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Standard Practice for
Conducting Surveillance Tests for Light-Water Cooled
Nuclear Power Reactor Vessels, E 706 (IF) *

This standard is issued under the fixed designation E 185; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonej indicates an editorial change since the last revision or reapproval.

1. Scope lance Dosimetry Results, E 706 (fC)

1.1 This practice covers procedures for monitoring the E 636 Practice for Conducting Supplemental Surveillance
radiation-induced changes in the mechanical properties of _Tests for Nuclear Power Reactor Vessels, E 706{IH)
ferritic materials in the beltline of light-water cooled nuclear E 706 Master Matrix for Light-Water Reactor Pressure
power reactor vessels. This practice includes guidelines for _Vessel Surveillance Standards, E 70640) o
designing a minimum surveillance program, selecting materi- E 844 Guide for Sensor Set Design and Irradiation for
als, and evaluating test results. Reactor Surveillance, E 706 (II€) _ _

1.2 This practice was developed for all light-water cooled E 853 Practice for Analysis and Interpretation of Light-
nuclear power reactor vessels for which the predicted maxi- _\Water Reactor Surveillance Results, E 706 (1A)
mum neutron fluenceE(> 1 MeV) at the end of the design E 900 Guide for Predlgtlng Neutron Radiation Damage to
lifetime exceeds X 10" n/cn? (1 X 102% n/mP) at the inside Reactor Vessel Materials, E 706 (IfF) _
surface of the reactor vessel. E 1214 Guide for Use of Melt Wire Temperature Monitors

1.3 This practice does not provide procedures for monitor- _for Reactor Vessel Surveillance, E 706 (IIfE)
ing the radiation induced changes in properties beyond the E 1820 Standard Method for Measurement of Fracture
design life, but the procedure described may provide guidance _Toughnes$

for developing such a surveillance program. E 1921 Test Method for the Determination of Reference
Temperature, J, for Ferritic Steels in the Transition
2. Referenced Documents Rangé
2.1 ASTM Standards: 2.2 Other Document:
A 370 Test Methods and Definitions for Mechanical Testing American Society of Mechanical Engineers, Boiler and
of Steel Products Pressure Vessel Code, Sections Il and XI

A 751 Test Methods, Practices and Terminology for Chemi- ,
cal Analysis of Steel Products & Termm-ol.o-gy

E 8 Test Methods for Tension Testing of Metallic Materfals 3.1 Definitions:

E 21 Test Methods for Elevated Temperature Tension Tests 3-1.1 adjusted reference temperature (ARthe reference

of Metallic Material$ temperature adjusted for irradiation effects by adding to the
E 23 Test Methods for Notched Bar Impact Testing 0fini_tial RTND_T, the transition temperature shift, and an appro-
Metallic Material$ priate margin.

E 208 Test Method for Conducting Drop-Weight Test to 3-1.2 base metal (parent materiahas-fabricated plate ma-
Determine Nil-Ductility Transition Temperature of Ferritic t€rial or forging material other than a weldment or its corre-
Steel$ sponding heat-affected zone (HAZ).

E 482 Guide for Application of Neutron Transport Methods 3.1.3 beltline—the irradiated region of the reactor vessel

for Reactor Vessel Surveillance, E 706 (IfD) (shell material including weld seams and plates or forgings)
E 509 Guide for In-Service Annealing of Light-Water that directly surrounds the effective height of the active core,

Cooled Nuclear Reactor Vesstls and adjacent regions that are predicted to experience sufficient
E 560 Practice for Extrapolating Reactor Vessel Surveilneutron damage to warrant consideration in the selection of
surveillance material.
- 3.1.4 Charpy transition temperature curvea graphic pre-
1 This practice is under the jurisdiction of ASTM Committee E-10 on Nuclear S€Ntation of Charpy data, including absorbed energy, lateral
Technology and Applications and is the direct responsibility of Subcommitteeexpansion, and fracture appearance as functions of test tem-

E10.02 on Behavior and Use of Structural Materials. __perature, extending over a range including the lower shelf
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energy (5% or less), transition region, and the upper-shelf 3.2.1 The following definitions are intended for application

energy (95 % or greater). to this standard and may not be in agreement with definitions
3.1.5 correlation monitor—any steel that has been charac- of the same parameters given in other standards:

terized as to the sensitivity of its mechanical and fracture 3.2.1.1neutron fluence- the time integrated neutron flu-

toughness properties to neutron radiation embrittlement. ence rate, expressed in neutrons per square meter or neutrons
3.1.6 end-of-life (EOL)}-the design lifetime in terms of per square centimeter.

years, effective full power years, or neutron fluence. 3.2.1.2 neutron fluence rate-a measure of the intensity of
3.1.7 fracture strength—in a tensile testthe load at fracture neutron radiation within a given range of neutron energies; the

divided by the initial cross-sectional area of the test specimerRroduct of the neutron density and velocity, expressed in
3.1.8 fracture stress—in a tensile testthe load at fracture Neutrons per square meter-second or neutrons per square

divided by the cross-sectional area of the test specimen at tinfe€ntimeter-second.

of fracture. 3.2.1.3 neutron spectrur- the distribution by energy levels
3.1.9 heat-affected zone (HAZplate material or forging Of neutrons impinging on a surface, as determined from

material in which the microstructure of the base metal has bee@nalysis of multiple neutron dosimeter measurements or from

altered by the heat of the welding process, and which extendd calculation of the neutron energy distribution.

gg;vgard from, but does not include any of, the weld fusion4_ Significance and Use
3.1.10 index temperature-that temperature corresponding 4.1 Predictions of peutron radiation effeqts on pressure

to a selected level of absorbed energy, lateral expansion, yessel steels are considered in the design of light-water cooled

fracture appearance obtained from the best fit (average) Charfy/c/éar power reactors. Changes in system operating param-
transition curve. ers are made throughout the service life of the reactor vessel

3.1.11 lead factor—the ratio of the neutron fluence rate ¥ to ﬁcf/?urnt ffo: rad{atrmvn effe::tst. B(Iacause Or':/tr}ﬁ \;anabtny :nrtr:]ei
1 MeV) of the specimens in a surveillance capsule to thé\)e avior Of reactor Vessel Sleeis, a surveriance program IS

neutron fluence ratd=(> 1 MeV) at the reactor pressure vessel\'v":‘rr"".nted to monitor changes in the properties of actual vess_:el
inside surface peak fluence materials caused by long-term exposure to the neutron radia-

. U . : tion and temperature environment of the given reactor vessel.
3.1.12 margin—an addition included in the adjusted refer- This practice describes the criteria that should be considered in
ence temperature to account for uncertainties in the data. b

3.1.13 nil-ductility transition temperature (J,,)—the planning and implementing surveillance test programs and

maximum temperature at which a standard drop weiaht spec oints out precautions that should be taken to ensure that: (
P . op ght sp apsule exposures can be related to beltline exposur®s, (
men breaks when tested in accordance with Test Metho

aterials selected for the surveillance program are samples of
E 208. . : o :
those materials most likely to limit the operation of the reactor
3.1.14 onset of upper-shelfthe test temperature above

. : vessel, andJ) the tests yield results useful for the evaluation
which the fracture appearance of all Charpy specimens test

. : , . radiation effects on the reactor vessel.
is nominally 100 % shear. Specimens with 5 % or less cleavage , 5 10 methodology to be used in the analysis and inter-
may be included in this determination. )

) pretation of neutron exposure data obtained from reactor vessel
3.1.15 reference temperature (Rf+)— See subarticle NB-

) _surveillance programs as defined in Practice E 853 establishes
2300 of the ASME Boiler and Pressure Vessel Code, Sectiofhe pases to be used to evaluate both the present and future

1, ""Nuclear Power Plant Components” for the definition of ., itions of the reactor vessel.

RTypr for unirradiated material. 4.3 The design of a surveillance program for a given reactor
_ 3.1.16 transition regionr—the region on the Charpy transi- yesse| must consider the existing body of data on similar
tion temperature curve in which toughness increases rapidyaterials in addition to the specific materials used for that
with rising temperature; in terms of fracture appearance, it igeactor vessel. The amount of such data and the similarity of
characterized by a change from a primarily cleavage (crystalsyposure conditions and material characteristics will determine
line) fracture mode to primarily shear (fibrous) fracture mode ejr applicability for predicting the radiation effects. As a large
3.1.17 transition temperature shift ARTypr)—the differ-  amount of pertinent data becomes available, it may be possible

ence in the 30 ft-Ibf (40.7 J) index temperatures for the best fify reduce the surveillance effort for selected reactors by
(average) Charpy curve measured before and after irradiatiofhtegrating their surveillance programs.

3.1.18 upper-shelf energy levetthe average energy value
for all Charpy specimen tests (normally three) whose tesb. Test Materials
temperature is above the onset of upper-shelf behavior; speci-5.1 Materials Selection
mens tested at temperature greater than 150°F (83°C) above5.1.1 Surveillance test materials shall be full thickness
the onset of upper-shelf need not be included. samples taken from the actual materials used in fabricating the
3.1.18.1 Discussior—The range of test temperatures for beltline of the reactor vessel. These surveillance test materials
which energy values were averaged must be reported as well ggall include a minimum of one heat of the base metal and one
the individual energy values. For specimens tested in sets d¢jfutt weld. The base metal and weld metal materials included in
three at each test temperature, the set having the highegte program shall be those predicted to be most limiting with
average may be regarded as defining the upper-shelf energyegard to setting pressure-temperature limits for operation of
3.2 Definitions of Terms Specific to This Standard: the reactor to compensate for radiation effects during its
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lifetime. The beltline materials shall be evaluated on the basidomly selected from both the base metal and the as-deposited
of adjusted reference temperature. The predicted changes in theld metal.

initial properties as a function of chemical composition and the

neutron fluence during reactor operation shall be determined i. Test Specimens

accordance with Guide E 900. The base metal and the weld 6.1 Type of SpecimeasCharpy V-notch specimens corre-
with the highest adjusted reference temperature at end-of-lifgponding to the Type A specimen described in Test Methods
shall be selected for the surveillance program. If the Charpy 370 and E 23 shall be used. The gage section of irradiated
upper-shelf energy of any of the beltline materials is predictechnd unirradiated tension specimens shall be of the same size
to drop to a marginal level (currently considered to be 50 ft-lbgnd shape. Tension specimens of the type, size, and shape
(67.8 J) at the quarter thicknes® (T) location) during the  described in Test Methods A 370 and E 8 are recommended.
operating lifetime of the vessel, provisions shall be made tqzdditional fracture toughness test specimens shall be em-
also include that material in the surveillance program. It isployed to supplement the information from the Charpy V-notch
recommended that the selected material be in the form ofpecimens if the surveillance materials are predicted to exhibit
fracture toughness specimens (Practice E 636). marginal properties (see Practice E 636).

5.1.2 The adjusted reference temperature of each material in 6.2 Specimen Orientation and LocatiefTension and
the reactor vessel beltline shall be determined by adding theharpy specimens representing the base metal shall be re-
value of transition temperature shift to the reference temperanoved from about the quarter-thicknes%: (T) locations.
ture of the unirradiated material plus an appropriate marginMaterial from the mid-thickness of the plates shall not be used
The reference temperature shift and Charpy upper-shelf energyr test specimens. Specimens representing weld metal may be
drop can be determined from relationships of fluence andemoved from any location throughout the thickness with the
chemical composition. A procedure for making this determi-exception of locations within 12.7 mn¥4in.) of the root or
nation is described in Guide E 900. surfaces of the welds. Special attention must be given to

5.2 Material Sampling—A minimum test program shall defining the root of the weld in order to avoid taking weld
consist of the material selected in 5.1, taken from the followingmetal that is different in composition from the surveillance
locations: () base metal from one plate or forging used in theweld metal. The tension and Charpy specimens from base
beltline, and (2) weld metal made with the same heat of weld metal shall be oriented so that the major axis of the specimen
wire and lot of flux and by the same welding procedure as thajs parallel to the surface and normal to the principal rolling
used for the selected beltline weld. The base metal used @irection for plates, or normal to the major working direction
fabricate the weldment shall be one of the base metals includedr forgings as described in Section IIl of the ASME Code. The
in the surveillance program. axis of the notch of the Charpy specimen for base metal and

Note 1—Experience has shown that it is no longer necessary to includ(\!\’eld metal shall be oriented perp_endwylar to the surface of the
the weld heat-affected zone material in the surveillance program. Howmaterial. The recommended orientation of the weld metal
ever, it is recommended that the heat-affected-zone material be includegpecimens is shown in Fig. 1. Weld metal tension specimens
with the archives (see 5.3) and that the material qualification test results béiay be oriented in the same direction as the Charpy specimens
evgluated f_or a_lnomalous or unusual resfults, for example, from new %rovided that the gage length consists entirely of weld metal.
unique _fabrlcatlon procedures that may yield degraded heat-affected-zone 6.3 Quantities of Specimens
properties. ) ) ) ) 6.3.1 Unirradiated Baseline Specimenrdt is recom-

5.3 Archive Materials—Sufficient test stock to fill at least ended that 18 Charpy specimens be provided, of which a
two additional capsules with test specimens of the base metglinimum of 15 specimens shall be tested to establish a full
and weld materials used in the program shall be retained Wit 5nsition temperature and upper-shelf curve for each material
full documentation and identification. This test stock should be{base metal, weld metal, and correlation monitor material). The
in the form of full-thickness sections of the original materials i ee remaining Charpy specimens should be reserved to
(plates, forgings, and welds). It is recommended that thegyide supplemental data for conditions such as excessive
designated heat-affected-zone materials be retained to providgya scatter. It is recommended that at least six tension test
supplemental data. o . specimens shall be provided to establish the unirradiated
_ 5.4 Fabrication History—The fabrication history (austen- ensile properties for both the base metal and the weld metal. A
itizing, quench and tempering, and post-weld heat treatment) Qfinimum of two specimens should be tested at room tempera-
the test materials shall be fully representative of the fabricatio ;e and at reactor vessel beltline operating temperature. The
history of the materials in the beltline of the reactor vessel andamainder of the specimens may be tested at intermediate

shall be recorded. _ , , temperatures as needed to define the effects of temperature on
5.5 Chemical Analysis Requiremertd'he chemical analy- he tensile properties.

sis required by the appropriate product specifications for the g 3 5 |radiated Specimens The minimum number of test

surveillance test materials (base metal and as-deposited weldecimens for each irradiation exposure set (capsule) shall be
metal) shall be recorded and shall include phosphorus (Pks follows:

sulfur (S), copper (Cu), vanadium (V), and nickel (Ni), as well

. . Material Charpy Tension
as all other alloying and residual elements commonly analyzedgase metal 12 3
for in low-alloy steel products. The product analysis shall be as weld Metal 12 3
described in Test Methods, Practices and Terminology A 751 Correlaton Monitor 12 0

and verified by analyzing a minimum of three samples ran- Itis suggested that a greater quantity of the above specimens
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FIG. 1 Location of Test Specimens Within Weld Test Material

be included in the irradiation capsules whenever possible. factors for individual capsules may change as a result of
o ) changes in fuel management.
7. Irradiation Requirements 7.2.2 Accelerated Irradiation Capsules (Optionah
7.1 Encapsulation of SpecimersSpecimens should be Additional test specimens may be positioned at locations closer
maintained in an inert environment within a corrosion-resistanto the core than those described in 7.2.1 for accelerated
capsule to prevent deterioration of the surface of the specimensadiation.
during radiation exposure. Care should be exercised in the 7.3 Neutron Dosimeters
design of the capsule to ensure that the temperature history of 7.3.1 Selection of Neutron DosimetersNeutron dosimeters
the specimens duplicates, as closely as possible, the tempefar the surveillance capsules shall be selected in accordance
ture experienced by the reactor vessel. Surveillance capsuledth Guides E 482 and E 844. The group of dosimeters
should be sufficiently rigid to prevent mechanical damage teselected shall be capable of providing information about fast
the specimens and monitors during irradiation. The design ofieutron fluence, fluence rate, energy spectrum, thermal neutron
the capsule and capsule attachments shall also permit insertifibence and fluence rate information (see 8.2.3), displacements
of replacement capsules into the reactor vessel if required atf@er atom (dpa), and dpa rate in iron.
later time in the lifetime of the vessel. The design of the 7.3.2 Location of Neutron DosimetersDosimeters shall be
capsule holder and the means of attachment shppreclude located within each vessel wall capsule (see 7.2.1) and each
structural material degradation by the attachment welg)s, ( accelerated capsule (see 7.2.2) if used.
avoid interference with in-service inspection required by 7.3.3 Separate dosimeter capsules should also be used to
ASME Code Section Xl, and3j ensure the integrity of the monitor radiation conditions independent of the specimen
capsule holder during the service life of the reactor vessel. capsules if it is expected that the withdrawal schedule will
7.2 Location of Capsules otherwise result in a delay in obtaining timely fluence data.
7.2.1 Vessel Wall Capsules (Requiredpurveillance cap- 7.4 Correlation Monitors
sules shall be located within the reactor vessel so that the 7.4.1 Credibility of Surveillance Data-Correlation moni-
specimen irradiation history duplicates as closely as possibléprs® provide an independent check on the measurement of
within the physical constraints of the system, the neutrorirradiation conditions for the surveillance materials. A criterion
spectrum, temperature history, and maximum neutron fluenci®r the credibility of surveillance data is that the transition
experienced by the reactor vessel. It is recommended that themperature shift data for the correlation monitor material in
surveillance capsule lead factors be no greater than five. Thfe capsule should fall within the scatter band for the data base
lead factors shall be selected to reduce the calculationdbr the material.
uncertainties in extrapolating the surveillance measurements 7.4.2 Selection of Correlation Monitor Materials
from the specimens to the reactor vessel wall and maximize th€orrelation monitor materials should be well characterized in
ability of the program to monitor material property changes
throughout the life of the reactor vessel. The design of the————
internals of some reactor vessels may not allow the positionin ¢ Information regarding the availability of correlation monitors can be obtained
of surveillance capsules in low fluence locations. Plants wit OTS/?;L'\Q&?'“F@S\? iﬁaf)glf O S D e v Reference
lead factors greater than five should provide for a method Ofsaterials in Surveillance Capsules of Commercial Power Reactdt$REG/CR-
verifying the validity of the data. This may be accomplished by4947, ORNL, Oak Ridge, TN, January 1988; and Wallin, K., Valo, M. J., Rintamaa,
the inclusion of one of the correlation monitor materials (see?: Torronen, K., and Ahistrand, R., "Characteristics of the IAEAA Correlation
L. . . onitor Material for Surveillance ProgramsRadiation Embrittlement and Sur-
7.4) or a similarly characterized material. It should be recogyeijance of Nuclear Reactor Pressure Vessel Steels: An International Review, Third
nized that during the service life of the reactor vessel the leagblume ASTM STP 1011, L. E. Steele, ed., February 1989, p. 91.
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