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TECHNICAL BASIS DOCUl\IE1'iT OF MARSSIM FIELD CALIBRATION FOR
QUANTI.1CATION OF CS-137 VOLUMETRICALLV CONTAM INATED SOILS

IN THE BC CONTROLLED AREA USI:"lG A 4X4XI6 I:>iCH SODIUM IODIDE
DETECTOR

L.'ITRODUCT10N

The purpose of tnis paper is to provid e the Technical Basis and Documentation for Field
Calibrat ions of rad iation me asurement equipment for use in tne MARSSIM Seeping Surveys of
tne BC Control led Area (BCCA). The Be Controlled Area is bounded on tt1e north by (but does
not it'Iclude) the BC Cribs & Trercnesand is bounded on Ina south by Army Loop Road. Parts of
the Be Controlled Area are posted as a Contamination Area and tne rema inder is posted as a
Soil ccotemlnancn Area. 'r ne area is a;lproximately 13 square m iles and divided into three zones
(Zone A , ZOne B. and Zone C). A map from reference 1 which shows tne 3 zone s is attached.
The MAR SSI M Scoping Surveys are intende d 10 better identify the bouncarjes of the three zones
based on l.t'.e voll.lJ'retric(PCi/g) comammancn levels in the so il. The MARSSIM Field Calibration.
re'eeece 2. of radiation survey jnsmjme-netson will determine the Minimum Detectab.e
Concen~ion (MOe) and an algonthm fer converting counts to pCi/g . The instrumentat'on and
corresponding results are not intended for occupal ional rad:al ion protection decisions or for 1:e
release of property per DOE Order 5400.5.

Based on the observed beta-gamma to alpha ratio , alpha surveys of the BC cribs and trenches,
and the surround ing area are not required. The primal)' isotopes of concern are C s-137 and Sr­
90 . Oth er isotopes are found only in trace amounts and are not considered 10 be s ignificant
Althoug h the Cs:Sr ratio may ....ary, Doth isotopes are present In all samples analyzed and found
to be above background. This Cs tag allows the MARSSIM Sco ping Surveys to be performed
with gam maooOnly detection instrumentation. The calcul ated Cs-137 concentrations and survey
locations will be used to identify the 41 and 12 pCilg concentration boundary lines.

Evaluat ion of Current Conce ptual Model and Zone Designations for BC Controlled Area .

• Current model has Zone A as most contaminated area with noarly continuous elevated
radiological activity in surface soils. Assumed a remedi al actlcn will be needed in this
zone. So il concentrations of CS-137 ? 41 pCilg ,

• Zone 8 is transitional in contamination levels and distribution of contaminat ion. Some hot
spots may be disse minated in the zone , particular ly M ar Zone A boundary . Soil
concentrations of Cs-137 are between 41 pCifg and 12 pCilg.

• Zone C is assumed to not to be contaminated above background levels. There are
potent ial hot spats where anima! scat was deposited. Soli concentrations of Cs-137~12

pC' g.

Reference 3 provides extensive cocumentation for the area. In the lale 1950s through 1965
enmel intrusion into the southern-most Be Trenches spread contaminat ion from the area. An
asphan pad was placed over approximately 2/3rds of trench 216-8-28 . In 1969 about 60,000 yd2
of sand end gra\lel were u sed to cover and stabilize the Be Trenches halting the spread of
corr.amine:ion from these sources by animals . In tt:e tate 1970s and eart)l 19BOs stabilization
measures ltlal had been taken in the 1960s f ailed and ccntemnatco was spreading primarily due
to ccnta -noeteo tumbleweed s. In 19B1 the ent ire area of the cribS eoe trenches was covered
with abOut 2 feet of soil and rese eded wtn veqetancn designed to res ist tumbleweed growth .
This stabi lization was jucged to be effective on ire surface of tre crib . Contamination Transfer
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Surveys of the BC Cribs in late 2004 found only one small area with transferable radioactive
material on the surface of the Be Cribs and Trenches .

Current Conceptual Site Model Showing Contamination Zones Within the Be Controlled Area

Core Zone
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MATERIALS & METHODS

Actualconlamin~ed so li collected fromthe Be Controlled Art":a wa~ used as the source far fIe!d
calibration of radio log ical survey ins'ruments 10 be used in the MARSSIM Scoplng Surveys. Using
a GM instrument, hotspots were loca ted w ith in the Be Controlled Area. The hottest of these
locations confain the highest levels of contamination and were used as source material. As
expected, the highestle\f8ls of contamination were located in Zone A. Once a hotspot was
located, the contaminated soil was collected (shoveled) into a plastic 5 gallon bucket and
transferred into a 55 gallon drum at the end of each shift , or whenever the plastic bucket became
too full or heavy to hand le .

The 55 gallon drum was moved to the Re T trailer near the southern boundary of the Be
Controlledarea.This trsiler was used BSa staging area for Field Calibration and MDe
determination acttvtttes. Source preparation, baCkground measurements, and fiel d calibration
measurements were all performed in this vicinity.

The contammaied soils were trans terred to large tubS Insice the trailer where it was dried and
thoroughly mixed. Large rocks and other detlris were remove<:! from the contarr.lnated Ani during
the mixing process. The m ixi'lg dryi ng and sieving process continued until a un iform "source"
material was created. On ce direct measureme nts and tape presses confinned the "source"
materia l was uniformly mixed . sam ples were taken and sent to the lab fOf analysts.

The poly sample bottles used for samples sent to lab feegamma-spec analysis were also used for
calibnrio~ sources. The 3" X 3- X 5 % " poly bott'es were filed with the umtorm source malerial .
These containers will be used 8$ cafibration sources for the MARSSIM Field Calioration of
radiological survey instrumentation. The resulls of the laboratoryanalysis Will be used to
determine the isotopic content of the ca libration sources . Any unused source mete rial was
returned to the barrel.

A 4 X 4 X 16 inch NaTDetector, property tag # WD33787 was attached to an Orrec DigiBase
Multichannel Analyzer. Ortec Search System Software was loaded onto aPanasonic Toughbook
Laptop Computer , property tag # 'WD46885 to complete the instrument. Sodium Iodide (Nal)
crystal gamma scintillators are primarily used for detecting high energy radiation in the range of
60 keY - 2 MeV. Some common applications for this type of detector include background
radiation monitoring. high sensitivity surveying, and spectrum analysis when used in conjunction
with a single or multi channel analyzer. These probes are only used to detect pbotons, but they
may be sensitive to high energy beta radiation as well. The detectors are typically calibrated for
Cs-137 (> 300 KeV Gamma). Because ofl:he1.r large signal and high gamma efficier.cy, these
detectors can be used to detect gamma contamination with a high level ofsensitivity. These
detectors are typically used for the qualitative detection of contamination and not for the
quantitative measurement of theamount of contamination.

The entire instrument wasmounted on a 101m Deere Gator. The Detector and Multichannel
Analyzer were mounted to the rear of the Gator in a metal box. The detector was positioned with
the 16 inch side parallel to thesurface ofthe ground and the rear of tbeGator. Foam rubber
cushioned the detector from mechanical shock, and a cooling system removed excess heat away
from the Ortec DigiBase Multichannel Analyzer. The detector was shielded with lead on the top,
sides, and one end to reduce unwanted background radiation and focus the Instrument for the
detection of ground contamination. The laptop computer was mounted in the cab of the Gator.

'-- '- '" _._ - - - - - - - - - - -
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P.-'lARSSIM. Fjeld CaJib~ton Measuremerr.s were performed wi"J'l tne radio log ical survey
instrument as described above an d identified in Attachment 3. This instrument will be used to
perform the MARSSIM Scop ing Surveys of the BC Controlled hea and the MARSSIM f ield
Cal ibration allows for the quantitative measurement ofthe amount of contamination. These
measurements will be us ed with the laboratory isotopic ana lysis to determine the pCilg algorithm
and MD e for the radiological survey instru ments. MARSSIM allows for one-l ime field calibration
and does not require tha t this calibration be repeated. The instrument will be disassembled
follow ing the SeepingSurveys and any periodtc re-caJibration of the instrumentat ion is therefore
not reqused. Sbl sample botf es containing the "source"materi al tha t was ana lyzed by the
laboratory were used for the MAASSIM Field Calit::ration . The MDC calculation a nd conversion
fac".or ;a pply only to Cs concentrations . TIle tortes were buried side to side flush with tne grOt.Jnd
s:JcI'1 j"',at only the top side of the bottles were exposed . The source bottles, numbered 1 thru 6 e
bones were we :g,ed so th<tt the source s~en¢l cou ld be determined. Tbe bottom of the metal
box contatning the detector and mounted to me Gator was measured at 28 em from me ground
(46 ern to ee center of the eetectcr).

Two Methods were used for calibration purposes.

METHOD 1:

The Hotsp ot Program (developed by the Un iversity of Cal ifornia Lawrence Livermore National
laboratory under contract with the U.S. Department of Energy ) contains a sect ion devoted to
FIDLER calibration. The FIDLER program is used to calib rate CI FIDLER (Field Instrument for the
Deiedion of Low-Energy Radiation) for measurement of plutonium con tamination on me gound.
However, the tecnoqce can be applied to any instrument suitable for measuraq extenet
radiat ion level s and noo-pt utonium mbtores. e.g. a Nal detect ion system forsurveying 137Cs
g'OOnd contam ination . The FIDLER procedure descr ibes a methOd for calibrating a detector to
measu re surface contamlnatcn with a single·point check so urce. Six radial measu rement
posuons (0. 20. 40 . 60, BO. and 100cm) are recuiree tor this cali !:lrat;on procedure. A series of
measurements were taken by mov ing he detector ere gator to each radial dj~nce (0, 20. 40.
60,80, and 10Ocm). Ten one second counts were taken a l ea ch radial d istance. The Iota" full
spectrum, gross counts were recorded, convened to a 60 seco nd count total. and used for
calibrati on purposes. The primary goal of the calibration proce dure is to integrate the
instrument's counting ettlclency fo r an assumed uniform area contamination per square meter of
surface. This parameter is referred to as the areal counting effi ciency (Sa). This effi ciency differs
conside rably from the simple point-source ettlcency, wh ich is commonly used to determine an
instrument's ser ewny for locating sma ll 'polnt" sources. Here. we mus t account for the
instrument's ser.s iti\lity for ott-axis radia t ion sources and field of view .

The measurement results tak en wit '! the 4 X 4 x 16 inch Nal 1nstrument were analyzed us ing the
FIDLER cafibratonprogram. The FIDLER ana lysis results were then used as the bas is for
calculatng the MOe and uniform volumet ric contamination algorittlm. These are :he values
required by UARSS:M to ShO"N ihet the i~snJmentation is capable of measuring the necessary
pCi/g Javels as specified in romrence 1.

METHOD 2:

A series of direct measurements were performed and equiva len ts assumed . The six sources
were arrnnged in a 9" X 1 1" rectangle buried flush with the ground. The area was divided into 4
quadran ts with the detector centered in the m iddle of me quadrants. A series of four
measurements were taken in q~rant 1 as IUustraled below. Eacn measurement was made with
the s' X 11- source array. Therefore, queoreor t measures a lotal of ta- X 22". Q:Jadrant 1
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measurements are assumed to be equivalent to measurem ents that could have been (but were
mr.) performed in quadrants 2, 3. and 4. Cuadra"t 1 mea surements are a conservative measure
of source counts since the pt1olomultiplier tobe is located on th e quadrants 3 and 4 side of ttle
detector.

ad 4OU rant Quadrant 1

mmt2 mmt 4

mmt 1 mmt3

quadrant 3 quadrant 2

ASSUMPTIONS

All source material (contaminated soil) collected from tne BCCA, dried . and blended is unitorm.
The samples sent to Fluo r Hanford WESCF Analytical Ch emistry for analysts contains identical
volumetric contamination (actlvity/gram) as the soil remaining in the drum.

The 500 ml poly sam ple bottle sent to the lab for Cs·137 analysis measures 3" X 3" X 5 W , Six
of these bottles , fi lled with BCCA contaminated and characterized soil makes an appropriate
source for calibrat ing a 4 X 4 X 16 inch2X2 Nal detector at 28 (46) cm. Burying the source
bottles on Uieir sides to a depth 013 inches is assumed 10 be an accurate representauon of BCCA
eontaminaled soil.

FiDlER assumes that cor:tam ination lies entirely on the surface of the so il, cnaracteostic of newly
cepo siled activity. If significan t weathering h as occurred, a correction facto r is required to account
for the attenuation of me emitted photoes as a function of soil depth Th is correction fac:or sl'1ou ld
be based upon actual soi: sampe analyses. The source bontee as descrbed above and buried
on :h eir sides is assumed to account for weatherinG and the attenuation of emitted photons as a
function of soil depth (3 inches).

The Contamination is assumed to be uniform ly distributed in the soil to a depth of 3 inches or
equivalent to 7.5 om. With a soil density of 1.6 glee. 10,000 cm2/m2, and 7.5 em deep, the
uniform volumetric contamination is 120,000 91m2,

Instrumentation described above can be used for MARSSIM seoping surveys (pilot study) to
determine volumetric contamination, pCilg in the BCCA.
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RESULTS & DISCUSSION

Aslaly.lca l results from the soil samples sent to Fluor Hanford W SCF AIlslytical Chem sJy are
attached . The l a!:lOra~ory reported'

Cesium - 137
Stront ium - 89/90

530 pCil9 +/- 84 pCilg
460 pCilg +/- 69 pCilg

A Cesium : SttontiJm ratio of 1.15 is indcated by the samp le resu lts .

Since we know that !he Cs - 137 samp le mass was 923.2 grams (and tl1 at the sam e sam ple was
used as our source in thls cal ibration). then we ca lculate ine sourceactiVity as:

SOURCE ACTIVITY = (5529.0 g) (530 pCilg ) =2,930,370 pCi
OR

2.93uCi

METHOD 1:

The FIDLER prcpram was run for the source activity, Qeometry, and instrument using the average
of the ten 1 second , full spectrum, qross accum ulated counts at eecn radial position and at
backgrou nd with the source removed . The MARSSIM Field Calibration FIDL ER program results
printout is included as ATTACHMENT 3.

FIDLER results give us Detectio n Lim its and Efficiency which we were then able to use in
calCUletlng MAR$$IM Minimum Detectable Concentration ,MOe and the algori thm converting
counts lntc pCi/g for field m easurements. The calc ulation is given below,

Minimum Detectable Concentration =
Area Detection Limit of 3.7 E-2 uCi/m2 (1 E 6 pCiluCi)

Soil Volume of 120,000 g/m2

=0.308 pCUg

And the conversion/calibration algorithm =

Efficiency of 3.0 E 4 cpmluCilm2 (Area Detection Limit of 3.7 E-2 uCVm2)
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MDC of 0.308 pCi/g

= 3604 cpmlpCVg

OR

= 60 cps/pCl/g

METHOD2:

TMe four quadrant 1 measurements were made for tne source activi ty , geome try, and instrument
using the average of :he ten 1 second. full spectrum, gross aceumulaled counts al each position
eoo at background wi".h the source removes . Results (averages) are given below:

POSITION GROSS CPS - BKG CPS = NET CPS

=>

1
2
3
4

and

2714 942
1650 942
2057 942
1457 942
Total net CPS (a1/4 positions)

X 4 quadrants

1772
708
1115
515
4110

16,440 CPS

16,440 CPS
530 pCi/g

30 CPS/pCi/g

SUMMARY/CONCLUSION

MARSS IM Field Calibra tion resu'ts are used to give us a calculated MDC of 0.308 pCi/g and 60
c;>s/pCilg calibration fad er. The MARSSIM $coping Survey measurements in cps are divided by
the cali::Jration teeter (CPS!pCilg) to convert measurements Into volumetric contamination levels in
pC' g.

The field of view for the instrument wasestlmaied by mOVing a sample bottle forward, backward.
and side to side of the detector. The 0.308 pClIg MDC and 60 cps/pCilg calibration factor were

._-_._- - -
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considered. The instrument detected the source at - 1 meter distance front and back and at - 30
em side to side. The detector also saw the source along it's 16 inch. 41 cm length. Therefore,
the instrument's field of view can be approx imated as (41em + 30cm + 30 em) ( 100Crn + 100cm)
- = to 20,000 cm2 or 2 square meters when the Gator is stationary.

Surveys will be performed in the BCCA on a grid with a survey point every 1 second. GPS
equipment will be used to record location with the instrument readings. The cont inuous 1 second
counts along transect lines will be downloaded into EXCEL. Background counts are subtracted
from the gross counts to yield net counts above background. Dividing the nell second counts by
the cal ibration faclor of 60 cpslpCilg tums the data into pCilg. The final result is pCilg Cs-137
volumetrfc contamination for the measurement location.

Further sampling will be conducted in the BCCA to support and verify the surveys desaibed
above.

FIDDLER Error Analysis is summarized below

ERROR ANALYSIS

I
ERROR PERCENT SQUARE

SOURCE ANALYSIS 530 +1-
IWESCF) C$-,37 84 15.B 2496
FIDLER CAliBRATION
SDEV 1.6 2.6
SOURCE BOTTLE
MAXIMUM WEIGHT
DEVIATION FROM 922 +
AVERAGE 102 11.1 123.2

SUM OF THE SQUAR ES 375.4
SQUARE ROOT OF THE SUM OF THE SQUARES 19.40%

Analysis of known sources of error associated with the FIDDLER calibration indicate an error of
+1- 20%. The MARSSIM Field Calibration of the Gator Mounted 4 X 4 X 16 inch Na l detector
calculates an MOe of 0.3 pCilg and 60 cps/pCilg (+1- 20% error) . The Gator mounted instrument
is able to measure the 12 and 41 pCilg BCCA zone boundaries with >99% confid ence.

The direct measurement and equivalents method calculates 30 CPSJpCil9 over an area of 1.02
square meters. This is considered to be the most conservative number to calculate and measure
the 12 and 41 pCilg BCCA zone boundaries. The number we will use for this calibration is:

30 CPS/pCi/g

ATIACHMENTS

1. Chemistry results
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2, Hotspot Program, FIDLER Calibration Description

3. FI:JLER Fie!d caibration run
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Fleer Hanford
WSCF An~ytical Chem~try
P.O. B Oll: 1000
Richl:.nd, WA 99352
Tekl'J'IClne 373-7495
Telefax 372-0456

Memorandum

flNF.i 3M4, q{VO
l::a~.t 110; 5 "1

FLUOR

To:

From:

S. J. Trent AO-21 7IJIDIl.te:

S. 1. Fitzgerald, Manager J- .
WSCF Analytical Chemisev

M8 141-Sl.F.fJ6-062

March 28, 2006

cc: w/Atta chments
T. f . Dale
H. K. Meznerich
P. D. Mix
J, E. Trechter
File/l...B

53-30
S3·) 0
53-30
53·30

Subject: FINAL RESULTS FOR BC CONTROLLED AREA SAMPLE - SAMPLE DELIVERY
GROUP WSCF20060197 - SAF NUMBER F06-013

Reference: ( I) Groundwater Protection Prcgram- Leuer cf Instracticn, FH-EIS-2003·M,E.'\i ·OOI ,
October 3 1, 2002

(2) HNF-SD-CD-QAPP-017, Rev. 7, Waste Sarr.pling.&.Characterization Facility Quality
Ass urance Plan

This letter contains a narrative (Attaclunent J) fa r sample delivery group WSCF20060197, the analytical
re.s~lts (Attachment 2), and the sample receipt information (Attachment 3).

SLF/grf

AUachments 3

1 of 16

- - _ . _ .­. .------ -----
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Attachment 1
Narrative

Sarnole DeUverv GraUD WSCF20060197
Samole Malrix SOIL
Sample Visual N/A
SAFNumber F06-013
Data Deliverable Summa rv Reoort

Introduction

One (I) BC Controlled Area sample (BI HTJ7) was received at the WSCF Laboratory on March
21,2006. The sample was analyzed for the analyte ir.dicated on the attached copy of the chain of
custody (CaC) fonn in accordance with the Groundwater Remediation Program - Letter of
Instruction, referenced in the cover letter.

The narrative (Attachment 1) will address sample characteristics, analyses requested and general
information in performance of the analytical methods. A Data Summary Report (Attachment2)
includes analytical results, 8 comment report detailing method abnormalities, tentatively
identifiedpeaks if applicable, method references,and Laboratory QC information. Copies of tbe
chainof custody and sample receipt are included as Attachment 3.

Analytical Method QloQ for Requested AnaOOes

Refer to WSCF Method References Report, page JJ. for a complete listing ofapproved
analytical methods.

RadilXhemh:-.1 Comments

RadChem - There are no hold times associated with WSCF radiochemical methods . A Blank,
Laboratory Control Sample and Duplicate QC sample were analyzed with each delivery group
per the GRP Letter of Instruction. See page &for QC details.

All QC controls are within established limits.

This SummaryReport is in compliance with the SOW,both technically and for completeness.
Release of the data contained in this hard copy report has been authorized by the WSCF
Laboratory Analytical Manager and Client Services, as verified by the following signature.

tf~&. ".:
Pauline D. Mix
WSCF Client Services

1

._ -----

3 of 16
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Abbreviation.s
Hi -memay
Ie - ionchromatography
ICP- indlKlIvdy coupled pluma
ICP/AES-!CP/alomicemission spectrosc0p)'
ICPIMS - ICPIn:ass. !lpectrmleD')'
Total tJ - toll l W'&l':iarn
ATfTB - totl! alpha/tolal beta
AEA - Alpha Energy Anal ysis
WTPH-G - Total Hydrocarbons-Oasol ine

2

Am- americium
em-eunum
Pu- plutonium
Np- neptunium
GliA - galtlrr..ae:toer~ a.lilll y~is

H3 - Tritium
Sr - Strontium 89, 90
WrPH-D - Total Hydroc arbons- Diesel
TSS - Total Sus:pcnd~d Sohds

4 of 16
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WSCF
ANALYTICAL RESULTS REPORT

Cor

Groundwater Remediation Program

RicbJand, WA 99354

~
~

~

••
~

~••­•-

Attention: Steve Trent

'"a
~

'"

All usldrsarerqHmNJ onan 'as ftceiv~d· basis unlessotherwise nOrM in the commmt section,

CONT'lOl..l.EO VSE lI*OAMATlOot: TN NCil:>ie ni ol ltlil '*l'O" 10M the ,,~IV 10 JIlOMCI ...., W" V\'¥d 111e _ sud .........._ 1'0... un­

....u"oJol$ll d',~",. or mis use . T~I I II'l'or"",OOn is inI,nded for ,"" ..... ot th, iO/d... .... MIy, If t~. ,..d•• of thi, rr port II na t the "".fldCl'! reeip!.M

or .. II<lt ...t""",lId by Ihc nw:;pIMl t 10 ,....... l~. '1IPfl", '1'011'" Mr"., lIot n.W th.t ...., diu e""" . ,Ofl, "'~ib",ion or coll'llinoollbl1 " P'lfl

" I U"'l/y'pmhlbolOid. II yau~ ' _ 'lIed !hill NflOft'In ..rl)(. pr,. .. no" r., WS~ L.rxJ 'I10l"l' imme<li.'.r., by .",",pllane . 1~l 31 3.7020 or (5091 53 1-8004,

WSCJ' wiJll'IQl idfIncitv """'1"'_ " PC' ''' ••OWe-! 01. Only IOUOI or S_il:;\f, . T~I cl. u il ;c.o tiol1 l'Ulll boo d"' ''''''''. d ~ ., lht o~r ct the ,.tnl

Conlrac<#: FH-ElS-2003-MEM-001
Repor1A: WSCF20060197
Report Date: 27-mar-2006
Repo" WGPPh , r. J.J
Groundwater ROTII'dial ion. Program PaSt I

1; ~

~ ~
~ ~

""~-~

~~
<;
'::>



WSCI<'
ANALYTICAl, RESULTS REPORT

i
"w
~

••
~

Sample I CUmc m CASI
RidiOclJf'il.i[~ry

WOlll,)OO()4711 8 11~ TJ7 TRENT l 0045·9J·3

W()1I000CH~ II1MTJ7 ' 'U'HI e.t.c

Attentiun:
Projn:t:

Steve Trent
F06-013: F06-013

Test Pcrlormc:d

CI.lum- IJ ]

c..I J7 Alii. eo."" t [ffOr (GEAI

Group#: WSCF20060197

WSO'
Malrlx Method RQ Raul. Vail DF MoL AllalyuSample Rf!l'rive

SOIL LA·Wf..UII ." pC"~'1I ' 00 0 .11 03l2 2101l G3/2110l5 Ol/2 11Ol'1

SO>< LA_506-4IU .. .. 0<0. ..00 0.' 03tZ2IQIl Q312110ll 03/2 110&

~••"•"

""Q--OJ

MDL""Mfl'li.nlUfU DecedlOD Limit
RQ:cKeilllI Qualil"1ft'

n.·..Di l\aflon Factor"
• • !""lea, •• ,........,. INoI 1>0... HOT b.... " .lid.ted ;

Rrpon WGPPlwr. J.3
Grolt!WlWlItr Rtmtdialioo Program

+ • Irldic. ,u ........ ,~ ... Ii", qual,f.., . yrrbtl i.

PQgr 2

":>">::
"'':;':
~t:

..... W
"l ~~

~~
(j, '

"'~
<,
<>



WSCF ANALYTICAL LABORATORY QC REPORT

SDG Number: WSCF20060J97 SAP Number: R>6-013
Matrix: SaU D Sample Date: 03/2 1/06
Test: Gamma Energy Analysis-grd H2O Receive Datc:03/21/06

QC Anal"" Lo_ UP'"
Tn>< Analyle CAS' QC Found QCV;dd UnJ(s Date Limit Limit RQ

lab 10: W060000476
BATCHQCASSOCIATED WITH SAMPLE

"'"' Cu luro>.13' l 004!> U .3 5 .32e +0 2 c. ree "'" OJ"''''' 0.<>"" "'.000

BATCII QC
...." C. l i.......l37 10045-117·3 U-3.1.4 "" ""~

01122106 -tc.oco 1000.000

,cs c.......... 131 1()(14$ .91. ;J 4. 01 . + 03 1U .OII ._~ (l J/22J08 eo000 120,000

CD Rep CI\ ... 1J Il"IIrw.. .5. !i o 1

o 27 ,"",,",XlOll Oll:Jlb U--Ol

~ ;:

!S ~u.. ....
r Go
;;",~

",~ ,
-;. .
C)

~
~

~

••
~

~•••
"•"



WSCF
ANALYTICAL COMMENT REPORT

~
~

~

~

Atteatloo:
l'rojert Number

Sample' CUmt m Lab Atl'2 Test COllllDl'Dt

Group #: 200601 97
~

~••
~
"•"

T"'~ <e-' ""'r ftOl t.- "'P""'-. •-<cept in ill "",...,... wi l h.owl "'. ""i,,.," apf)Ioyai o r ,~ VVM:!' l.Oboo'1UO'l' .

Lab Areas: VALGROUP - Group Validation
LOGSA.\.f.P - Login for Sample

'"o wgp pel1-~
'"

RIPQI'(' ; 200001111 Ite.,orl nlto· n ·m.,·2008

VAl.TEST - TC~1 Validation
LOGTEST - Login for Tests

TESTDATA - T",' Data Entry

..,.
""S'~ '
'f " .--.. ,-,
""'~~ ~

~~
-e,

C



WSCF
TENTATIVELY IDENTIFIED PEAK REPORT

Attention: Steve Trent Group #: WSCF20060197
Project Number Rl6-0 13 :Rl6-013

Sampkl ClientID Ted: N.mt Peak Name CASI RT RQ Re..u.It Units

'l'l'06OOt'0471 "HlP "".. e;......., !OW<O'l' ....~'1l,,'1 H2O 1(40 eo..., "n"" .. •
W06OOOO41S 111HTJ7 TRE tIT 0 """", r fttlrgy AII.IYS"-grd H2O AC·228 Count erlO' " •
W0600lJl)t111 1I1HTJ' TRENT G,""", £........, "''''''y,;,-g' d H2O RA·2 211 COUfll £..or 31 •
W06(l(J;;I()4711 11 1"'1'.17 me.. 6 ;1' "'''' f_"" AlWl'vlis-gld H2O "'C·228 . 00 ,,0;,
'M)fj()()O()oIn BIHTJ7 t RENT o-' l n", gy ....'u olyl i$-gr(l H2O ""'·228 .00 l'Cilg
WOll000fl4711 81HtJ7 ""NT GiI/IIm' EMI'W AnilvsoI-grd H2O ,." " "Citg

~
"•
~

••
~

~•••
"•"

RQ=ReiUlt QUalifier

r "" _ l"..,'.'" boo ..~. ".C1lIl' lo> In tnt"ely wilh<>ul It>ew,,"~n _ oval o f . .... WSC1' L .t:>or ~.ory _

0: Groundwaltr Rmredimi()fl PrDSratrl
o W(lf"P! v I ,' ~ 'p<lrI'" 2OO!llJ19J lI'W'l Oil l; 2 7·.....·llXJO-~en

'''.

1:~

~ ~
;.'"
"' ~~ ~ ;

~~<..
C



WSCF
METHOD REFERENCES REPORT

The rnWt1plOvidcld ira this report were ga'lCfated lUifig 11K following WSCF Ll bol1llory procedurea, Foryour cofl1lCDicnce. this table ptO\-;dcs a listifiAof
!.be regulatoryor in4ll$try methods tha t are refereeced by each of these WSCF pl'O«durcs. Please note thai lhe most receu vr:n:ion of the regu[iltoryor
induslt)' tlEthod is listed here even though !he WSCF prccecure may referencean older version of the method . AJso, a reference 10a regulalory or induslry
method here docs DOt neeesssrily indicate a verbenm iruplementation of wt tttthod.

~
""
~

~

~

~••
~
"•"

LA·SCJ8.481 LA·S08-481 : GAMMA ENERGY ANALYSIS USING PROCOUNT SOFlWARE
NOlIe No reference ro any indwlry methOd.

Note : A-C(j rnplete list of WSCF analytical proCedures and referenced n:&ulatory or industry metllods is available on.l iuc I I
\\.¥106Wpdor.s\WSCF\Samp1e Mgml:\ProccdureMeIhodCrossRd ermce.pdf. lbis docurnmt incJuda en-line
lInb 10 11J1I·k,xt versions of ee proceCW"eS and methods. where av~l.able.

Rep<><t 0"" l1.....2Q:IG

:: Reppn', WSCJ'2OOeOlf17

o ROII"'l W(j~1O-~en

p,,.

1i: ~"-"' ",c- .
\>J

~~
~~ :

~,*, .
-e,

'"



WL# s# Batch QC# Tray Type

28294 1 28666 32 5 0 1 BLA.~K

292 94 2 2 96 6 6 32501 Le S
2B 2 9 4 3 2 8666 3 25 0 1 CUP
2 8 294 < 2 866 6 32501 SAMPLE

Fage 28 crt 6 5 0'1' DA05 966181

~ 1 3qlog v I 2 7- rnar - 2 0 06 06: 39 :45

W1 3 q ~orkl ist /Batch/QC Rep ort f or Group " WSCF2 0 0 6 0197

Sa mp le# Test

Ga~~ Energy Analysis-g r d H20
Gamrra Er.ergy Analyais -gr d H20

W06 0 000476 Gamma Energy Ana l ysis -grd H20
W060 00 0476 Gamma Energy Analysis -grd H20

12 of 16
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M8141-5LF.()6·062

AITACHME1' Tl

SAMP LE RECEIPT INFORMATION

Consi sting of 4 pages
Includ ing coverpage

f/tlF- 331t>JlI, p'>( ~O

POjL;l3 '3' 5'1
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P aqe 30 o r 6 5 o r 0.\059 66181

"

ACKNOWLEDGMENT OF SAMPLBS RECEIVED

Waste Sampling and Charaeeerization Vaciliey
p.o. BOX 1970 83-30 . Richl and, WA 99352

PHONE: CS0 9} 373-7004 /FAX : ( 50 9 ) 373-7134

Groundwater Remedi ation Program

Ri chland , WA 99354
At t n l Steve Trent

Customer Code ; GPP
POi: 121640/E810

Gr o up i : 200601 97
Projec~i : F06·013
Proj Mgr : S t eve Trent AO -21

Phone I 373 -S869

The fo llowing s amples were received frOM you on 0 3 / 21/0 6 . T h e y have been
s c heduled for t he te8~S listed beside each sample . If this i nformation
is incorr ect, please c ontact your service r epre s entative. T hank you f or
using WaQte Sampling a nd Characteri2ati on Facility.

Sa mple #: sample Id
Test!i Scheduled

Matrix Samp le
Date

W060000 47g B1HTJ7 TRENT
. i , . . ;':::l:IG2)l:.Z·OPP: 01:;; : ,'.

03 / 2 1 / 0 6

Test Acronym

8GEA- GP P

Test Acronym Description

De scrip tion.

Gamma Energy Analys ia-grd H20

- 1 -

------- - '- -

14 of 16
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;/;yr- -3 J(P PI, Kt v 0

P""l c){p '8 59

WASTE SAMPLING AND CHARACTERIZATION FACILITY (WSCF)

NOTICE OF IMPROPER SAMPLE SUBMITTAL

bate Received:

Steve TrentCustomer Name:__-'''-''''''-'l'-'!!L ,----, _

Sample[D: ~lttWJ

Steve TrentProject Contact:__-""""--'-"""- Phone Number: 373·5869

~ Sample not iced.

[ l Sample does not pass radiological screening.

[l Sample not accompanied by a Chain of Custody (CDC) or Request for

Special Analysis (RSA).

[ ] Improperly completed coe or RSA.

[1 Sample infonnation does no-t agree with documentation.

[1 Handwriting is illegible.

[ ] Sample container broken/leaking.

[1 Sample container not labeled/label unreadable.

[1 Sample received with custody seal broken.

[ ] Sample improperly packaged.

[ 1 Improper sample container for analyses requested.

[ ] Insufficient sample quantity for requested analyses.

[1 Holding time exceeded.

[ l Other (see below)

Comments: _

For infonnation on proper sample submittal procedures. contact WSCF Sample
Custodian at 37)R7423. 373·7001, or Sample Receiving at 373-7019.

Signature: Date: _

16 of 16
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, .

Fluor Ha.,ford
WSCF An~ytical Ch,misll)'
P,D. Box 1000
RK:hland. WA 993' 2
Telephone 373-749'
Telefu 372..()4~6

Memorandum

f!IYF-33{P11f, f1. if 0

po 'f- ;J.7 '0 5?

FLUOR

To: S. J. Trent AO-21 tee

M814 ~-SLF.Q6-07S

April 18, 2006

From: S. L. Fitzgerald, Manager
WSCF Analytical Chemistry

cc: wIAttachments
T.F. Dale
H. K. Mcznarich
P, D, Mix
J. E.Trecbter
FileILB

53-30
S3-30
S3-30
S3-30

Subject: FINAL RESULT S FOR BC CONTROLLED AREA SAMPL E WITH REVISED SAMPLE
IDENTIFICAnON NUMBER - SAMPLE DEUVERY GROUP WSCF2006021I - SAF
NUMBER F06-013

Referen ce : (I) Memo. SL Fitzgerald to 5J Trent. same subjecl (M8 14 1-5LF-06-06 &), dated April 6, 2006

(2) Groundwater Protect ion Program-Letter of lnstructton, FH-EIS-2003 ·MEM-001,
October 31 , 2002

(3) HNF·SD-CD-QAPP-Q17, Rev . 7, Waste Sampl iog & Characterization Facility Quality
Assurance Plan

This letter contains a revised narrati ve (Atta<:hrnent 1>, the analytical results (Atrechmenr 2) with the
revised sample identi ficat ion number. and revised sample receipt information (A ttachment 3) for sample
del ivery group WSCF20060211 ,

Please note that this submittal supersedes Reference I in ill entirety. If you heve any que stions, don' t
hesitate to call on Pauli ne Mi x, telephone 372·1488. fer esslstaoce.

SLF/grf

1 of 16
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NARRATIVE

Consisting of 3 pages
Including coverpage
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HNF·331tJ1'i, ;1"·0
pa'jC-:J.9 '0 5'1

Attachment 1
Narrative

Sample Delivery Group VVS()f20060211.Rev.l
Sample Matrix SOIL
Samole Visual N/A
SAFNumber F06-0!3
Data Deliverable Summary Renort

Introduction

One ( I) Be Cont rolled Area sample (BIHTJ7·A) was received at the WSCF Laboratory on I
March 23,2006. The sample was analyzed for the analyte indicated on the attached copy of the
chain of custody (eOC) form in accordance with the Groundwater Remediation Program - Letter
ofInstruction. referenced in the cover letter.

The narrative (Attachment 1) will address sample characteristics, analyses requested and general
information in performance of the analytical methods. A Data Summary Report (Attachment 2)
includes analytical results, a comment report detailing method abnormalities, tentatively
identified peaks if applicab le , method references, and Laboratory QC information. Copiesof the
chain of custody and sample receipt are included as Attachment 3.

Anllvtical Methodology for Requested Analy!le!l

Refer to WSCF Method References Repo rt, page I I , for a complete listing of approved
analytical methods.

Rldiochem ical Comments

RadChem - There are no hold times associated with WSCF radiochemical methods. A Blank,
Laboratory Control Sample and Duplicate QC sample wereanalyzed with each delivery group
per the GRP Letter of Instruction, See page 8 for QC details.

All QC controls are within established limits .

Strontiwn~S5 - Radiochemical T racer Recovery Data are summarized below:

Radlochemleal Tracer Percent Recovery

Sample Number Lab Sample 10 botope Tracer Re covery

Strontium"&S

BLANK Sr·85 86.80/0

LCS Sr·85 75.0%

I
3 of 16
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HN~ -3,3/P14 .~~D

J>ti~( 301J 59

Radiochemical Tracer Percent Recovery

Sample Number Lab Sample ID Isotope Teaeer Recovery

BIHT17-A WD60000492 S,-85 105.2"/0

DUPLICATE W06C000492 S,-85 105.8%

This Summary Report is in compl iance with the SOW. both technically and for cc repleteness.
Release of lhe data contained in this hard copy report has been authorized by the WSCF
Laboratory Analytical Manager and Client Services. as verified by the following signature.

tf~ & k.t
Pauline D. Mix
WSCFClient Services

AbbrevilQQM
H& -rnucury
IC - ionchromarograph)'
ICP- induceivelycoupled plasma
lCP/AES - ICP/ltomic emission spectroscopy
ICPlMS - ICP/man sp«tromeuy
Total U- total uranium
ATffB -lot,,1 alpba/tot.1l bell
AEA- Alpha EKfi)' Analysis
W1'PH-G - Total Uydroearbons-<3asoline

2

Am. - americium
e m • curium
Pu- plutonium
Np- neptunium
(jEA - gamma energy analysis
H3 -Tritium
Sr - Stronliurn 89, 90
\VTPH·D- Total Hydrocarbons·Diesel
TSS- Total Suspended Solids

4 of 16
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WSCF
ANALYTICAL RESULTS REPORT

for

~

§
•••"•-

Groundwater Remediation Program

Richland, WA 99354

Attention: Steve Trent

3, r.'~ zf~r...k:!, .
{K,,. A.HL~ Il o' l1fJ

Analytical:

ClientServices: "~=,1----'~O!!J""_-"="_'''''':l<

All ~llsan "f/Orttd onan "as rrcdytd~ lxuis unfLss OIM TWise noted in. 1M Cbrnrnrll1 seaton .

CONTROLLED USE INfORMATION, Th, ' lI'eip" nt ot \his ,.po"hu , ,,. .npons lllllity 10 Ilrol l CI an d IOI~g...nl l '" reQUeIl.-l inlo ' ....,I"" from un-

.... Ihotlnd d<sclotY" 0' ",", u"". Thi, ItlfOtlTllllOc1'l it intended lor 1iho use 0I1h, " ,"'.., " only. II th e ,taG" of lI'Ii. '~O<l ill nollt. Intende d t«jpiln f

01. I'OJ IIl.Illlooitedby 1'- l'ltiopierliD ' ,"NIt 11. ,er>an. VOOJ'"~y ""til'" th llt ."., dil semio..Q1. ....,ri!>ution Of ceJ¥no QI tnol~

Is . Inclly ~ohillited. II ynu hi ve reet ',," Ihl.,.pan in em:w. plUII noli!y WSCF llbo/llorv immed' iltly by t"',,"lIne It 1 ~0!I ~ 373- 7020 or 1~091 531·900".

WSCF ..... nul: ioiom.IIV .....'f"OCAl r..x>n. U Olli eltl us e ""tvIOUDj 01 Sf:nsit.... . ,~. dul lbtic>n ""-'$1 h "-let"""",, by IN __ 01 the fll 1)Ol1.

'"
So
~

'"

Contract#: FlI-E1S-2003-MEM OOI
Repott#: WSCF20060211
Report Date: 13-apr-2006
&pon WGPPlvu. I .J
GrOWUf,VtJUI R~1Mdi(Jti01l Program rag, 1

~~
<Wl ..." .

c . ' "" "" ,lc s- .
~ ;E ~

C, ."..,i....r. ""1.,.... ,

<
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WSCF
ANALYTICAL RESULTS REPORT

Attentiou: Steve Trent Group #: WSCF20060211
Project: F06-013: ~13

WSCF
Somplel CUfI1( m CAS ' Test Performed Mlltrix Method RQ Result Unit DF MDI, AnnIY7rS;tml' h: Recelu

Radi""""'"
W06(l(lCl(M92 81HTJ7." 0"' TRENT SJlR.AC S' Mntium-8919O sO', U. ·~OIl-41S ' 00 """ " 00 0.31 OJI:JOiOll 03I:l1/OG 03 /1J1Ol'J

W05Cl()(10492 8 'HTn · .... 0.. T"ENr f.1 .C S/.!9f90 RIll , C<U'fl EnOl SO, lA · ~B-4I' .- es """ .. 00 00 O3IlMMl D31:11/06 03123 106

~
w•
~

••
a
g
••
~
"•"

MDL-Minimum Dded.iOD Umit
RQ=RcmJI Qualifier

DF= Dilution Factor
• . "'di<:"n ......... . h" h ..... NOT M.", V~;Q'l'~; .. _ Ind"fClllS mort: ,I>an oi" qualifi.r svmbol.....o Report W(;PPlwr. 1.3

_ Groendwaur Rt'mtdilll iO/l Prog ram-'"
PQg, Z

~ ~ ,
0:<'
~ .,.,
\.I.J ~ •
\.)J (.,.'J
~, <;-
~ _ ., .

Co" .-:­
...s; ~

c:
'J



WSCF ANALYTICAL LABORATORY QC REPORT

~
•o
~

SDG Number: WSCF20060211 SAP Number: F06-013
Matrix: SOLID Sample Date: 03/21/06
Test: Strontium 89/W Receive Date:03/23/06

QC Analysis Lower Upper
Typo ADllIyte CAS # QCFouud QCYidd Units D.le Limit Limit RQ

Lab ill: W06OOOO492
BATCH QC ASSOCIATED WITH SAMPLE
OU, Strontiu ....es/so SR-HAD 4.91+02 13.316 '''' 0''"''''' 0.000 "'.000

BATCHQC
SLANK Suon\lum.$9/90 1009$-97-2 7.1;,-02 0.076 pCilg 03~OI06 -10.000 300-lXIO

ce, Stlor'IliunHISI9O 10096·97·2 67.9 101.660 % Recol' 03"""" ec.ccc 120.000

~

a
g,
•
~

"•"

18-aPl-2000 07:36:33

~__ .. '0'Z,,"::
'1:':'

'"W~
-<:~

~~

~~
<
Q

co FlePO<t wl:)gqlrev.!';.5 p

~
~
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WSCF
ANALYTICAL COMMENT REPORT -

~
•-
~

~

a
Attention:
Project Number

SIlmpllt' CI~t ID ....b Af'ClI Toot c""""""

Group #: 20060211 ~••
~­•-

' loft t. po<t _, no! boo ..1Il'Oduc1lll• • ~ePI in il1I . ntil. " "'; 'hou\ ,I>_~tt.n allPfe vai el lhe' Y\lr; r:~ Laber.' ''',

Lab Areas: VALGROUP - Group Validation
WGSAMP - Lugin for Sample

'"o ~pel l AeIXllt' : 1001102 11--'"
Rar>o<1 o. t, : l lj.~ .:KKJe

VALTEST - Test Validation
LOGTEST - Login for T..ts

TESIDATA · Test Data Entry

'-

~ ~
~""", \.>J"" ,-"C"'\ 0
~,~

2;t"
r-,
'-



WSCF
TENTATIVELY IDENTIFIED PEAK REPORT

~
e
~

~

a
Attention:
Project Number

s.mple' Ctimt ID TKt NlUDe Palk Name CASI RT

Group II:

RQ

20060211

R~~l Volts

~••
~
"•"

T" la ."t'O '" ........ rw>t t>..~. a.,a~ in its ent"lly wvII"""" tl' . .. 'in a.. IpptOV.r <1 f 11>. wsa L_al~ • .

RQ=ReSult Qualifier

­oo WC;f'f'( .. 1.1 RfIOC1<"; i00tl021 1....-(l) ~l Otlla : 16-,cw·1006 .~

g~
<..t>"""r- ."
CN~S- *
~.~
l~."." :
.......1) ~ ;

<::,



WSCF
MEmOD REFERENCES REPORT

The resens provided in this repon were generaled using the following WSCF Laboratory proceduret; . For your ccevenlence, this ub lCl provide'> a listing of
the regulamry or industry methods WI are refCl~ by each of these WSCF procedures. Please DOle thar the mo:sc: recent venion of the fCEula!o r)' or
indumy m:thod Is listed here even mauCh ue WSCP proa:dwe may rereeece 2D older version of the method. Also, • reference 10 I relulalQl')' Of" industry
mecbod~e docs nol~ty iDdic:.atc I '1erbatira ~emenQ(ion of lh31 mrtllod.

••0•••.. e•
••
c•
g
••••"•"

I.A-5084 15 J,A·508415: OPERATION OF THE PROTEAN 2·INCH ALPHA/BETA COUNTING SYSTEM FORGROSS
None No reference10 any industry method.
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W13q Wo r kl i s t/Batc h / OC Report f or Gro~p# WSCF2006 02 11

WL# s # Ba t c h QC#

W060 0 004 92
W06 0 0004 92

283 54
2 835 4
2 8 354
283 54

1 2872 7 325 96
2 287 2 7 3 2 5 96
3 28727 3 2 5 96
4 28 72 7 325 9 6

Tray Type Sample*

BLANK
Les
DUP
SAMPLE

Te s t

Strontium 89 /9 0
Stront.ium 89/90
Strontium 89 / 9 0
Strontium 89 / 90
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ATTACHMENT 3

SAMPLE RECEIPT INFORMAnON

Consisting of 4 pages
Including cover page

!lIi/F-J3(p/1, & .c
par- 3'1 (3' ,37
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GPP v b <1"! r ~ l o ",
1 21 6 4 0 /£S 1 0 ....0::>
2 0 0 6 0 2 1 1
F 0 6 - 0 1 3
Steve Trent AO · 21
3 7 3 -586 9

O1s t ome r Code :
PO~ ,

Group tt.:
Pr oj ect# :
proj Mg r :

Phone :

ACKNOWLEDG~ENT OF SAMPLES RECEIVED

Was te Sampling and Charac t erization Fa ci1ity
P .O . BOX 197 0 53 ·30 . Ri chland . WA 9 9 352

PHONE , (509 ) 373 -70 04/FAX: (509 ) 373 - 7134

Ri c hland , WA 9 93 54
Attn: St eve Tr e n t

Groundwat e r Re n e dia t i on Progr am

Th e fo llowing s a mples wer e recei v ed fro m yo u o n 03/ 2 3 /06 . They hav e be en
sche d ul e d f o r the t es t s liste d b e side each s amp l e . If t h is informa tion
is inco rrec t , pl e a se c onta c t you r s e rvi c e r e pres ent at i ve . Th a nk y ou f o r
us i ng Wa ste samp l ing a nd Characterizat i on Facili ty .

Sampl e # Samp l e I d
Teats Sched ule d

Matri x sarepI e
Date

W06 0 000 4 92 BI HTJ7 -A GRP TRENT
. @SRS 9_ 9 0

So lid, or handle as i f solid 03 / 2 1/0 6

Te st Ac r onym Descr iption

Te st Acronym De scr i p t i o n

S t r o n t ium 8 9 / 90

- 1 -

14 of 16



F"g~ 47 ot" 65 ot" DA0596.6 181

, ~'.'.

i
I
f--',

I
.~, :
I

,

••E
5
e

••E
~

I
!,

"
,a
la•,
. ~

•o'.' ~;;
!
!
1
.<:,
•

•,"••
~
~•

,-

I'.
f-',

L:
i
h
I
1-'

,\,

, .:
.- L-;.:;.

I -1
r. !I '

. ,

•
' ~,
•'.



Fag" 4 8 01' 6~ o f DAO~966 18 1

I-!N, -3-0: (r ''1 , K. /i 0

Ptl;j'_ Lid CZ .5 ~

WASTE SAMPLING ANDCHARACTERIZATION FACILITY (WSCF)

NOTICEOF IMPROPER SAMPLE SUBMITfAL

Steye Trent

Sample ID: t3 IH T .I 7

StevcTrmtProjectConlaet::__;ll<""-IttllL ~PhoaeNumber: 313.5862

)('
I J
11

I I
(1
(1
[J
II
I J
I J
(1
[ I
I J
[ I

CoMments:

SlJftple not iced.

Sample does not pass nIldi.oloBica1 screening.

Sample not accompsnicd by. Chainof CUI10dy (COC) cr Request for

Special Anolya, (RSA).

Improperly completedcae or 1lSA.

Sample information does not egreewithdocumentation.

Handwriting is 1Ilcgibtc.

Sample container brokcnJJcUing.

SlImplecontalDer DOtlabclcdJ\abe1 unreadable.

Sample received with eus10dy seal broken.

SlDlple imp<Oporly pockapl

Imprope r sample container for analyleS requeltcd.

Insufficient samplequantity for requested analyses.

Holding time exceeded.

0- (see below) \
~_u·"

CCJC ;.dO P()(.-OI~-ooIL _

For information OIl proper wnpJc submitlB1 proccdurts. contact WSCF SIm~C

Custodian at 373· 423 ,373·7001, Sample Rceeivina at 37').7019.

Sil • e: 03 - ;;J. 3 - o L,.

16 of 18
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FIDLER Calibration

FIDLERcalibration

jfNf-.'33{d'l. I2w ·D
pO~'-- '!3 '6 5 9

The FIDLER program is used to calibrate B FIDLER (Field Instrument for the Detection o[WW­
Energy Radiation) for measurement of plutonium contamination on the ground. However. the
program can be applied to any instrwr.ent suitable for measuring external radiation levels and
non-plutonium mixtures. e.g., using a Geiger-Mueller instrument for the measurement of 137Cs
ground contamination.

When measuring plutonium ground contamination, the FIDLER is typically calibrated for the
60-keV gamma ray from the 241Am component of the mixture (typically of the order of 1000s of
ppmby weight), or the low-energy x rays centered around 17 keY. Measurements using the x
rays are verysensitive to overburden, e.g., rain, contamination fixative, dust, etc., and generally
not recommended. Measurements using the 6O-keV gamma from 241 Am are much less sensitive
to the overburden effects due to their higher energy. FIDLER assumes that contamination lies
entirely on the surface of the soil. characteristic of'newly deposited activity. Ifsignificant
weathering has occurred, a correction factor is required to account for the attenuation of the
emitted photons as a function of soil depth. This correction factor should be based upon actual
soil sample analyses.

Calibration of the FIDLER Detector

The standardFIDLER consists nf a 12.7-cm diameter by 0.1e-cm thick Nal(TI) crystal. The
detector entrance window is typically O.025-cr.t thick beryllium. The crystal is connected to a
photomultiplier tube, and the output of the tube is connected to a hand-held rate meter, or scaler.

A radiation detector can be calibrated by several methods for measuring surface contamination.
As shown in Figure 1, the most obvious method is suspending the detector over a known area
source. Here. every square meter of the source contains, for example. 1 }lCi of 24tAm, and the
counts per minute (cpm) indicated on the instrument is, by definition. the areal counting
efficiency for 24tAm (cpm/(~Ci-m2]) . However, such a source is not practical in terms of size,
cost. and transportability.
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Figure 1.

height
Each squire meter
contalne • uni form
distrib utiOn of tlCl
01 Arn-241
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, ....x

,I" ,,I" ,....',
,P ,P

'?>>" , P ~, ,,,"
'-,

Semi-infinite plane Arn·24 1 check source.

The following procedure describes a method for calibrating a detector to
measure surface contamination with a single-point check source. Figure 2 shows the six
measurement positions required for this calibration procedure. The calibration method was
originally intended for a standard FIDLER instrument,but the technique is applicable to any
suitable detector and contamination, e.g., a 2-in. diameter x z-in-thick NaI(Tl) detection system
for surveying 137Cs ground contamination.
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20

n=O

n=2 n=3

40 60

n=4

80

n=5

100

Radial check: source position .

radial dlstance - cm

Position of check source for
first measurement (n=O)

Figure2.

The primarygoal of the calibration procedure is determining the instrument' s counting
efficiency for an assumed uniform area contamination per square meter of surface. This
parameter is referred to as the areal counting efficiency (Sa). This efficiency differs considerably
from the simple point-source efficiency, which is commonly used to determine an instrument 's
sensitivity for locating small "point" sources. Here, we must account for the instrument's
sensitivity for off-axis radiation sources and fieldofview. Figure 3 shows the count rate for a
typical FIDLER system as a function ofradial position of a 5.9-IlCi 241Am check source.
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Figure 3. Typ ical FIDLER calibration data .

Dete nninatlon of the Areal Counting Efficiency (S.)

The FIDLER is suspended at height (h) above the ground. The FIDLER's areal counting
efficiency(Sa) for 241Am (using the 60-keV gamma ray), from a uniform distribution over a
circular area (A) of radius (R) is-

(Eq. 1)

where:

q ~ Activity in area , dA (~Ci).

err) = Count rate from activity (q) in area, ciA .

Because dA = r dr dO,

......-_.._ - - -
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Sa= f- fC(r) rdrdB

a q 0

flNf -.33 /P 11f, /aJJ .tJ
paCf- // '7'3Sf

(Eq . 2)

(Eq .3)

The determination of the areal counting efficiency requires the evaluation of
the integral in Eq. 3. As shown inFig. 2, the FIDLER program requires check source
measurements at6 locations (rO-rS), each location being radially offset by 20 em,

The observedFIDLER count rate between any two adjacent calibration points, as a function of
radial distance. is well represented by a simple exponential function of the form,

where:

a = Y-axis intercept.
b ~ Slope.
r = Radial distance.

Letting C(r) ~ aebr, in Eq. 3,
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where:

f
ebr

rirdr =WC!'r-1) ,

, and

•

This is the Sa value fer a mixture consisting of 100% 241Am. Because we are interested in the
Sa value for a plutonium mixture, we need to account for the activity fracti on of241Am in our
actual sample mixture,

5
5 . _.:::Jl

mIx - f '

where:

counts _m 2

min - ,uCi mix (Eq.6)

f = the ratio of alpha u.Ci of mix to j,LCi of241Am.

Thefratio is a function of the assumed mix and is automatically determined once you have
either selected the default mix and age, default mix and user-input age, or input a specificmix
and age. The value oflis always displayed with the final calibration data (computer display) and
is stated as follows:

" j microcurie of Am-241 "" 8.66£+00 alpha IlCi of'MIX."

In this example,f- 8.66. Note: If you were actually measuring a mix of 100% 241Am, the!
ratio v 1. and no adjustment of the Sa value is required. If you are calibrating the FIDLER using
the 17-keV window, the x-ray abundance ratio ofthe 14lAm check source to the plutonium
mixture is automatically determined and used in calculating the 17-keV window efficiency. If
you are measuring a specific nuclide. e.g., 137Cs, it is assumed your calibration source is
identical to the "sample" mix. and again the/ratio is I.

----- -- - - - - -
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Oncethe arealcounting efficiency has been determined for an instrument, a simple "spot check"
calibration schemebased on the K ratio is possible. TheK ratio is defined as the ratio (K) of the
areal source counting efficiency (Sa) to the point source counting efficiency (Sp) ,

r

(Eq. 7)

where:

So - cpm per ~Cihm .

Sp = cpm per ",Ci ,

Once the K ratio has been determined for a particular instrument geometry. the ratio will remain
relatively constant. The electronics might drift (e.g., the PRM-5·3 window shift away from the
desired photopeak), hut the system's K ratio will not be affected. In other words, the Sa and Sp
canchange, but their ratio will remain constant. The "quick" calibration consists of measuring
the point source efficiency (Sp) with an 24lAm check source. The FIDLER's areal counting
efficiency is then calculated by multiplying Sp by the K ratio. Any changes in the detection
system will be accounted for by the current Sp measurement. This allows for a quick
field-calibration scheme. For example, a monitoring team can measure the point efficiency
before and after a series of field measurements to confirm the status of the areal counting
efficiency (K x Sp). This provides an "audit" trail of the detector efficiency for pest-survey data
reduction and documentation.

The Limit of Sensitivity (LOS) is reported with a Type 1 and Type 2 error (alpha and beta)equal to
0.05. The following determines the LOS.

Scaler: (from Currie, 1975)

2.7 + 4_65~ 1),1 tsLOS = -----'-"'--"­
Sa

Rate Meter:

r It::.i
(Eq.8)

RC ~

rb
15 =

LOS= 33~~/2RC , ~i
a

where:

Rate meter time constant (min).
Background count rate (cpm).
Sample counting time (min).

Sa ~ Arealcounting efficiency (cpm/(vCifm2]) .

(Eq . 9)
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The standard deviations of the areal counting efficiency and K factor are also output to the
calibration information display, If you arc using a weak check source, short integration time,
etc., this will be reflected in a large standard deviation.

Example FIDLER Calibration

A FIDLER willbe used to survey a contaminated area following a recent event involving
weapons-gradeplutonium. No information on the plutonium mixture is available, but it is
known that the mixture is 30 years old {i.e., 30 years since processing). The following data were
obtainedusing the FIDLER at a ground-to-detector distance of 30 cm. Determine the FIDLER
calibration constants.

Calibrate the FIDLER using a 5.9-J.lCi Am-241 check source. It is important to confirmthe
self-absorption characteristics of the source (e.g.. due a paper label covering the activity
material). The 6Q.keV gamma rays will not be appreciably attenuated in most check sources,
and the absorption factor is assumed to be 1.00. i.e., SELF(60) = 1.00. However, the 17-keV
x-ray absorption factor can be significant and is required information for the FIDLER calibration
(unlessyou are only interested in 6O-keV measurements). If you do not know the SELF(17)
factor, you can always update the calibration data at a later date. In this example, we will assume
a 17·keV self-absorption factor of 60%, i.e., SELF (17) - 0.60. 10other words, 60% of the
17-keV x rays emitted and directed towards the FIDLER detector reach the detector (40% are
attenuated by the source itself). The FIDLER code assumes a constant thickness of "overburden"
material associated with the check source and automaticallyadjusts the increase in
self-absorption path length as the FIDLER is position at increasing radial distances during the
calibration procedure.
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0.0-400
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Hotspot FIDLER Text Fi l e output
Hotspot FIDLER Cal i br a t ion Information

I1IVF .3:30/1. t2l1) . D

(Joey- :55t3 51

Report Date
Cal i brat i on Date
Tar get Mix
Radl 0nucl i de
Detect or Barcode Numb @r
Mete r Barcode Numbe r
Det ect or Manuf act ur e r
Det ect or Model Number
Detect or se r ia l Number
Me te r Manuf act ure r
Meter Model Number
Meter Serial Number

Check sour ce 1.0 .
Cal i brat i on Date
Ca l i bra ted by :
Check Sourc e Act i vi t y (uei) :
Check Sour ce 17-kev self

Nov 20 2006 03:2 4 PM
August 15 . 2006
Other Nucl ide check Source
Cs-137
prop erty # WD 46885
property # WD 46885
orrec
DigiBa se Multichannel Anal yzer attached to :
4 x 4 x 16 i nch NaI Detector
o r -t ee
Sea rch System Sof t ware loaded ont o:
panasonic Toughbook Laptop Comput e r

WSCF20060197
Augus t 15, 2006
Jeff pappi n
2. 930E+OO
6.000E-Ol

58. 986
3.7E-02
3.2E-02
0.85

sampl e ( ount; ng Ti me (mi nut es) 1.OQOE+OO
De t ect or Height (em) 2. 800E+Ol

( 5-137 Wi ndow In formation :
Background (c pm)
Areal l i mit of sensiti vity ( uci/m2)
Point l imi t of sensi t t v'it y (uCi )
x- f -a ct o r (m2)
count i ng Data :

O-c m: 163758.000
20-cm : 138408 .000
40-cm: 102072.000
GO-em : 80748.000
80-c m: 72720.000

100-tm: 64998. 000
I nstrument Type :Ot her
window option :Only 60 keY
Units: c l assi c
This i s a 4x4x16 i nch NaI cali bration. Measurements t aken out side with 6 source
bot t l es bur i ed flush to ground surface , detector i s mounted to Gator . MCA total
counts . full spect rum. Ten 1 second count s x 6 = 1 minute .

Detect or Calibra t i on Resul t s

(s ~ 1 3 7 window Informat ion :
Cs -137 Detector Efficiency ( cpm/ ( uCi/ m2)):
Cs -1] 7 Detector Areal LOS (uci / m2 )
Cs -137 Detector point LOS ( uei)
Cs -137 Detector Background Rate (cpm)
Cs-137 Detector Check sour ce Rat e «(pm)
Cs-137 DeteCtOr K- Fact or (m2)
Cs-1] 7 Detector K- Fact or sdev (%)

3.0E+04
3.7E-0 2
3. 2E-02
58,986
104 .77 2
0 .8 5
1. 6

page 1
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I 2 8.0 em
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