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Presentation Overview

Part 1: Soi1l Sampling

* Determining Need for Sampling
e Identification of Sampling Locations

e Samp|
e Samp]
e Samp|
e Samp|

e Size
ing Frequency

e Samp]

e Preparation; homogeneous mix

e Transfer, tracking, and chain of custody
e Screening; prevent cross contamination
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Presentation Overview

Part 2: Sample Analysis Using Gamma
Spectroscopy

« Components of a Basic Gamma Spectroscopy
Setup

e Impact of Detector Size on Spectrum Features

* Impact of Surrounding Material/Shielding on
Spectrum Features

» Combined Impacts of Detector Size and
Surrounding Material/Shielding on Spectrum
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Presentation Overview

Part 2: Sample Analysis Using Gamma
Spectroscopy

* Impacts of Back Scatter of High Energy Gammas

and Source Strength on Spectrum
* Detector Energy Calibration
 Detector Efficiency Calibration
* Analysis Software (routines)
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Soi1l Sampling

Determining Need for Sampling

 Historical data or Knowledge Indicate Potential for

Presence of Radiological Contamination in Soil

— Mining Activity Sites, past or current

—Radioactive Material Production or Processing, past or current
— Nuclear Power Generation Site, past or current

— Disposal or Storage Site, past or current

—Regulatory Requirement

— Others

 Establishing Background, Baseline
 Others
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Soi1l Sampling

Identification of Sampling Locations

1. Perform a Survey

 Start with Setting up a Grid
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Soi1l Sampling

Identification of Sampling Locations

. Perform a Survey

* Surveying Technique: Depends on Area Size,
Terrain, and Available Equipment
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Soi1l Sampling

Identification of Sampling Locations

1. Perform a Survey

— Manual (walk-over or Stationary) Survey

o Hand-held portable Gamma detectors, Nal(T1) Gross
Gamma

o Hand-held portable Gamma detectors, Nal(Tl) Single
Channel Gamma

o Hand-held portable Gamma detectors, Nal(Tl) MCA

o Any of above using high resolution GE detector
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Soi1l Sampling

Identification of Sampling Locations

1. Perform a Survey
— Manual (Stationary) Survey
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Soi1l Sampling

Identification of Sampling Locations

1. Perform a Survey
— Mobile (All-Terrain Vehicle - ATV)
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Soi1l Sampling

Identification of Sampling Locations

1. Perform a Survey
— Arnal Survey

Note: Results could be season dependent: Soil Moisture Content

2. Random Samples Analyzed in Lab and
Correlation with Survey Results 1s Developed
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Soi1l Sampling

Sample Size

Sample Size Depends on:
Analysis Technique

Required Accuracy

Distribution of Contaminant in Soil

Can be Dictated by Regulation
Others
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Soi1l Sampling

Frequency

Frequency: Depends, among other factors, on:

» Expected variation in concentration

 Impact of seasonal changes
on concentration

* Regulatory Requirements
 Others
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Soi1l Sampling

Sample transfer, tracking, and chain of custody

» Pack samples properly to avoid cross contamination
and to protect the integrity of sample
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Soi1l Sampling

Sample transfer, tracking, and chain of custody

* Log movement of sample to ensure it can be
located during the different stages of transfer
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Soi1l Sampling

Sample transfer, tracking, and chain of custody

Sample Transfer, tracking, and chain of custody

« Sample shipper should provide for acknowledgement of transfer by the
deliverers and recipients

« Sample collection information (location, time and date, ID number, etc)
shall accompany the sample during the transfer
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Soi1l Sampling

Sample Screening, Prevent Cross Contamination

Screen sample; prevent cross contamination

« Samples shall be screened for activity level so that proper equipment are
used for sample preparation, grinding and mixing

highly contaminated samples are no introduced into low level sample
prep equipment and counting systems
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Soi1l Sampling

Sample Preparation; Homogeneous Mix

Sample Preparation

 Homogeneous mixing of the sample prior to

counting/analysis 1s a crucial requirement because:
— Almost all calibration soil standards used for calibration of counting
system are homogeneous;
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Soi1l Sampling

Sample Preparation; Homogeneous Mix

Sample Preparation

 Homogeneous mixing of the sample prior to counting/analysis is a
crucial requirement because:
— Calibration of counting systems for non-homogeneous sample are
very expensive and results will have much larger errors.
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Part 2

Sample Analysis Using Gamma Spectroscopy
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Sample Analysis Using Gamma Spectroscopy

Components of a Basic Gamma Spectroscopy Setup

Multichannel

Sample -
p analyzer
' 4
\ 4
Detector Preamplifier [~» Amplifier }H—

Data Acquisition

and
Analysis Computer

| N a— +

High-voltage . 7
power supply Oscilloscope
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Sample Analysis Using Gamma Spectroscopy

Impact of Detector Size on Spectrum Features

Photoelectric
absorption

Escaping scattered
gamma ray

Single Compton scattering

Pair production

Escaping annihilation
photons

"“Photapeak,’

hy < 2 mge? Ay >> 2 m,c? or full—energy
———
peak
dN. Photopeak, Y “Double
dE \_/ full—energy dE escap:
peak pea
Comptory
cont,
Compton continuum
/ ] |
hv E thy—2myc?) hv g
Compton edge Small Size Detector
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Sample Analysis Using Gamma Spectroscopy

Impact of Detector Size on Spectrum Features

aN Full—energy
dE peak

Photoelectric abs.

Compton
scattering

Large Size Detector
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Sample Analysis Using Gamma Spectroscopy

Impact of Detector Size on Spectrum Features

Photoelectric
absorption

Medium Size
Detector

Compton
scattering

Escaping multiply scattered
gamma ray

Photoelectric
absorption

production
Single escaping
annihilation photon Ry < 2m062
\
hv >> 2myc?
Full-
energy
Fuil— dN peak
energy dE
N \/]\
£
/ hv E
(hv—mgc?) l hv E Multiple
Multiple Compton
Compton events
events
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Sample Analysis Using Gamma Spectroscopy
Impact of Surrounding Material/Shielding on spectrum features

Primary Interactions That Affect the Response Curves of Nal(TlI)
Scintillation or Ge Detector.

(1) Photoelectric Interaction

Shietdi
(2) Compton Interaction e y
(3) Pair Production o~

HPbK (2)

Photoelectric absorption LinRoy
Characteristic
/ X—ray

y v — NN
\ \'V\ Bremsstrahtung
Compton
scattering

annihilation
photons, O.5li mev

Source

o
. Annihilation
pgp:% photons
j JN
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Sample Analysis Using Gamma Spectroscopy

Impact of Surrounding Material/Shielding on spectrum features

An Example of Impact on a Nal(Tl) Spectrum. The Impact on a High
Resolution Detector Spectrum Will Be Similar.

& O
Photoelectric absorption dE l
Characteristic X—ray !
‘V/- Xeoray peak Backscatter peak |
I " A @
Compton | @ Annihilation P
) scattering peak _ ——

Detector
T —— — — —— -

e
. Annihilation

P

pm photons

Source

e )

| l

~02  0511MeV 5

(1) Photoelectric Interaction; (2) Compton Interaction; (3) Pair Production

In addition to the expected spectrum (dashed line), effects of surrounding appear as peaks
in the spectrum.
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Sample Analysis Using Gamma Spectroscopy

Combined Impacts of Detector Size and Surrounding Material/Shielding

I I ; I | | | Ll |

BAl 2.27 min
Distance 3.5 cm
Absorber 345 mg/em?2Be
0.99 keV/channel

G.L.18

1778.9

Surr. Material

Detector Size

Relative counting rate
|

" hremsstrahlung 2.8MeV 5~
1

Channet number

Example 1
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Sample Analysis Using Gamma Spectroscopy

Combined Impacts of Detector Size and Surrounding Material/Shielding

1T 17 T 1T 1T 71 :g 7t v 1T
©
- 3 . ™ —
18 cm’ Ge(Li) 2 Detector Size #Na 15.0h
\ ) Distance 1 cm
| , Absorber 945 mg/cm?Be -
i - 0.96 keV/channel"
gl - G.L. 18 —
(=]
sl —
E ©
5] P
Q [Ty -
3 N
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3| 94 © -
|8 = @
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I T I | . y
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Channel number ‘
Example 2
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Sample Analysis Using Gamma Spectroscopy

Impacts of Back Scatter of High Energy Gammas and Source Strength on
Spectrum

When Gamma Energy >> m,c?/2, and 6 = &
A backscatter peak in the vicinity of 200 — 250 KeV.

Source Strength/Cascade Gamma Emission => Sum Peak
At Very High count rates, when counting “ multiple cascade
emitters”, there 1s potential for summation of energies from
coincident detection of two or more gamma rays 1in the
detector. This will result 1n the recording of gamma peaks
with energies equivalent to the sum of the energies. In
environmental samples of low activity the “ multiple cascade
emitters” are the main contributors to this effect.
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Sample Analysis Using Gamma Spectroscopy
Impacts of High Source Strength on Spectrum — Sum Peak

& | 100FTTITTTIT VT TR I NI T I TR v TTITI T I I I eTrTd

Eq 90 %o 53y | —]
1 300 mg/cm?Be
7 80 Geometry 40% _
| 1 Div. = 59,2 keV
Ep E71=EA_EB; 70
Q
T2 ETz = EB E
o 60
£ P
d -
Ground state S 50
Simplified nuclear decay S S
13
scheme that can lead to 2 40 e
c c o |12 “'l/n\_ E
summation effect in the 2 30 e - 3
gamma spectra. The ~ ‘[Q v |3
c z 20 N X8 =
intermediate state (at Ep) - lk .
o n
must be short lived 10 | i
compared to the time- ol it g e e PR et
resolution of the detector. Energy ——>-

Experimentally measured spectra from ®°Co. The sum peak appears at
2500 KeV (sum of 1170 KeV and 1330 KeV gamma rays).
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Sample Analysis Using Gamma Spectroscopy
Energy Calibration

Reference Isotopes / Reference Standards for Energy Calibration

Source Energy (keV) Source Energy (keV)
Mam 59.536 + 0.001 192f, 468.060 + 0.010
nCd 88.034 + 0.010 Annihilation  511.003 + 0.002
- Ta 100.106 + 0.001 ooB 569.690 + 0.030
TCo 122.046 + 0.020 Tl 583.139 + 0.023
Ce 133.503 + 0.020 Ir 604.378 + 0.020
ICo 136.465 + 0.020 1921, 612.430 + 0.020
141 145.442 + 0.010 3¢ 661.615 + 0.030
18219 152.435 + 0.004 4Mn 834.840 + 0.050
12203 165.852 + 0.010 zf)jY 898.023 + 0.065
" Ta 179.393 + 0.003 . Bi 1063.655 + 0.040
. Ta 222,110 + 0.003 "Co 1173.231 + 0.030
Pb 238.624 + 0.008 Na 1274.550 + 0.040
f‘;;ng 279.179 + 0.010 1‘;:’)co 1332.508 + 0.015
e 295.938 + 0.010 ooLa 1596.200 + 0.040
lr 308.440 + 0.010 sb 1691.022 + 0.040
Ir 316.490 + 0.010 oY 1836.127 + 0.050
ol 364.491 + 0.015 Tl 2614.708 + 0.050
‘Au 411.792 + 0.008 Na 2754.142 + 0.060
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Sample Analysis Using Gamma Spectroscopy
Energy Calibration

When a mixed standard or a standard with multiple
gamma energies 1s used, a least square fitting 1s
applied to drive the calibration function. This 1s the
approach used by all commercially available gamma
spectroscopy software.

Clearly, the “geometry configuration” of calibration
standard shall match that of the sample.
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Sample Analysis Using Gamma Spectroscopy

Efficiency Calibration

Reference Isotopes / Reference Standards = — AT
for Efficiency Calibration Nuclide T, (keV) (%) (%)
N ”Na 260 y 12745 99.95 0.0
Eﬂergy 152E Yy Relative *Na 150 h ;’;‘gﬁg 1(9)8'25 8.8
(+] { 1 . A
( - 23 — Intensity “gc 837 d 889.2 99.98 ° 0.0
. . +4c o 1120.5 99.99 0.0
244.7 366 +1.1 *Mn 3125 d 8348 . 99.98 0.0
344.3 1272 +13 *Co M 4 14.4 9.6 ‘1.0
367.8 41 ] 122.1 85.6 0.3
411.1 10 7? i 3(1)‘1‘ “Co 527y 1173.2 99.88 0.0
4440 1500 + 0.15 13325 9998 - 00
' 0 10, BSr 648 d 13.4 50.7 1.5
488.7 1.984 + 0.023 . 514.0 99.28 0.0
586.3 224 +0.05 8y 1066 d 142 525 15
678.6 2.296 + 0.028 ‘ 1836.1 99.4 02
688.7 412 +0.04 *Nb 3515 d 765.8 99.80 0.0
778.9 626 +06 80 1152 d 24.1 79.5 2.0
867.4 2054 +021 By 8.02d 364.5 82.4 0.5
964.0 704 +0.7 Ve 206 y 604.6 97.5 02
1005.1 357 007 Pies 300 y 31.26/1326.2 82.«354 (2).2
1085, . ' 4
10839, 43'36 :it 8'39,, Ce 1376 d © 33.0/334 64.1 2.0
11121 650 ‘ ) 165.8 80.0 0.4
y O +07 Wice 325 d 35.6,/36.0 12.6 20
1212.9 6.67 + 0.07 1455 48.4 0.9
1299.1 776 + 0.08 1407 2 4027 h 1596.6 95.6 0.3
1323'2 1000 +10 ;’):Au' 2.696 d 411.8 95.53 0.1
X 2.52 + 0.09 03y 466 d 70.8/72.9 101 15
C2192 81.3 0.2
“In order to use this line, no '**Eu should be *Am 432 y 59.5 36.0 1.0
present. : . . . '
*Not intended for use in calibrations because . :I : Gamma-ray' pho?on yleld per disintegration.
' of the proximity to the more intense nearby AI/I. Uncertainty in yield figure. o
energy. = — s i i — — = e —
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Sample Analysis Using Gamma Spectroscopy
Efficiency Calibration

e Efficiency calibration shall be done to match the
geometry and media / matrix of samples to be
analyzed.

* Typically, there are several efficiency calibration files
for each sample type (air filters, soil samples, water
samples, etc) to match the sample size and geometry.

 The efficiency calibration shall include correction for
self-absorption and any other attenuations due to the
sample holders and surrounding material.
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Sample Analysis Using Gamma Spectroscopy
Efficiency Ge(L1)
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INTERNATIONAL
SECURITY PROGRAMS

Sample Analysis Using Gamma Spectroscopy

Efficiency Ge(L1) vs Distance
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Sample Analysis Using Gamma Spectroscopy

Analysis Software

USER ACTION - COMPUTER ROUTINE DATA FILE
L, Control Info‘1————4 . Input |<———4 Spectra
1 t Calibration Previous
npu Ei{x), W({x) Calibration

I Edit List r___4ﬁPeak Location

[ Edit List |———'| Peak Region

I Analyze Peaks

Peak Shape
Parameters

Decay Data

Identify Subset
Edit List I—h Nuclides Present Paront—Daushter
Relations
Secondary Peaks
To-Be—-Fit Detector
Efficiency

Secondary Peaks

Analysis Decay Data

Library

et 1A

Nuclide Identifi-
cation of Peaks

Nuclide
Interferences

St

L= Activity Detector Sandia
i ) . Calculation Efficiency National
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Reporting: General

Procedures must be established for management of all records
associated with receipt, preparation, analyses, and disposal of
samples and their derivatives:

1. These include the creation, distribution, use, maintenance, and
disposition of the records.

2. The procedures are designed to comply with all applicable rules and
regulations, such as local and state regulations, and the institution’s
procedures.

3. They provide for the systematic control of information (from creation to
disposition) generated by any of the laboratory’s information systems or
media: paper, microfilm, or electronic.
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Reporting: Gamma Spectroscopy Data (1)

The Gamma Spectroscopy Analysis report should, as a minimum,
include:
*Sample information:

Description, Identification number (code), Collection Date and Time,
Location of Collection

*Analysis information:

Date, time, and location (Iab name) of analysis

Detector name, Identification number(code)

Calibration files (energy, efficiency, geometry), QC files (daily / weekly
check files)

Minimum Detection Levels, MDL, (units must be consistent with the
reported results for the sample), Decision Level, DL, for each nuclide
analyzed

Volume, weight, or quantity of the sample

Counting time
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Reporting: Gamma Spectroscopy Data (2)

The Gamma Spectroscopy Analysis report should, as a
minimum, include:
* Analysis Results:

- Calculated concentration or activity values in the units requested by
the customer, Estimates of the uncertainty in the calculated
concentration or activity
- Identify the results that are below the MDA or DL

. Analyst and QA Review:
- Name and signature of the analyst (dated)
- Name and Signature of the QA reviewer (dated)

e Others

- Other information requested by the customer per contract agreement
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