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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/sealer1 intended to retard 
disintegration of the pavement surface due to aging and optionally to protect the pavement from 
chemical attack (e.g., 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 Item 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.  
      
************************************************************************************************************* 
1In 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 
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performance criteria in terms of increased pavement life and resistance to chemical attack [e.g., 
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 subjective “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, Item 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 ½-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 ½-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 ItemP-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, Item 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 Item 
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] . 
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Figure 1 – Rejuvenator/Sealer Product Applications, Taxiway O, McDill AFB, FL.  
 
 

 
 

Figure 2 – Rejuvenator/Sealer Product Applications, Taxiway 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 
Items 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.    
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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: 
 
•••• 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. 

 
•••• 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. 

•••• 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. 
 

•••• 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 ½-inch of the treated pavement surface course within 24 
hours after application.  Because of industry objections, the draft Item P-629 was never 
adopted.  

•••• 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. 
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•••• 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. 

•••• 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.    

•••• 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. 

•••• 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. 

•••• 2009 - Item P-632, Bituminous Pavement Rejuvenatio n.  The Item 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.  The chronology of specification developments 
enumerated above is summarized in Table A. 
 

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 FAA EB -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 FAA EB -44A Coal -Tar Material Properties  
8 2008 FAA EB -44B Coal -Tar Material Properties  
9 2008 UFGS 32 01 22  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 Items 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 Item 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 
@ 25/ 25 °C 
 

ASTM D 70 1.04 min 

Viscosity Engler 
50 cc @ 50° C 
 

ASTM D 1665 8.0 max 

Water, % by volume 
 

ASTM D 95 2.0 max 

Distillation 
% by weight to 170°C 
% by weight to 270°C 
% by weight to 300°C 
 

ASTM D 20  
20 max 
20 – 50 
60 max 

Softening Point of Residue ) 
Residue above 300 °C, °C 
 

ASTM D 36 65 max 
 

 
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  
 

Item         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 Item P-632, Table 2, Item #1. 
 
 
The Item 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 60°C , P 

≥ 40% Decrease 

ASTM D 2171 

2a Complex Modulus 60°C , G*, kPa 

AASHTO T 315 2b Viscosity 60°C , η* = G* / ώ Pa·s 

2c Phase Angle 60°C , δ, ° Report 

 
The Item #2a, Complex Modulus, and Item #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 ≥40% 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 Item 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 Item 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, Item #1, Absolute Viscosity [ASTM D 2171] for the Item P-632 requirement of 
≥40% 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 Item 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 Requi 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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Authentic Copies of RejuvaSeal Manufacturer Certifi cation 
 

Item      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 
 
  #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 
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