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ABSTRACT

The Structural Aging Program has the overall objective of providing
the USNRC with an improved basis for evaluating nuclear power plant
safety-related structures for continued service. The program con-
sists of a management task and three technical tasks: materials
property data base, structural component assessment/repair tech-
nology, and quantitative methodolegy for continued-service determina-
tions. Objectives, accomplishments, and planned activities under
pach of these tasks are presented. Major program accamplishments
include development of a materials property data base for structural
materials as well as an aging assessment methodology for concrete
structures in nuclear power plants. Furthermore, a review and
assessment of inservice inspection techniques for concrete materials
and structures has been completed, and work on development of a
methodology which can be used for performing current as as well as
reliability-based future condition assessments of concrete structures
is well under way.

1. INTRCDUCTION

Aging of nuclear power plant structures, systems, and camponents occurs with
the passage of time and has the potential, if its effects are not controlled,
to increase the risk to public health and safety. Many factors complicate the
contribution of aging effects to the residual life of the various safety-
significant plant structures, systems, and camponents. Uncertainties arise
due to the following:i (1) differences in design codes and standards for com-
ponents of different vintage; (2) lack of past measurements and records; (3]
limitations in the applicability of time-dependent models for quantifying the
contribution of aging to overall structure, system, or camponent failure; and
(4) inadequacy of detection, inspection, surveillance, and maintenance methods
Or programs.
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2. BACKGROUND

Within the nuclear power industry, the aging of plant structures, systems, and
camponents has became the subject of significant research in the last few
years.2'4 This interest is prompted by the need to quantify the effects of
aging in terms of potential loss of camponent integrity or function and to
support current or’ future condition assessments of critical components. Since
certain concrete structures (Category I) play a vital role in the safe opera-
tion of nuclear power plants,> 8 guidelines and criteria for use in evaluat-
ing the remaining integrity (residual life) of each structure are needed.
Standardized review guidelines for near-term evaluation of operating license
renewal applications may be required as early as 1991-1992 when utilities are
planning to submit initial requests.

3. CATEGORY I CONCRETE STRUCTURES

3.1 General Design Requirements

Category I structures are those essential to the function of the safety-class
systems and campenents, or that house, support, or protect safety-class sys-
tems or components, and whose failure could lead to loss of function of
safety-class systems and components housed, supported, or protected. In addi-
tion, these =ztructures may serve as barriers to the release of radioactive
material and/or as biological shields. The basic laws that regulate the
design (and construction) of nuclear power piants are contained in Part 50 of
Title 10 of the Code of Federal Regulations (10 CFR 50)%, which is clarified
by Fegulatory Guides, Standard Review Plans, NUREG reports, etc. "General
Design Criteria" of Appendix A to 10 CFR 50 requires that structures, systems,
and components important to safety shall be designed, fabricated, erected, and
tested to quality standards commensurate with the importance of the safety
functions to be performed. "General Design Criteria 2" requires that the
structures important to safety be designed to withstand the effects of natural
phenomena (e.g., esrthquakes, tsunamis, hurricanes, floods, seiches, and tor-
nados) without loss of capability to perform their safety function. "General
Design Criteria 4" requires that structures important to safety be able to
accammodate the effects of and to be compatible with the envirormmental condi-
tions associated with normal operation, maintenance, testing, and postulated
accidents including LOCAs. Furthermore, these structures must be appro-
priately protected against dynamic effects including the effects of missiles,
pipe whip, and flooding that may result from equipment failures and from
events and conditions outside the nuclear nower facility.

3.2 Materials of Construction
The Category I concrete structures are camposed of several constituents which,

in concert, perform more than one function, 1i.e., load-carrying capacity,
radiation shielding, and leak tightness Primarily, they include the
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following material systems: concrete, mild steel reinforcement, prestressing
steel, and steel liner plate. :

The concrete typically used in nuclear safety-related structures consists of
Type II portland cement, fine aggregates, water, various admixtures for
improving properties or performance of the concrete, and either normal-weight
or heavyweight coarse aggregate. Type II portland cement has been used
because of its improved sulfate resistance and reduced heat of hydration
relative to the general purpose or Type I portland cement. Coarse aggregate
consists of gravel, crushed gravel, or crushed stone. For thcse concrete
structures in nuclear power plants which provide primary (biological)
radiation shielding, heavyweight or dense aggregate materials (e.g., barites,
limonites, magnetites, ilmenites, etc.) may have been used to reduce the
section thickness requirements needed for attenuation. The hardened concrete
typically provides the campressive load capacity for a structure. Design
28-day compressive strengths for the concrete materials utilized in nuclear
power plant structures have typically ranged from 21 to 41 MPa depending on
the application.

Most of the mild, or conventional, reinforcing steels used in nuclear power
plants to provide primary tensile and shear load resistance/transfer consist
of plain carbon steel bar stock with deformations (lugs or protrusions) on the
surface. The minimum yield strength of this material ranges from about 270 to
415 MPa, with the 415 MPa material being most cammon. Conventional reinforc-
ing steel also encompasses welded wire fabric, deformed wire, bar and rod
mats, and all accessory steel components used in positiconing/placing the rein-
forcement, e.g., seats, ties, etc.

A post-tensioning system consists of prestressing tendons which are installed
and tensioned using jacks and other devices and then anchored to hardened con-
crete. A number of contaimment structures utilize steel prestressing tendons
to provide primary resistance to tensile loadings. Three major categories of
prestressing systems exist depending on the type of tendon utilized: wire,
strand, or bar. These materials typically have minimum ultimate tensile
strengths ranging fram 1035 to 1860 MPa. The tendons are installed within
preplaced durts (conduits) in the contaimment structure and are post-tensioned
from cne or both ends after the concrete has achieved sufficient strength.
After tensioning, the tendons are anchored by buttonheads, wedge anchors, or
nuts, depending on the prestressing system utilized. Corrosion protection is
provided by filling the ducts with corrosion-inhibiting grease (unbonded) or

portland cement grout (bonded). With the exception of Robinson 2 (bar
tendons) and Three Mile Island 2 (strand tendons), plants that have post-
tensioned contaimments utilize unbonded tendons. A few plants have used

bonded rock anchor tendons, e.g., Ginna and Bellefonte.
Leak tightness of reinforced and post-tensioned concrete containment

structures is provided by a liner system. A typical liner system is compocsed
of steel plate stock less than 13-mm thick, joined by welding, and anchored to
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the concrete by studs, structural steel shapes, or other steel products. Tne
pressurized-water reactor contaimments and the "dry well" portions of
boiling-water reactor contaimments are typically lined with carbon steel
plate. The liner of the "wet well" of boiling-water reactor contaimments, as
well as that of the light-water reactor (LWR) fuel pool structures, typically
consists of stainless steel plates. Certain LWR facilities have used carbon
steel plates clad with stainless steel for liner members. Although the
liner's primary function is to provide a leaktight barrier, it also acts as
part of the formwork during concrete placement and is used for supporting
internal piping and equipment.

3.3 Description of Category I Concrete Structures

A myriad of concrete structures are contained as a part of an IWR facility.
Table 1 provides a general listing of safety-related concrete structures in
IWR plants. The names and configurations of these structures vary scomewhat
from plant to plant depending on the nuclear steam supply system vendor,
architect-engineer firm and owner preference. However, major Category I
structures can be grouped into three general categories for purposes of
discussion, i.e., those characteristic to BWR plants, those characteristic to
PWR plants, and those cammon to BWR and PWR plants. A more detailed
description of structures relative to that presented below is provided in
Refs. 7, 8, and 10.

Table 1. Representative LWR Safety-Related
Cencrete Structures?

Primary Cantainment/Basemat Intake Structure

BWR Reactor Building Ce~iing Tower

FWR Shield Building Spray Ponds

Contairmment Internal Structures Utility or Piping Tunnels ,

Awdliary Building Part of Turbine Building (Category I Campenents)
Control Roam/Corttrol Building Auxiliary Feedwater Pump House

Diesel CGenerator Building Switchgear Rocam

Fuel Storage Facility Unit Vent Stack

Tanks and Tank Foundation Radwaste Building

4Scurce: "Class 1 Structures License Rencwal Industry Report," NUMARC G0-C6, Nuclear
Management and Resources Council, Washington, D.C., June 1890 (draft).

3.3.1 Boiling-Water Reactor Plapnt Structures

BWR Primary Containments. Although the majority of BWR plants utilize steel
primary contaimments, there are several which utilize either reinforced con-
crete (Mark I, Mark II, and Mark III) or post-tensioned concrete (Mark II)
primary containments. Leak tightness of the concrete containments is provided
by a steel liner attached to the inside surface of the contaimment structure.
Boiling-water reactor contaimments, because of provisions for pressure



suppression, typically have "normally dry" sections (dry well) and "flooded"
sections (wet well) which are intercoanected by piping or vents.

BWR Contaimment Internal Structures. The principal BWR containment internal
structures are constructed of reinforced concrete or steel and: (1) provide
support for the operating and intermediate floors, piping, and equipment;
(2) mitigate the consequences of a LOCA by protecting the engineered safety
features; and (3) provide radiation shielding.

For Mark I plants (also Mark II and Mark III plants), a primary radiation
(biclogical) shield wall surrounds the reactor pressure vessel and is sup-
ported on the reactor pedestal. Its purpose is to attenuate radiation
emanating fram the reactor core and, as a result of this service, is subjected
to a thermal gradient across the wall. The primary shield wall is typically a
composite structure constructed of concrete for shielding purposes, and may be
lined on both surfaces with steel plates which act as the main structural
camponents of the wall. '

In addition to the primary shield wall, the Mark II containment encloses the
suppression pool, which is covered by a diaphragm floor as well as several
other intermediate floors. The diaphragm floor is supported by the wet-well
walls and other supports within the suppression pool area. The intermediate
floors are constructed of reinforced concrete, structural steel, or a combina-
tion.

Mark ITI plant primary internal structures include the primary shield wall,
the dry well, the weir wall, the operating floor, and floors located inside
the dry well and the annulus between the dry well and the contaimment. The
primary shield wall and interior floors are similar to those of the Mark II
plants. The dry well in the Mark III plant is a cylindrical structure with a
flat roof slab. It completely encloses the reactor vessel and reactor coolant
system and functions as a pressure boundary. The lower portion of the dry
well is surrounded by the suppression pool and is equipped with horizontal
vents connecting it to the suppression pool. The upper section ol the dry-
well structure is reinforced concrete. The weir wall forms the inner boundary
of the suppression pool. It is located inside the dry well and completely
surrounds the lower portion of the reactor coolant system. The weir wall is
either a reinforced concrete or camposite structure, having its surface lined
with stainless steel to provide leak tightness. The Mark III operating floor
provides laydown space for refueling operations. The floor is supported by
the contaimment walls and the refueling pocl, and is usually a combination of
structural steel framing and reinforced concrete.

BWR Reactor Buildings. The primary function of the reactor building is to
provide a medium leakage enclosure around the primary contairment that can be
maintained at a slightly negative pressure. Depending on the primary contain-
ment design, the reactor building structure may or may not be designed to pro-
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vide shielding and/or protect the primary contaimment structure from external
missiles or other adverse atmospheric events.

The reactor building for Mark I and Mark II plants is a multi-level
reinforced-concrete structure that completely encloses the dry well and
suppression pool structures. The reactor building may be a reinforced-
concrete structure up to and including the roof, or it may be reinforced
concrete only up to the refueling floor with the remainder being a steel-
framed structure with metal siding and roof panels. The reactor building
occupies the same reinforced-concrete basemat as the primary containment.
Floors in the reactor building are constructed of reinforced concrete and
supported by concrete or steel beam and column framing systems. Exterior load
bearing walls are fabricated of reinforced concrete and are designed as shear
walls to resist lateral loads. The interior walls may also be designed as
shear/load bearing walls. Where required, the walls and floors are designed
to provide radiation shielding. '

The secondary contaimment for a Mark III plant is a reinforced-concrete
structure that completely encloses a free-standing steel primary containment

vessel. . Its design provides for: (1) radiation (biological) shielding,
(2) controlled release of the annulus atmosphere under accident conditions,
and (3) environmental protection for the contaimment vessel. The secondary

contaimment is designed to maintain leaktight integrity and to suffer no loss
of function due to tornado or design-basis earthquake. In some Mark III
plants the secondary containment function is accamplished, in part, by a steel
frame structure having metal siding and roof decking. The ability tc control
radicactive releases is provided by maintaining the annular region between the

secondary and primary contairments at a slightly negative pressure relative to
ambient conditions.

BWR _Fuel-Storage Facility. The fuel-storage facility provides for receiving,
shielding, shipping, and handling new and spent fuel. The spent-fuel pool has
reinforced concrete walls for shielding and a stainless steel liner for leak
tightness. The bearing walls, which support the fuel puol, are also designed
as shear walls. Floors and roof are of reinforced concrete supported by steel
beams. Interior columns are of structural steel or composite construction.
Interior walls are concrete-block masonry or reinforced concrete. The fuel-
handling floor surrounds the top of the fuel-storage pool. In same plants,
the exterior walls of the fuel-storage facility are steel framed with concrete
panels, concrete block, or metal siding. The roofs of these buildings are
camposite design. In the Mark I and Mark II plants, the fuel storage facility
is an integral part of the reactor building. For Mark III plants, it is a
separate structure.

3.3.2 Pressurized-Water actor Plants

PWR_Primary Contaimments. The majority of pressurized-water reactor plants
utilize either reinforced concrete (large dry, ice condenser, and sub-
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atmospheric) or prestressed concrete (large dry) primary contairments. The
primary differences between the contaimment designs relates to volume
requirements, basemat configurations, and contaimment internal-structures
layout. The PWR-containment structures generally consist of a concrete
basemat = foundation, vertical cylinder walls, and dame. The basemat may
consist of a simple mat foundation on fill, natural cut or bedrock, or a
pile/pile cap arrangement. Interior contaimment surfaces are lined with a

~thin carbon steel liner to prevent leakage. Two of the PWR plants (Bellefonte

and Ginna) have rock anchor systems to which the post-tensioning systems are
attached.

'DWR_Contaimment Internal Structures. The contaimment intermal structures in

PWR plants tend to be more massive in nature than the internal structures in
BWR plants because they are typically required to support the reactor-pressure
vessel, steam generators, and other large equipment and tanks. In addition,
these structures provide shielding of radiation emitted by the nuclear steam
supply system. PWR contaimment internal structures can be described in terms

of whether they are of the "dry" type (large dry or subatmospheric) or "ice

condenser" type. The "dry" contairmments are designed to accept the initial
full volume of steam released by a LOCA without pressure suppression, or
operate at subatmospheric pressure, thus reducing the design LOCA pressure.
The "ice condenser” contairments have an internal divider barrier that chan-
nels the postulated LOCA releases into an ice condenser where condensation of
steam will reduce potential pressure builaup. '

The PWR "dry" contairment internal structures include the primary shield wall,
secondary shield wall, and operating and intermediate floors. The primary
shield wall is a reinforced-concrete structure that campletely surrounds the
reactor vessel to form the reactor cavity. It provides biological shielding
and can provide support for the reactor pressure vessel. As such, the primary
shield wall is subjected to a thermal gradient across its thickness generated
by the attenuation heat of gamma and neutron irradiation fram the core. The
secondary shield walls are of reinforced-concrete construction and surround
the primary loop forming the steam-generator campartments and protecting the
contaimment and reactor cooling system from design-basis-accident events
resulting fram a pipe rupture. The secondary shield walls may also provide
anchorage for major piping and support intermediate and operating floors. The
operating and intermediate contairnment internal floors are constructed of
reinforced concrete or steel grating supported by structural steel.

The PWR "“ice condenser" contaimment internal structures, except for the
divider barrier and ice condenser features, are similar in function and struc-
tural design to the "dry" contaimment internal structures. A divider-barrier
structure separates the reactor-coolant system from the upper containment, and
in the event of a LOCA, contains the steam released from the reactor-coolant
system and channels it through vent doors into the ice condenser. The operat-
ing floor serves as part of the divider barrier.



B e o o o ¢~ (v .~ T

PWR_Shield Building. Pressurized-water reactors with steel reactor pressure
vessels have a shield building structure that is similar to the BWR Mark III
secondary containment building. The PWR shield building is typically a
reinforced-concrete structure with a shallow dame roof and is designed to
provide essentially the same functions as the Mark III contaimment building.

PWR _Fuel-Storage Facility. New and spent fuel is transferred between the
reactor vessel and the fuel transfer penetration through the refueling canal.
The refueling canal may also be used for temporary storage of reactor vessel
internals or fuel during maintenance or refueling operations. The refueling
canal is of reinforced-concrete construction lined with stainless steel to
prevent leakage.

The new- and spent-fuel storage pools for PWR plants arc typically located in
an auxiliary building proximate to the contaimment. The fuel storage pools
are fabricated of reinforced-concrete wall and slab components. These struc-
tures are generally massive in cross-section to support a large pool of water
and the fuel elements and are lined with stainless steel. The pools are con-
nected to the inside of the contaimment via the refueling canal described
above.

3.3.3 Structures Common to BWR/PWR Plants

safety-related structures, cammon to BWR/PWR plants, which are fabricated of
reinforced concrete or of camposite concrete and steel construction include:
auxiliary building; radwaste building; turbine building; control room/control
building; diesel generator building; tanks and tank foundations; intake struc-
tures; cooling towers; cooling pond, spray pond and spray canal; utility and
piping tunnels; auxiliary feedwater pump house; switchgear roam; and unit vent
stack. Reference 8 provides a description of these structures.

3.4 Potential Degradation Factors

The longevity, or long-term performance, of Category I concrete structures is
primarily a function of the durability or propensity of these structures to
withstand potential degradation effects. Over the life of a nuclear power
plant, changes in the properties of the structure's constituent materials will
in all likelihood occur as a result of aging and envirommental stressor
effects. These changes in properties, however, do not have to be " frimental
to the point that the structure has deteriorated and is unable to meet its
functional and performance requirements. In fact, it has been noted that when
specifications covering concrete's production are correct and are followed,
concrete will not deteriorate.ll Concrete in many structures, however, can
suffer undesirable degrees of change with time because of improper specifica-
tions, a violation of specification, or envirommental stressor or aging factor
effects. Table 2 summarizes primary mechanisms (factors) which can produce
premature deterioration of concrete structures. A brief description of the
mechanisms (factors) which can degrade the concrete, mild steel reinforcement,
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prestressing steel, and liner/structural steel materials follows. A more de-
tailed discussion of the mechanisms is provided in Refs. 8 and 10.
Table 2., Degradation Factors That Can Impaét the
Performance of Category I Concrete Structures
Material Degradation Primary
System Factor Manifestation
Concrete Chemical attack
Efflorescence and leaching Increased porosity
Salt crystallization Cracking
Alkali-aggregate reactionsd Volume change/cracking
Sulfate attack Volume change/cracking
Bases and acids Increased porosity/erosicn °
Physical attack
Freeze/thaw cycling Cracking/spalling
Thermal exposure/thermal cycling Cracking/spalling
Irradiation Volume change/cracking
' Abrasion/erosion/cavitation Section loss
Fatigue/vibration Cracking
Mild Steel Corrosion Concrete cracking/spalling
Reinforcement Eilevated temperature Decreased yield strength
Irradiation Reduced ductility
Fatigue Bond loss
Prestressing Cerrosion Reduced scctien
Elevated temperature Reduced st.rength
Irradiation Reduced ductility

Liner/Structural Steel

Stress relaxatian

Corrosion

Prestress force leoss

Sectian loss

dIncludes reactions of cement aggregate and carbonate aggregate.

3.4.1 Concrete

If concrete is properly designed for the enviromment to which it will be

exposed, produced using good quality control principles,
construction and curing methods, it is
maintenance-free performance for decades.

proper

capable
However, concrete is potentially

and placed using
of essentially

vilnerable to attack under a variety of exposures, i.e., chemical or physical
attack.

Chemical Attack. Chemical = attack
chemical reaction with either the
Generally, the attack occurs at the

is the alteration of concrete through
cement paste or the coarse aggregate.
exposed surface region of the concrete,
but with the presence of cracks or prolonged exposure, chemical attack can
affect entire structural elements. Deterioration of concrete by chemical
reactions manifests itself in different ways, i.e., increase in porosity and



permeability, decreases in strength, and cracking and spalling.l?2 The rate of
chemical attack on concrete is a function of the pH of the aggressive fluid
and the concrete permeability, alkalinity, and reactivity. Chemical attack
may occur as efflorescence and leaching, sulfate attack, bases and acids, salt
crystallization, and alkali-aggregate reactions.

Efflorescence occurs on. the surface of concrete. Pure water fram the
condensation of fog or water vapor, and soft water from rain or melting snow
and ice, may contain few or no calcium salts. In contact with concrete, the
water will tend to hydrolyze or dissolve the calcium-containing concrete prod-
ucts until equilibrium is reached. Frequently, the leachate interacts with
CO, fram the atmosphere to form a precipitate of white calcium carbonate
(efflorescence) on the surface. However, in the case of flowing water or
seepage under pressure, conditions exist for continued hydrolysis (leaching).
Theoretically, hydrolysis of cement paste can continue until most of the cal-
cium hydroxide (most susceptible component) has been leached away, exposing
other cementitious constituents to chemical decamposition and eventually leav-
ing behind silica and alumina gels having little or no strength.

Most soils contain sulfates in the form of gypsum in amounts from 0.01% to
0.05% (expressed. as 804) which are harmless to concrete. However, where
higher concentrations (20.1% soluble sulfate) of sodium, potassium, or
magnesium sulfates are present in alkali soils or waters, significant deterio-
ration can occur. When the cement paste cames into contact with sulfate ions,
the alumina-containing hydrates in the presence of calcium hydroxide are con-
verted to ettringite, which results in an expansive reaction leading to
cracking. In the case of magnesium sulfate attack, the conversion of calcium
hydroxide to gypsum can also cause expansion by the formation of relatively
insoluble and weakly alkaline magnesium hydroxide, i.e., stability of the
calcium-silicate hydrate system in the paste is reduced making it more
susceptible to sulfate attack.

Hydrated cement paste has a high pH value (12. .o 13.5) due to the presence
of large concentrations of Nat, K+ and OH™ ions. Any enviromment having a pH
less than 12.5 is potentially harmful and can lead to destabilization of the
cementitious hydration products. In addition to the pH, the permeability of
the concrete affects the rate of chemical attack. Most industrial and natural
waters, because of their relatively low pH, can be considered aggressive to
concrete. The cation exchange between acidic solutions and the constituents
in portland cement paste gives rise to soluble salts of calcium which are
removed by leaching and increase the porosity and permeability of the con-
crete. Reference 13 presents a listing of reactivity with concrete of various
chemicals.

Salts can cause damage to concrete through the development of crystal growth
pressures that arise through physical causes. Deterioration of this type
occurs when concrete is in contact with water containing large quantities of
dissolved solids, e.g., CaSO4, NaCl, NaySO,. As the water permeates into the




concrete, the salts crystallize in open pores due to evaporation. Repeated
evaporation can cause the salt deposits to build to the point that the
stresses generated will crack the concrete. Structures in contact with
fluctuating water levels (e.g., water-management structures) or in contact
with ground waters containing salts are susceptible to this type of
deterioration.

Chemical reactions involving alkali ions (portland cement), hydroxyl ions, and
certain silica (or carbonate) constituents present in aggregate materials lead
to an exXpansive reaction and cracking. This form of chemical attack is
significant in that it can occur throughout the entire section thickness.
Pop-outs and exudation of viscous alkali-silica fluid aré other manifestations
oS this phenomenon. Although alkali-aggregate reactions (AAR) typically occur
within 10 years of construction, deterioration has not occurred in some
structures until 15 to 20 years following construction, and some structures
have not exhibited early signs of deterioration until ages of 20 to 25 years.
The delay in structures exhibiting deterioration due to AAR indicates that
there may be less reactive forms of silica which, although considered
innocuous during aggregate qualification testing, may eventually cause
deterioration.l4

Physical Attack. Physical attack is the second major cause of deterioration
of concrete. Although it is often difficult to separate physical attack fram
chemical attack of concrete, for purposes of discussion physical attack will
include degradation factors that result from envirommental or mechanical
effects, i.e., freeze/thaw cycling, thermal exposure/thermal cycling, irradia-
tion, abrasion/erosion/cavitation, and fatigue/vibration.

Concrete, when in a saturated or near-saturated condition, can be susceptible
to damage during freezing and thawing cycles caused by hydraulic pressure gen-
erated in the capillary cavities of the cement paste as the water freezes.
Damage to concrete can take several forms: scaling, spalling, and pattern
cracking (e.g., D-cracking). The most cammon damage is scaling or spalling
due to expansion of the cement paste matrix. Factors controlling the resis-
tance of concrete to freeze/thaw cycling include air entrairment (size and
spacing of air bubbles), water-cement ratio (lower water-cement ratios result
in less water being available for freezing), and curing (coricrete should be
properly cured prior to frost exposure). Nuclear power plant structures that
may be affected by freeze/thaw damage include those that are utilized in the
intake/conveyance/management of cooling water and those structures having
exterior surface locations that pramote the "ponding" of rain or snow.

Elevated temperature and thermal gradients are potentially degrading to
concrete structures in that they affect concrete's strength (load-carrying
ability) and stiffness (deformations and loads at constraints). The
mechanical property variations result largely because of changes in the
moisture content of the concrete constituents and progressive deterioration of
the cement-paste matrix which can lead to cracking and spalling. Concrete

B

\ B T N R I (R I W L R TEEN ‘H|\”‘\' e ) ‘H‘H“Um" BRI rm NI ww I NHHWHW Hlu [ ‘\le}w n HWH HW““MW L "F‘””‘“l‘ w\ \”” Wlw L] ”Hmm wnww W ”m |W I lemu I



exposed to temperatures of 90°C may lose up to 10% of its room-temperature
strength and modulus of elasticity values.l®  Significant strength losses
occur above 450°C.16 Thermal cycling, even at relatively low temperatures
(<65°C), can also have deleterious effects on concrete's mechanical
properties. At higher temperatures (200 to 300°C), the first thermal cycle
causes the largest percentage of damage.l’” Although Category I concrete
structures are generally limited to maximum temperatures of 65°C by technical
specifications, local areas may be heated to temperatures approaching that of
the nuclear steam-supply-system coolant, 345°C, at local piping penetrations,
improperly ventilated areas, etc.

Irradiation in the form of either fast and thermal neutrons emitted by the
reactor core or gamma rays produced as a result of capture of neutrons by mem-
bers (particularly steel) in ¢ ncrete can affect the concrete. The fast neu-
trons produce considerable growth of certain aggregate materials, e.g., flint.
Gamma rays produce radiolysis of water in cement paste which can affect con-
crete's creep and shrinkage behavior to a limited extent and also result in
evolution of gas. Prolonged exposure of concrete to irradiation can result in
decreases in tensile and campressive strengths and modulus of elasticity.
Limited research studies!® have reported threshold levels for measurable
damage to concrete of 1 x 1019 n/cm? for neutron fluence and 1010 rads of dose
for gamma radiation. Table 3, derived from Reference 19, provides data for
radiation enviromments at outside surface of IWR pressure vessels for a
1000 MW(e) plant with an 80% capacity factor. Values in the table indicate
that radiation levels approaching those which may damage concrete in the pri-
mary shield wall may occur after 40 years of operation. The radiation levels
presented are samewhat conservative, however, because further attenuation due
to the presence of air gaps, insulation, etc., has not been included.

Table 3. Radiation Envircmments at Outside Surface of
IWR Reactor Pressure Vessels
(1C0C MW(e) with 8C% plant capacity factoer)

EWR FWR

40 Year €0 Year 80 Year 40 Year &0 Year 80 Year
(32 EFFY) (48 EFFY) (64 EFPY) (32 EFFY) (48 EFFY) (H4 EFFY)

Heutren fluence (n/cm2)
Slew (E < 1.0 MeV) 3.7 x 1018 5,6 x 1088 7.5 x 101® 2.0 x 1089 3.0 x 1019 4.0 x 10%9
Fast (E > 1.0 MeV) 5.1 x 1017 7,7 x 107 1.0x 1088 1.0x 1088 1.5x 10¥® 2.0 x 1018

Gamma total integrated 1.6 x 1010 2.4 x 100 3.2 x 100 4,7 x 10° 7.0x 109 9.3 x 107
dose (rads)

Progressive loss of material at the concrete surface can occur due to
abrasion, erosion, or cavitation. Resistance of concrete to these effects is



dependent on the quality of the concrete, i.e., porosity, strength, aggregate
particle durability. Category I structures which provide water intake,
conveyance, and management are most susceptible to abrasion, erosion, and
cavitation effects.

Concrete structures subjected to fluctuations in loading, temperature, or
1 moisture content can be damaged by fatigue. Fatigue damage initiates at
! microcracks in the cement paste matrix, proximate to large aggregate parti-
A cles, reinforcing steel, or other stress raisers, e.g., defects. Upon
I continued-load fluctuations, the microcracks can coalesce and propagate to
form structurally significant cracks which can expose the concrete and rein-
| forcing steel to hostile enviromments or produce increased deflections.
| Within LWR facilities, supports for the nuclear steam-supply-system camponents
and operating pumps/turbines may suffer from the effects of vibration.

3.4.2 Mild Steel Reinforecing

Deterioration of mild steel reinforcing materials can occur as a result of
corrosion, elevated temperature, irradiation, and fatigue.

Corrosion. Although deterioration of concrete structures may be attributable
to the cambined effects of more than one cause, corrosion of embedded metal is
one of the principal causes. Corrosion of steel 1is an electrochemical
process. Electrochemical potentials which form the corrosion cells may be
generated as: (1) composition cells resulting when two dissimilar metals are
embedded in concrete, or when significant variations exist in surface charac-
teristics of the steel; and (2) concentration cells occurring due to differ-
ences in concentration of dissolved ions in the vicinity of steel, such as
alkalies, chlorides, and oxygen.?® As a result, one of two metals (or differ-
ent parts of the metal when only one metal is present) becames ancdic and the
other cathodic. Other potential causes of corrosion include stray electrical
currents or galvanic action with an embedded steel of different metallurgy.
The transformation of metallic iron to ferric oxide (rust) is accampanied by
an increase in volume which, depending on the state of oxidation, may be as
large as 600 percent of the original metal. The volume increase can cause
cracking and spalling of the concrete.

In good-quality, well-campacted concretes, reinforcing steel with adequate
cover should not be susceptible to corrosion because the highly alkaline con-
ditions present within the concrete (pH > 12) causes a passive iron oxide film
to form on the iron surface, i.e., metallic iron will not be available for
anodic activity. However, when the concrete pH falls below 11, a porous oxide
layer (rust) can form on the reinforcing steel due to corrosion. Carbonation
and the presence of chloride ions can destroy the passive iron oxide film.
The penetration of CO; fram the environment can be accelerated due to the con-
crete being porous (poor quality) or the presence of microcracks. The pene-
tration of chloride ions can also destroy the passive oxide film on the rein-
forcing steel, even at high alkalinities (pH » 11.5). For typical concrete
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mixes, the threshold chloride content to initiate steel corrosion is about 0.6
to 1.2 kg Cf/m3 (Ref. 14). Furthermore, when large amounts of chloride are
present, concrete tends to hold more moisture which increases the risk of
steel corrosion by lowering concrete's electrical resistivity. Once the
passivity of the steel is destroyed, concrete's electrical resistivity and
oxygen availability control the corrosion rate.

Because of the potential damage to concrete structures caused by the corrosion
of reinforcing steel, this factor 1is potentially significant for all
Category I concrete structures.

Elevated Temperature. The properties of mild steel reinforcement used in
design are generally a function of the yield strength which is affected by
exposure to elevated temperatures. References 21 and 22 indicate that for
temperatures up to about 200°C, the yield strength of rebars is reduced less
than 10% and that the loss of bond properties to concrete does not occur until
300°C or above. Typical LWR thermal exposures that the mild steel reinforcing
would experience are below the temperatures at which properties are affected.

Irradiation. Neutron radiation produces changes in the mechanical properties
of carbon steel, e.g., increased yield strength and rise in ductile/brittle
transition temperature. The reduced duvntility increases the possiktility of
brittle fracture. References 23 and 24 suggest that a threshold level of
neutron fluence for alteration of reinforcing steel properties is 1 x 1018
n/cm?. In IWR facilities, reinforcing steel potentially affected would be in
the primary shield wall adjacent to the reactor pressure vessel.

Fatigue. Fatigue of the mild steel reinforcing system would be coupled with
that of the surrounding concrete. The most likely effect of fatigue loadings
would be a loss of bond between the steel reinforcement and concrete. Because
of the typically low normal-stress levels in the reinforcing steel elements in
Category I structures, fatigue failure is not likely to occur.

3.4.3 Prestressing Stee

Potential sources of deterioration of the prestressing steel would be corro-
sion, elevated temperature, irradiation and loss of prestressing force.

Corrosion. Corrosion of prestressing systems can be highly localized or
uniform. Most corrosion-related failures have been the result of localized
attack produced by pitting, stress corrosion, hydrogen embrittlement, or a
combination. Failure of prestressing tendons can also occur as a result of
microbiological-induced corrosion. Protection of the prestressing system is
provided by filling the tendon ducts with organic corrosion inhibitors
(nongrouted tendons) or portland cement grout (grouted tendons). Due to the
importance of the post-tensioning system to the overall structural integrity
of the contaimments and the stress state in the tendons, the tolerance to cor-
rosion attack is not as great as for the mild steel reinforcement. The pre-
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stressing systems, however, are one of the most highly monitored systems in an
LWR plant.

Elevated Temperature. Reference 22 indicates that thermal exposures up to
200°C do not significantly reduce the tensile strength of prestressing wires
or strand. Elevated temperatures however, affect the relaxation and creep
properties of the tendons. Reference 25 indicates that losses in a 15.2-mm-
diam. strand initially stressed to 75% its guaranteed ultimate tensile
strength at 40°C will be 5 to 6.4% after 30 years. As temperature levels
experienced by the post-tensioning systems in IWR plants are below 200°C,
thermal damage to the prestressing steels under normal operating conditions is
unlikely.

Irradiation. Results fram studies?3 in which 2.5-mm-diam. prestressing wires
were stressed to 70% of their ultimate tensile strength and irradiated to a
total dose of 4 x 1016 n/em? (flux of 2 x 1010 n.cm?.s) showed that for expo-
sures up to this level, the relaxation behavior of irradiated and unirradiated
materials was similar. These radiation levels are likely to be higher than
those experienced by the prestressing systems in LWR containment structures.

s ssi e. Primary contributors to the loss of original
force level that was applied to the prestressing tendons include: friction,
end effects, anchorage deflections (take up and slip), elastic shortening,
tendon relavation, and concrete creep/shrinkage. Of these factors, the last
two are time dependent and thus aging related. Guidelines for develouping

surveillance programs acceptable to the USNRC, as well as estimating loss in

prestressing force with time, are provided in Regulatory Guides.«&.27
3.4.4 Liner/Structural Steel

The primary degradation factor for the liner plate and structural steel (both
embedded sections and those within the contaimment) is corrosion. Typically,
exposed steel surfaces are coated with a primer, or primer-finish coat system.
For liner plates, local attack is of greatest importance because of its possi-
ble affect on leak tightness. local attack may result at locations where
there has been loss-of-coating integrity, impact, failure of adjoining floor
sealant, etc. The local attack mechanisms include galvanic corrosion, pit-
ting, crevicing, and corrosion caused by stray electric currents or micro-
biological effects. Structural steel embedments are normally protected by the
surrounding concrete. However, when the concrete becomes cracked or porous or
has its pH lowered, it makes the embedments susceptible to corrosion.

3.5 Performance History of Category I Concrete Structures

In general, the performance of concrete materials and structures in nuclear
power plants has been good. This to a large degree can be attributed to the
effectiveness of the quality control/quality assurance programs in detecting
potential problems (and subsequent remedial measures) prior to plant opera-

e W T R L



A

tion.28 However, there have been several instances in nuclear power plants
where the capability of concrete structures to meet future functional/
performance requirements has been challenged due to problems arising from
improper  material selection, construction/design deficiencies, or
envirommental effects. Examples of these instances include anchorhead
failures (Farley, Byron, Bellefonte), dame delaminations (Crystal River 3,
Turkey Point 3), and corrosion of steel tendons and rebars (Fort St. Vrain,
San Onofre). Other problems such as the presence of voids in concrete,
concrete cracking, materials out of specification, misplaced rebar, etc., are
identified.’.8.10  Although many of the documented problems are not due to
environmental stressors of aging factors, if not discovered they could
potentially campromise integrity of the structures during an extreme event or
exhibit synergistic effects with any envirormental stressors or aging factors
present. ‘

4, STRUCTURAL AGING PROGRAM

Results of a studyl® conducted under the NRC Nuclear Plant Aging Research
(NPAR) Program?® were utilized to help formulate the Structural Aging (SAG)
Program3® which was initiated in 1988. The SAG Program has the overall cbijec-
tive of preparing a handbook or report which will provide the NRC license
reviewers and licensees with the following: (1) identification and evaluation
of the structural degradation processes; (2) issues to be addressed under
nuclear power plant continued-service reviews, as well as criteria, and their
bases, for resolution of these issues; (3) identification and evaluation of
relevant inservice inspection or structural assessment programs in use, or
needed; and (4) methodologies required to perform current assessments and
reliability-based life-predictions of safety-related concrete structures. To
accamplish this objective, the SAG Program is addressing the scurces of ‘mcer-
tainty identified earlier with respect to determination of the residual life
of safety-related components or structures. Structural Aging Program activi-
ties are conducted under a management task and three major technical task
areas: (1) materials property data base, (2) structural camponent assessment/
repair technologies, and (3) quantitative methodology for continued service
determinations.

4,1 Program ement

The overall objective of the program management task is to effectively manage
the technical tasks undertaken to address priority structural safety issues
related to nuclear power plant continued-service applications. Primary man-
agement activities include: (1) program planning and resource allocation,
(2) program monitoring and control, and (3) documentation and technology
transfer. Under the first of these activities, a five-year plan was pre-
pared, 30 and subcontracts related to meeting objectives of the technical task
areas have been implemented with six organizations. The program monitoring
and control activity primarily addresses the preparation of management
reports, annual technical progress reports,3l and participation in NRC infor-



- mation meetings. Documentation and technology transfer includes program coor-
dination with other goverrment agencies-related activities (e.g., NRC Low-
Level Radicactive Waste Program), participation in technology working groups
(e.g., ASME Section XI Working Group on Concrete Pressure Camponents), coordi-
nation with foreign technologies,3? and technology exchange through participa-
tion in national33.3 and internmational conferences.3> Reference 31 summarizes
activities conducted under the program management task.

4.2 Materials Property Data Base

The objective of the materials property data base task is to develop a
reference source which contains data and information on the time variation of
material properties under the influence of pertinent envirormmental stressors
and aging factors. This source will be used to assist in the prediction of
long-term deterioration of critical structural components in nuclear power
plants and to establish limits on hostile envirommental exposure, i.e., estab-
lish camponent service life or improve probability of a camponent surviving an
extreme event. Primary activities under this task include the development of
the Structural Materials Information Center, assemblage of materials property
data, and formulation of material behavior models.

4.2.1 Structural Materials Information Center (SMIC)

A review and assessment of materials property data bases, hardware, and
software has been completed.3® Conclusions derived from the investigation
were that no data bases existed which met the needs of the SAG Program, per-
sonal camputers provide the most econamical approach in setting up the desired
data base, and a "canned" cammercial data base, which can be formatted to meet
program requirements, should be utilized. Reference 37 presents the plan
utilized in the development of the SMIC which consists of the Structural
Materials Handbook and the Structural Materials Electronic Data Base.

The Structural Materials Handbook® is an expandable, hard-copy reference
document that contains camplete sets of data and information for each material
in the data base and serves as the information source for the Structural
Materials Electronic Data Base. The handbook consists of four volumes and is
provided in a loose-leaf format so that each volume can be easily revised and
updated. Volume 1 contains design and analysis information useful for struc-
tural assessments and structural margins evaluations. This volume contains
design values for mechanical, thermal, physical, and other properties pre-
sented as tables, graphs, and mathematical equations. Volume 2 reflects the
supporting documentation and includes test results and data used to develop
the design values presented in Volume 1. Material data sheets are provided in
Volume 3. These sheets include general information and baseline data as well
as material composition and constituent material properties. Volume 4 con-
tains appendices describing the handbook organization as well as updating and
revision procedures.



The Structural Materials Electronic Data Base is an electronically accessible
version of the handbook. The data base was developed on an IBM-campatible
personal computer using a data base management system designed specifically
for maintaining and displaying properties of engineering materials.39.40
Each material record in the data base may contain up to nine categories of
data and information, i.e., designations, specifications, coamposition, notes,
forms, graphs, properties, classes, and rankings. The user may search an
entire data base file to locate materials with similar material properties.
During the search, each material record is screened for selected tabular data

“and certain property values based on camparison indicators, i.e., =, 7, X,

>=, <=, and < >. The user may elect to perform property searches using
either the International System of Units (SI) or custamary units. Due to cur-
rent software limitations, all the data and information reported in the hand-
book are not included in the data base. The data base, however, provides an
efficient means for searching various data base files. More details on the
data base are available in Appendix F to Volume 4 of Ref. 38.

Each material system is presented as a separate chapter in the handbook and as
a separate data file in the data base. A unique seven-character material
code, consistent in both the handbook and data base, is assigned to each mate-
rial system. The material code consists of four identifying parameters (i.e.
01 C B 001), each of which can be used to sift information in the data base
The chapter index, 01, is used to represent the various material systems such
as concretes, structural steels, etc. The group index, C, is used to organize
groups of materials with cammen compositional traits. The class index, B, is
used to organize groups of materials with cammon compositional traits into
subsets having similar campositional makeup or chemistry. The identifier,
001, is used to differentiate structural materials having the same chapter,
group, and class indices according to a specific concrete mix, ASTM standard
specification, ete. Since a wide variety of descriptive information and mate-
rials property data are contained in the data base as tables, notes, and
graphs, each entry is assigned a unique four-digit property code (i.e., 3021
represents campressive strength value used for structural design) selected
fram an established set of material property codes provided in Ref. 38.

4.2.2 Data Assemblage

One of the findings of Ref. 10 was that mterial property data for concrete
over an extended pericd of time are practically nonexistent, especially for
concretes which have been subjected to aging factors or envirommental stres-
sors characteristic of those associated with nuclear power plants. For most
concrete structures that have been in service for the time period of interest
(30 to 100 years), either detailed information about constituent materials,
plastic concrete properties, envirormental exposure, or the time variation of
material properties is unknown. Since these types of data and information are
not readily available, three approaches are being used to suppleent and
expand the data base: (1) exchange of technology, (2) development of proper-
ties using prototypical ..aterial samples obtained from existing concrete
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structures, and (3) accelerated aging tests. To date, the first two of these
approaches have produced eleven material property data base files which have
been incorporated into SMIC. A detailed description of the information
sources utilized to develop these data base files is provided in Ref. 38.

4.2.3 Material Behavior Modeling
{

Prediction or explanation of the complex interrelationships that occur between
concrete's constituents and between concrete and its enviromment requires the
development of mathematical models based on scientific and engineering princi-
ples. Such models play a vital role in the development of techniques for
reliability-based 1life predictions of concrete structures in nuclear power
plants. Models being developed address the aging factors (cement hydration,
alkali-aggregate reaction, etc.) and environmental stressors (temperature,
irradiation, freeze-thaw, etc.) which can impact the Category I concrete
structures as well as any synergistic effects that result when more than one
degradation factor is present.

4.3 Structyral Component Assessment/Repair Technology

The objectives of this task are to: (1) develop a systematic methodology
which can be used to make quantitative assessments of the presence, magnitude,
and significance of any environmental stressors or aging factors which
adversely impact the durability of safety-related concrete structures in
nuclear power plants; and (2) provide recammended - inservice inspection or
sampling procedures which can be utilized to develop the data required bcth
for evaluating the current condition of concrete structures as well as trend-
ing the performance of these components. Primary activities under this task
include development of a structural aging assessment methodology for concrete
structures in nuclear power plants, review and evaluation of inservice inspec-
tion and structural integrity assessment methods for detection and quantifica-

- tion of potential deterioration phencmena in concrete structures, and evalua-

tion of remedial/preventative measures considerations for concrete structures.

4.3.1 Structural Aging Assessment Methodology

The structural aging assessment methodology is founded on several criteria:
relation of subelements to overall importance of the parent safety-related
concrete structures, safety significance of the structure as a whole, influ-
ence of appliad enviromment, and possibility of occurrence as well as end
result of degradation. Application of the structural aging assessment method-
ology involves seven primary activities: (1) identification of Category I
concrete structures and their subelements; (2) rating of the importance, I, of
each subelement to its parent structure based on its structural contribution;
(3) evaluation and assigning a safety significance ranking value, SS, to each
Category I structure (value is cammon to all subelements of the parent struc-
ture); (4) evaluation and assigning an envirormental exposure severity rating
value, EE, to each subelement; (5) identification of key degradation factors
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for each subelement, assignment of a degradation factor grading wvalue, DFG, to
each factor, and calculation of a degradation factor significance value, DFS,
for each subelement by summing the degradation factor grading values and
dividing by the number of degradation factors; (6) camputation of the rank of
each subelement, SR, in terms of importance to aging using

SR=w; I+ wy SS + ws[(EE + DFS)/2] , (1)

where wy, wp, and wy are weighting factors permitting certain components of
the equation to be prioritized; and (7) calculation of the cumulative rank for
each Category I structure by summing the subelement ranks and dividing by the
number of subelements. Application of this methodology provides & listing of
safety-related concrete structures and subelements, ranked in order of impor-
tance to eaging and longevity of the nuclear power plant. Reference 41 pre-
sents more details on the methodology as well as its application to three
light-water reactor plants.

4.3.2 NDE/Sampling Inspection Technology

Basic activities under this subtask are related to evaluation of inservice
inspection and structural integrity assessment methods for detection and quan-
tification of potential deterioration phenamena in nuclear power plant con-
crete structures. Section 3.4 provided a listing of the various degradation
factors that can impact the performance of Category I concrete structures in
terms of the materials of construction, i.e., concrete, mild steel reinforc-
ing, steel prestressing, and liner/structural steel.

Methods used to detect degradation of concrete materials are grouped into two

categories: direct and indirect. Direct techniques generally involve a
visual inspection of the structure, removal/testing/analysis of material, or a
cambination. Periodic visual examinations of exposed concrete provides a

rapid and effective means for identifying and defining areas of distress,
e.g., cracking, spalling, and volume change. In areas exhibiting extensive
deterioration, or where more quantitative results are desired, core samples
can be removed for strength testing and petrographic examination. The
indirect techniques measure some property of concrete fram which an estimate
of concrete strength, elastic behavior, or extent of concrete degradation can
be made through existing correlations. Several potential nondestructive tech-
niques for evaluating concrete materials and structures include: (1) audio,
(2) electric, (3) impulse radar, (4) infrared thermography, (5) magnetic,
(6) microscopic refraction, (7) modal analysis, (8) nuclear, (9) radiography,
(10) rebound hammer, (11) ultrasonic, and (12) pulse echo. In addition to
core sampling, potential destructive testing techniques that can be used to
evaluate concrete materials include: (1) air permeability, (2) break-off,
(3) chemical, (4) probe penetration, and (5) pull out. A description of each
of these test methods, as well as their capabilities and limitations, has been
campleted and the results are presented in Ref. 42.



4.3.3 Remedial/Preventative Mgasuggs Considerations

Under this subtask, activities are planned related to an assessment of repair
procedures for concrete materials/structural systems and establishment of
criteria for their utilization. Techniques available for repair, replacement,
‘or retrofitting of degraded concrete structural subelements will be reviewed
and their effectiveness assessed. Methods available for evaluating the per-
formance of repair materials, as well as any potential impact of a repair on
the inspection procedures, will be addressed. Techniques which can be used to
mitigate the effects of envirommental stressors or aging factors will be iden-
tified. Recommended preventative measure procedures, which can be used to
effectively offset, counteract, or minimize any minor deterioration effects to
prevent them from becoming significant, will be established.

4.4 Quantitative Methodology for Continued-Service Determinations

The overall objective of this task is to develop a methodology which can be
used for performing condition assessments and making reliability-based life
predictions of critical safety-related concrete structures in nuclear power
nlants. The methodology will integrate information on degradation and damage
accumilation, environmental factors, and load history into a decision tool
that will enable a quantitative measure of structural reliability and perfor-
mance under nrojected future service conditions based on an assessment of the
existing structure. When completed, the methodology will take into account
the stochastic nature of past and future loads due to operating conditions and
the envirorment, randomness in those physical processes and environmental
stressors that may lead to degradation in strength, and uncertainty in non-
destructive evaluation techniques. Activities associated with this task
‘include: (1) identification and appraisal of existing condition assessment
methods and damage prediction models, (2) assembly of pertinent data for use
in the predictive models, (3) development of reliability-based condition
assessment methodologies for the analysis of current and future reliability,
and (4) validation of condition assessment using laboratory or prototypical
structures data. Results to date are discussed below and include the develop-
ment of probabilistic models and identification of degradation models. More
details on these results are available in Ref. 43.

Probabilistic models have been developed to assess time-dependent reliability
and deterioration of concrete structures subjected to stochastic loads. The
changes 1in engineering properties of steel and concrete materials over an
extended service life are taken into account. Degradation mechanisms related
to corrosion of reinforcing steel, detensioning of prestressing tendons, and
loss of concrete strength potentlally impact numerous concrete structures in
nuclear power plants.

Degradation models and load process statistics necessary to illustrate the
methodology have been identified. Reliability functions also have been devel-
oped to illustrate the evolution in structural reliability over time. Such
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functions can be used as a basis for selecting appropriate plant-license
extension periods or to determine required intervals of inspection and mainte-
nance necessary to maintain reliability at an acceptable level.

5. APPLICATION OF STRUCTURAL AGING PROGRAM RESULTS

When campleted, the results of this program will provide an improved basis for
the USNRC staff to permit continued operation near, at, or beyond the naminel
40-year design life of a nuclear power plant. More specifically, potential
regulatory applications of this research include: (1) improved predictions of
long-term material and structural performance and available safety margins at
future times, (2) establishment of limits on exposure to envirornmental stres-
sors, (3) reduction in total reliance by licensing on inspection and surveil-
lance through development of a methodology which will enable the integrity of
structures to be assessed (either pre- or post-accident), and (4) improvements
in damage inspection methodology through potential incorporation of results
into national standards which could be referenced by standard review plans.
Although activities under this program address civil structures in nuclear
power plants, many of the techniques and methcdologies developed will be
equally applicable to general civil engineering structures, e.g., factories,
warehouses, office buildings, etc.

REFERENCES

1. Regulatory Options for MNuclear Power Plant License Renewal, NUREG-1317, Division
of Reactor and Plamt Systems, Office of Nuclear Regulatory Research, U.S. Nuclear
Regulatory Commission, Washington, D.C., June 19&8.

2. IR Plamt Life Extension, EFRI NP-5002, Electric Power Research Institute, Palo
Alto, CA, January 1987.

3. BWR Pilot Plant Life Extensian Study at the Monticello Plamt, EPRI NP-5181M,
Electric Power Research Institute, Palo Alto, CA, May 1987.

4, PWR Pilot Plant Life Extension Study at Surry Unit 1: Phase 1, EPRI NP-5289P,
Electric Power Research Institute, Palo Alto, CA, July 1987.

5. D. J. Naus, "Appendix B, Concrete Material Systems in MNuclear Safety-Related
Structures - A Review of Factors Related to their Durability, Degradaticn
Detectian and Evaluation, and Remedial Measures for Areas of Distress." in The
Longevity of Nuclear Power Plant Systems, by I. Spiewak and R. S. Livingstan,
EPRT NP-4208, Electric Power Research Institute, Paloc Alto, CA, August 1985,

6. Pressurized Water Reactor Camtainment Structures License Renewal Industry Report,
Nuclear Managemertt and Resources Council (NUMARC), Washington, D.C., August 16,
1989 (draft).

7. C. J. Hookham, Life Assessmert Procedures for Major LWR Companents - Concrete
Cartaimments, NUREG/CR-5314, Idaho National Engineering Research laboratory,
Idaho Falls, April 1990 (draft).



ey — .~ ___ .7 .

10.

11.

12.

13.

14,

15,

16.

17.

18.

19,

Class I Structures License Renewal Industry Report, NUMARC 90-06, Nuclear
Management and Resources Courcil, Washington, D.C., June 1990 (draft).

10 CFR Part 50, Domestic Licensing of Producticon and Utilization Facilities.

D. J. Neus, Caxrete Companent Aging and Its Significance Relative to Life
Extensian of MNuclear Power Plants, NUREG/(R-4652 (ORNL/TM-10059), Martin Marietta
Energy Systems, .Inc., Osk Ridge Natl. Leb., Oak Ridge, TN, September 1986.

B. Mather, “"Cancrete Need Not Deteriorate," J. Am. Comcr. Inct. 1(9), 32-37,
September 1979.

K. R. lauer, "Classification of Concrete Damage Caused by Cfnqnical Attack,"
Miaterials and Structures, RIIEM, V. 23, 223-229, France, 1990.

"A Guide to the Use of Waterprcofing, Dampprcofing, Protective, and Decorative
Barrier Systems for Cancrete," Table 2.5.2, ACI 515.1R, pp. 515.1R-6 to 515.ik-
11, Part 5, American Concrete Institute Manual of Concrete Practice, Detroit,
1590. !

S. Mindess and J. F. Young, Concrete, Premtice-Hall, Inc., Englewood Cliffs, New
Jersey, 1981,

G. N. Freskakis et al., "Strength Properties of Concrete at Elevated

Tamperature," Civil Eng. Micl. Pow., Vol. 1, ASCE National Canwenticn, Boston,
April 1979,

Normal and Refractory Concretes for LMFBR Applications, EPRI NP-2437, Vol. 1,
Electric Power Research Institute, Palo Alto, CA, June 1982.

D. Campbell-Allen and P. M. Desai, "The Influence of Aggregate ‘on the Behavior of
Cancrete at Elevated Temperature, Micl. Eng. Des. 6(1), 65-77. August 1977.

H. K. Hilsdorf et al., The Effects of Nuwlear Radiation on the M:3chanical
Properties of Concrete, ACI 8P-55, Douglas McHenry Internaticnal Symposium an
Cancrete and Cancrete Structures, American Concrete Institute, Detroit, 1978.

PR and BWR Radiation Enviraments for Radiation Damage Studies, EPRI NP-152,
Electric Power Research Institute, Palo Alto, CA 1977.

P. K. Kumar, Concrete-Structure, Properties, and Materials, Prentice-Hall, Inc.,
Englewced, Cliffs, New Jersey, 1986.

P, Smith, "Resistance to High Temperatures," STP 169B, Significance of Tests and
Properties of Concrete and Cancrete-Making Materials, Americen Society for
Testing and Materials, Philadelphia, 1978.

U. Schreider et al., "Effect of Temperature an Steel and Concrete for PCPVs."
Nuwel. Eng. Des. 67, 245-58, 1981. |



23.

24,

25'.

26,

31,

(@8]

33.

ro

A, Cowen and R. W. Nichols, "Effect of Irradiatian on Steels Used in Pressure
Vessels," Group D, Paper 20, 229-35, in Prestressed Cancrete Pressure Vessels, M.
8. Udell (ed.). The Institute of Civil Engineers, Landon, 1968,

V. M. Stefamovie and N. L. Milasin, "Correlatian Between the Mechanical
Properties and Microstructure of Irradiated Iran and Iow-Carbon Steel," ASTM STP
484, Irradigtion Effects on Structural Alloys for Nuclear Reactor Applications,
Arericen Society for Testing and Materials, Philadelphia, 1971.

T. Cahill and G. D. Branch, "Lang-Term Relaxation Behavicr of Stabilized
Prestressing Wire and Strands," Group D, Paper 19, 219-28 in Prestressed Cancrete
Pressure Vessels, M. S. Udell (ed.), The Institute of Civil Engineers, Landm,
1968.

"Inservice Inspections of Ungrouted Tendons in Prestressed Cancrete Comtairment
Structures,” Reg, Cuide '1.135 (Rev. 3), Office of Nwlear Regulatory Research,
U.8. Nuclear Regulatory Cammission, July 1990. :

"Determining Prestressing Forces for Inservice Inspection of Prestressed Carcrete
Cartaeimments, " Reg. CGuide 1.35.1, Ibid, July 1990,

J. H. Willenbreck et al., Final Summary Report: A Comparative Analysis of
Structural Concrete Quality Assurance Practices of Nine Nuclear and Three Fossil
Fuel Power Plant Construction Projects, C00/4120-3, Dept. Civil Eng., The
Permsylvania State Univ., University Park, December 1978.

B. M. Morris, and J. P. Vora, Muclear Plant Aging Research (NPAR) Program Plan,
MUREG- 1144 (Rev. 1), Division of Engineering Technology, Officc of luclear
Fegulatory Research, U.S. Nuclear Regulatory Cammission, Washington, D.C.. July
1985.

D. J. Neus et al., Structural Aging (SAG) Program Five-Year Plan: FY 1988-1992,
ORNL/NRC/LTR-89/1, Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab..
Cak Ridge, TN, March 1989. ‘

D. J. Naus, C. B. Oland, and M. F. Marchbanks, Structural Aging Program Anmual
Technical Progress Report for Period Octnber 1, 1988 to Septamber 30, 1989 (FY
1989), ORNL/NRC/LTR-90/1, Martin Marietta Energy Systems, Inc., Oak Ridge Matl,
Lab., Oak Ridge, TN, Jaruary 1990. ‘

D, J. MNaug, Regport of Foreign Travel of D. J. Naus, Engineering Techriology
Division, ORNL/FTR-3641, Martin Marietta Energy Systems, Inc., Oak Ridge Natl.
Lab., Cak Ridge, TN, July 9, 1990. ‘

D. J. Naug et al., "Cansiderations in the Evaluation of Concrete Structures for
Cartinued Service in Nuclear Power Plants," Proc. Am. Pow. Canf., V. 51, 827-32,
Chicago, 1989,

D, J. Naus et al., "Evaluation of Aged Corxrete Structures for Comtinued Service
in Nuclear Power Plamts, Proc. Topical Meeting on Nuclear Power Plamt Life
Extensian, held July 3l-August 3, 1988, at Snowbird, Utah, Am. Nucl. Scc., 1988.



|
|
I

37.

39,
40.

41,

42,

43,

D. J. Naus, "Structural Aging Progrem to Assess the Adequacy of Critical Cancrete
Canpanertts in Nuclear Power Plents," Trans., 10th Intl. Conf. on Str. Mech in
Regctor Tech., Session D, Paper 122, Ansgheim, CA, August 1989.

Marchbanks, M. F., A Review and Assessment of Materials Property Databases with
Particular Reference to Caicrete Material Systems, ORNL/NRC/LTR-89/3, Martin
Marietta Energy Systems, Inc., Oak Ridge Natl. Lab., Cak Ridge, TN, March 1989.

C. B. Oland, and D. J. Naus, Plan for Use in Develogment of the Structural
Materials Information Center, ORNL/NRC/LTR-89/8, Martin Marietta Energy Systems,
Inc., Cak Ridge Natl. Lab., Oak Ridge, TN, September 1989.

C. B, Oland, and D. J. Naus, Structural Materials Information Center for
Presentation of Time Variation of Material Properties, ORNL/NRC/LTR 90/22, Martin

Marietta Energy Systems, Inc., Oak Ridge MNatl. Lab., Oak Ridge., TN, September
1990,

Mat.DB, Versian 1.0, ASM International, ASM/ Cemter for Materials Data, Materials
Park, CH, 1990.

EnPlot, Versian 2.0, ASM Internatimal AM/ Centter for Materials Data, Materials
Park, CH, 1989,

C. J. Hookham, Structural Aging Ass e‘*sment Metmdolo gy for Cancrete Structures in

Miclear Power Plants, OR\II/I\RC/LTR 90/17 (Subcontract report fran Multiple

Dynamics Corp., Southfield, ML), Martin Marietta Energy Systems, Inc., Oak Ridge
Natl. Iab., Oak Ridge, TN, September 1990.

T. M. Refai, and M. K. Lim, An Evaluatiaon of Inservice Inspection and Structural
Integrity Assessment Methods for Detection and Quantification of Potential
Deterioration Phenanena in Mwclear Power Plant Cancrete Structures, ORNL/NRC/LTR-
90/25 (Subcontract report fioem Canstruction Technology laboratories, Inc..
Skokie, IL), Martin Marietta Energy Systems, Inc., Oak Ridge Natl. Lab.. Oak
Ridge, N, September 1990 (draf’t

B. Ellingwocd, and Y. Mori, "/Jrobabilistlc Methods for Condition Assessment and
Life Predictian of Concrete Structures in Nuclear Power Plants," Proc, United

States Muclear Regulatory Caimissian Eighteenth Water Reactor Safety Information
Meeting, Rockville, MD, Octcter 22-24, 1990.

aith



Z

e

waad
fl.

fr:
"]
=3 ' E:am

.

e
gt ";“CSL
' o ‘ !ﬂl‘l
o {0

£y
e
ALFANA

Ea) (e} \1_\ 4
cement T8R6O-8082-

oy

r i

moly, the

e
v
<
]
L

<

Somnission ander interageney A

acietta Energy Systeme, .

culitory €

¢l

RTTRE

;
o
z

<
et

Phe sphnn e

o)
v
-
~
o
Y
-




ABVINNNS -

SNLV.LS ANV
NOILdIHOSIA NVHOOHd ONIOV TVHNLONYLS -

aNNQHOMIOVE o

NOILONAOHLNI o

SOIdOL HNO4d SS3HAaav T1IM NOILVIN3S3dd

" N " P " AN IO IR SR A O S



AHVINNNS -

SNLVLS ANV
NOILdIHOS3A WYHOO0Hd ONIOV TVHNLONHULS  »

ANNOHOMIVE -

NOILONAOHLNI

SOIdOL1 HNO4d SS3HAAV T1IM NOILVLIN3S3dd




Bt Twa1548 ATVING vALINVI NGV
I DAL WIT N NIL VW B

gy 1V VY K
> VR AP RN, e S ST TP

#iul‘: Oa.rmeflﬁ. {&‘i‘l. Bepp ”M.!Vul\-‘.vsh L m.u,

~CRT
...q‘ﬁ..
AR

. o Y

: . LNV1d HM1 V
| 40 1HVd SV G3NIVLNOD Si
S3HNLONYLS A3SVE—I1LIHONOD 40 AVIHANW V

v I

DJN-



AN UMmdE Il XN UMY

I XN UME

I —

3| Lnas

J L

ININOdINOD 1VvIILIHO LSO FHL

SV d3I4ILN3IAl N334d SVH SINV1d 4Mg NI LNIWNIVLNOD JHL
‘(ISv3 134 129NAOYd NOISSId) ALI4VS 2i1dnd OL 193dS3H HLIM

@13 88v¥-88 OMG-INHO




HISNIANOD 3Dl JOlH3IHdSONL1V-9NS AHd 2OHV1

- LNINOJWOD TVOILIHO LSOW AINOD3S FHL
SV A3Id1LN3Al N3I389 SVH SINV1d HMd NI LNJWNIVLINOD FHL
‘(Asv313d 1ONAodd NOISSId) AL34dVS 2178Nnd OL 133dS3H H1IM

d13 68¥¥-88 OMJ-INHO




NOILOVHILNI
ddAl
DNIHNO
INEINERE SIHNIXINGY
a3131diNod ‘ »
ONILOVINOD
INJFWNOHIANG
» 019 ‘19 LINIT
ALIIVND
4 - —
: DNIOV1d J1IHONOD HS3HA4 HALYM
NDIS3d
IVYHNLDILIHOYY +
S3IHSINIA JOVHNS HNIDHOANITH
'SNOISNIWIA 3OV4HNS SIONVHITOL ‘
STvi3da MHOMNYHOL INIXIN SSANENI
IdAL
TT T T B S30ILOVHd A
S3IDONINI4NI SNIGING INIW3D
. TVLNIWNOHIANT
40 NOILVNTVAT ‘ »
||||||||||||| -
JUNLXINAY
H3IA0D INILNOD HILVM "1OL
TOHLNOD MOVHO ‘ J/M -t
INIWIDHOANITY 1svo3dd ALILNVNOD IN3IN3D ONIQVHD
STivi3d NLISNI | SNOILHOdOHd IdAL
NDISIA DNIHIINIONI - zo_wwo IN3IW313 NDIS3a XIN JLYOHIHOOY
NDIS3d NOILONHLSNOD 413HONOD m.._<_mw._.<_s_

JAILOVHIALNI ANV A3IHVA "ANVIN 3HVY S3HNLONHLS
J13FHONOD 40 AllTigvdnad IHL 10344V HOIHM SHO10VA |



I SNIISAS AOWINY VLI NNVR NI IUVR ,

| viasmiarwn nisavor ]
[wo |

———
=~ w2 v) IDNINTS
1281 gf01 6101 a0t

//( |

L

isny

HLIONIHLS
ALY 3Y

v

-

\
ZO_P<_O<mm__ -

I > .. \ _
| mm 1
! (318V14300V) M m I

| T Sevisssoven| 53 !

\ < |

\ !

\ /

%) INIvY3Ienii
009 onm

1

s@ﬂ 2% )\ -~

1O¢ - H_n.e_ W D
JHN1IvVd3Idindl SINIWNOHIANI JAISSIHOOV

—STVIHILVIN ANNOSNN

SINIWIHINOIY IONVIWHO4 HId ANV
IYNOILINN4 H13HL 133N OL SLININOJWOD ILIHINOD
40 ALITIGY JHL 1OVdINI NVI S3ONINTANI DNILVHOIY3ILIa

aiL3 z99vy—98 OMA—TINHO




L

T
_

}oBNY [eolwayQ -
anbpue4 -
abedass - Buipeousao
[edjuByIRp -
uolejpeuy; - :
SjuapjooyY
sabueyp siseg ubjsaq -
ammerodwa] - :
P S SpeoT 3lSSIN -
juswedliojulRey - sjeuns f
Buikig uofiejjaed - ‘sauedlINH
‘sopeulo] -
pue Bujiam - UOSOIT 9}210U0D - pettiol
MBeU /82331 - uojseiqy - mmxm:u:tmm )
sind
APiXOIpAH uoJS0110) _mu_Emcw -
mE:.o_mo UdWISII0jUdY - suopjoeay

- Jo Bupyoea - Sk ¥o0us ajeuoqied-jleNty -

upaQa ainjeradwa] -

6o %m_o_ﬁmmm pue Builomm - suojioeay
9jelaIbby-lexly - abeweq all4 - Qledlis-fenly -
SNOILOVHILNI e ‘ ‘

SSTHILS S S3HNSOdX3 SNOILOVH3LNI
LNIWNOHIANS WH3L-LHOHS IVIHILVIN
-INJIWNOHIAN3 JAISSIHOOY

S3AOW NOILYAvHO3d 313HONOD

SLIN3IN3IHINO3H FONVINHO44H3d ANV TVNOILONNA
HIFHL 133N Ol SddN NI S3HNLONHLS F13HINOD 40 ALV JHL
dASINOHdINOD NVO SHO1OV-4 NOILVAVYHOAA TVILNILOd TYH3AIS

2N TR



SHIHLO ‘S44i10 1H3ATVO ‘c ._.Z_On_ AIMHNL ‘
‘€ HIAIH TVLSAHO ‘Hve SLIVM “TTIH I19HVIN IALITYNO NOILONYLSNOD /NBIS3d

ZATIINID 'HONDIOVHD
I DNNSTOM ‘ONITIIMS
SIW3T9d0dd 31L3H4ONOOD

INOLSTIIN :S10Nd NOANIL NI H31VM
VNNID ‘NOILVXv13d SS30X3

SIN3T90dd NOON31L H3H1O
JHNLONHLS IHV.LNIIHIONO NVS ‘Hvg3d
1 JH4ONO N¥'S :S1HO0ddNS ININdINDI 133 LS

2 LNIOd 3TIW ANIN
‘23HINDON ‘OT1ZOILNOIN HMIFHD HILSAO JINJWNIVINCO 133LS
J1NO43T139 ‘NOHAE ‘AT THVS :SAQVIHHOHONV
~ NIVHA'1S 1HOd 'SNOON3 L
NOISOHHOD

SddN 1V 0344NO20 IAVH NOILYavHo3ad
IVHNLONYLS 40 STONVLSNI TVHIATS




AHVINANS -

SNLVLS ANV
NOILdIHOS3d NVHOO0Hd ONIOV IVvHNLONYLS -

adNnodd Xove -
NOILONAOHLNI

SOIdO1 dNO4d SS34AAv T1IM NOILV.LINIS34dd




#SINVId HIMOd
HvITONN 40 NOISNIiX3 3417 OL JAILY'I3H JONVIIHINDIS
S1] ANV DNIDY ININOdWOO FLIHONOD. TS9Y-HO/OFHUAN ¢

SININOdWOD 3IL3IHONOD a3ilviad
-A134VS Ol a3ilddV SVM ADILVHIS WVHOOHd HVAN ¢

NVHOYOHd (HVdAN) HOHV3S3d DNIDV LNV1d HYITIONN OUN

.SSIHISIG 40 SV3IHV HO4 S3HNSVIW TVvIaIW3d

dNV ‘NOILYNTVAI GNV NOILOFL13Id NO!Lvavy23d ‘AL1igvdnd

HIFH1 Ol g3ilvi13d SHOLIOV4 40 MIIAFH V¥ -SIENLONHLS d3Lvi3d
AL3FHVS HVITONN NI SWILSAS TVIHILYW FLIHONOD. -8 XIANIddV

JAANLS NOISNILX3 3417 13SSIA FHNSSIHd HOLOVIH. -V XIANIddV

~SWILSAS HIMOd HVITONN 40 ALIAIONOT FHL. ‘80Cr-dN lHd3 -

TNHO LV SINVHOD0Hd HOidd OM1 INOd4
A3IATOAT SVH WVHDOHd DNIDV TvHNLONHLS




SNOILVOIl'1ddV
HO SLNIWNOHIANT 214103dS NI HOIAVHIE TVIHILVIN
HNIgIHDS3IA STIAOW TVIILVINIHLVYIN 40 ALITIGVTIVAV .

SHOLOV4 NOILYAvdD3a NIami3g WSIOHINAS
JHL HO4 INNODOV HO ILVINNWIS Ol ALITIAV dHL e

NOILvavdo3ad ONISNVI
SHOLOVd TVLINIWNOHIANG dHL 40 3OA3TMONM .

NOILYavdo3a 40 SIWSINVHOIN m:._. 40 IOATTMONMI .

- SIVIHALVIN 40 JONVINHO4HAd
JOIAYASNI TVNLOV IHL NO V1vd ONILHOd3d
ANV HNINIVLE0 HOd WSINVHOIW JAILOI443 NV .

N3790dd FHL ONILvIdl
HO4d ADOTOAOHLIW HO HOVOHddV JILVIWILSAS V o

SIHNLONYLS FLIHONOD TVIILIHD 40
JONVINHO4H3d JHNLNd 1ola3dd Ol 318V
HNIZg OL FAILVIIH LSIX3 SHIIHYVE 1VHIATS



AHVANNS

SNLV.LS ANV NOI11didOS3d
NVYHOO0Hd DNIDVY IvHNLONHLS -

ANNOYOMOVE o

NOILONAOHLNI o

S$01d0L HNOH SSIHAAY T11M NOILY INIS3Hd




i

S3HNLONYLS ILIHONOD G31VI13H-AL3d4VS 4O
SNOILOIA3dd 3417 a3svda-ALingviTad aNV SLINIWNSSISSY
INJIHHND WHO4H3Id OL d3dHind3ad S3IO0TO0AOHLIN .

: a3a3aaN "o ‘3Isn
NI SWYHD0Hd LNIWSSIASSY 1VHNLONHLS HO NOILO3dSNI
JDIAHIASNI INVAT13H 40 NOILVNIVAI ANV NOILVOI4dILNIdl .

s3NSSI 3SIHL 40 NOILNTOSIH HO-J ‘S3SvA HIFHL
ANV ‘VIHILIHO SV T113M SV ‘SMIIATH FOIAHIS GINNILNOD

INY1d HIMOd HVITONN HIANN @3sSs3HAav 349 OL SANSSI .

SLNINOdWOD TVHNLONHLS
40 FONVWHO4HId FHL 10344V LVHL S3SS300dd
NOILYAv493d IHL 40 NOILYNIVAI ANV NOILVOIIdILNIAdI .

‘HIIM SIFSNIOIT ANV SHIMIIATY
FSNIOIT DHN JaIAOYd _T1IM _HIIHM (IHOd3H HO)

|||I|!In|ll|l||||l|lll|l||||||l|

MOOEANVH F1aVANVdX3 NV 39 T1IM LONAOHd "1VNIH

J0IAH3S A3INNILNOD HO4 SNOILVNTVAL
adN NI 3SN HO4 VIH3LIHO JONV.IdIOOV ANV
S3aNSSI ALI4VS 1vHNLONHLS HLIM OdUN 3dIAOHd
Ol S! NVYHSD0Hd FHL 40 IAILO3Ird0 T11VHIANO



¥'S

NOILVNIWgG313a

30IAH3S
G3NNLLNOD HO4
AD0TOAOHLIN
3AILVLLINVNO

€s 2's
ADOTONHOAL
HIVdIH/LININSSISSY asvaviva
ININOJIHOD TVHNLONYLS AlH3dOHd STVIHILVA

'S

INIWNIOVNVIN WVHOOHd

9°S

ONIOV TVHNLONYLS

WvHOO0dd

MSVY.L LINFINFOVNVIN V ANV SHSV.L TVOINHOIL
334HL 40 SLSISNOD INVHOCHd ONIDV TvdHNLONYLS




OBJECTIVE OF TASK S.1 1S TO EFFECTIVELY MANAGE
THE TECHNICAL TASKS UNDERTAKEN TO ADDRESS
PRIORITY STRUCTURAL SAFETY ISSUES RELATED TO
NPP CONTINUED SERVICE APPLICATIONS

PROGRAM
MANAGEMENT
s.1
PROGRAM PLANNING PROGRAM MONITORING DOCUMENTATION AND
AND AND CONTROL TECHNOLOGY
RESOURCE ALLOCATION TRANSFER
S.1.1 S.1.2 ~ s.1.3
FIVE-YEAR || MANAGEMENT TOPICAL
" PLAN REPORTS ™ Ar?gii';g s
-
PROJECT
! AND TECHNICAL TECHNOLOGY
BUDGET PROGRESS [_{ WORKING GROUPS
PROPOSAL REPORTS
REVIEW TRANSFER TO
| AND || iNFORMATION CODES
PLANNING MEETINGS AND
MEETINGS STANDARDS
SUBCONTRACTED el
j S p— a
ACTIVITIES TECHNOLOGIES




I ! ONILSIL
I ADOTOQOHLIN ONIDV 31VHI 1300V
INIWSSISSY - % ONITIAOW
| Nowanod HOIAVHIE TVIHILVIN
. aal y | LSIN
|- - — = - |
ADOTONHD2L I i {(¢) s3avsiivd
| B ANVIAIN} 313HONOD NI INIW3D
SIHNSVYIW
© via3n3d — l_ H3IMOd 40 AQNLS WH3L-DONOT
| 110
adl SHINNSNQD
I o e o — J 1
i (013 ‘sALD -d43
ADOTONHO3L avno ‘ N3as3IHa) INJWNIVINOD
NNV QNY 135 / NOSia3 Ao,
HLIVIMNOWWNOD M-INV
SIN3IWSSISSY SWILSAS :
NOILIGNOD IHNLNS NOLLYOHISSV1D NOILV1S H3MOd
aasva-Ailnavii3d HO10V4 NOlLYavdD3Ia 1HOdONIddIHS HIINIONT TVHNLONHLS;
ANV INJHHND ANV IN3INOJWOD INd NMOHg a3L
SNIXdOH SNHOf Oan
NOILLYNIWH313a
J2IAH3S ADOTIONHOIL JSVE V1V
G3INNLLNOD HO4 HIVd3H/INIWNSSISSY ALHIdOHd STVIHILVIN INIWIOVNVIN NvHOOHd
ADOTOQOH1IIN ININOdWOD TVHNLINYILS
JAILVLIINYNO
__
Nvd504dd
OHNIDV TVHNLINYLS

SNOILYJO01 H3HLO 1V 37aVTIVAY 3Sl1d3dX3

40 IHDVINVAAY VL OL SIILIAILOV d3LOVHINODENS

NO ATIAVIH S3IN3H NvdHD0Hd ONIODV TVHNLONYLS




L _ SWILSAS TVIHILVW
i S103443 l 1 SIN3IWIHIdXS l I  vdnionyisyaHio |
_ OILSIDYANAS | _ ONIOV g 3aN1ONI 17
I - Q3lvy3anaodov Ol 9adW aNvdx3
Lo - — — .._ e e o — — a1 Lo e e - — — J 1
| i |
i _ | |
§103::43 sisal Nl
HOSSIULS = MVILELLVA B JI3WONOO HOd [ ]
TVINIWNOHIANT VOIdALCLOHd a0diN dOT3AIa
s3asvaviva
$103443 a AV IENISSY | AlH3doud ||
ONIDV ONILSIX IVIHILVIN DNLLSIXT
SS3ASSV/MIIAIY
ges gTs FTS  NOLLVINIWIdWI
ONITIA0ON | NOILD3ITI0D ~ /NOLLYINWHOA
HOIAVH3Ig viva (DINS) HILNTD NOLLYWHOANI
IVIHILVIA SIVIHILVYIN TVHNLONYLS
I il
¢S gsvygvlivda
mwnﬂﬁm - - = Ald3d0Hdd
SIVIH31VIN

SHOLOVd DNIDV ANV SHOSS3IHLS TVINIINNOHIANS
IN3NILH3d 40 IONINTANI FHL HIANN S311LHIdOHd TVIH3ILVIN
40 NOILVIHVA JINIL FHL NO NOILVYINHOANI NIVINOD T1M HOIHM gddiN
CIVHNLONYLS a3sva-431NdiNOD V dOT3AIA OL SI 2°S MSV.L 40 JAILDArgdo




: (013 ‘vod
‘SININ 40 NVIHNG “THW ‘SIM ‘LSIN) SILVIS a3LINN -
(OHAAH OIHVINO ‘OLNOHOL 40 ALISHIAINN) VAVYNVO -
("0 ONIHIINIONT HIMOd VYIHOM) VIHOM -
(Ff0O HIMOd NVMIVL) VNIHD 40 J11and3d -
(13N3) AVL -
(NOILO3IdSNI ANV SNIHIINIONI HIMOd NVdVr) Nvdvr -
(N3O ‘4a3) 3IONVHd -
(NFHOVY ‘WNL ‘Wvd) ANVWHID 4O 21mdnd3d 1vd3aa3ad -
(vog ‘IHav ‘oMl ‘9933) WOADNIM a3liNNn -

JHVMLIOS ANV
JUYVMAHVH ‘S3svd Vivad ININILH3d 40 NOILVNIVAI d3iaTdWNOD 0

NOILVINIWITdWNI/NOILVINWHOL4 ODINS .

¢'S MSV1 H3IANN d3dO13dAIAd ONI3Fg SI
_.._D_>=._.m SNOIYVA Ol S34NLONYLS HO STIVIHILVIN 40
ISNOdS3H TVOINVHOIW ANV TVOISAHd “TVOINIHO 101a34d
OL SINILSAS IDAITMONN STVIHILVIN d3LVHOILNI
40 LN3INdO13A3A NI 4SSN HO4 3SvY viva Vv




..Aw\mm - HLT/DYN/INYHO) H3LINID NOILVIWHOLNI m._<_mm_._.<‘s_ TVHNLONHLS ‘
JHL 40 INIWdO13A3A NI 3ISN HOd NV1d. 1HOd3H G313TdWOD O

viva IL1FHONOD HNITANVH HOd ALIIEGVdvYI
S1l 40 NOILVNIVAZ aIL1ITdWOD ANV IDVMOVd loiduld/aaien a3ayndoodd 0

{£/68 - HLTOUN/INHO) SWILSAS TVIHILYW
J1THONOD OL IONIHI43H HVINOILHVA HLIM S3SVEVLIVA AlH3IdOHd
STVIHILVIN 4O INIWSSISSVY ANV MIIATH V. LHO4IH @ILITdWOD ¢

("LNOD) 2'S MSVL "H3aNn a3do13A3ad ONi3g Si
TNANILS SNOIYVA OL S3HNLONHLS HO SIVIHALVIN 40

~ 3SNOdSIH TVOINVHOIIW ANV TVOISAHd "TVOINIHO 101d3dd

OL SINILSAS IDATTMONM STVIHILVIN d3LVHOLLNI
40 LN3INdOT13A3A NI 3Sn HO4 3svd vivad v

, ___.II
T B -



100 VO IO

AL

SH3IHIINGd] S3SSVIO SdNOHYO

10}
S313HONOD
INZWIO
QNV1LiHOd

INO HALdVHO

S313HONOD -
ONLLVIASNI 20 _
SINIW3DHOINIZH =
OITIVLIN
S313HONOD
IHOIIMIHON oML mm.E<:.0|I

IVHNLONYLS

- 1€0]
SNOGNIL
ONISS3H1SIHd

S31FHONOD
1HOIIM GHVANVLS

JJHHL H3LdVHO

S3ILVOIHDOV 5
INOLS GIHSNHD v _

, s1331s

v SIIIUONOD TYHALONHLS
joo E 1HDIAM-AAV3H

- HNO4 HILdVHD

i _ D_ .

S31VHIHODV )
IFAVHD . . u

Lal 1xx]
n STv3s ANV
S3LVYO3HOOY SJOLSHIIVM
15N00HdAS 1
/GIUNLOVANNYIN XXX H3LdVHO
™

3] . n

SHI1INVHVd TVHIAIS NO a3svd a3aL1o313S 39 NVO NOILVINHOLNI
1VHL OS @31viINNYOo4d HNII4g Sl Isvav.ivad s3ilH3dodd TVIHALVIA




'SINDINHOIL HDNIDV Q3LVvHITIOOV

S3HNLONYLS I1FIHONOD 43OV INOHAH
SI1dNVS 40 DNILSIL ANV LININIHNOOH .

S1HOd3Yd .34NLVH3LIT N3dO. .

| OINS 3H1 OLNI
1NdNI HOd Vvlvad AlH3dOdHd STIVIHILVIN
.IAILVLINIS3IHd3IH. dOT13aA3A OL a3Ziilin
HNIZd 34V SIHOVOHddV AHVINIHd 33HHL




(jonnuod uonoeal ‘g'L=¢e) |
(Jo43U0D UoISNYIP ‘G0 =€) (L<e)
by + =X I + 0 =
g PIH, P1=) o PIH 1 =X
NOISOHHOD Hva3ad | NOILOV3YH FLVOHIHOOV - INTVATVY

S1D03443 TVINIIWNOHIANI S103443 ONIODV

\ ST3AAON TVOILVINIHLVIN 40
ININdOT1IAIA IHL STHINOIY LNIWNOHIANT SLi ANV FLIHONOD
N3I3IML1Ig ANV SININLILSNOD S.313HONOD NIIMLIF HNJJ0 LVHL
SAIHSNOILLY13443.LNI X31dIWOD IHL 40 NOILVNV1dX3 d0 NOILOId3dd




SININOdINOD FL3HINOD
a3aavyo3aa 40 HNILLIHOH1IH HO INTFWIOV1d3Y ‘HIvday .

S103443 TVIN3INIH13ad HOL10Vd
ONIDVY HO HOSSIHLS TVINIINNOHIANG 4O NOILVOILIN -

-HO4 @3HSITgVv.LiS3 39 T1IM SINOINHO3L 'NOLLIdAV Ni

J3INNVTd — — —
ALV

o

e

| saomam ! I sinawssassy | NOILdINOS3a
| NOUN3AZHd [ = | _ALMOAINI [ HO10V4
/NOLLVOLLIW _ IVHNLONYLS NOLLYavH93a
L - —d
I
I
llllll | :
| saunagaooud | | SINDINHOIL NOLLVOILLNIaI
| S34UNSVanW - NOLLO3dSNI | IN3INOIWNOD
IVIG3IWSY 1 3OIAHISNI IVILLYED
Lo — — —d
lllllll I _
Jees | TES L'E'S
SNOILVHIQISNOD ADOTONHO3L NOLLYDIHISSVIO
| SIUNSVYIN i NOLLOIJSNI ININOJNOD JLIHINOD
| _SALLVINIAIHA/IVICINIH 4 ONIdWVS/AAN IVOLLIHD HM
e o _ ‘ |
€S
ADOTONHOAL
divd3ad / INJINSSISSY
ININOdJINOD TVHNLONYLS

SIN3IWSSISSY NOILIEGNOD TTvdNLONYLS 3dNLind HO
IN3IHHND NI 3SN HO4 (SINOINHOIL DNITAINYS HO ISI) v.Lvd IAINOHd

ALITIgvdHNA 1OVdNll NVO LVYHL SHOLOVd NOLLYAdvdD3d ANY 4O
JONVIIHINDIS ANV JANLINDVIN ‘FONISIHd SSASSY ATIAILVLILINYNO

-0l S3HNA3I00Hd dO13A3d OL 3dV £°S MSV.L 40 S3AILDErdo




(W3LSAS DNILVH “91) Al34vS OL IONVLIHOdNI
JAILY13IH HI3HL 40 SWH3IL NI SININOdWOD IZIHILOVHVHO -

SINIWIHINOIH JONVIWHOLHId
ANV TVNOILONND HIFHL 1SIT ANV SIN3INOdJWOD 38140S3d -

S3ILITIOVY HMT NI
SININOdINOD TVHNLONHLIS d31VI3H-AL3dVS TTVOIILIHO Ad4ILNId] -

W3LSAS NOILVOIHISSYTO SININOWNOO ILIHONOD 0
NOILVOIHISSY10 ININOdWOO ILIFHONOD TVOILIHO HMT .
€S MSVL HIANN d3HSITgVv.iS3 ONIFg 34V

JDONVINHO4H3d HIZHL LOVdiNi NVO HOIHM SHOLOVZ JHL
ANV SLN3INOdNOD TVHNLONHLS J13HONOD AIN3JNILH3d

" A Y R



| NOILVHOI¥313a 4O (3Lvd) IIHD3A HO
ALISNILINI NO @3svd WILSAS DNIQVHO V 4O INIWOTIAIC
~ HONOHHL IONVOHINDIS HOLOV4 NOILVAVHOIA AJILNVAD -

ALIH3IAIS NOILVavHO3d
40 SHOLVIIANI SV JAHIS NVO HOIHM S3l1H3dOdd
ANV SOILSIHILOYHVHO IONVIWHOL4H3d TVOIILIHO AdLILN3AI -

ININOdNOD HOVI LOVdWI NVO LVHL
(-o1@ ‘ONILSIL ‘NOILVHIJO ‘HOSSIHLS TVINIWNOHIANI ‘ONIDV)
SHOLOV4 NOILVAVHO3A 4O JONVH ANV 3dAl a31d3dx3a AdILNAdI -
NOILdIHOS3a HOL1lOVd NOILvavdO3Id 0

("INOD) NOILVIIJISSVTO ININOdWOID FLIHONOD TVIILIHO UM .

("LNOD) €S MSVL "H3ANN a3HSITgv.ls3 ONI3g 3dV
JONVINHO4H3d HIFHL LOVdII NVD HOIHM SHOLOVd JHL
ANV SININOdINOD TVHNLONHLS JL1FHONOD LNINILYdd




3ONVOIJINDIS HOLOVA NOILYavHD3a e
JYNSOdX3 IVLNIWNOHIANT -«
JONVOIINDIS ALIAVS o

SINIWTT1IENS 40 FIONVLHOMINITVNOILONNA o

: S103443 DNIOV 40 |
NOILOVHILNI 31VHOdHOONI OL VId311HO N0
S3ZIMILN AD0T10AOHLIN (ONINVH) LNIWNSSISSV
JONVOIHINDIS ANINOdNOD TVHNLIONYLS




VY SN N N N G N | A

STRUCTURES AND SUBELEMENTS MOST IMPORTANT TO

AGING ARE IDENTIFIED THROUGH CALCULATION OF

SUBELEMENT RANK AND CUMULATIVE STRUCTURE RANK

REPEAT FOR EACH SAFETY-RELATED STRUCTURE

IDENTIFY SAFETY-
RELATED OR CATEGORY |
STRUCTURES

Y

DIVIDE INTO
SUBELEMENTS AND
MATERIAL CONSTITUENTS

Y

IDENTIFY COMPONENT
CLASSIFICATION
VVALUES FOR EACH
SUBLLEMENT

'

IDENTIFY SITE-SPECIFIC
DEGRADATION FACTORS

'

EVALUATE INFLUENCE/
DETERMINE GRADINGS FOR
DEGRADATION FACTORS

Y

COMBINE/APPLY WEIGHTING
FACTORS TO COMPUTE

SUBELEMENT &
STRUCTURE RANK

EEEEESEE REPAIRABILITY

|

e ULTIMATE IMPACT

DEVELOP LISTING OF
CRITICAL
SUBELEMENTS/
STRUCTURES

e OTHER FACTORS

MATERIAL
BELEMENT TITUENT
L ONCRETE
A REBAR
B [
SUBELEMENT
| - IMPORTANCE
SAFETY
—1  SIGNIFICANCE
ENVIRONMENTAL
» EXPOSURE
TIME RATE OF
DETERIORATION
INSPECTABILITY AND

EARLY IDENTIFICATION




DNILVH SHOLOVH NOILLYAvdD3Ia A3
‘ NOILISOdWOD
MNVH JONVIILINDIS JHNSOdX3  JONVLIHOCWI INJNIT3IENS
AIN3IW33Ans ALl34VS  INIWNOHIANI
ONILVH SHOLOV4 NOILVAVHOIA A3
NOLLISOdWOD
MNVH JONVIIHINDIS JHNSOdX3  JIONVIHOdWI INIFNI1IENS
AN3IWIT3ENS AL3dVS  INIWNOHIANT
NOLLONNA MNVH dHNLONYLS AHVINIHC
JALLVINWND

S11NS34d ADTOAOHLIN
FONVOIHAINDIS LININOJINOD TVvHNLONHLS
1IN3IS3Hd Ol a3sn SI LVINHOA XIHLVIN V

W N NN P NS N ' R S



gGl , Jnoda

v9i . (Av2ILH3IA) STIVM a13IHS
rAA} NOILYaNNoO4d
861 ONIGTING 13IHS
STIVM L1NVA
8G1 diNNd LNV1000 H0.10v3d
VAT avi1sS INoLl1ogd
08t | STIVM ALIAVD HO1Ov3H
SIHNLONYLS TVNHILNI
LGl - INFWNIVINOD
MANVH ANVH
JAILYT LIN3INFT3 ‘
-NANND -94NS ININTT1IEINS JHNILONYHILS AHVINIHd

1SIMAIN IHL NI d31vO01
INFINNIVLINOD TVLIN AHA-IODHVT V HLIM LNV1d
HMd V OL d3iNddv N33d SVH ADOT0dOHLIN
JONVOIIHINDIS LNINOdINOD TVHNLONHLS




651 TIVM @13IHS AHVIAIHd

LLL | v1s3a3d AdH
951 av1s WOVHHAVIA
: SIUNLONY LS
4]k TYNHILNI - INTWNIVINOD
(TTIMAHA 8 HIGWVHD NOISSTHddNS)
vLi STIVM GINIMONI NV TYOILLHIA
28l avis 3svd |
8LL ‘ 13SS3A LNIWNIVLINOD
ANVH ANVH
JAILVT  LIN3IN313
-NNND -ans ININITILNS FHNLONYLS AHVINIEd

1SV3 JHL NI d3LvOO0T1 ININNIVLNOD
J13HONOD d3DHOANITYH I MHVIN YV HLIM LNV1d
dmda v Ol ad3llddv N339 SYH ADOTOAOH13IN
- JONVOIIHINDIS LNINOdINOD TVvHNLONHLS



IEL Sav1S HOO4

44! TIVM LHOddNS ANVHO HY10d
IGL (31v1d HaNIM 3A0av) aviS NOoLLog
| S3IHNLONYIS
€51 ‘ TVNHILNI - INJIWNIVINGD
002 NOILVANNO4 LVIN
4] (S3SS3HLING ONI) STIVM TVIILHIA
8/l : Jnoda "
rdA} ~ 73SS3IA LNINWNIVLINCD
ANVH MNVH
JAILVT 1IN3IN313
-NINND -ans ININTT13ENS FHNLONYLS AHVINIHA

~ 1S3aIMAIN IHL NI d31lvOo01 LININNIVLNOD
- 3L3IHONOD d3SS3HLSTIHd AHA-IOHVTV HLIM
INV1d HMd V OL d31MddV N334 SVH ADOTOdOHL3N
JONVIIHINDIS LNINOdINOD TVHNLONH LS




: : a " Tl ‘
S IYWSRPTPANS VWS TP SICTS (NI o v

e

I

[in

ﬁ)“;ﬁ"’f»l AR Vaspy v

+
R

L

Bt

1

divd




AWONOD3 | [30NvHv3Iddv | [ ALiEvVHNG HLONZHLS
A A * A A
HOd SLNIWIHINOIH DNiLIAW
HIVdIH AHOLOVASILYS
| 4~ vadiaowd TImM X
/
NOILVDI1lddV |/ 4 + N ALIH3AIS
a3ANIWNOD3H | / \ dNV 3SNVO
MOT1104 / | \ ENIENES
/ \
/ i \
/ i \
/ _ \
; / \
RELV / STVIHILYIN 3INOINHOAL
gasvava | H3dOHd divdaH
3Uvdadd 3ZIILn H3dOHd LO313S

HNO2034 1ON T1IM SS3H1SId
40 ISNVD LVHL (3191SSOd SV Hvd SV) 3dNSN3 -
SSIHISIA DNIDNAOHd (SINSINVHOIN LSTHYVY
ALIHDILNI TVHNLONYLS S.ININOJINOD FHOLS3H -

:3ANTONI YHOM TvIa3n3d 40 S3AILOArd0




AL34VS ANV HLTVIH 218nd DNILO310Hd HO4 SINIWIHINDIY 133W Ol
31LvNO3IAV ALITAVITIH 40 T3ATT Vv HLIM SINIAT NDIS3A 3HNLNL TVILNTLOd ANVLISHLIM Ol
3749V 39 771IM NOLLIGNOD INIHHNO HIFHL NI S3HNLONYLS HIH1THM A3AiAOHd 38 T1IM 3ON3AIAT

_

| s3unionis |
| /LNGNOdWOO ||
TVOIdALOLOHd

_ _
_m_.mmh._mao_z_
|  JIVOS-TIVWS |

s3aianis |

|
l NOLLVAITVA I
|

dINNVId— — — =
JALY —/

ININSSISSV
NOILLIONOD
3Jdynind
a3svd
-ALl11gvii3y

INIWNSSISSVY
NOILIONOD
INIHHNO

V'S
ININJOT1IAZA
ADOTOdOHLIN

| I
| SL03d43 _

"~ AHOILSIH g
I 301AH3S l

| SNOLLVHIAISNOD |
NOILONHLSNOD —f
I AvigaivwNoisaa |

| NOWVLINIWITdII
[ADVI1gN3ISSY
vivd

S100.L
NOLLOId3dd
3417 a3svd
-ALligvin3y

ST3a0On
1ININSSIASSY
NOILIONOD

—

L'v'S
ININJOTIAId
T13Ad0N
JALLOIa3Hd

vS  SNOILVNINH313d

3DIAH3S d3NNILNOD HO4
ADOTOAOHLIN
JAILVLIIINVND

SIUNLONYLS FLIHONOD TVIILIHD 40 SNOILOIa3Hd 3411
‘@asvg-ALITaviiad DNDIVIN ANV SLNIJNSSISSV NOILIONOD ONINHOH4H3d HOd
a3sn 3d NVO HOIHM ADOTOAOH13N V dOTAA3IA OL SIV'S NSV 40 JAILD3Ard0O

D T [



JUNLONYLS DNILSIXT FHL 40 NOILIGNOD 3FHL NO a3Sve SIN3W3HINO3d
JOIAHIS FHNLN4 A31D3rodd HIANN IONVINHO4HId ANV ALITIEvVIT3d
IVHN1ONYLS 40 IHNSYIW JAILVLILNYNO YV 3AIAOHd T1IM ADO0TOAOHLIN

I I SISATYNY
| | < IVHNLONYLS
I NOILVHVdIH I
—>»  a3"Ino3d
1 2AIAOHd I vivals3at
l l o ONLLSIL
NOLLOIdSNI | |l
| S3A I IvNoLLiaav AHOLvVHOSGV
: _ dO13A3a
i INJWSS3ssY | |
NOLLVNINY313d I NOILIONOD ¢
Allmiavi3d AL3dvs INFIOIEHANS N\ <« oNus3LaTad
IN3INOJWOO N ININOJINOD vivd
IVHNLONELS |77 IVHALONHLS | | N\
| 1
| 1 NOLLYNIVAZ Ml NOLLVNIWNVYX3
I I IVILINE < IVNSIA
| |
| |
| 1 )
NOILVININND0a
1 | <€ ININVXT
N _
I |
SNOLLVNIVAT | HIvd3d aNv I NOILD3dSNI
JDIAYIS GINNILNOD INIWSSISSY TVHNLONYLS

7TO0L NOISIO3A V OLNI d31VvHO3LNI
39 TT1IM AHOLSIH avO1 dNV ‘SE0L0Vd TV.INIWNNOHIANST
‘NOLLYTNININDOVY IDVINVA ANV NOILLYAvHO3d NO NOILVINHO4NI




AHVINNNS -

SNLV.LS ANV NOI1LdIHOS3d
- INVHOO0Hd ONIDV IVHNLONHLS -«

ANNOHOMJVE o

NOILLONAOHILINI -«

mU_n_OH HNO4 SS3HAAv T1IM NOILV.LNIS3Hd




S193443 ISIHL FLVOHILIN OL SIHNAIO0Hd SV T13dM SV

‘NOILVHOIHIL3Ia ILIHONOD OL ava1 NVO LVHL SHOLOVH ONIDV

@GNV SHOSS3IHIS TVINIWNOHIANT 40 S103443 3ILVH 10id34d
ANV ‘SS3SSV ‘AdILNIAl OL SANDINHOAL 40 LN3INdOT3AId .

‘ , SININOdWOD ILIHONOD
IVIILIHD 40 IONVWHO4HId ANIHi OL ANV NOLLIANOD IN3HHNO
3JHL 31VNIVAI Ol a3a3aN viva 3aAodd Ol (S)3Hna3dodd

INJWSSIASSY TVHNLONYHLS/!ISI HOd VIH3LIHD 4O INIWdO13A3A .

| HIINID NOILVINHOLNI STVIHILVIN
IVHNLONYLS .a3SVE-0d.. V 40 NOLLVINIWITdWI ANV NOILVINNYOAI .

NVHOOHd HDNIDV TVHNLONHLS IHL IWOHd LINS3H T1IM
SIILINNNINOD HNIHIANIONT TAID TVHINID ANV
HV3TONN IHL H10d Ol TN43SN S1ONAOHd 1vHIAAIS

"

I



1



1 P £ 0 | W | N AR S—



