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dosimetry. The various applications of this test method for _E 706 (ID}'

1.1.1 Helium accumulation fluence monitor (HAFM) cap- _Vessel Surveillance Standafds . o
sules, E 844 Guide for Sensor Set Design and Irradiation for
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FIG. 1 Helium Accumulation Fluence Monitor Capsule

4. Summary of the HAFM Test Method 4.4 The*He concentration in the HAFM, in general terms, is

4.1 Helium accumulation fluence monitors (HAFMs) areProportional to the incident neutron fluence. Consideration
passive neutron dosimeters that have a measured reactifHist, however, be made for such factors as HAFM material
product that is helium. The monitors are placed in the reactoPurnup, neutron self-shielding and flux depressiefrecoil,
locations of interest, and the helium generated through) (n, @nd neutron gradients. Corrections for these effects are dis-
reactions accumulates and is retained in the HAFM (or HAFMcussed more fully in Section 13. Generally, they total less than
capsule) until the time of removal, perhaps several years latep. % of the measured helium concentration. Since the individual
The helium is then measured very precisely by high-sensitivitgorrections are usually known to within 50 %, the total error
gas mass spectromet(yt, 2).” The neutron fluence is then from these corrections amounts &2 %. Sources of uncer-
directly obtained by dividing the measured helium concentratainty also lie in the HAFM material mass, isotopic composi-
tion by the spectrum-averaged cross section. Competing h&ion, and mass spectrometric helium analysis. As indicated in
lium producing reactions, such ag¢) do not, except possibly Section 13, however, these uncertainties generally contribute
for’Be(y,a), affect the HAFM results. The range of helium less than 1 % of the total uncertainty for routine analyses.
concentrations that can be accurately measured in irradiated4.5 Applying the above corrections to the measured HAFM
HAFMs extends from-10"**to 10" atom fraction. This range helium concentration, the total incident neutron fluence (over
permits the HAFMs to be tested in low fluence environmentshe energy range of sensitivity of the HAFM) can be obtained
yet to work equally well for high fluence situations. directly from a knowledge of the spectrum-integrated total

4.2 Typically, HAFMs are either individual small solid helium production cross section for the particular irradiation
samples, such as wire segme(&} or miniature encapsulated enyironment. At the present time, the uncertainty in the derived
samples of small crystals of powd@), as shown in Fig. 1. AS  neutron fluence is mainly due to uncertainty in the spectrum-
with radiometric dosimetry, different materials are used tOjntegrated cross section of the HAFM sensor material rather
provide different energy sensitivity ranges. Encapsulation ishan the combined uncertainties in the helium determination
necessary for those HAFM mate_rials and reactor enyiropmerﬁrocess. This situation is expected to improve as the cross
combinations where sample melting, sample contamination, Qfgctions are more accurately measured, integrally tested in
loss of geqerated helium c_o_uld possibly oceur. Ad‘?'t'on?‘_”y*benchmark facilitieg6), and reevaluated.
encapsulation generally facilitates the handling and identifica-
tion of the HAFM both prior to and following irradiation. The
contents of HAFM capsules typically range from 0.1 to 10 mg.

4.3 Following irradiation, encapsulated HAFMs are cleaned 5.1 The HAFM test method is one of several available
and identified in preparation for helium analysis. Heliumpassive neutron dosimetry techniques (see, for example, Meth-
analysis is then accomplished by vaporizing both the capsuleds E 854 and E 1005). This test method can be used in
and its contents and analyzing the helium in the resulting gaset®mbination with other dosimetry methods, or, if sufficient data
in a high sensitivity mass spectrometer sys{&nThe amount are available from different HAFM sensor materials, as an
of “He is determined by measuring thee-to- *He isotopic  alternative dosimetry test method. The HAFM method yields a
ratio in the sample gases subsequent to the addition of amirect measurement of total helium production in an irradiated
accurately calibrated amount dfle “spike.” Unencapsulated sample. Absolute neutron fluence can then be inferred from
HAFMs, for example, pure element wires, are usually etched t¢his, assuming the appropriate spectrum integrated total helium
remove a predetermined layer of outer material before heliunproduction cross section. Alternatively, a calibration of the
analysis(3). This eliminates corrections for both cross con-composite neutron detection efficiency for the HAFM method
tamination between samples anérecoil into or out of the may be obtained by exposure in a benchmark neutron field
sample during the irradiation. where the fluence and spectrum averaged cross section are both

known (see Matrix E 706 IIE).

”The boldface numbers in parentheses refer to the list of references appended to 5.2 HAFMS h_aVQ the advantag.e of producing an end prod-
this test method. uct, helium, which is stable, making the HAFM method very

5. Significance and Use
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attractive for both short-term and long-term fluence measure-10**to 10°* atom fraction can be generated and measured.
ments without requiring time-dependent corrections for decayln terms of fluence, this represents a range of roughfy i®
HAFMs are therefore ideal passive, time-integrating fluencel0?’ n/cn?. Fluence (>1 MeV) values that may be encountered
monitors. Additionally, the burnout of the daughter product,during routine surveillance testing are expected to range from
helium, is negligible. ~3 X 10" to 2 X 107° n/cn?, which is well within the range
5.2.1 Many of the HAFM materials can be irradiated in theof the HAFM technique.
form of unencapsulated wire segments (see 1.1.2). These5.6 The analysis of HAFMs requires an absolute determi-
segments can easily be fabricated by cutting from a standamthation of the helium content. The analysis system specified in
inventoried material lot. The advantage is that encapsulatiorthis test method incorporates a specialized mass spectrometer
with its associated costs, is not necessary. In several casesg, conjunction with an accurately calibrated helium spiking
unencapsulated wires such as Fe, Ni, Al/Co, and Cu, which argystem. Helium determination is by isotope dilution with
already included in the standard radiometric (RM) dosimetrysubsequent isotope ratio measurement. The fact that the helium
sets (Table 1) can be used for both radiometric and heliuns stable makes the monitors permanent with the helium
accumulation dosimetry. After radiometric counting, theanalysis able to be conducted at a later time, often without the
samples are later vaporized for helium measurement. inconvenience in handling caused by induced radioactivity.
5.3 The HAFM method is complementary to RM and solid Such systems for analysis exist, and additional analysis facili-
state track recorder (SSTR) foils, and has been used as &ies could be reproduced, should that be required. In this
integral part of the multiple foil method. The HAFM method respect, therefore, the analytical requirements are similar to
follows essentially the same principle as the RM foil techniquepther ASTM test methods (compare with Test Method E 244).
which has been used successfully for accurate neutron dosim-
etry for the past 15 to 20 years. Various HAFM sensorb- Apparatus
materials exist which have significantly different neutron 6.1 High-Sensitivity Gas Mass Spectrometer Systemt
energy sensitivities from each other. HAFMs containiiig pable of vaporizing both unencapsulated and encapsulated
and Li have been used routinely in LMFBR applications in HAFM materials and analyzing the resulting total helium
conjunction with RM foils. The resulting data are entirely content is required. A description of a suitable system is
compatible with existing adjustment methods for radiometriccontained in Re{5).
foil neutron dosimetry (refer to Method E 944). 6.2 Analytical Microbalance for Accurate Weighing of
5.4 An application for the HAFM method lies in the direct HAFM Samples minimum specifications: 200-mg capacity
analysis of pressure vessel wall scrapings or Charpy bloclith an absolute accuracy of0.5 pg. Working standard
surveillance samples. Measurements of the helium productiomasses must be traceable to appropriate national or interna-
in these materials can provide in situ integral information ontional mass standards. Additionally, a general purpose balance
the neutron fluence spectrum. This application can providevith a capacity of at least 200 g and an accuracy of 0.1 mg is
dosimetry information at critical positions where conventionalrequired for weighing larger specimens.
dosimeter placement is difficult if not impossible. Analyses 6.3 Laminar flow clean benchefor use in the preparation
must first be conducted to determine the boron, lithium, anedf HAFM samples and capsules.
other component concentrations, and their homogeneities, so6.4 Stereo microscopewith 7 to 30 magnification, a
that their possible contributions to the total helium production~0.1-mm graticule, and an optical illuminator.
can be determined. 6.5 Electron beam welderwith moveable platform stage,
5.5 By careful selection of the appropriate HAFM sensorfor sealing HAFM capsules, minimum specifications: variable
material and its mass, helium concentrations ranging fronbeam power to 0 to 1 kW variable beam size capable of

TABLE 1 Neutron Characteristics of Candidate HAFM Materials for Reactor Vessel Surveillance

Fission Neutron Spectrum

. Principal Helium Producing Thermal Neutron Cross Section,
HAFM Sensor Material Reaction (b) Cross Section, (mb)* go % Riiﬂpo\?)i\e
’ ange, (Me
Li 5Li(n,a) T 942 465 0.167-5.66
Be 9Be(n,a)®He;ra’Li 268 2.5-7.3
B 10B(n,)"Li 3838 499 0.066-5.25
N 14N(n,0) 1B 84.0 1.7-5.7
F 19F(n,«)**N 235 3.7-9.7
AlB 27Al(n,«)**Na 0.693 6.47-11.9
S 325(n,a)?°Si
Cl 35CI(n,@)*?P 13.1 (Cl) 2.6-8.3
Ti8 47Ti(n,a)**Ca 0.145 (Ti) 6.5-12.8
Fe? 56Fe(n,a)%3Cr 0.328 (Fe) 5.2-11.9
Ni? S8Ni(n,e)>°Fe 4.71 (Ni) 3.9-10.1
Cu® 83Cu(n,a)®°Co 0.540 4.74-11.1
316-SS Helium Production Largely
ChPa‘r/pjs/[gichk from®®Fe and®®Ni

A Evaluated 235U fission neutron spectrum averaged helium production cross section and energy range in which 90 % of the reactions occur. All values are obtained
from ENDF/B-IV Dosimetry File data except for 5Li, 1°B, 2”Al and ®3Cu which are from ENDF/B-V. Bracketed terms indicate cross section is for naturally occurring element.
B Often included in dosimetry sets as a radiometric monitor, either as a pure element foil or wire or, in the case of aluminum, as an allaying material for other elements.
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focusing down to a diameter of 0.5 mm. Controls must also b&he threshold reaction HAFM isotopes presently identified as
available to permit automatic control of beam duration andbeing most suitable for reactor vessel surveillanc€Beg'“N,
onset and offset beam power slopes. 19F, 27Al, 325, 35Cl, %Fe, *®Ni and ®Cu (see Table 1).

6.6 High temperature vacuum furnace for out-gassing 7.2.1.1 The two stable isotopes that have significant non-
HAFM materials, capsules, and mass spectrometer systetAreshold helium production cross sections®iend'°B. The
furnace components. Minimum specifications: 1000°C at &ross sections of these two isotopes, which are large and well

maximum pressure of 1B torr. . known, vary inversely with the neutron velocity below about
6.7 Micro-sand blaster/cleanerfor cleaning mass spec- 0.1 MeV. Above 0.1 MeV, the cross section behavior becomes
trometer vacuum furnace parts. more irregular, with théLi exhibiting a significant resonance

6.8 X-ray machine for quality assurance test of HAFM near 0.24 MeV.

capsules. Minimum specifications; 300 kV, 10 mA, 4-mm spot 72 1 2 Other stable isotopes exist which have nonthreshold
size with control of source distance to 1.0 m and exposure timgefium production cross sections, but all are much less than 1

to 5 min. _ barn (1024 cn?). Of the radioactive isotopesiNi, which has
6.9 General Laboratory Supplies an ~12 barn thermal neutron (@), cross section, is the only
6.9.1 Ultrasonic Cleane+100 to 200 W, one important for HAFM neutron dosimetry through the
6.9.2 Heat Lamp—250 W, and two-stage reactior?®Ni(n,y)->Ni(n,«)°®Fe. Also included in
6.9.3 Optical Pyrometer-700 to 2000°C. Table 1 are additional potential HAFM materials which are
6.10 Rad|oact|vg M_atenal Handling already included in the standard specified RM foil and metal-
6.10.1 Lead shielding, lurgical sets (refer to Matrix E 706) and thus may serve a
6.10.2 Portable radioactiv@{y) counters (0.01 mrem/h to goyple purpose (see 11.1). These materials include the natural

100 rem/h), and _ N elements Ti, Fe, Cu, and Ni; stainless steel dosimetry capsule
6.10.3 Radioactive waste disposal capability. material, RV steel; and Charpy block metallurgical specimens.
6.11 Reagents and Materials Relevant characteristics of the various HAFM isotopes and
6.11.1 Hydrochloric Acid (HCI), (37 %), materials are listed in Table 1. Aluminum is also often included
6.11.2 Hydrofluoric Acid (HF), (48 %), in RM sets in the form of alloys of Co and Au.

6.11.3 Nitric Acid (HNO3), (70 %),

6.11.4 Sulfuric Acid (H,SQ,), (96 %),

6.11.5 Acetone[(CH;),CO]—Reagent grade (>99.7 %),

6.11.6 Alcohol (C,HsOH)—Pure (200 proof),

6.11.7 Chloroform (CHCl;)—Reagent grade (>99.2 %),

6.11.8 Distilled and Deionized Wateland

6.11.9 Detergent Cleaning SolutioiAlconox® or equiva-
lent).

7.2.2 Activation Cross SectiorsAlso to be considered in
the selection of HAFM materials is their relative activation
cross sections in typical reactor vessel neutron fields. Although
activation reactions in general do not interfere with helium
production (exceptions are cases of two-stage reactions as with
58Ni, and cases where daughter products have contributing
(na) reactions such asBe(np)®He -°Li), the resulting
radioactive decay contributes to post-irradiation handling and
7 HAEM Materials analysis difficulties and, to this extent, should be minimized.
7.2.3 Neutron Self-Shieldirg-High cross section isotopes,

/.1 General RequirementsThe general requirements con- " & " 4 198, exhibit significant neutron self-shielding

cerning the characteristics of HAFM materials fall into two 2 .
o . : and surface flux depression in thermal and epithermal neutron
broad categories: 1] nuclear properties and2) chemical

) . . qnvironments. In order to apply these isotopes to reactor
properties. These two categories are discussed separate Yivei . S . .
below Stdrveillance dosimetry, dilution of these materials by alloying

7.2 Nuclear Properties is required to reduce their effective isotopic concentrations.

721 Helium Production Cross SectierConsideration Suitable alloying materials for boron and lithium at the 0.1 to
- o 0.5 weight percent level are vanadium, niobium, and alumi-
must be made for the energy range or energy sensitivity of the o ; Co . i .
(n, total helium) cross section of the potential HAEM Sensorum-: Additional details on self-shielding are given in Section
material. For any given neutron environment, the set of13' , .
HAFMs or combination of HAFMs, RM, and SSTR multiple  /-2-4 Neutron Screening at Low Energie#\n alternate
foils must be chosen to cover the entire neutron energy rangﬁ@‘:h”'q“e* or one that can be used in conjunction with alloying
(refer to Guide E 844). The majority of potential HAFM 0 reduce neutron self-shielding, is to protect the boron and
materials fall into the threshold reaction category. That is/ithium from low-energy neutrons by covering with appropriate
below the threshold energy (usually in the 1-10 MeV range)Materials. Cadmium or gadolinium provides a low-energy
these materials produce essentially no helium from neutroff€utron cutoff of~0.5 eV. A considerably higher cutoff energy
reactions. Above this energy, however, the (n, total heliumfan Pe achieved by shielding with boron cagbldeB Forl
cross section generally rises fairly rapidly to a plateau fromK€V neutrons~4.5 cm of BC provides~90 % attentuation.

where it continues to rise relatively slowly. Generally, the Bécause of the neutron perturbation effects g€Bhowever,

higher the threshold energy, the lower the total cross sectioriiS latter technique would be useful only at ex-vessel surveil-
lance locations.

7.3 Sensor Chemical PropertiesVarious considerations
8 Alconox is a registered trademark of Alconox Inc., 215 Park Ave. South, NemeSt be made Con.cemmg the chemical pr_opert'es of the
York, NY 10003. HAFM sensor materials. Many of the HAFM isotopes, such
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agLi, “Li, N, etc., are conveniently useable only in com- no loss of internally generated helium, capsule walls must have
pound form. Examples of suitable compounds &€, LiF, a minimum thickness of 0.17 mm. This is most easily verified
TiN, and ZrN. In the choice of the most useful compound,by X-ray inspection of each empty capsule from two perpen-
consideration must be given to such factors d3:helium  dicular angles. To minimize time and cost, the capsules may be
production and activation cross sections of the host element (K-rayed in groups of approximately 100. Various X-ray con-
Ti, and Zr in the above examples)?2)(homogeneity and ditions have been investigated, and from these tests, it has been
stoichiometry of the compound3)(residual impurities such as determined that optimum capsule definition is obtained by
boron or lithium, @) stability and resistance to decomposition enclosing the capsules in stainless steel hypodermic tubing
at higher temperatures5)(alloying potential with the encap- during the X-ray procedure. The stainless steel serves both as
sulating material, and6] melting and vaporization tempera- a convenient holder and aligning material, and it has the effect
tures, which are important when it comes to releasing thef lowering the X-ray exposure to the film at the capsule edge.
helium for mass spectrometric analysis. In this manner, a “sharp” material density edge for the X-rays

7.4 HAFM Material Encapsulatior-Encapsulation is nec- is achieved, resulting in a well-defined capsule edge. Following
essary for those HAFM sensor materials and irradiation conthe X-ray procedure, either the X-ray negatives or enlargement
ditions for which there is a potential for either contamination,prints can be visually scanned using a calibrated magnifier to
loss of generated helium frome-recoil or diffusion, or loss of |ocate capsules whose central holes are not concentric and
sensor material itself. This includes those HAFM compoundsyhose minimum wall thicknesses may fall outside the allow-
which are in the form of fine powders or crystals, or which mayabple limits. The X-ray negatives or prints should be kept on
melt at the temperatures anticipated in the irradiation environpermanent file, with some means of identification for later
ment. The encapsulating material must be chosen so as tgcing individual capsules back to the X-ray records.
completely contain the HAFM sensor and its generated helium, g 1 1 1 |n addition to the capsule X-ray number, each
while at the same time having relatively low helium productionpagpm capsule should have a two-digit alphanumeric identi-
and activation cross sections. The former is of importance fofcation code stamped on the solid base, and as well may have
total helium production since the entire HAFM sensor plusgne or two identifying grooves around the circumference. In
capsule is later analyzed for helium. The latter is of importancénis manner, individual capsules or groups of capsules can be
in minimizing induced radioactivity in the HAFM capsule. jyentified remotely during post-irradiation hot cell recovery.

Further requirements are th_at the encapsglatlng material must9_1.2 HAFM Material Mass—Encapsulated HAFM sensor
be reasonably durable to withstand handling before and after . . .
aterials can range in mass from single crystals (for

irradiation and that the material be both machinable and‘n

2 6 s N i
weldable to facilitate HAFM capsule fabrication. Generally, exampl_el, B or 'LiF) V\(elghmg less than 0.1 mg to fine
clrystallme powders weighing up to 10 mg. In each case, the

when it has been determined that the HAFM sensor materie% . : .
: . . . ._Iotal HAFM material mass should be determined using a
has itself the required helium retention, strength, and chemical;

inertness. the HAEM is used in the form of a “bare” wire microbalance and a double substitution weighing scheme, in
segment ’without being encapsulat@) which the samples are compared with the working standard

masses. Periodic calibration of the working standards must be
8. HAFM Material Processing made relative to appropriate natiqnal or interngtionql mass
étandards. Total mass accuracy, using this technique, is gener-

8.1 HAFM sensor and encapsulating materials must b v better thar-0.3 - indl tals. th is best
analyzed for possible residual helium by pre-irradiation analy—a y betler than=u.5 Hg. For singie crystais, tn€ mass 1S bes

sis of the various lot materials. In this regard, precaution‘%‘etermined prior to loading. For the finer crystalline powders,
t

should be taken to ensure that no helium has been used (as awever, the most reliable and accurate method of determining

inert gas) during any stage of material fabrication. € mass is by weighing the HAFM capsule before and after

8.2 HAFM and encapsulating materials must also be ana®2ding-

lyzed for thermal neutron helium producing impurities (for ~9-1.3 Capsule Welding-Because of the need to exclude air,
example,GLi and 9B at sub-ppm levels). This is most effec- with its natural helium content, from the HAFM interior, weld
tively done by helium analysis of a sample of each lot ofclosure of the capsule top is best accomplished by electron
material following a thermal neutron irradiation. The concen-P€am under vacuum. This form of welding has the additional
tration and homogeneity of alloys containing low weight advantagg of precise control of weld power and heating zone.
contents of boron and lithium (discussed earlier in 7.2.3) carl |G Welding, an alternate technique, would involve closure

also be determined in this way. under an inert gas atmosphere which could complicate later
helium analysis.
9. Manufacture of HAFMs 9.1.3.1 After HAFM material loading and prior to capsule
9.1 HAFM Capsules welding, thin spacer disks should be placed above the sensor

9.1.1 Fabrication and X-ray Qualification-As discussed material to reflect the heat from the weld zone (see Fig. 1). This
previously, encapsulation of HAFM sensor material is necesis followed by partially closing the capsule top to facilitate the
sary in those cases where contamination, loss of senseveld process. This can be accomplished either by insertion of
material, or loss of internally generated helium could occur. Aa solid plug or by squeezing the top portion of the capsule
typical HAFM capsule is shown in Fig. 1. These capsulesogether. Some gaps should be left in the capsule top to allow
generally are 6.4-mm long, with outside diameters of 0.9 or 1.3or complete evacuation (or inert gas backfilling) prior to final
mm and inside diameters ranging from 0.5 to 1 mm. To ensurelosure. To further reduce HAFM sensor material heating
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during welding, the lower portion of each capsule should be ifmg), including HAFM capsules or samples with melting
firm contact with a suitable heat sink, “chill block.” The length temperatures above 1800°C, can be vaporized in larger
of the weld zone should be limited to the topl mm of resistance-heated cylindrical graphite crucibles (4.8-mm OD,
capsule. 20-mm long)(2). Prior to loading, the tungsten coil baskets and
9.1.4 Final Capsule Weighing-As an additional aid in pre- graphite crucibles should be degassed in vacuum by heating to
and post-irradiation identification, the final welded capsules-1750°C for about 2 min. Vacuum furnaces have been
should be weighed to an accuracy of at leastO Hg. constructed that contain up to ten individual tungsten coils or
Therefore, if part of the alphanumeric identification base codgyraphite crucibles. The design of the vacuum furnaces must
becomes unreadable, capsule identification would still beyjlow vaporization of samples with masses ranging from about
likely. Additionally, this additional weighing step reveals any 9.5 to 200 mg (the heavier masses are associated with
possible HAFM material mass loss during the welding processancapsulated HAFMs). During analysis, the current through

In this respect, capsule weighings before and after loadingye paskets or crucibles is steadily increased until decomposi-
should include the actual spacer disks and weld cap (ifion of the tungsten or graphite occurs. In this manner,

applicable) to be used (see 9.1.3). vaporization of the enclosed sample and total helium release is
10. HAFM Analysis assured. For maximum sensitivity for very low level samples,

10.1 Outline of Test Methed-Determination of the helium :jhe heatln_gt;_ can b(_ad s(;o_pt)ped Enor to ttu_ng(sjtetﬁ tor||g|[|a,1Ap|?||\5|e
content in HAFM materials is made by vaporizing the materi- ecomposition provided it can be ascertained that a

als in resistance-heated tungsten coils or graphite crucible¥"S0r material has been vaporlzedt Tr‘1‘|s reduced rleatlng
under vacuum. Immediately before the sample is vaporized ar@enerally reduces the amount of helium® background” re-
the“He is released, a precisely-known amountieé is added |€ased by the furnace itself.
(®He" spike”). After mixing of the two isotopes, the gas passes 10.2.3.1 A third furnace type has been used to vaporize
over getters that remove unwanted gases, then passes into 1B&ger metallic samples with melting points uptd.200°C(7).
mass spectrometer volume, which is isolated from its vacuunthis furnace uses a graphite crucible which is resistance heated
pump for “static mode” operation. The measurement of theand then maintained at a constant temperature-2000°C.
4HePHe ratio and a knowledge of the mass of the HAFM Samples are dropped individually by remote means into the
material then produces the helium concentration. A recomheated crucible and vaporized. The fact that the furnace
mended helium analysis system has been described previousgmperature remains essentially constant during the analysis
(5). Precautions must be taken to accountdde that might  procedure reduces the uncertainty in the furnace “blank’—the
already be present in the HAFM (see 10.3.1). amount of helium attributable to the furnace itself. This
10.2 Apparatus reduced uncertainty has the effect of lowering the effective
10.2.1 Mass SpectrometerMagnetic sector mass spec- detection limit of the mass spectrometer system. Using this
trometer with all-metal tube and an interior volume of about ltechnique, samples with masses up-~th g can be analyzed,
L. The instrument should have an electron impact ion sourceyith a resulting helium analysis uncertainty ofl x 10°

electronmultiplier, and an electrometer with current measuringitoms. In copper, this is equivalent to a helium concentration of
capability of at least 103 A with a stability of <10* A/h. 10724 atom fraction.

Output from the electrometer can be monitored directly via a
strip chart recorder or digitally averaged for real-time computer
analysis. The mass resolving power of the mass spectromet

itself should be a minimum of 50 with a mass scanning rang%pectrometer while it is being operated in the static mode. The

from 2 to 50 amu. Mass scanning capability is useful in Id st f le. of a liquid-ni led
checking for possible interfering background gases. In adqidetters could consist, for example, of a liquid-nitrogen-coole

tion, the entire system should be bakeable to 300°C. chsllrcozlall trap, ttfollowedh by, ?#t ssesgrsatg(_jr ggm'Aa r:r? nelelpo-
10.2.2 Vacuum SystemTo minimize the time necessary to rable alloy getter (such as the -50). Another alloy

pump away gas samples between analyses, a multiple vacuu‘?ﬁtter shou!d b_e permanently atta_ched tc_) the mass s_pe_zctrometer
system consisting of several independent subsystems should F)%elf _to ’.“a'”ta'” the vacuum while the |_nstrument Is Isolated
used. Rapid pumpout can best be accomplished, especially [FP™ its ion pump during sample analysis.
the case of helium, when sequential pumping is employed. A 10.2.5 Spike SystemA network of accurately calibrated
rotary pump and then a turbomolecular pump first remove mogtolumes which dispenses known quantitiesiéé and*He, for
of the helium very rapidly. As soon as the lower limit is calibration and for isotope dilution purposes, should be avail-
reached, an ion pump is used to reduce the vacuum to a low@ple. For convenience, this network can be attached directly to
level. Finally, another ion pump is used only to maintain thethe mass spectrometer line. The size and required accuracy of
mass spectrometer in the P0to 107%° torr range between the®He and*He spikes must be determined in conjunction with
analyses. the characteristics of the mass spectrometer and the analysis
10.2.3 Furnaces—Several methods have been successfullylines to allow for absolute helium measurements in the range of
used to vaporize HAFM materials. For small samples ¢  10'°to 10'® atoms of helium to an accuracy of 1 to 2 %. Glass
mg) with melting temperatures less thad800°C, the samples stopcocks should be used throughout the spike system rather
can be readily vaporized in small resistance-heated 0.25-mmhan stainless steel valves, mainly because the stopcocks
diameter tungsten wire coil basket2). Larger samples (>2 provide a more positive and reliable barrier through which

10.2.4 Getters—A system of getters should be used to
urify the helium gas sample before it is admitted into the mass
;Sectrometer, and to maintain a high vacuum in the mass
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