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Historically, **Aridium, ®®Cobalt,***Ytterbium and"°Thulium have been used in gamma radiography, #ittidium and®°Co-

balt being the most commonly used isotope . For weld itispsowith a wide range of material thicknessésidium typi- Figure #2Selenium source and 0.Lmm stainless steel encéipsula Figure #37°Selenium source geometry for transmission measurrtierough Iron, Lead,
cally has been the primary choice for radiography. Hanewithin the past 15 years the isotdp®elenium has become avail- Tungsten & Uranium

able for industrial gamma radiography, and its use in thestndbas continued to increase significantly. This radionuglide

vides improved detection of welding flaws compare&foidium, especially with radiography of thin sections of mées As shown in Eq[3] an energy deposition tally, MCNP5 tally \és specified 250cm from the center of the sourcealetted Absorbed Dose
than 5 mm). The improvement is due to the fact f'f8glenium provides radiation energies that are considerably thae in units of MeV/gram for the energy distribution’@8eleniuni*.

those of thé*ridium spectrum and that it also has a significantly longerlifalfThese qualities contribute to the higher qual-
ity weld radiograph$>Selenium is able to produce. Gamma radiography ds8ejenium is now generally acknowledged Hen
throughout the world to provide increased performanceftienelative to™4ridium for steel thicknesses less than 5fmm. — ( ) ( )

Abstract

The Air Kerma rate constant and transmission factors thrdifferent materials were determined for a volumé&ielenium
source using Monte Carlo simulation techniques with resultgpaced against that obtained theoretically using the weightless
source approximation. In this study, a 0.64mm diametezramal source of’Selenium ¢ = 4.0mg/mm), encapsulated in

0.1mm thick stainless steel was modeled in MCNP5 and tranemfsstors were calculated through iron, lead, tungstah, an
uranium with thicknesses ranging from Omm to 50mm. Thecsds Air Kerma rate constant was calculated to be 1y¥-7 G
cré/hr-Ci (0.203 R-rfyhr-Ci) which was determined to be four time less than tatketi theoretically values calculated in the
1992 edition of the Radiological Health Handbvakd ORNL/RISC-45.

| ntroduction and Purpose

Gamma radiography is a process that uses gamma-ematiimysotopes to test materials for flaws such as invisibl&ksrae-
fects and inclusions in pipes and welds. This processdwsdstablished for more than 50 years and has probenaio im-
portant tool for non-destructive testing in remote locations. @oaapto X-ray radiography, radioisotopes have the adyasta
that they can be taken to a remote location when an examimatiequired and do not require electrical power. Additipna
because isotopes can be easily transported, gamma ggahiggs particularly useful in remote areas where, fomgka, it has
been used to check welds in pipelines that carry naturargak In fact, weld inspection of pipelines and oil and pettemni-
cal installations is one of the most important applications of gaajiny using radioisotopes

[3]

Because gamma radiography is often performed in remcagidos without the benefit of shielded enclosures, radiatioie s p
tion often consists of simply excluding personnel fromamigh significant exposure rates. The boundaries to thebeskjup-
sure areas are typically identified by radiographic technici@he use the following relationship to calculate appropriate dis-

tances and exposure rates from radiographic sources: Where: W:  Particle weight . | |
T,:  Track length (cm) = event transit time x particle velocity

o(E): Cross section (barns)

I- % A H(E): Heating number (MeV/collision
| = [1] i | _ .
r 2 Transmission values were calculated for all thicknessesmflgad, tungsten and uranium using Eq[4].
H
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where: T: Isotope specific Air Kerma Rate Constant which assumesightless (point) source approximation FTARSTRLSSLON — — [4]
A:  Activity of the Source i to
r:  Distance from the source to the point of interest: -
In recent years, there have been several repoBetenium Air Kerma rate constants that contradict each otiestodmeasure-
ments taken with and without source encapsulation. The follorgingrted Air Kerma rate constants did not include souree e Where: Hi: Absorbed Dose at material attenuation thickness
capsulation: 1.02 R-fthr-Ci (1992 edition of the Radiological Health Handbtpk.02 R-mvhr-Ci (ORNL/RISC-45) and Ho: Absorbed Dose without material attenuation

0.595 R-mYhr-Ci (Shiltorf). These rates are significantly higher than those repmtedporating source encapsulation: 0.201
R-n7/hr-Ci (Shiltor), 0.199 R-rfhr-Ci (Weeks et &), and 0.200 R-Athr-Ci (1970 edition of the Radiological Health Hand-
book). The high discrepancy in the reported rates can beiegglay the fact that a significant amount of energy prodbged
>Selenium is generated below the level of 12 keV. By modeling a massless spherical sourc€®¢&lenium encapsulated in 0.1mm thick stainless steel, it viesrdeed that an Air Kerma rate con-

c _ _ _ _ o stant of 17.7 Gy-cfthr-Ci (0.203 R-ri/hr-Ci) should be used when estimating exposure ratemfencapsulatedSelenium gamma radiography
The fact that 67% of the energy from*&elenium source is from photons with energies less th&e\l 2 significant because source. Table #1 illustrates the determined results from aNR& calculations.

the transmission value of a 12 keV photon through 0.25frsteel (a typical radiography source encapsulation) isoappr
mately 2.5 x 18*. From this it can be concluded that essentially none ofB&e&V photon energies emerge from the source

Results

encapsulation. Thus, if tHé&Selenium Air Kerma rate constant used to determine activity ehaapsulated source based on a Calculation Performed Value Units
measurement of exposure at a specified distance wereltdénall of the <12 keV photon energies, the activity woeldib- Air Kerma rate constant Sl units 1.7685x 10 Gy cnf/hr-Ci
nificantly underestimated (by a factor of 3) and could gay be a significant safety hazard and regulatory problem. Air Kerma rate constant 20343 x40 R n#/hr-Ci

The goal of this research was to use a Monte Carlo dd@&P5) simulation to determine an appropriate Air Kernta can- Table #1: Theoretical Calculation of the Air Kernage constants for modelételenium sources

stant for”Selenium, factoring in source encapsulation. Simulations alsoeemployed to determine the relationship between

photon transmisés%ion values and the thickness of various sigettterials (iron, lead, tungsten and uranium) in reduoipg € Transmission values determined from the volumé®Belenium ¢ = 4.0mg/mmf) . Using these calculated transmission values a grapbjna-
sure rates from aSelenium source. sentation was created to show the significance of photoruatten caused by the increase in shielding materials. Frorgrépical representa-
tion in figure #4 it can be concluded that for millimeters a¢lsling there is a significant attenuation factor for 0.1mm Es@nsteel encapsulated

Procedure >Selenium sources that should be considered when assespwsyre risks.

Determining an Air Kerma rate constant for °Selenium

An Air Kerma rate constant was calculated f8elenium with source encapsulation using a Monte Carlo NeRatode
(MCNP5) simulated photon transport through a sourcepsadation system. In recent years, MCNP5 designed byAlamsos
National Laboratory has become an industry accepted mé&ihwgiulitual simulation of photons, neutrons and electronautino
various types of media.

Transmission of Gamma Rays of Selenium
through Various Shielding Materials

To determine an Air Kerma rate constant using MCNP5, aut itgde was created which detailed source geometry, shielding le+0
materials and a photon collecting tally. A spherical masslessesoff*Selenium with a diameter of 0.64mm was modeled
. ) ) 1e-1 H'_'—TT- —
within the code. The use of a massless source ensutdtdrencapsulation system was the only means for attenuatng p Ty
tons. A source with a specified density would have causeduation of low energy photons within the center of thersgdie 1a-2
area and could have reduced the Air Kerma Rate consthi. v his method ensured an ideal environment for detemgnam
appropriate rate constant. 1e-3
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Figure #4:°Selenium source transmission through Iron, Leadg$ten & Uranium

Conclusions

Through this research, an MCNP5 simulation was usedt&mine an appropriate Air Kerma rate constantX®elenium, factoring in source
encapsulation. Simulations were also employed to determimel#tti®nship between photon transmission values and the thsc&hearious
shielding materials in reducing exposure rates frdfSalenium source. Results from the simulations showed tretia of 17.7 Gy-crhr-
Ci (0.203 R-mYhr-Ci) was the appropriatéSelenium Air Kerma rate constant, a value which also aligtiisrate constants previously re-
- _ . . . ported by Shiltoh Weeks et 8] and in the 1970 Edition of the Radiological Health Handhd®kbsequent simulations also showed that lead,
igure #1: Cross Section of massless 0.64mm diarfiStelenium source ) ; ) . LY. 75 }

and 0.1mm stainless steel encapsulation modeled tungsten, and uranium shielding of thicknesses greateidfiram can significantly reduce exposure rates from entatpd’'°Selenium pho-

ton sources. The results of the simulations conducteadiging significant, in that the findings could aid in reducingribk of a calculated

As illustrated in figure #1, a source encapsulation was reddgound the cylindricdPSelenium source at a distance of 0.025mm over exposure where industrial radiography are used.

from the outside of the source. A stainless steel encapsutafiom thick, with a density of 7.8mg/mmas created to match
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To determine an appropriate Air Kerma Rate constant, thedose was converted to Gy-ghr-Ci and R-riYhr-Ci using a re-
ported photon yield of 2.303181.

Determining Transmission through Different Shielding Materials

A series of independent MCNP5 models were created tondiegtransmission values of photons through iron, leagsten and
uranium in thicknesses ranging from Omm to 50mm.

In these new input codes, a spherical 0.64mm diametaresotielemental"Selenium with a density of 4.0mg/mmvas modeled.
The source was encapsulated in a 0.1mm thick stainlesgiader, identical to the encapsulation system surrounding #ss-m
less source (geometry of input code is illustrated in Figuzes #3). For computational efficiency outside the encapsulaaic@®
degree air filled cone collimator with a length of 6cm allowhdtons to be transported towards a shielding layer. All ctexze
outside the source encapsulation, but within the shield, wamededs shielding material to limit photon transport to within3ie
degree cone.
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