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Brief Recap of Well Logging



Challenge Question

What is the significance of sealed
source design for well logging?



Objectives for NRC Well Logging
Sealed Sources Presentation

Introduce and review:

 What are the commonly used radioisotopes?
 Where do they come from?

 How are sources made?

 What are the important Source Design Principles?
 What Specifications apply?

 How are these tested & managed?

 Who is responsible?

» Regulatory, Manufacturers, End-Users



Source Design Considerations

 The design of logging sources is usually constrained by
the geometric considerations of physical dimensions and
center of activity which are imposed on the source design
by the customer’s bull plug or logging tool design

« There Is also usually a requirement for the source to have
external features on the source to allow ease of handling
during use




Tested and Approved Materials
Locations in the US may only use, possess or store

sealed sources and meters containing sealed sources
that:

Have been issued a Registration of Safety Evaluation of

Sealed Source or Device by the NRC, or an Agreement
State

REGISTRY OF RADIOACTIVE SEALED SOURCES AND DEVICES
SAFETY EVALUATION OF SEALED SOURCE
(AMENDED IN ITS ENTIRETY)

NO: MA-1059-8-191-8 DATE: May 8, 2007 PAGE 1 OF 10

SOURCE TYPE: Well Logging Source

MODEL: CDC.CY3; CDC.CY4; CDC.CY5; CDC.CY6; CDC.CY8, CDC.CY10;
CDC.CY1l; CDC.CY13; CDC.CY14; CDC.CY15; CDC.CY16

DISTRIBUTOR: QSA Global, Inc.
(Formerly AEA Technology QSA, Inc.)
40 North Avenue
Bﬁrlington, MA 01803

MANUFACTURERS: QSA Global, Inc
40 No rth Ave
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Well Logging Source
Specification & Design



The Standards

Criteria used to establish a system of classification
for sealed radioactive sources based on
performance specifications related to radiation
safety

e Organizations involved in the development of

standards for sealed sources:

= ANSI — American National Standards Institute
» ANSI/HPS N43.6 - “Sealed Radioactive Sources — Classification”

» HPS — Health Physics Society

» |SO - International Organization for Standardization
e |1SO-2919 - “Radiation Protection — Sealed Radioactive Sources —
General Requirements and Classification”




The Standards

e The standards establish a system of classification
of sealed radioactive sources based on test
performance

e The standards specify:
« General requirements
e Performance tests
* Production tests
e Marking
e Certification




The Standards

* The tests fall into several groups including exposure to
abnormally high and low temperatures and a variety of
mechanical tests.

e Each test can be applied in several degrees of severity.

» The criterion for pass or fail depends on leakage of the contents
of the sealed radioactive source.

 The standards provide a set of tests by which sealed source
manufacturers can evaluate the safety of their products in use.

* Allows regulators and users to determine the types of sources
that are suitable for specific applications.

* The standards make no attempt to classify the design,
construction, or calibration of sources in terms of the radiation
emitted.




Criteria for Sources (NRC)

810 CFR 39.41 Design and performance criteria for sources

(a) A licensee may use a sealed source for use in well logging applications if—
(1) The sealed source is doubly encapsulated;
(2) The sealed source contains licensed material whose chemical and physical forms are as insoluble and nondispersible as practical; and
(3) Meets the requirements of paragraph (b), (c), or (d) of this section.

(b) For a sealed source manufactured on or before July 14,1989, a licensee may use the sealed source, for use in well logging applications if it
meets the requirements of USASI N5.10-1968, "Classification of Sealed Radioactive Sources," or the requirements in paragraph (c) or (d) of this
section.

(c) For a sealed source manufactured after July 14, 1989, a licensee may use the sealed source, for use in well logging applications if it meets the
oil-well logging requirements of ANSI/HPS N43.6-1997, "Sealed Radioactive Sources-Classification."

(d) For a sealed source manufactured after July 14, 1989, a licensee may use the sealed source, for use in well logging applications, if—
(1) The sealed source's prototype has been tested and found to maintain its integrity after each of the following tests:
(i) Temperature. The test source must be held at —40 °C for 20 minutes, 600 °C for 1 hour, and then be subject to a thermal shock
test with a temperature drop from 600 °C to 20 °C within 15 seconds.
(i) Impact Test. A 5 kg steel hammer, 2.5 cm in diameter, must be dropped from a height of 1 m onto the test source.
(i) Vibration test. The test source must be subject to a vibration from 25 Hz to 500 Hz at 5 g amplitude for 30 minutes.
(iv) Puncture test. A 1 gram hammer and pin, 0.3 cm pin diameter, must be dropped from a height of 1 m onto the test source.
(v) Pressure test. The test source must be subject to an external pressure of 1.695 x 107 pascals [24,600 pounds per square inch
absolute].

(e) The requirements in paragraph (a), (b), (c), and (d) of this section do not apply to sealed sources that contain licensed material in gaseous
form.

() The requirements in paragraphs (a), (b), (c), and (d) of this section do not apply to energy compensation sources (ECS). ECSs must be
registered with the Commission under § 32.210 of this chapter or with an Agreement State.


https://www.nrc.gov/reading-rm/doc-collections/cfr/part039/part039-0041.html

Key Criteria Well Logging Sources

810 CFR 39.41 Design and performance criteria for sources

e Doubly Encapsulated;
* Insoluble and Non-Dispersible as practical; and

* Meets Requirements
« USASI N5.10-1968, “ or
« ANSI/HPS N43.6-1997

« Maintains Integrity after each of the following tests:
(i) Temperature - held at —40 °C for 20 minutes, 600 °C for 1 hour, and then be subject to a thermal shock
test
(i) Impact Test - 5 kg steel hammer, 2.5 cm in diameter, must be dropped from a height of 1 m
(i) Vibration test - subject to a vibration from 25 Hz to 500 Hz at 5 g amplitude for 30 minutes
(iv) Puncture test - A 1 gram hammer and pin, 0.3 cm pin diameter, must be dropped from a height of 1 m

(v) Pressure test - subject to an external pressure of 1.695 x 107 pascals [24,600 pounds per square inch
absolute]

***Note: The requirements in paragraphs (a), (b), (c), and (d) of this section do not apply to energy compensation sources (ECS).
ECSs must be registered with the Commission under § 32.210 of this chapter or with an Agreement State.


https://www.nrc.gov/reading-rm/doc-collections/cfr/part039/part039-0041.html

Source Classification
ANSI / 1ISO 97E66646



Source Classification
ANSI /1SO 97E66646

» 97 — year of the approval of the ANSI Sté(ldard
followed to determine the classification. \
=C/E- \
«C would indicate that the activity of the \\
sealed source does not exceed the limit

established in Table 3. \
*E would indicate that the activity of the “_ ______
source exceeds the limit in Table 3. e ————— '

= (1t #) “6” — performance criteria for temperature. Manufacturer's source certificate

= (2nd #) “6” — performance criteria for external

pressure. Note: Table 3 is the “Specified Activity Level to

= (34 #) “6” — performance criteria for impact. Radionuclide Group” from ISO Standard 2919, and
th wgn T . . relates radiotoxicity (Annex A) to design criteria.

" (4 o #) . 4” performance Cr!ter!a for vibration. Exceeding Table 3 values results in the effect of fire,

= (5t #) “6” — performance criteria for puncture explosion, corrosion, and radiotoxicity to the design

evaluation.



What is the significance of sealed
source design for well logging?



Tested and Approved Materials

The results of the testing are noted on the SSDR
for:
 Thermal
Impact
Vibration
Puncture
Pressure

~ PROTOTYPE TESTING:

The source designs have been tested or assessed in accordance with ISO 2919:1999(E) and given
the following performance classifications per ANSI/HPS N43.6-1997:

L-\\: Py “ e

Model Number Capsule ANSI Classification

CDC.CY3 X2170/1 97C6X646
X2170/2 97C6X646
X2061/2 97C66646

i in rn_\r.-w-‘-“ . ‘_'\ e QT GICL A G Pt agm ‘ﬂ,‘*.\_w_v_
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Sealed source classification - Logging

Table 2 Sealed source classification (performance) requirements for typical usage o
Table 1. Classification of sealed source performance

Sealed source class, depending on test
Temperature | Pressure | Impact | Vibration | Puncture et Class
1 2 3 4 5 b X
Radiography-Industrial — Sealed source 4 3 5 1
Source to be used n device ’ ; ; ! ! Temperature [Notest SPC(20min) | 40°C (20min) + |40°C (20min) + |-40°C (20mn)  [40°C (20min) | Special est
Medical Radingraghy 3 ? 3 1 2 +0°C{Lh) 180°C (1h) 400°C (1 h)and |+600°C (th) and |+800°C (1 h) and
Gamma teletherapy 5 3 5 7 4 thermal shock to |thermal shock to {thermal shock o
Brachytnerapy (6)Y ] 3 2 1 1 urc e aec
Surface applicators” i 3 3 1 2
Gamma qauges Unprotected source 4 3 3 3 3 External  |Notest 75kPa absolute to| 25kPa absalute to | 25kPa absolute to| 25kPa absolute to |25kPz abaolute to | Special test
(mecium and high eneray)  Saurce in device 4 3 ; 3 7 Dressre atmospheric  (2MPaabsolte  |7MPaabsolute | 70MPaabsolute  |170MPa bsolute
Beta gauges and sources for low-energy gamma gauges of w3y 3 3 2 2 2
fluorescence znalysis? Impact  |No test 50gfrom 1 mor |200g from 1 m or kg from 1mor |5 kg from L mor |20k from 1 m or |Spacial test
, , equivalent euivalent equivalent equivalent enuivalant
Gil-wel logging 3 § 5 l 2 imparted energy (imparted energy (imparted energy |imparted energy |imparted energy
Portable maisture and density gauge 4 3 3 3 3
(induding hand-held or dolly-transported) Vibration | Mo kest 3 times 10min 25 |3 times 10min 25 |3 times 30min | Mot used Not used Special test
0 500Hz at to S0Hz &t 25 to 80Hz at
General neutron source application (excluding reactor startup) 4 3 3 2 3 domfst (g0 (49mfe? (Bg)!  (1.5mm amplitude
and 50 to 90Hz | peak to peak and
Calibration source activity 1 MBq ? ? 2 1 2 at 0.635mm 80 to 2000Hz at
amplitude peak | 196m/s* 20g,)"
Gamma iadiation sources Cateqory 17131, 151 4 3 3 2 3 to pesk and
Categories 11 and IV ] 3 4 2 4 90 to 500Hz at
%m/s (5"
Ton generators3) Chromatography 3 2 2 1 !
Skatic eliminators 2 2 2 2 ﬁ
g <
Smole deedors . : : : Puncture  |Notest Tofromimor |10gfrom dmor |S0gfrom Lmor |300g from L mor |1 kg from I mor |Special test
1) Sources of this nature may be subject to severs deformation in uss. Manufactures and users may wish to formulate additional or special test procedures., equivalent equivalent equivalent equivalent equivalent
2) Excluding gasfiled sources. , imgarted energy [imparted energy |imparted energy |imparted energy [imparted energy
3) "Source in device” or 2 "source assembly” may be tested.
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A Closer Look...



Well Logging Source (QSA Global)

Model CIDC.CY13
(X2112/3 Capsule Code)

(Dimensions are in inches.)
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Inner Capsule for Sealed Source

X1187 Inner encapsulation

2 mm

MP35I
capsule

body “‘““a

316l steel

inmsert

active —
CEeraric
fused and
bonded to

imsert
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Sealed Source Device Registry

* [dentifies Registered
Device

o Device Type _—

o Model /

o Manufacturer ———— |

 |dentifies RA Materials
S
O Isotope

0 Maximum Activity ——

» Specifies Leak Testing

—>

—V

—>

e

REGISTEY OF RADIOACTIVE SEALED SOURCES AND DEVICES

SAFETY EVALUATION OF DEVICE

HO. TX058651075 DATE: December 17, 1098

DEVICE TWPE Wil Logzing Source

MODEL: N5R-F (H-142108 or H-357068)

DISTRIEUTOR.: Schiumberger Techuology Corporation
300 Schhunberger Drive
Sugar Land, TX 77478
(281) 285-8775

MANUFACTURER. Gammamon, Inc.
5703 Ethridge Dirive
Houston, Texas 77087

MATIMID ACTIVITY:

LEAK TEST FREQUENCY: 6 menths

PEMMCIBAL TUSE:  (F) Well Logemg

CUSTOM DEVICE- YES X NO

CUSTOM USER:

PAGE1OQF 3

20 Ci (0.74 TBq)
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What is the Significances of Sealed Source Design
for Well Logging?

Radioactive material inserted into double / triple encapsulated
capsule body, then enclosed in a source housing which is
Inserted into downhole tools

Well logging sources are:
- rugged
- sealed / encapsulated
- pressure resistant
- temperature resistant
- shock / vibration tolerant
- Impact tested
- puncture resistant



Sealed Source Certificate

Source Mode

\J 4

Test Results

Source Serial
number

Facsimile: (THI1 273-2216

Radioactive Sealed Source
Certificate and Test Report

Model:  CDCCY3

Radionuclide:  £5737
Preduct Code Mo
4"

Mominal Activity:
ANSLIS0 Classification:

LA O

Special F T NOL LA A0S
Description: COORF26  C5-137 OWL SOURCE S

Capsule: X271 70:24

TMalions are based on [esing of Specimen sowrces and gove ihe levels expected Iram Mg production soures.
Recomumended Woking Lile. 15 Yoma

See other side for explonotion.

Leakage Test Contamination

Test
Source Measurenents | Type lvpe Type Other Tests
Serial See wfver side for description of e,
Munile Measurement Date

Date Passed  Date Passed : Daste Passed

Digscri i o

¥
:
%

! ] . L
—> |(A5464 1,200 aGyis | Apr-222008 | M D : A CPGCSV

¢ LA G Mery-20-2008 Apr-18-2008 | Ocr-06-2008 1575

u

!
i
|
(
\
Y
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IAEA - Certificate of Competent Authority

“Special Form Certificate”
> Must be presented for air transport (IATA)

> Tied to a source model

> Download from RMIS (legacy)
documents

v Special form radioactive materials are either:
- nondispersible solid radioactive material or

- sealed capsule containing radioactive materials

v The Competent Authority (Gov. Agency) certifies
that the design specifications have been
iImplemented

v Each certificate is assigned an identification mark
with VRI/Number/Type Code

- VRI - Vehicle Registration ID code country issuing
- Number - assigned by competent authority
- Type code — S = Special form

- -96 — “generic” symbol



Anatomy of a Gamma Ray Source

.\ \ (cotmaen ),

I‘x_"‘“_!:'-' Fiug J % ".|
0
= |
| == | —— T GSR-J |

SOURCE
BERILAL MO

Figurs 6-3: GSR-J in GPV-L (with leak test plug)



What about the Sealed Source Design
for Well Services Densitometers?

***(Note: Not regulated under 10 CFR Part 39)



Sealed Source Classification - Densitometer

Table 2 Sealed source classification (performance) requirements for typical usage

Sealed source class, depending on test

Table 1. Classification of sealed source performance

2} Excluding gas-Flled sources, .
3) "Source in device” or 2 "source assembly” may be tested.

Temperature | Pressure | Impact | Vibration | Puncture
Radiography-Industrial — Sealed source 4 3 5 1 1
Source to be used in device 4 3 5 1 1
Medical Radiography 3 ? 3 1 2
Gamma teletherapy 5 3 5 2 4
Brachytnerapy (6)Y ] 3 2 1 1
Surface applicators” i 3 3 1 2
Gamma gauges Unprotected source 4 3 3 3 3
(medium and high energy)  Source in device 4 3 vl 3 2
Beta gauges and sources for low-energy gamma gauges of w3y 3 3 2 2 2
fluorescence analysis®
Qil-well lagging 5 ] 5 2 2
Portable maisture and density gauge 4 3 3 3 3
(including hand-hald or dolly-transported)
General neutron source application (excluding reactor startup) 4 3 3 2 3
Calibration source activity 1 MBq ? ? 2 1 2
Gamma iadiation sources Cateqory 17131, 151 4 3 3 2 3
Categories 11 and IV ] 3 4 2 4
Ton generators3) Chromatography 3 2 2 1 !
Skatic eliminators 2 2 2 2 z
Sroke detectors? 3 2 2 2 z

1) Sources of this nature may be subject to severs deformation in uss, Manufactures and users may wish to formulate additional or special test procedures,

29

Test Class
2 3 4 5 6 X
Temperature | Notest 40°C (20min)  |-40°C (20min) + |-40°C (20min) + |-40°C (20min)  |-40°C (20min)  |Special test
HFC(LN)  [180°C{1h)  [400°C(1h)and [+600°C (1h) and |+800°C (1h) and
thermal shock to |thermal shock to - [thermal shack to
2°C 20°c 20°¢
Fxternal  |MNofest 25kPa absolute to|25kPa ahsolute fo | 25kPa absolute to| 25kPa absolute to | 25kPa absolute to | Special test
pressure atmospheric  |2MPaaboolute  |7MPaabsolute  |70MPa absolute | 170MPa absclute
Impact  |Motest 50q from L mor |200q from 1 m or {2k from Imor |5 kg from L mor |20kg from 1 m or |Special test
equivalent equivalent equivalent equivalent equivalznt
imparted energy |imparted energy |imparted energy |imparted energy (imparted energy
Vibration [ Mo test 3 times 10min 25 |3 times 10min 25 (3 times 30min | Mot used Mot used Special test
to 500Hz at to 50Hz at 25 to B0z at
4oms? (Sq,0%  |49m/s* (5o, |1.5mm amplitudz
and 50to90Hz | peak to peak and
at 0.635mm 80 fo 2000Hz at
ampltude peak  |196m/s? 20g,)"
to peak and
Hto §E'E'H2 at
96mjs’ (5a,)"
Puncture  |Motest 1gfrom Imor |10 from imor |50gfrom L mor |300g from L mor |1 kg from L m or | Special test
equivalent equivalznt equivalent equivalent equivalent
imparted energy |imparted energy |imparted energy |imparted energy (imparted energy




Objectives for NRC Well Logging
Sealed Sources Presentation

Introduce and review:

 What are the commonly used radioisotopes?
 Where do they come from?

« How are sources made?

 What are the important Source Design Principles?
 What Specifications apply?

 How are these tested & managed?

 Who is responsible?

» Regulatory, Manufacturers, End-Users



Questions?
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