatory until further notice.
The EB -44B retained the material property attributes as specified by the EB-44A, and in the
original EB-44, without any reference to performance requirements.

J. 2009 — Item P-632, Bituminous Pavement Rejuvenat ion

On September 30, 2009, the FAA Published AC 150/5370-10E, Item P-632, Bituminous
Pavement Rejuvenation [1]. As discussed earlier, the incentive to publish a PBS was the 1997
U.S. Government General Accounting Office Report, which recommended that the FAA develop
and publish rejuvenation guidelines as a PBS. The repeated attempts by the FAA to coordinate
with industry the inclusion of performance criteria in draft Items P-629, Coal-Tar
Sealer/Rejuvenator, in 1996 and 2000 were not successful; however, the Item P-632 was
successful in that it made provisions for the performance based criteria without specifying
material ingredients. The Item P-632 requires a percentage reduction in the viscosity of the
asphalt binder in the top 2/8-inch layer and evidence of long-term performance in similar
applications, as supplied by the Contractor. In addition, skid resistance, if required, must be
measured in accordance with the procedures outlined by FAA AC 150/5320-12C. Lastly, since
the material ingredients are not specified, the Contractor has the latitude to propose rejuvenator
or rejuvenator/sealer [sealer/rejuvenator] products. As was the case when the previous draft
ltems P-629 was circulated to industry, the Item P-632 was developed with the intent of
replacing the current EB-44B. To the contrary, the EB-44B was not rescinded when the Item P-
632 was published. Therefore, both specifications are currently valid FAA standards.

10



Boyer Final Report 7/27/2011
RejuvaSeal Performance Investigation

3. SITUATION- ASPHALT PAVEMENT REJUVENATION

A. Milestone Developments. The background information presented above is paramount for
an assessment and approach to the situation facing Contractors bidding projects involving
rejuvenator and/or rejuvenator/sealer applications in the current environment associated with
FAA airport bituminous pavement rejuvenation projects. This situation is true for rejuvenation
projects proposed for bid by the FAA, U.S Department of Defense (DOD) services, state and
local government agencies, and private owners with responsibility for asphalt pavement
maintenance. The situation will be first assessed by delineating historical rejuvenation
specification development from the background milestones, as follows:

e 1959 - Rejuvenation Concept Established . In 1959, the concept of asphalt pavement
rejuvenation was authenticated by testing protocols that defined five asphalt fractional
components and their behavior throughout the aging process. Based on documentation of
this research work, asphalt rejuvenator and rejuvenator/sealer products were developed and
used as an asphalt pavement preservation technique dating from the early 1960s.

e 1976 - Independent Evaluation of Rejuvenation. The independent evaluation of
rejuvenator and rejuvenator/sealer products during 1971-1974 conducted by the U.S. Army
Corps of Engineers culminated in the 1976 Air Force Report. This effort concluded that
rejuvenator and rejuvenator/sealer products accomplished rejuvenation of aged asphalt
binder materials for different pavement mixtures and different environmental conditions.
The first UFGS 02787, Bituminous Rejuvenation, was published. The 1976 Air Force
Report further concluded that the viscosity testing of the treated asphalt binder was a better
indicator of the rejuvenation effect than was the penetration testing.

e 1989 - FAA Initial Rejuvenation Specification. The EB-44 was published as a preliminary
sealer/rejuvenator specification that delineated a material composed of coal tar oils and coal
tar conforming to the requirements set forth in ASTM D490, Coal Tar Grade 12. Essentially,
the specification was a material purchase description with guidelines for general
construction procedures. The stated purpose of the material was to provide a fuel resistant
surface and to rejuvenate the asphalt binder in an aged pavement.

e 1996 - Draft Item P-629, Coal-Tar Sealer/Rejuvenat or. This draft Item P-629 specified a
cold-tar sealer/rejuvenator and proposed performance requirements for improving viscosity
of asphalt binder from the upper “2-inch of the treated pavement surface course within 24
hours after application. Because of industry objections, the draft ltem P-629 was never
adopted.

e 1997 - GAO Report — Use of Sealer/Rejuvenator to E  xtend Life of Airfields. The GAO
Report concluded that industry consensus validated the success of bituminous pavement
rejuvenation. Between 1989 and 1995, the EB-44 was employed to treat 77 airports with
cold-tar sealer/rejuvenator products and 36 of these airports were accomplished using
federal grant funds under the FAA Airport Improvement Program (AIP). There were no
comprehensive independent tests for performance of the sealer/rejuvenator products. A
majority of the airport officials, engineering designers, and product manufacturers favored
development of a PBS. The FAA concurred with the development of a PBS and proposed
to address the topic by resurrecting the draft Item P-629.

11
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e 2000 - Second Draft Item P-629, Coal-Tar Sealer/Re juvenator. The resurrected draft
Item P-629, Coal-Tar Sealer/Rejuvenator, was very similar to the draft Item P-629 that was
previously circulated to airport officials, engineering designers, and product manufacturers in
1996. The response was the same as it was in 1996, and to this date, the draft Item P-629
has not been approved or published as an official Change to the FAA AC 150/5370-10.

e 2003 - Rejuvenators, Rejuvenator/Sealers, and Seal Coats. The USA ERDC Report
concluded that the rejuvenator and rejuvenator/sealer materials reduced the viscosity of the
asphalt binder in the treated pavement. The U.S. Air Force issued Engineering Technical
Letter (ETL) 03-08, Rejuvenation of Hot Mix Asphalt (HMA) Pavements which published a
Bituminous Rejuvenation PBS, U.S. Air Force Guide Specification, August 2003. The UFGS
32 01 22, Bituminous Rejuvenation, was revised to employ the PBS criteria and the latest
version was published in the World Design Development Guide in August, 2008.

e 2006 - Engineering Brief #44A, Coal Tar Sealer/Rej uvenator. When the EB-44A
superseded the EB-44, the changes to the specification only involved further restrictions for
hazardous chemical certifications. The EB -44A retained the material property attributes as
specified in the original EB-44, without reference to performance requirements.

e 2008 - Engineering Brief #44B, Coal Tar Sealer/Rej uvenator. When the EB-44B
superseded the EB-44A, the changes to the specification only involved further restrictions to
the hazardous chemicals. The EB-44A retained the material property attributes as specified
in the original EB-44, without reference to performance requirements.

e 2009 - Item P-632, Bituminous Pavement Rejuvenatio n. The Iltem P-632 is a PBS and
requires a percentage reduction in the viscosity of the asphalt binder in the top 3/8-inch
layer and evidence of long-term performance in similar applications, as supplied by the
Contractor. In addition, skid resistance, if required, must be measured in accordance with
the procedures outlined by FAA AC 150/5320-12C.

B. Evolution of Rejuvenation Specifications.
enumerated above is summarized in Table A.

The chronology of specification developments

TABLE A — Evolution of Rejuvenation Specifications.

Item Year Specification Material Specification
# Source Specified Acceptance Criteria
1 1976 | UFGS 02787 Not specified Material Properties
2 1989 | FAAEB-44 Coal-Tar Material Properties
3 1996 FAA Draft P -629 Coal-Tar Material/Performance
4 2000 | FAA Draft P -629 Coal-Tar Material/Performance
5 2003 | US Air Force Not Specified Performance/Viscosity
6 2003 | UFGS 02787 [Rev.] Not Specified Performance/Viscosity
7 2006 | FAAEB-44A Coal-Tar Material Properties
8 2008 | FAAEB-44B Coal-Tar Material Properties
9 2008 | UFGS 320122 Not Specified Performance/Viscosity
10 2009 | FAA Item P -632 Not Specified Performance/Viscosity
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C. Discussion. The basis for the rejuvenation specifications evolved from the 1976 Air Force
Report; wherein, an increase in the viscosity of the asphalt binder from a treated pavement was
determined to provide a valid measure of rejuvenation performance. The 1989 FAA EB-44
specification was founded in the success of the 1976 Air Force study. Two factors were
responsible for the coal-tar basis of the EB-44. The first factor was a requirement for a fuel
resistant pavement preservation technique for asphalt airport apron operations; and the second
factor was the inherent marketing efforts of the coal-tar industry manufacturer’s at the time.

In response to the 1997 U.S. GAO Report, the FAA made attempts to replace the EB-44 by
incorporating the performance criteria into draft ltems P-629, Cold-Tar Sealer/Rejuvenator, in 1996
and 2000, respectively. On both occasions, the rejuvenator industry voiced objections; and the
Draft Items P-629 were never published.

As the concept of rejuvenation gained widespread application, the second U.S. Air Force Report
produced guide specifications containing performance criteria based on an increase in viscosity of
the asphalt binder after treatment. In 2003, the U.S. Air Force published a PBS Bituminous
Rejuvenation and the Tri-Service published the PBS UFGS 02787, Bituminous Rejuvenation. The
PBS UFGS 02787 was revised and replaced as the PBS UFGS 32 01 22 in 2006 and again in
2008. The EB-44 was superseded by the EB-44A in 2006 and, subsequently, by EB-44B in
2008; wherein, the material properties remained the same as that of the original EB-44.

Implementation of the Item P-632 in 2009 had the objective to replace EB-44B in the same
manner as the earlier draft Items P-629 were circulated as replacement for EB-44. The Item P-
632 was published, but the EB-44 was not rescinded. Thus, both the EB-44 and the Item P-632
are current FAA standards for asphalt pavement rejuvenation. In the case of the DOD PBS for
Bituminous Rejuvenation, the Item P-632 exceeds the requirements of the Air Force PBS
Bituminous Rejuvenation and the PBS UFGS 32 01 22 Bituminous Rejuvenation. In addition,
the undersigned has reviewed numerous state and local government rejuvenation specifications
and determined that the Item P-632 PBS has the most stringent requirements for performance
criteria. In the case of the EB-44B, or preceding versions, the material property requirements
are specified.

From the above, it is apparent that the situation facing Contractors has to do with meeting
requirements of EB-44B, Coal-Tar Sealer/Rejuvenator and Item P-632, Bituminous Pavement
Rejuvenator, and some agencies are currently bidding projects using both specifications.

The Item P-632 specification contains all known PBS criteria and documentation/certification
requirements published by the FAA, DOD services, state and local government agencies, and
private owners with responsibility for asphalt pavement maintenance. In addition, the Iltem P-
632 has the most stringent specification requirements. When the EB-44B specification, or
similar document, specifies cold-tar property requirements, all known cases have used the coal-
tar property requirements of the EB-44. The worst case scenario is when both specifications
are bid together, and this case will be assumed for this report.

CONCLUSION. To comply with all know rejuvenator and/or rejuvena tor/sealer
[sealer/rejuvenator] specifications, the Rejuvaseal product must demonstrate compliance
with performance criteria and documentation/certifi cation requirements of the Item P-632
specification and the coal-tar property requirement s contained in Table 1 of the EB-44B
specification.
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4. TEST PROTOCOLS — REJUVASEAL CERTIFICATIONS

A. Sampling Procedures.  As standard practice in the manufacturer of RejuvaSeal, a
sample of sufficient material for certification testing from each identified production
batch is obtained by PRI on a random basis in accordance with the procedures
contained in ASTM D 3665.

B. Testing Procedures. The sample is delivered to an independent testing laboratory
to perform the manufacturer’s certification testing contained in EB-44B. Paragraph 2.1,
Table 1, [copied here for ready reference], as follows:

Table 1 - [From EB -44B] Property Requirements

Test Property Test Method Requirements
Specific Gravity ASTM D 70 1.04 min
@ 25/ 25 °C

Viscosity Engler ASTM D 1665 8.0 max
50 cc @ 50° C

Water, % by volume ASTM D 95 2.0 max
Distillation ASTM D 20

% by weight to 170°C 20 max
% by weight to 270°C 20 -50
% by weight to 300°C 60 max
Softening Point of Residue ) ASTM D 36 65 max
Residue above 300 °C, °C

C. RejuvaSeal Manufacturer’s Certifications. Appendix A provides random sample
copies of authentic records of the Rejuvaseal manufacturer’s certification testing in
accordance with EB-44 versions, Table 1, above, from 2005 through 2011, and is
identified in Table B, as follows:

TABLE B - Authentic Copies of RejuvaSeal Manufactur  er’s Certification

Iltem Date Specification Comment
#1  02/17/2005 EB-44 EB-44 Published: 11/02/1989
#2  02/10/2006 EB-44
#3  05/04/2006 EB-44A EB-44A Published: 05/09/2006
#4  06/20/2007 EB-44A
#5  11/28/2007 EB-44A
#6  04/08/2008 EB-44A
#7  08/12/2008 EB-44A
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#8  04/14/2009 EB-44B EB-44B Published: 05/28/2008
#9  09/23/2009 EB-44B
#10 03/22/2010 EB-44B
#11 09/24/2010 EB-44B
#12 01/11/2011 EB-44B
#13 05/23/2011 EB-44B

The records for 2005 and early 2006 indicate certifying tests for the original EB-44; the latter
part of 2006 through 2008 records cover certifying tests for the EB-44A; and the 2009 through
2011 records cover certifying tests for the EB-44B. The Rejuvaseal manufacturer’s certification
testing demonstrates strict compliance with the cold-tar property requirements of the EB-44B
specification.

The Rejuvaseal manufacturer’s certification testing for the EB-44 and the EB-44A, as well as the
FAA draft specification Item P-629, are currently unacceptable under the guidelines of the EB-
44B, but are included in this report to establish the PRI, LP, long term creditability for the
manufacturer of Rejuvaseal. The unacceptability clause for previous specifications is
referenced under EB-44B, Paragraph 3.7 BITUMINOUS MATERIAL CONTRACTOR’S
RESPONSIBILITY as a NOTE TO THE ENGIINEER and copied here for ready reference, as
follows:

NOTE TO ENGINEER. Certifications that reference pr evious revisions to this
specification, or that reference unpublished FAA dr aft specification Item P-629, will not
be interpreted as acceptable for the purposes of th is specification.

Conclusion: The authentic records presented above demonstrate that PRI, LP,
documentation/certification for EB-44B has been est  ablished since the specification was
published, May 28, 2008. The PRI, LP, has fully co mplied with the provisions of
Contractor’s responsibility and all certification t esting have proven to be in strict
compliance with EB-44B property requirements.

5. TEST PROTOCOLS - REJUVASEAL PERFORMANCE

A. Item P-632 Specification Test Protocol Requireme  nt.

FAA AC 150/5370-10E, Item P-632, Bituminous Pavement Rejuvenation, Paragraph 632-2.1,
Rejuvenation Product, specifies that the rejuvenation product must be capable of achieving the
minimum changes in the asphalt binder properties shown in Item P-632, Table 2 after proper
application and field exposure.

In the past, the Item P-632, Table 1 criteria for pavement three (3) years or less in age have
been employed only on rare occasions. There were no available test data for application of
RejuvaSeal on pavement three (3) years or less in age. Therefore, the historical test data must
comply with the criterion of Iltem P-632, Table 2, Item #1.

The Iltem P-632, Table 2, is copied here for ready reference, as follows:
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TABLE 2 - [From Item P-632] - Pavement More than T hree (3) Years in Age

Item # | Property of Recovered Binder Requirement Test Method
1 Absolute Viscosity goc, P ASTM D 2171
2a Complex Modulus g, G*, kPa 2= 40% Decrease
2b Viscosity goc, N* = G*/ w Pa's AASHTO T 315
2c Phase Angle g, 0, ° Report

The Item #2a, Complex Modulus, and ltem #2b, Viscosity calculated from Complex Modulus
testing, are optional requirements proposed by the Item P-632 where performance grade
asphalt binder testing procedures have been standardized by the respective State DOT test
agency for current and future rejuvenation testing. The Item #2c is also a performance grade
asphalt binder testing parameter and is for reporting purposes only when these testing
procedures are employed. The performance grade asphalt binder testing is new technology
and was not used during the era covered by historical pavement rejuvenation testing.

In conclusion, the documented test data must comply with the criterion of Item P-632, Table 2,
Item #1, Absolute Viscosity [ASTM D 2171] for the Item P-632 requirement of 240% Decrease
calculated, as follows:

Percent Decrease in Viscosity =
100 x [(absolute viscosity of untreated sample) — (absolute viscosity of treated sample)] /
(absolute viscosity of untreated samples)

NOTE #6: For each asphalt binder extraction and absolute viscosity test in ltem P-632, Table 1
and Table 2, Item #1, the sampling requires a minimum of three (3) each 6-inch diameter cores
with thickness of a_3/8-inch slice to recover sufficient asphalt binder to accomplish one (1)
Absolute Viscosity test. In the test protocols presented later in the report, sets of cores normally
refers to three cores where approximately 3/8-inch thickness slices have been removed to
facilitate extraction and recovery of sufficient asphalt binder to accomplish the absolute viscosity
test. The performance grade asphalt binder was permitted for asphalt binder consistency
parameter testing in Item P-632, Table 1 and Table 2, Items 2a, 2b, and 2c, to substantially
reduce the magnitude of sampling in accordance with the Iltem P-632 specification. The
historical test protocols presented in this report did not utilize performance graded asphalt

binder testing.

B. 1999 — Rejuvaseal Test Protocol #1, Canadian For ces Base (CFB), Trenton, Canada.

On January 21, 1999, John Emery Geotechnical Engineering Limited (JEGEL) tested samples
of asphalt binder extracted from untreated and Rejuvaseal treated pavement cores taken at
CFB Trenton. An authentic copy of the JEGEL Report is provided as Appendix B. The
composite test results were as follows:

Untreated Viscosity =1861.0 Poise
Treated Viscosity =1044.0 Poise
Decrease in Viscosity =43.9%
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C. 2003 — Rejuvaseal Test Protocol #2, USA ERDC/GSL TR-03-01 Report.

Rejuvaseal pavement test sections were placed at MacDill AFB, FL, and McGuire AFB, NJ in
2000, and the USA, Corps of Engineers, accomplished sampling and rejuvenation performance
testing of the pavement test sections in 2000 and 2001. The ERDC Report was published in
February 2003. An authentic copy of the ERDC reported results is provided as Appendix C.
The composite test results were as follows:

MacDill AFB, FL [Table 23, ERDC Report]

2000 Untreated Viscosity =5615.0 Centistokes
Treated Viscosity = 1367.0 Centistokes
Decrease in Viscosity =75.7%

2001 No data reported at MacDill AFB for Rejuvaseal in 2001.

McGuire AFB, NJ [Table 24, ERDC Report]

2000 Untreated Viscosity = 2815.0 Centistokes
Treated Viscosity = 1526.0.0 Centistokes
Decrease in Viscosity =45.8%

2001 Untreated Viscosity = 3733.0 Centistokes
Treated Viscosity = 2071.5 Centistokes
Decrease in Viscosity =44.5%

D. 2005 — Rejuvaseal Test Protocol #3, Grand Canyon  Airport, AZ.

In August 2005, MACTEC Bituminous Laboratory tested samples of asphalt binder extracted
from untreated and Rejuvaseal treated pavement cores taken at Grand Canyon Airport. These
cores were taken from application rate test section, but provide excellent performance
characteristics for the RejuvaSeal product. An authentic copy of the MACTEC Report is
provided as Appendix D. The composite test results were as follows:

Application Rate [Gal/SY] 0.07 0.08 0.09 0.10

Untreated Viscosity [Poise] 22694.0 29263.0 28648.0 27195.0
Treated Viscosity [Poise] 18862.0 18088.0 15347.0 9437.0
Decrease in Viscosity 16.9% 38.2% 46.4% 65.3%

E. 2006 — Rejuvaseal Test Protocol #4, Bismarck Mun icipal Airport, Bismarck, ND.

In August 2006, Chicago Testing Laboratory (CTL) tested samples of asphalt binder extracted
from untreated and Rejuvaseal treated pavement cores taken at Bismarck Municipal Airport. An
authentic copy of the CTL Report is provided as Appendix E. The composite test results were
as follows:

Untreated Viscosity [Poise] =40790.0
Treated Viscosity [Poise] =18391.7
Decrease in Viscosity =54.9%
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For the above Bismarck Municipal Airport project, there were three (3) shipments of Rejuvaseal
of 4,077 gal [Batch #06-B1004], 1,025 gal [Batch # 06-B-1005, and 4,976 gal [Batch # 06-B-
1004], respectively. The CTL accomplished Owner certification testing in accordance with
Table 1, Property Requirements, of the EB 44 specification which is the same test protocol for
all versions, including the EB-44, EB-44A, and EB-44B. All certification tests were in
compliance with the property requirements. An authentic copy of the CTL Certification Reports
is contained in the Appendix D.

F. 2010 — Rejuvaseal Test Protocol #5, La Aurora In  ternational Airport, Guatemala.

On April 5, 2010, PRI Asphalt Technologies, Inc. tested samples of asphalt binder extracted
from untreated and Rejuvaseal treated pavement cores taken at La Aurora International Airport.
An authentic copy of the PRI Asphalt Technologies Report is provided as Appendix F. Four
different pavement sections were treated and tested. The composite test results were as
follows:

Section #1
Untreated Viscosity [Poise] =2400968.0
Treated Viscosity [Poise] =336419.0
Decrease in Viscosity = 86.0%
Section #2
Untreated Viscosity [Poise] = 3862455.0
Treated Viscosity [Poise] =275749.0
Decrease in Viscosity =92.9%
Section #3
Untreated Viscosity [Poise] =132799.0
Treated Viscosity [Poise] =15883.0
Decrease in Viscosity = 88.0%
Section #4
Untreated Viscosity [Poise] =16088.0
Treated Viscosity [Poise] =5957.0
Decrease in Viscosity =63.0%

G. Rejuvaseal Test Protocols — Performance.  The Rejuvaseal Test Protocols as reported
from 1999 through 2010 are summarized in Table C on the following page.

As discussed earlier, the Item P-632 has the most stringent performance criteria of known
current performance criteria published by FAA, DOD services, state and local governments, and
private agencies with responsibility for asphalt pavement maintenance. As concluded in
paragraph 5.A., above, the documented test data must meet, or exceed, the criterion of Item P-
632, Table 2, Iltem #1, Absolute Viscosity [ASTM D 2171] for the Iltem P-632 requirement of
240% Decrease calculated, as follows:

Percent Decrease in Viscosity =
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100 x [(absolute viscosity of untreated sample) — (absolute viscosity of treated sample)] /
(absolute viscosity of untreated samples)

TABLE C — Rejuvaseal Performance Test Protocols, 1999 thr  ough 2010.

Certified Performance
Protocol | Timeframe Project Testing [Decrease in
# Year Location Laboratory Viscosity, %]
1 1999 CFB Trenton JEGEL 43.9
Canada
2 2000 MacDill AFB USA COE/ERDC 75.7
FL
2 2000 McGuire AFB USA COE/ERDC 45.8
NJ
2 2001 McGuire AFB USA COE/ERDC 44.5
NJ
3 2005 Grand Canyon MACTEC 46.4
Airport, AZ
3 2005 Grand Canyon MACTEC 65.3
Airport, AZ
4 2006 Bismarck Municipal CTL 54.9
Airport, ND
5 2010 La Aurora IAP PRI Asphalt 86.0
Guatemala - Sect #1 Technologies
5 2010 La Aurora IAP PRI Asphalt 92.9
Guatemala - Sect #2 Technologies
5 2010 La Aurora IAP PRI Asphalt 88.0
Guatemala - Sect #3 Technologies
5 2010 La Aurora IAP PRI Asphalt 63.0
Guatemala - Sect #4 Technologies

From the five (5) authentic Rejuvaseal Test Protocols summarized in Table C, including 10
different HMA mix designs, representing a longevity span of almost 12 years, and geographical
locations corresponding to wet-warm, wet-cool, dry-warm, and dry-cool climatic regions, the
Rejuvaseal performance conclusively exceeds the Iltem P-632 performance criteria in all cases.
Conclusion. Table C, Rejuvaseal Performance Test Protocols, 19 99 through 2010,
demonstrates consistent performance and documentati on/certification for Rejuvaseal in
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accordance with FAA AC 150/5370-10, Item P-632, Bit uminous Pavement Rejuvenation,
September 30, 2009. This Rejuvaseal documentation/  certification data includes more
than 10 years of performance, 10 different mix desi  gns, and major geographical climatic
regions of the U.S.

6. CONCLUSIONS

Scope of Rejuvenation Documentation/Certification R equirements . To comply with all
know rejuvenator and/or rejuvenator/sealer [sealer/  rejuvenator] specifications, the
Rejuvaseal product must demonstrate compliance with performance criteria and
documentation/certification requirements of the Ite m P-632 specification and the coal-tar
sealer/rejuvenator material property requirements c ontained in Table 1 of the EB-44B
specification.

EB-44B, Coal-Tar Sealer/Rejuvenator, Property Regui _rements Compliance . The authentic
records of RejuvaSeal quality control testing demon strate documentation/certification for
EB-44B has been established since the specification was published, May 28, 2008. The
PRI, Inc. has fully complied with the provisions of Contractor’s responsibility and all
manufacturers’ certification testing has been in st rict compliance with EB-44B coal-tar
sealer/rejuvenator material property requirements.

Item P-632 Documentation/Certification Performance Requirements . Table C, Rejuvaseal
Performance Test Protocols, 1999 through 2010, demo  nstrates consistent satisfactory
performance and documentation/certification for Rej uvaseal in accordance with FAA AC
150/5370-10, Item P-632, Bituminous Pavement Rejuve nation, September 30, 2009. This
Rejuvaseal documentation/certification includes mor e than 10 years of performance, 10
different mix designs, and major geographical clima tic regions of the U.S.

Final Conclusion. _ The RejuvaSeal product, coal-tar sealer/rejuvenat  or, meets all known
material property requirements, rejuvenation perfor mance criteria, and rejuvenation
documentation/certification requirements for FAA AC 150/5370-10, Item P-632,
Bituminous Pavement Rejuvenation and FAA Engineerin g Brief No. 44B, Coal-Tar
Sealer/Rejuvenator.
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APPENDIX A

REJUVASEAL PERFORMANCE INVESTIGATION

FOR

BITUMINOUS PAVEMENT REJUVENATION

DOCUMENTATION/CERTIFICATION

REJUVASEAL MANUFACTURER
CERTIFICATION

[DOCUMENTATION EXAMPLES]
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ltem Date  Specification
#1  02/17/2005 EB-44
#2  02/10/2006 EB-44
#3  05/04/2006 EB-44A
#4  06/20/2007 EB-44A
#5 11/28/2007 EB-44A
#6  04/08/2008 EB-44A
#7  08/12/2008 EB-44A
#8  04/14/2009 EB-44B
#9  09/23/2009 EB-44B
#10 03/22/2010 EB-44B
#11 09/24/2010 EB-44B
#12 01/11/2011 EB-44B
#13 05/23/2011 EB-44B
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.
| Rodriguez
Engineering
Laboratories

Date: February 17, 2005
Client: BC&L Pavement Services
Autherized By: Beth Moore
Lab No.: RES0 0123

Date Received: 2/16/05

Material: Rejuvaseal Coal Tar Sealer
Property | TestMethod | Result Requirement
FAA Eng. Brief 44
Spedific Gravity 25 / 25C ASTM D70 1.075 1.04 min
Kinematic Viscosity @ 50C, c5t : ASTM D2170 8.0 =
{Eguivalent Engler Specific Viscosity @ 50C -
ASTM Di665) 1.6 8.0 max.
I} Water, % by Velume ; ASTM D20 Nt 2.0 max.
Distiflation, Percent by Weight of Total
Material off at:
170C ASTM D20 1] 20 max.
270C 36.4 2010 50
300C 40.7 80 max.
Softening Point on Residue From
Distillation, C ASTM D36 41 65 max.

f* . *‘

k.

| em?Doc::Client:BC8L Pavement Services T g el T ; : "'-% 59403 ?
o T sF

13809 Turbine Drive - Austin, TX 78728
{512) 251-4454 - Fax (512) 251-1380 &
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. Rodriguez j

Engineering
Laboratories

. g,

Date: February 10, 2006
Client:  Pavement Rejuvenation
International, LP
Lab No.: RED6 0197
Authorized by:  Alexander Hildebrandt

Date Sampled: 2/3/06

Date Received: 2/3/06

Material: Rejuvaseal Coal Tar Sealant (Rejuvenator)
Sample 1.D::  06-B-1001

Property Test Method Result Requirement

i FAA Eng. Brief 44
Specific Gravity 25 / 25C ASTM D70 1.081 1.04 min.
Kinematic Viscosity @ 50C, cSt ASTM D2170 10.0 =
{Equivalent Engler Specific Viscasity @ 50C
— ASTM D1665) 1.8 8.0 max.

Water, % by Volume ASTM D20 it 2.0 max.

Distillation, Percent by Weight of Total

Material off at:
170C ASTM D20 0.0 20 max.
270C 32.9 20 to 50

300C 355 60 manx.

Softening Point on Residue From
Distillation, C ASTM D36 40 _ 65 max.

mil;dfocsdients:Pavement Rejuvenation:Coal Tar

13800 Turhineg Drive - Austin, TX 72728
{512) 2514454 . Fgx (B12) 2547380 &
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Rodriguez :
Enginesring
\ Laboratories
Date: May 4, 2006
Cllent:  Pavement Rejuvenation
Intermational, LP
Lab No.: REODS D594
Authotized by:  Alex Hildebrandt
Date Received: 5/2/05 '
Material: Rejuvases] Coal Tar Sealant (Refuvenatar)
Sample LD.:  Céoper’s Creek Chernical
Property Test Method Resuft Requirement
FAA Eng, Brief 44

Spedific Gravity 2% 7 25¢C ASTM D7D 1072 1.04 min.
Kinernatie Viscosity @ 50C, St ASTM DZ170 4.6 =
(Equivalent Engler Specific Viscosity @ 50C —
ASTM D1665) 13 8.0 max. _]
Water, % by Volume ASTM D20 nil 2.0 max,
Distillation, Percent by Welght of Total
Material off at:

170C ASTM D20 0.0 20 mas

;u?gg 355 20 to 50

353 60 max,

Softening Point on Residue Fram
Distillation, ¢ ASTM D36 35 65 max. J

Reviewed by:
mildscclients: Pavemsnt Rejuvenation-Coal Tar

3808 Turbine Drive - Aystin, TR 78728
12) 251-4454 . Fax 512y 2514380 @
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a6/19/2887 23:88 512-251-1388 FODRIGLUEZ EhG P&EE  B2/B2
ﬂ’todriguez
Engineering
*-\ Lal:sr.arratcn“int—zs/;E
Date:  June 20, 2007
Client; Pavemnent Rejuvenation
International, LP
Lab Mo.: REO7 OBH2
Authorized by Walter Mathisen
Date Recelved: 6/18/07
Material: Rejuvases! Coal Tar Sealer [ Rejuvenator
Sample ILD.:  Batch, 07B-0016
Property Test Method |  Result Requirement
FAA Eng. Brief 444
Specific Gravity 25 | 25C ASTM D70 1.100 1.04 min,
Kinematic Viscosity @ 50C, ¢St ASTM DZ170 11.1 -
{Equivalent Engler Spacific Viscosity @ 50C -
ASTM P1665) 2.0 2.0 max.
:
Water, % by Volume ASTM D20 ; Nit 2.0 max.
Distillation, Percent by Waight of Total
Material off at:
170C ASTM D20 0.0 20 max.
270C 208 20 1o B0
300C 320 60 max.
Softening Point on Residue From
Distitfation, C ASTM D36 30 65 max.
| TR
A )
_:*é&?‘ .e_-]:.??ht'.
.‘; gt Ny
.......... RS
5| ‘
- M;ﬂw DORATE L GGONDR &
o 22303 a7
$ iy - Q’. F
o e S
,GI' iy u—"'. Q} -
Siopp R

khsdoezdierits: Pavement Rejuvenation:Coal Tar

13809 Turbine Drive - Austin, TX 78728
{512) 251-4454 . Fax [512) 25112380 &
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2 »
‘ Rodriguez ;
Engineering E
-Laboratories |

-

‘Date:  Movember 28, 2007
Client: Payement Rejuvenation
Intemational, LP
Lab Mo.: REO7 1574
Authorized by:  Walter Mathisen

Date Received: 11/27/07

Material: Rejuvaseal Coal Tar Sealer / Rejuvenator
LD 078-1022
| Property Test Method Result Requirement
FAA Eng. Brief 444
Specific Gravity 25 / 25C ASTM D70 1.095 1.04 min.
Iﬁnematic Viscosity @ 50C, cSt ASTM D2170 8.0 : : =
(Equivalent Engler Specific Viscosity @ 50C —

.| ASTM D1665) 1.7 8.0 max,
Water, % by Volume ASTM D20 il 2.0 max.
Distillation, Percent by Weight of Total
Material off at:

170C ' ASTM D20 0.0 20 max.
270C 293 20 to 50
300C 313 60 max.
Softening Point on Residue From
Distillation, C ASTM D36 31 65 max.

: E e R
i &
: - DONALD L O'GONNOR
Reviewed ir} WM 'ufu.-"v---ou-.--ui-.urn\;
i by j . hos 22343 £ -
Mil:dec:dlients: Pavement Rejtvenation:Coal Tar . i Te: ;f_.
- el NRSIoNAL
13809 Turbine Drive - Austin, TX 78728 AQNAL

{512) 251-4484 - Fax (512) 251-1380 &
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l/— - -\\
' Rodriguez
| Engineering
. Laboratories
Date: April 8, 2008
Client: Pavement Rejuvenation
International, LP
tab No.: REOS 0459
Authorized by:  Walter Mathisen
Date Received: 04/04/08
Material: Rejuvaseal Coal Tar Sealer / Rejuvenator
LD.: 08B-1023
Property TestMethod |  Result Reguirement
FAA Eng. Brief 44A
Specific Gravity 25 f 25C ASTM D70 1.077 1.04 min.
Kinematic Viscosity @ 50C, ¢St ASTM D2170 8.1 -~
{Equivalent Engler Specific Viscosity @ 50C ~ L
ASTM D1665) ' 1.7 8.0 max.
Water, % by Volume ASTM D20 il 2.0 max.
Distillation, Percent by Weight of Total
Material off at:
170C ASTM D20 0.0 20 max.
2700 351 20 to 50
300C 35.9 60 manx.
Softening Point on Residue From
Distitlation, C ASTM D36 3l 65 max.

Reviewed by: «:?M,% W

Mil:dec:clients:Pavement Rejunenstion:Coal Tar

13805 Turbine Drive - Austin, TX 78728
(512} 251-4454 - Fax (512) 251-1380 @&
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f,f__

‘ Rodriguez
Engineering
Laboratories
K J Date:  August 12, 2008

Client: Pavement Rejuvenation
International, LP
Lab No.: REQS 1154
Authorized by:  Walter Mathisen

Date Received: 08/12/08

Material: Rejuvaseal Coal Tar Sealer [ Rejuvenator
LD Job 58-2065, Randall Airport
—_— ] R -
Property i Test Method Resuit F AEEqE um;nr;'::; 4A
Specific Gravity 25 f 25C . ~ ASTM D70 1.085 - 1.04 min.
Kinematic Viscosity @ 50C, cSt ASTM D2170 118 -
(Equivalent Engler Specific Viscosity @ 50C —
ASTM D1665) 20 2.0 max.
Water, % by Volume ASTM D20 Rl 2.0 max. .
Distillation, Percent by Weight of Total
Material off at:
170C ASTM D20 0.0 20 max.
270C 30.9 20 to 50
300C 33.2 60 max.
Softening Point on Residue From Distillation, C ASTM D36 33 65 max.
i
SRR T
% & 2" -°-:?
Reviewed by: p(ﬁz—;’mfj : ¢ Aot ﬁ )
itasssssssssarsassannnrendg
& DONALD L. OCONNDR %
Mjl:doc:clients:Pavernent Refuvenation:Coal T 5"‘%" 4&@% &q’!
d - n o ar % f'_ ‘.._ ‘-a' fe
- o S
g

13809 Turbine Drive - Austin, TX 78728
(512) 251-4454 . Fax (512) 251-1380 @
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Rodriguez |
Engineering
L.aboratories
l\ Date:  April 14, 2009
Client: Pavement Rejuvenation
Internaticnal, LP

Lab No,:  REOS 0578
Authorized by:  Walter Mathisen

Date Received: 04/13/09

Material: Rejuvaseal Coal Tar Sealer | Rejuvenator
I.D.: 09B-1029
) - ' Requirement
]
roperty _ Test Methad Result | FAA Eng. Brief 448
Specific Gravity 25 / 25€ ASTM D70 1.090 1.04 min. :
Kinemalic Viscosity @ 50C, oSt ASTM D2170 9.8 =
(Equivalent Engler Specific Viscosity @ 50C -~
ASTM D1665) . B e
Water, % by Volume ASTM D20 il 2.0 max,
Distillation, Percent by Weight of Total
Material off at:
170C ASTM D20 0.0 20 max.
270C 324 20 to 50 -
300C 34.8 60 max.
Softening Point on Residue From Distillation, C ASTM D36 28 B5 max.

MIL:doczclients: Pavement Rejuvenation:Coal Tar

13809 Turbine Drive - Austin, TX 78728
(512) 251-4454 - Fax {512) 251-1380 @
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(Rodriguez
- Engineering

Laboratories
R

Date: September 23, 2002
Client: Pavement Rejuvenation
International, LP
Lab Mo.: REQ9 1418
Authorized by:  Walter Mathisen

Date Received: 09/23/09

Material: Rejuvaseal Coal Tar Sealer / Rejuvenator
LD {9B-1037
] iiwequlreme.nt

Property Test Method Result FAA Eng. Brief 448 |
Specific Gravity 25 f 25C ASTM D70 1.083 1.04 min.
Kinematic Viscosity @ 50C, cSt ASTM D2170 10.4 =
{Equivalent Engler Specific Viscosity @ 50C ~ 1.9 8.0 max.
ASTM D1665) )
Water, % by Volume ASTM D20 il 2.0 max.
Distillation, Percent by Weight of Total
Material off at:

170C ASTM D20 0.0 20 max.

270C 30.7 20 to 50

3p0C 32.5 60 max.
Softening Point on Residue From Distillation, C ASTM D36 29 65 max.

LTy
S E S TE

MIL:doc:clients:Pavement Rejuvenation:Coal Tar

12809 Turbine Drive - Austin, TX 78728
(512) 251-4454 - Fax (512) 251-1380 &
E-mait: rodriguezlab @aol.com

Registered Texas Engineering Firm F-1563
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Rodriguez
Engineering
Laboratories Date: March 22, 2010

Client: Pavement Rejuvenation
International, LP
Lab Mo.: RE100341
Authorized by:  Walter Mathisen

Date Received: 03/19/2010

Material: Rejuvaseal Coal Tar Sealer / Rejuvenator

1.D.: 108-1045

Property Test Method Result g A:ﬁ;'fgﬁ%a
Specific Gravity 25 / 25C ASTM D70 1.082 _ 1.04 min.
Kinematic Viscosity @ 50C, ¢St ASTM D2170 .9 -
{Equivalent Engler Specific Viscosity @ 50C —

D1655) 1.B B.0 max.
Water, % by Volume ASTM D20 Nil 2.0 max.
Distillation, Percent by Weight of Total
Material off at:

170C ASTM D20 0.0 20 max.
276C 33.7 20 to 50
300C 35.8 60 max.
Softening Point on Residue From Distillation, C ASTM D36 32 65 max.
gﬂﬁ%.?.ﬁ.t@-’\.
Reviewed by: M pjﬁ W s %, ;";
-' . *‘
mjizdoc:cients: Pavement Rejuvenation:Coal Tar s ﬂUNﬂlﬁ_ﬂ L {J C{]NN R "‘a
Sy sadanibann pmn bl
W 2088
Mﬂm

13802 Turbine Drive - Austin, TX 78728
{512) 251-4454 - Fax (512) 251-1380 &
E-mail: rodrigueziab @acl.com

Reqisterad Texas Engineering Firm F-1583
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Rodriguez
Engineering
Laboratories Date:  September 24, 2010
Client: Pavement Rejuvenation
International, LP
Lab Mo.: RE1D 1547
Authorized by:  Walter Mathisen
Date Received: 09/23/2010
Material: Rejuvaseal Coal Tar Sealer / Rejuvenator
EDx 10B-1050
- ' Requirement
mpfrty Test Method Result FAA Eng. Brief 448
Specific Gravity 25 f 25C ASTM D70 1.083 1.04 min.
| Kinematic Viscosity @ 50C, cSt ASTM D2170 73 :! .
(Equivalent Engler Specific Viscosity @ 50C — -
D1665) 16 8.0 max.
. Water, % by Volume ASTM D20 it 2.0 max,
Distillation, Percent by Weight of Total
Material off at:
170C ASTM D20 0.0 20 max.
270C 344 20 to 50 i
300C . 364 60 max. a
Softening Point on Residue From Distillation, C ASTM D36 32 65 max.

nn:dec:cients: Pavement Rejuvenation:Coal Tar

13809 Turhine Drive - Austin, TX 78728
(512) 251-4454 - Fax {512) 251-1380 &
E-mail; rodriguezlab@aol.com

Registered Texas Engineering Firm F-1563
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(Rodriguez
. Engineering
Laboratories : January 11, 2011
k Client: Pavement Rejuvenation
. International, LP
Lab No.: REL1 0070
,Authorized by: Walter Mathisen
Date Received: 01/10/2011
Material: Rejuvaseal Coal Tar Sealer / Rejuvenator
1D 11B-1052
I Requirement
Property Test Method Result FAA Eng. Brief 448 |
Specific Gravity 25 / 25C ASTM D70 1.080 1.04 min.
Kinematic Viscosity @ 50C, <5t ASTM D2170 6.4 =
{Equivalent Engler Specific Viscosity @ 50C — 1.5 2.0 max.
ASTM D1665)
. Water, % by Volume ASTM D20 il 2.0 max.
| Distillation, Percent by Weight of Total
Material off at:
170C ASTM D20 0.0 20 max.
270C 340 20 to 50
300C 36.3 60 max.
Softening Point on Residue From Distillation, C ASTM D36 31 65 max.

nn:docdientsiPavement Refuvenation:Coal Tar

13809 Turhine Drive « Austin, TX 78728

- (512) 261-4454 - Fax {512} 251-1380 &
E-mail: rodrigueziab@aol.com
Registered Texas Engineering Firm F-1563

35




Boyer Final Report 7/27/2011
RejuvaSeal Performance Investigation
Rodriguez
Engineering
Laboratories Date: May 23, 2011
k Client: Pavement Rejuvenation
International, LP
Lab No.: RE11 0976
Authorized by: Walter Mathisen
Date Received: 5/20/11 .
Material: Rejuvaseal Coal Tar Sealer [ Rejuvenator
LD. 11B-1054
. Requirement
Property Test Method Result FAA Eng. Brief 448
Specific Gravity 25 [ 25C ASTM D70 1.089 1.04 min.
Kinematic Viscosity @ 50C, ¢St ASTM D2170 10.2 -
{Equivalent Engler Spedific Viscosity @ 50C — .
ASTM D1665) 8 R
Water, % by Volume ASTM D20 Hil 2.0 max.
Distillation, Percent by Weight of Total
Material off at;
170C ASTM D20 0.0 20 max.
270C 33.6 20 to 50
380C 35.7 60 max.
Softening Point on Residue From Distillation, C ASTM D36 31 65 max.
““\‘k
S50 OF Tephy
£ Et%s-:(t,
L i "1 [
E [ T o.* ]
Reviewed wwﬁ'«,ﬂ%f’m ........ '5
#DONALD L O'CONNOR &
mil:doczclients: Pavernent Rejuvenation: Coal Tar Seh i ERRE R RT RS R s ase s 5
hen 20303 el
.HGA%M-:
NSRS
Gt g

13808 Turbine Drive - Austin, TX 78728
(512} 251-4454 - Fax (512) 251-1380 &
E-mail: rodrigueziab @aol.com

Registered Texas Engineering Firm F-1563

36



Boyer Final Report 7/27/2011
RejuvaSeal Performance Investigation

APPENDIX B

REJUVASEAL PERFORMANCE INVESTIGATION

FOR

BITUMINOUS PAVEMENT REJUVENATION

DOCUMENTATION/CERTIFICATION

1999
REJUVASEAL TEST PROTOCOL #1

CBF Trenton, Canada
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JUMN CVIE | WEVIELHMNILAL ENGINEER = LIMIITED
COMSULTING ENGINCERS
#1. 102 Woodking Downs Bouleverd, Toronto, Gntarn  RAGVY 877
Telephone: [416] 213-1060 Facsimnie: [418] 2131070 E-Mail: jegel@comnst.ca wik jegel.com

February 1, 1999
JEGEL: 187220

Echelon Industries, Inc.
2557 Gleom Drive

Canyon Lake, Texaz 78133
Us.aAa

Atteption: Mr. W. Vandemark
President

Lrear Sars:

Asphall Concrele Testing

CFB Trenton Airport, Core Samples

As requested, John Emery Geotechnical Engineering Limited, Consulting Engineers
{JEGEL}], completed Iaboratory testing op the twelve (12) asphali concrete core samples (6
untreated and 6 treated with Rejuvaseal), taken from the CFB Trentan Airport on January 2,

1999. The resuls of the core testing are given in Table 1.

Please do not hesitale to contact us should you have any questions or if we can be of

further assistance.

Yours very truly,
JOITN EMERY GEOT’ECIH\JI_CAL_F@J_Q\INEER_ING LIMITED
I gecte (ol e
Michells Windross, C. Tech.
Senjor Supervising Technician

150 9007
Engineering # Research / Development / Education
Soil / Rock / Aggregaces * Slags / Axphalt / Cement / Concrete / Byprodocts
JEGEL ~ OYMATEST = PAVMIATED
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TABLE 1

LABORATORY TEST RESLUILTS

ASPHALT CONCRETE CORE SAMPLES

7/27/2011

0720

CFB TRENTON AIRPORT
TESTS UNTREATED TREATED
COMPOSITE COMPOSITE
SAMPLE SAMPLE

Asphalt Cement Content (%) 5.24 3.60
ASTM 1> 2172
Penetration (dmm) a0 57
ASTM D 5
Softening Point (°C) 504 498
ASTM D 36
Duetility at 25°C {cm) 156G+ 150+
ASTM D 113
Absolute Viscosity at 60°C (poise) 1861 1044
ASTM D 2171

MNote: Asphalt Cement Content has been caleuiated by weight of total mix.

39



Boyer Final Report 7/27/2011
RejuvaSeal Performance Investigation

APPENDIX C

REJUVASEAL PERFORMANCE INVESTIGATION

FOR

BITUMINOUS PAVEMENT REJUVENATION

DOCUMENTATION/CERTIFICATION

2003
REJUVASEAL TEST PROTOCOL #2

USA/ERDC TR 03-01 Report
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ERDC/AGSL TR-O3-1
February 2003

Rejuvenators, Rejuvenator/Sealers,
and Seal Coats for Airfield Pavements

Jamas E. Shoenberger

Geotechnical and Siructures Laboratary )
i 5. Ammy Engineer Research and Development Canter
3509 HalWs Ferry Road

Vickshurg, MS 3071806195

Finad report
Approved for poti;: rebaass; disiribulion J= uniimited

Pragearad for U.S. Air Force Chdl Engineering Support Agency
Tyndall Air Force Base, Florida  32403-6011
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7/27/2011
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Tabsda 24
Results of Tests on Recovered Asphalt of Field Cores from TW M at MacDill AFB
mww_%%ﬂﬂﬁ
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l11;esu22
Its of Material Properties Testing'
Viscoaity Fash Pt. Percaniage of
| St Brooidighy | eter Condant,  {RETMDE2® | Reosidual Math,
ASTM D M4 (ST 2000p) | ASTM D 244°
terinl® {Beconds} |CantiPolse |{ASTM 20000) (%} |-c 1) (ASTM 20000)
{Rectamiz 310 Al ) — 51
APR-100 520 - — 33 (92 Baa
G50 1580 669.7 Er = =]
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3o ees
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687 502
ILAS 50 0.0 4.2 a2 — 18
CRE 545 36882 36 i [
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Ak 5 e 7= EE 513
(Promei Al
" Diagtwxd brves Indicats no dets chialned.
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Results of Tests on Recovarad Asphalt of Fleld Cores from TW O at MacDill AFB
Surface Asphall ComanifTop 1 mym (.84 in) Removsd; Sempled 2000 {2081)
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43



Boyer Final Report 7/27/2011
RejuvaSeal Performance Investigation

APPENDIX D

REJUVASEAL PERFORMANCE INVESTIGATION

FOR

BITUMINOUS PAVEMENT REJUVENATION

DOCUMENTATION/CERTIFICATION

2005
REJUVASEAL TEST PROTOCOL #3

Grand Canyon Airport, AZ
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Recovered Asphalt Testing

Client: FNF Construction
Project Name: Grand Canyon: Airport

Sufface Treatment: Coal Tar Rejuvenator/Sealer
Product: Rejuvaseal / DCL Entarprise

Dalilufﬁpplimﬁcﬂx np (Applicution Rate Test Sections}

of Sampics: (8-22-2005

Material Tested: Top 3/2 inch luyer of 67 diamecter AC cote specimens

MACTEC Job No.; 4975.{04-4357

Date Reparted: 08-26-2005
Drate Regeived: 08-23-2005

: Pape 1af 1
Tt Becticn Application Bate: gellonbid| 0,07 0.08 0.09 0,10
Ustroted Burple MACTEC LabMo: | 58171 59173 5178 59177
Treaked Sumple MACYEC Lab Nos | 59072 | 359174 | 39176 | 8173
T Your Sample MACTEC Lab Neog | 173 nfa o Mz |
2r badp® Toos Methued
Absolide Viteosity oo Unitested, ] Peiscs Asndonm | I2604 | 29263 | 284838 | 27
+ . £ .195
Absalste Vijousiy oo Tooated, 60°C (MR, Foists asparnrn | 18862 | 18088 | 15347 | 9437 |
4 Deeresse In Visoosity 16.2 38.2 “%a 633 |
| ; o
Absolute Videosity on Twe Year Treated, 60°C (140°F), Poises |_asTMzn [
Tk Decrease {n Viscosity ’

Remarks: *Binder axtracsed uxing ASTM [12172 {ectirifige], secovzred by Abson Melhod (AR TM DAES6)

d texled for Absoluie ¥ixcosily (ASTM BALTIY

Umwmmaqﬂdwmmmﬁhmmﬁnﬁm

b L Bt o " ¥re

e
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APPENDIX E

REJUVASEAL PERFORMANCE INVESTIGATION

FOR

BITUMINOUS PAVEMENT REJUVENATION

DOCUMENTATION/CERTIFICATION

2006
REJUVASEAL TEST PROTOCOL #4

Bismarck Municipal Airport, ND
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v

Chicago Testing Leboratory, Inc.

. 19000 South Wilkams Swrect, Thordlon, I G048 p A0BE9T1500 f 708871 W06
3956 West Cayton Strect, Unit A, Mershry, [L@I0S0 o B1SIALEIN f A15.385.8456
b 1612 Lanvimetics oo, et B, S Grove Village, It QD007 3 B47.20.107 £ 22060 _
wrrrchicagotectingab com
Foamded 19127 Testing » {nspection » Traintag « Chaslting ¢ Recearch & Beotecknicsl infoigHhicagottsting atuopm

. 18, 2006
Report No. 608009017 Aug

Midwest Testing Laboratery, nc.
Atin: Mr. Ty Kelsch

P.0, Box 2084

Bismarck, ND 58502

Ninssﬂsnfbiﬂnnﬁnuspawmmtmmmmdmwﬁdmemme
Augst E,IﬂuﬁwiﬂamﬁngmuwﬁmsfrmMLTyKdmh.

Thcmpsnfﬂnummmwdumdmdmdsomw&mhmﬁﬂnmmmd
using the foliowing procedures.

istare, ASTM D-1461

E"’m Asmnfalzm, Methid A, ugiig trichloroethiylene a5 the
sdmﬂ;ﬁghsﬁmdwﬁﬁagnwm\msmuﬁcdmmuﬁ

e G ASTUDSH
te Cradation,

Asphalt Recovery, ASTM D 1856

Absolute Viscosity, ASTM [3 2171

Ash, ASTM D-2939

The test results are in the attached table. o
Respectfully submittad,
CHICAGO TESTING L&BG%TDRY, INC.

FAX: m.zssazss.? Fj% %fflwﬁol

. -Georpe I, Groux
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CHICAGO TESTING LABORATORY, NC.

Report 608009017
1.aboratory Number #0800 GA8010 G0BOL1 608612 GOBC13
Treament Na Yeu Yes Yes Yes
Jdentification Ho.1 Mo, Z Mo 3 MNo. 5
Aggregar: Gradatioo,

% Passing

1720 ( 125mm) 1000 190,84 1000 1000 1008
38 (95 o} 959 9.6 4.6 04.3 979
No.4 { 4.75mm) 659 516 620 597 055
No.8 ( 2.36 mm) 45.1 489 452 432 439
Mo. 16 ( 1.18 mmy) 16 . 372 122 30.7 2t
No. 30 {6.600 mm) ne 24 N5 2 31
No. 50 {0.300 mm} 146 174 142 133 14.1
HNo. 100 §.150 mm) T4 B4 T4 1.0 7.2
No. 200 { 0.675 mm) 44 44 47 43 43
Bitutoen, 36 Total Mix 5.63 575 575 63 5.6%
Moisture, % Total Mix Trace Trace Teace Tirace Trace
Recovered Asphatt.
Absolute Viscosity

@ 140°F, P 4, 190 20,500 23400 26,120 12,570
Adh Y 0.24 0.9 043 0.50 0.2%
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CHICAGO TESTING LABORATORY, INC.
Repott 60800017
Laborataxy Number 608017
Treatment Yes S i Yes Y
[dentification Mo.6 No. 7 No. 8 No. 9
Apgregate Gradation,
% Passing
100.0

Y (125 100.0 1004 100.0
38" (9.5 nm) 95.7 §5.1 54.6 96.0
No.d4 (475 mm} 63.2 60.8 58.6 61.2
No.8 ( 2.36mm) 459 442 40.2 41.2
No. 16 { 1.18 mm) 340 324 0.2 30
Neo. 30 {0,600 mm) .5 17 220 222
No. 50 {0.260 rmm) 45 13.3 133 13.;
No. 100 { 0.150 mm) 13 6.5 65 i'l
No., 200  0.075 mm} 44 19 318 .
Bitmzn, % Tota! Mix 572 6.15 584 5.92
Maoisture, % Total Mix Trace © Trace Trace Trwe
Recovered Asphalt:
Absolute Yiscosity

@ 140°F, P 16,615 13,740 27.3%0 74,490
Ash, % 0.29 HE L] 423 043
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®
e - Chicago Testing Labpratery, Inc.

. Y000 South Wikanz: Streer, Thoenton, L BO4%6. p P0B.877.1807 f MB.E77.6520

966 st Dayer Street, Unit &, Mchoory, ILS00S0. p 8153850351 £ 6153008456
' 1617 Landmeier Road, Uit B, £k Growe Vitisge, IL 60067 p 547.228,1070 F 847 1280833
. i
Fouquied 1312 Testing * Inzpeciion = Training ® Consulting + Research » Geotechnisl infodrdncapanrstingakueem

Report 602018 Angust 18, 2006

Migwest Testing Laboratory, Inc.

Attty Mr. Ty Kelach

P. 0. Box 2084

Bismarck, ND 58502

Specific Gravity, ASTM D-70 1,085 1.04 min
Engler Viscosity A 50C, ASTM D 1665 54 8.0 max
Water, % by volume, ASTM D 95  Mone " 2.0max
Distiffation, % by weight )
ASTM D20 ;
To 170C % 120 20 max
To 270C 390 72550
To 300 C 44~ - 60 max
Softening Point of Residue to 300C 56.1 65 max
ASTM D 38

Thic above tests on sample submitted comply with P £29-2.1.a requirements.
Respectfully submitted,
CHECAGO TESTING LABORATORY, INC.

Fax: 701-258-2857 }“MS{ o fj,,,; s

George J. Giroux
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2
¢ Chicago Testing Laboratory, loc.
. 1E000 South Wilkams Stoet, Thamion, R 80476 p TOLEF?.1EM f OLATT Bk
1965 West Dyton Street, nit A, Mckiiny ILGOES0 p $ISFSSEIE 1153655456
y 1617 Landwieser Roga, thit B, B Grove Villngs, IL 50007 @ BATZTE 0TS F 87 22E053T
weww Chigagelestingsbuooa
Founeed 1043 Teiting * Inspection + Training * Ceasulting * Rescarch ¢ Grotechnical infogpchicagatestingiahom
Rezport 603019 August 18, 2006
Blidwest Testing Laboratory, Inc.
Atine Mr. Ty Kelsch
P. (. Box 2084
Bistnarck, ND 58502
Specific Gravity, ASTM D-70 1.0%0 1.04 min
Engler Viscosity At 500, ASTMD 1665 33 8.0 max
Water, % by volume, ASTMD 95 - Nene - 2.0 max
Disfillation, % by weight : —
ASTM D20 ' i e
To 170C 140, 20 max
To 270C 3.4 2550
To30C 27 . 60 max
Softening Point of Residue to 300C 417 65 max
ASTM D 36

The shove tests on sample submitted comply with P §29-2.1.2 mqmmnen:s
Respectfully submitted, o
CHICACGO TESTING LABORATORY, INC.

Fax: 701-258-2857 m ;\j_,‘ J:LWDM-'}(

George J. Giroux
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Chicage Testing Laberatory, inc.

13000 South Wil Stoeet, Thooooa, IL 60476 p WRATIIE0N £ 7008776828
295 West Dayton Sueet, Uit A, McFieney (60050 § BISIESHIEI 1313858455
1612 Landaeler foad, Unit 5, 1 Brove Village, (L 60007 p 8472201070 € Ba72I0DETS

womwchicagorsstingleh oo
Testing + Inspection + Treining @ Congulting » Restarch » Gentechnical ot hacapotesimg ibucam
Report 608020 August 18,2006

Specifie Gravity, ASTM D10 1.090 1.0 mim
Bngler Viscosity At 50C, ASTMD 1665 4.0 8.0 max
Water, % by volume, ASTM D 95  None " 20 max
Distillation, % by weight
ASTM D20
To 170C 92 20 max
Ta 270C 376 +2550
To30C 6. _ .-+ Gimax
Softening Point of Residue to 300C. 46.7 65 max
ASTM D 36

The shove iests on sanmpe submitted comply with P 629-2.1.a requirernents.
Respectfully submitted,
CHICAGO T'@SHNG LABORATORY, INC.

Fax: 701-258-2857 ?-j'%‘ %ﬂ}'iul_..&wjt

George §. Gironx
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AUG-16-2008 WED 11:25 MM ,..[ECK CORP FAR MO 3:..438700 L
DEFTAFIB06 04:40 FAX 512 285 1IN Paveasnt Rejuy Int'l

welk f

1’!%4 PAYEMENT REJUVENATION INTERNATIONAL, LF

Jous 09, 2006

of Munisotwrs
| Gumety, | Baech ¥ Buars
2. -
Cod DS E00 1 06-D-1004 S0k
| Exjmnel Conl-Tar St/ Repvonsio) 0487020 | 1,025 Conlioen | 081008 _ St |
T 3164 Gl _l

e ! o=t
L3 -': LI et
o ;!',‘-‘.‘..-lhk'“‘ "4.4!&"-,'  Eed-
Algmrde M. Hidchind, Brainess hintagu

— P —

$327 [MDULTAIAL WAY DLIVR = EUTA. TX « Th¢1®
PHOND: (418 373-116¢ - FAT: (313 395194
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AIG-16-2006 WED 11:28 AR ...(ECH CORP FiR W0, 3. 38700 f®
0B/ 1B/20DB 09 4% FAX 471 295 1138 Pevopont Rejuv Int'l @ 00E/00B

[lmr— ..' . .
ﬁ } .
" PATEMENT REJUVENATION INTRRNATIONAL, LP

L d

Juer (22, 2006
CERTIFCATE 08 CONPORMANCE
Astoch Asphait Surface Teehaolagiss Comp.
B Box 1025
Sc Clood, WV 56302

MBNMMTMMMMMMMMWW
THE SFECIMCATION LIETED BELCW.

MATESIAL:  REJUVAXFAL COALTAN SEALER/ABJUVENATOR
PROTECE  ATP :30-0084-25 « Rinmueh Alpars, ND

fomoee | Qumtty | Taxn# | Do of sembseres |
CoakTar 3 0654t | 4976 Gulloos L 06B1004 | 5/10/2006

SPECIMCATION. Mataid most contn oty pitch confocming 1o ASTM D490 RT1L The muerh] A
coorin no moes e 2% waber by weghe mﬂﬁﬂwhﬂu-ﬁ#&-w?ihmw
Dirltistion, Crzvs. “Tvé saisecial sl have 1 mimios Specibic Gy of 104 pnfec. The matwsiali Sofmaing Aeint
of Braider thall not cuseed €5 ™ . The Higes Spotife Viscoury shall pot enoved 8.0,

M%%@m&mgéa_mw )

Alxsods M HEdsbands, Businen Musape

FIT7 INDUSTRIAL WAY DRIYE = BUGa, TX « TRaips
PHONA: (3% 395-12468 » FAR: {813} ZRE-1194
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APPENDIX F

REJUVASEAL PERFORMANCE INVESTIGATION

FOR

BITUMINOUS PAVEMENT REJUVENATION

DOCUMENTATION/CERTIFICATION

2010
REJUVASEAL TEST PROTOCOL #5

Bismarck Municipal Airport, ND

55



Boyer Final Report 7/27/2011
RejuvaSeal Performance Investigation

JQIEk ASPHALT TECHNCLOGIES, INC.
A TEST & EVALUATION REPORT
Aprl 5, 2010
Report For:  Hi-Lite Maikings, Inc, oo Brian Bechkar
P.0. Box 450, 18249 Hi-Lite Diive 3627 industriat Way Drive
Adams Center, NY 13808 Buda, TX 78610
Attn: Brian Becker Email; brisnfahiite.com
Sampde identification/Data-

Sampls ID: La Aurpra Iofl Airport, Guaternala Pavermnesit *Siabs’ | Project: HILT 02-02.01/08
Sampla Info: B each slabs, » 1" = 1 ft 20 3.57, receivad 3/22/10 | Type: Treated & Unirested Pavement Samples

OBJEGTIVE: Test and evaluate treated (Rejuva-Seal) and untreated pavemant sampies. Selected tests {Viscasity st
B0"C, Durdility at 25°C, and Penetrafion at 25°C) parformed on recoverad asphakt binder from the top %"
of the pavement spacimens.

DATARESULTS:

D217

Ductilty, cm D113 0.25 1.9 7.8 20.0 025 1.25 ns 855
Penetration. 8 Ds | 10 9 17 a8 12 12 26 48
Control {uniralndy

1. Stwiion 7 + 385, lefd side of The sctive trod lana, 850 m, from central sode, 2HEMT, Arport Aarora, Pavamant of Guatenaia,

2. Slalion 1 without Fadiresast.

2. Siation 2+ 679, beit side of e active sy, 15,0 m, fom canirsd s, 2H M0, AFport Awcds, Pavement of Cuaternaia

Siathtn 1 + 345, ight side, entrance i the inlersecticn Romeo™ 29,50 m, from cantral e, 211910, Arport Ausora, Paverent of

Station 2 + 347, lek side of the active God bk, B350 m, fnon ceabid ods, TS0, Arport Ao, Pavernant of Suatenata,
Station 2 + 68450, left sicde of active nwery, 200 m, fom canteal ads, 2rITHG, Aport Aorons, Pavenent of Gostemaks
Staion 2 + 63450, left side of scfive neweay, 18.0 m, fiom capiral axds, 218010, Aport Aurora, Pavement of Guslarmis.
Station 1 + 45, righu aide of artrance fo reracion Fomee,” 280 m, fom Seobal dhis, 218010, Arport Auron, Payernend of
Cuprierrols.

S

DISCUSSION: The top 3/8° layar was removed from epch of the 'slabs’ by diawrnond saw cutiing, the fayer was
subjectad to ASTM D 2172 — A, soivent (loluene] extraction. The recovesed binders wee recovered by
ASTM D 5404, Recovery of Asphalt from Sclrtion Using Rotary Evaporstor.
The Rejuva-Seal treated samples exhibited properties consistent with rejuvenator — sealer treatment;
viscosiies were reduced, ductiities were ganarally greater and Panofrations were graaher.

Tested by: (e 1 Gt Date: Aprd 5. 2010
Anna Chandler, Paving Binder Technician

Reviewed by #“l Qd at«ﬂia-.nf{.. _ Date: April 5. 2010
Kenneth F_ GrzyBewsli, President

mumm:w-umhwmnnm mmuumnﬁwm mwmummmwn
chentz parriesicn. PP Aspiml Tachroingles, It asanet R ARomegily nor molker 3 persromncs Sras ety s For SR Tabiartal o RROCCE. S DICHENES COREICING S meial I oonsacion

PR Asphadl Tachocicples, tnc 008 Badger Ok Tareied, FL 13810 « Tok BT 50T = Foc 2135213040 o o-rbd; logrrylptuetinfp ideichcall ey Rt aers: Sfuighol S0dm
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