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ANALYSIS OF ROCKY FLATS BUILDING RUBBLE SAMPLES FOR PLUTONIUM

. James Benetti
US. Environmental Protection Agency
Las Vegas, Nevada

BACKGROUND: Public concern exists that fines from rubble from decontaminated and
demolished buildings at the Rocky Flats Environmental Technology Site (RFETS) may contain
sufficient plutonium to constitute an inhalation hazard to nearby residents. The DOE Contractor,

- Kaiser Hill Inc., agreed to collect samples of 779 Cluster building rubble at the 980 Storage Pad,
and to analyze them for radioactive materials. USEPA Region 8 also decided to collect colocated
samples (not split samples) from the same rubble pile as an independent check of the plutonium
content of the pile. This approach effectively doubles the sampling density of the pile, and
provides a second set of data from an independent laboratory,.but does not attempt to coafirm the
results of Kaiser Hill’s laboratory, since uniform split samples were deemed nearly :mpossxble to
obtam

Upon verbal request of Mr. Mark Aguilar, USEPA Region 8, it was agreed that nine samples of
rubble fines, collected by Mark Aguilar and Richard Graham of the same office would be received
by the Radiation and Indoor Environments National Laboratory (R&IE), Las Vegas, Nevada, and
would be analyzed for plutonium isotopes. On March 10, 2000, the samples were delivered to the
custody of R&IE, Center for Radioanalysis and Quality Assurance. The samples were analyzed
from April 19 through May 2, 2000. '

SUMMARY OF METHOD: Since public concern appears to be associated with the fraction of
rubble fines which could be transported via the air pathway, it was decided to screen the samples
and perform the analysis upon the finest fraction obtainable, rather than to grind and homogenize
the sample. All samples were screened through eight inch U.S. Testing standard sieves ranging
from 40 to 200 mesh and repackaged into fractions greater than 40 mesh, between 40 and 200,
and less than 200 mesh. Between 10 and 20 grams of fractions less than 200 mesh (less than 70
microns), were obtained from each sample. All sieves were decontaminated and oven dried for
each sample to avoid cross contamination. For the matrix blank and spike samples a quantity of
cinder block fines (screened to tess than 200 mesh) obtained from the exterior surface of a clean
building at Rocky Flats were used.

Approximately half gram ahquots were obtained from the screened fractions of each sample and
the matrix. Plutonium tracer (Reference solution 950296 - Pu 242, 4.4269 dpm/mL, 1.000
mL/sample) was added to all samples, and spike (Reference solution 980335 B-1 -Pu 239/240,
4.073 pCV/mL, 1.000 mL) was added to matrix sample number 12. The tracer and spike solutions
used are dilutions of Standard Reference Material 4334E, and EPA Solution Number 94002-1,
respectively, both traceable to the National Institute of Standards and Technology (certiﬁcates

. _provided in Attachment B) .

All samples were ashed to destroy organic material (100 °C for 1 hour, follovi(ed by 700 °C for




24 hours), then placed in CEM m:crowave digestion vessels with 9 mL of aqua regxa (HCl HNO,
in ratio 3:1) and 3 mL of hydrofluoric-acid. A reagent blank (no tracer added - see below) was
included at this stage. A four stage microwave temperature controlled protocol developed for
digestion of epoxy paint/cement was performed. Samples were cooled and vented and 30 mL of
4% boric acid was added to each sample, and a two stage temperature controlled microwave
protocol was run to complex the fluoride ion. All samples emerged from this process as clear
liquids, ie digestion was essentially 100%.

Following digestion, each sample was added to 50 mL of HNO3 and boiled down to 50 mL to
remove halides. Sample volume was then adjusted to 100 mL, and sample normality was adjusted
to 8N. Plutonium oxidation state was adjusted by adding 0.2 gram NaNO,. No “salting out” of
samples was observed. Samples were then introduced to ion exchange columns (1x8 Dowex
resin) conditioned with 8N HNQ;. The plutonium fraction was eluted with NH,I in concentrated
HCI and evaporated to dryness with 20 mL HNO,. Dried samples were taken up in concentrated
HCl with hydrogen peroxide and 0.2 g NaNO,, and introduced into second columns conditioned
_with HC], eluted with NH,I in HCl and evaporated to dryness as above.

The purified, dried plutonium fractions were then taken up in a mixture of concentrated H,SO,,
HNO, and H,0,, heated until the sulfuric acid fumed, and adjusted to pH between 1.8 and 2.2
using NH,OH. Electrodeposition (Talvatie method) of samples on to stainless steel discs, was
performed for 1 hour at current of 1 Ampere. This was followed by alpha spectroscopic analysis
(count time 1000 minutes) using ion-implanted silicon charged particle detectors (PIPs) having a
nominal energy resolution of 20-25 kiloelectron volts (kev) at full width half maximum..

RESULTS: Table 1 shows the summary of results of the analyses of all samples including quality
control samples. Attachment A contains the analytical reports and alpha spectra for each sample
and quality control results for the batch. Plutonium 239/240 at levels greater than the 2 sigma
uncertainty above the minimum detectible concentration was detected in 7 of the 9 samples
(CENTER, N, SE, S, SW, W, and NW' - see the attached graphic), with values ranging from
0.08 - 0.12 pCi/g. In addition, sample NE shows a possible detect for Pu 239/240 at a level less
than the 2 sigma uncertainty above the MDC. Plutonium 238 was not detected in any of the
samples.

QUALITY CONTROL.: R&IE quality control policy requires that at least 10% of all samples be
used for quality control purposes. In this batch, the reagent and matrix blanks and the matrix
spike samples were introduced for quality control. Review of the counting data for the reagent
and matrix blanks indicates that no detectible plutonium was introduced through contaminated
reagents or via the cement matrix. (Since tracer was not added to the reagent blank, one must
look at the actual counts in each plutonium peak region in sample 10, where it is obvious that
nothing is present above the instrument background. The analysis of data which the data
processing software provides is predicated on the presence of 2 known amount of tracer, and in
the absence of tracer it is not meaningful.) Review of the matrix spike data indicates a detected
plutonium 239/240 activity which is within 4.3% of that predlcted - this is acceptable wnthm the




limits of uncertamty of the measurement. Finally, the recovexy data for all samples (with the
exception of the reagent blank which contamed no tracer) average 84.2%, ranging from 64.4%to
92.3 % which is well. above the R&IE recovery flag level and in the upper echelon of expected
recoveries.

Reg8ID# | RRIEID# | Recovery% | Pu238 | MDC 2sigmaer | Pu239240 | MDC 2 sigma err
o . (e | @u238) - | (Pu238) | (pcile) (Pu239/40) | (Pu239/40)
CENTER | 729008 | 8841% | 9320E03 | 2.599E-02 | 1.440E02 (8254E02 2ISSE02 | 3.863E-02
N - | 729009 85.91% -1450E03 | 2347E02 2908E03 * | 1.493E-01 2830E02 | 5.614E02
NE 729010 | 90.71% A37T4E03 | 3331E02 | 9912E03 | 4947E02 | 3.034E02 | 3.097E-02
E. 729011 92.34% 1709802 | 2567602 | 1820602 2104602 | 2567602 | 1.992E.02
SE . | 79002 87.99% “1330E-03 | 3344E-02 | 9.952E-03 | 7.037E02 | 3.047E-02 | 3.692E-02
s néon | 90.57% £.538E.03 1._1575702 1204E02 | 1252E01 | 2778E-02 | 5.041E-02
W 729014 64.44% L111E02 | 4088E02 | 2035602 | 1I66E01 | 1.50sE-02 | 5389E-02
w . | 70015 7352% | 1.828802 | 2689E02 | 2040E-02 | LIS6E01 | 3.669E-02 * | 5.327E.02
NW | 729016 86.99% 4207603 | 3.096E02 | 1287E02 | 1192601 | 2737E02 " | 4873E02
REAGBLK | 999999 Nasss | ND NA®s* Nass  lnD | Nasss NAsss
MXBLNK |'7290i7 | 9117% | 0.000E+00 1116E-02 0.000E+00. | -1.373E-03 | 2.221E-02 | 2752803
MXSPIKE - | 720018 | 7437% BSUTE0R | 3764E-02 - | 1.IBIE02 | 7.658E+00 | 3.328E-02 | 1.217E+00

Table 1: Summary Results for All Samples

***  Reagent Blank did not contain tracer. Software calculations based on the assumption that
tracer was present are not meaningful. :

DISCUSSION: The plutomum results which exceed MDC in thls analysis (7 or 8 “hits”, ranging
from 0.05 - 0.12 pCl/g) show a fairly tight distribution, and all lie above the range of plutonium in
soils due to global fallout (nominally 0.005 to 0.025 pCi/g). Levels of activity such as these,
even associated with the resuspendable and respirable fractions of the soil do not give cause for
immediate alarm. 1t is readily calculated using dose conversion factors from Federal Guidance
Document 11, that it would be required to inhale some 22 kilograms/year of dust having the
highest concentrations seen in this analysis, to receive a 10 millirem annual radiation dose (the
annual dose limit for radionuclides ini the Clean Air Act), assuming that the activity is uniformly
distributed among all par_ticles- in'the fraction. Inhalation of this much dust is highly improbable.

It is interesting to compare the results of this analysis with those of the Kaiser Hnll contract .~

"laboratory, Sanford-Cohen-and-Associates;-Montgomery;-Alabama;- although one-must-be— .
cautious in doing so: the samples taken by EPA are, at best, colocated samples to those taken by
‘Kaiser Hill, and details of the sample preparation (ie whether samples were sieved or ground),




OQ W DAY

(]) Jeq Joue se umoys Kujeyeoun 0 ,

ped e6ei0ls 086
ajgany Buipiing 1818N10 6.4,
sy|nsay |jeophieueoipey

MN CM ms s s -3

. oan¥

.ovzieez-n 4l

aN N

¥3LN3O

000’0
-=T{Lz00)
T 0500
T 0040

T 0540

T 0020

0S2'0

ayig ABojouyds | |eJUBWUOIIAUT

syerd A4o0y

(Bnod) ovz/6€2 Nd




and count times are not known. Of the nine samples analyzed by SCA, two have detectible
plutonium above MDC values. Since SCA’s MDC values are somewhat higher than ours, it
appears that their findings are fairly consistent with ours in elght of the nine samples. However,
SCA sample five has a plutonium detect at 2.35 pCl/g, which is nearly 19 times higher than our
highest value. This could indicate that plutonium in the rubble is not uniformly distributed, and
 that there could be localized hot spots or even hot particles present. If this were the case, it
should give rise to somewhat more concern about the potential for exposure via the air pathway.
It might be economical and prudent to stabilize the rubble fines by covering the pile or applying

soil cement as a preventative measure. (It is our understandmg that this step was taken by Kaiser

Hill shortly after the sampling.)

It is possible to explore further the potential for hot parncles of resuspendable size to be present
in the rubble. Our laboratory could apply the finest fraction remaining from each sample in a thin
layer on unexposed photographic film (autoradiography) or sheets of CR 39 plastic (alpha track
etch detector) to detect the presence of localized radioactive particles. This method could be
refined to isolate the hot spots in the fines fraction in order to perform selective analysis.




RA&IE Radichemistry Section TRACER INFORMATION SPIKE INFORMATION (QC Sampies Only)
Plutonium Analysis Worksheet -
Alpha Spectroscopy ' Tracer Activky: 9 - 4264 domfrm | | Spiko Activay: 4. K.013 MMA‘

M'M" K 4 Amourt used: __} . OO mL Amount used: __L_QO_Q_ mL
Dse'__‘.(_‘_[a:_go | Reference Soin. S O Referonce Soin: IRO0335 B~ {
Ayt 3. BEMETTI Pipette Chock {-00%Y (Range 0.9950 -1.0050 g)} ’

Reviewer: Batance used 5! ‘
sar - | Poon ot

D
Sample ID PC ST DESCRIPTION
1 [ 729608 | [90] c:sgzx (RFETZ)  voirmass: 0'{5’210nns: & ouax |

-

Sample D PC DESCRIPTION .
2 | Z2ao% l?dl @ N VoiiMass: (,$£F2  unis: & e 2
. Z . :
Sample ID DESCRIPTION : ~
3 [1290i0 | F‘I.al Vo?-] NE voliMass: * .Sk 42 unts: & Det# . 3

Sample D ST DESCRIPTION .
(7229017 | #ﬁ: : VoliMass: (), 579G  units: 5‘ Detw Y
M
DESOR!P‘HON '

[J__?_LL__J-- Varmss: 9,5606 ums 8 ows &

Sample ID DESCRIPTION

[7290/3 ] [70] -E '5 .VdIMm: AEY37 uns: 8 Det# &

7 [22952“%/‘9 ] [L%Tﬂ “SDESCR"’“O" voliMass: (], 5%, 73 Units: g Detf__z_

DESCRIPTION

72005 ) BV W e QSYRT v D v &

Sample 1D A @ DEschPTION ' ;’o'lm 0‘55/3 - 8 -, ?

DESCRIPTION

Sample ID
"ﬂ’" Eé] - %ﬁ[/f BLANK Vol I Macer ZZ mé Unts: pes [0

" EZ;EDZ-__J ‘ ﬂ/}m/xjmﬂlk voirtas: S STFT vnes: & ows /3

Sample ID Pc_ ST DESCRIPTION S -
2 (729018 90V (/02— MATR1x-SPKE ~ Voiiwass: O SYY P v & ven (Y . _
- #F/2 '

COMMENTS:

(Rev, 498)




Review of QA results ( Baékgrounds PU ) 1—MAY-2000 15:35;40

Detector Parameter Flag _ Filename
1 ALL. - Passed . B_001_26apr00
2 ALL Passed B_002_26apx00
3 - ALL Passed ' B_003_26apr00 “
4 -~ ALL Passed - B_004 26apr00’
5 " ALL- . Passed - BT 005 26apr00
6 ALL ' Passed . B_006_26apr00
7 ALL Passed B~ 007_26apr00
8 ALL Pagsed B 008_26apx00
9 ALL Passed - B_009_26apxr00
10 . ALL : - Passed - B_010_26apr00
11 OFFLINE - » |
12 OFFLINE :
13 ALL _ Passed B_ 013 26apr00
14 . ALL . Passed -B_014_26apr00
APPROVAL DATE: S /1/00 APPROVAL TIME: 'S Wwes
APPROVED BY: Q~ M PROCEDURE # twoooz
Ve . QF — RUBBLE

Report completed at 1-MAY-2000 15:36:19




Review of QA results (Daily Pulser Check ) - 1-MAY-2000 16:34:08

Detector Parameter-

Filename

- = > W m - = D B MR B v we e R e e W R e e =B e S e e = = m W e

14 CALL.

APPROVAL DATE: _ $/1 /oo

APPROVED BY: C;L.

[ 4

Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
Passed
~ Passed

‘Passed
Passed

APPROVAL TIME: -

_ PROCEDURE~#.

D 002 NONE
D_003_NONE
D 004 NONE
D 005 NONE
D 006 _NONE
D_007_NONE
D 008 NONE

|
I

- D_009_NONE

D 010 NONE

D 013 NONE

D 001 NONE

. DT014_ NONE.

]-L’, ZQ\MN

PuoOpO 2.

GLQ(LK%B

FUNT S —

|veeLE

Report completed at 1-MAY-2000 16:34:26

 COPY




RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY
' CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

ALPHA SPECTROMETRY REPORT

2-MAY-2000 09 48:39

*******************************************************************************

.Spectral File: ND AMS ARCHIVE _S:S PU0002$001-729008_PU.CNF

*******************************************************************************

BATCH -ID:
SAMPLE DATE:
SAMPLE TITLE:
ACQ DATE:

1-MAY-2000 00:00
1-MAY-2000 16:40

ELAPSED LIVE TIME:

~ TRACER ID:
LAMBDA VALUE:

TRACER DPM AT SAMPLE DATE:

- SAMPLE MATRIX:

ENERGY CAL DATE:

BKG FILENAME:

5-JAN-2000 14:39
B 001 26APROO

*

*

EFF CAL DATE:
"BKG ELAPSED TIME:

PU0002 * SAMPLE ID:
: * ALIQUOT:
PU-1 CENT * DETECTOR NUMBER :
* AVERAGE 'EFFICIENCY:
60003, * RECOVERY:
950296-PU . * = TRACER FWHM (kev) :
1000. * ROI TYPE:
4.427 * CONFIDENCE FACTOR:
' SOIL * LLD CONSTANT:
*
*

&

001-729008

5.530E-01 gram

001
23.09%
88.41%
30.49 . °

STANDARD
4.65
2.71

5-JAN-2000 14:39

180004. .

EZIE2EZTAZEATIILEEE SIS SEIIIEXE LSS EIL S 2SR SRR R R 2R RSl t XX s 22X Ao R X R R4

NUCLIDE ENERGY

PU-238 5487.1
PU-239 5147.7
PU242  4890.7

NET

AREA
2.33
20.67
907.33

NUCLIDE ACTIVITY SUMMARY

BKG  $ABN ACTIVITY
. pCi/ gram

0.67 99.9 9.320E-03
0.33 99.9 8.254E-02
0.67 100.4 3.606E+00

TPU/ERROR

2-SIGMA
1.440E-02

3.863E-02
4.362E-01

MDC -
pCi/ gram

2.599E-02
2.155E-02"
2.586E-02

*******************************************************************************

An

Do L.

Y,

Reviewer

Safeo

Date

~§;/ﬁ%//ocbx

Date




Spectrum
Title .+ 001
Sample Title: PU-1 CENT

. DKA200: [ALPHA.ALUSR. ARCHIVE. S

Start Time:
Real Time :

- 1-MAY-2000 16:40:

Sample Time: 1-MAY-2000 00:00:

0 16:40: 03,00 Sample ID

001-729008

1S_PU0O002$001-729008_PU.CNF; 1

Energy Offset: 3.08981E+03
Energy Slope : 4,11396E+00
Energy Quad

Live Time : 0 46:40:03.00 Sample Typs: PU -2.76900E~04
1 T e T R T T | T T T S , .......... :
60»- ccccc ;...'..........‘..........-....:..........................................:........'..:.
(4]
+
Ty
g T T 1 N
940 :
| ‘
20 IR L I T I I Y L I R
0 i A ‘;~ [ 1 j&l ; J& H i h A. i i ]
3600 4000 4600 5000 6600 6000 6600 7000

Energy (keV)




RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY

CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE :

’_ ALPHA SPECTROMETRY REPORT
2- MAY 2000, 09: 49: 21

*******************************************************************************

Spectral File: ND AMS ARCHIVE_ S:S_PU0002$002-729009 PU.CNF I

********i**********************************************************************

BATCH,ID:
SAMPLE DATE: .
SAMPLE TITLE:

ACQ DATE:

ELAPSED LIVE TIME:

TRACER ID: .
LAMBDA VALUE:

TRACER DPM AT SAMPLE DATE:

SAMPLE MATRIX:

ENERGY CAL .DATE:

' BKG FILENAME:

*******************************************************************************

NUCLIDE ENERGY

PU-238
PU-239
PU242

5487.1
- 5147.7
4890.7

. 1-MAY-2000 00:00

' 5-JAN-2000 14:39 :
“B_002__26APRO0

NET

AREA .

_0.33

34.33
818.33

1- MAY 2000 16 41
’950296 BU

0.67 100.4

*: .

%Ok ok b k% % bk * N

*

ASAMPLEfID: T o 1 002-729009
ALIQUOT: . " .5.630E-01 gram
‘DETECTOR NUMBER: - : 002
- AVERAGE EFFICIENCY: = 21 43%
. RECOVERY : L . 85. 91%
TRACER.- FWHM (kev) ' 25.08
‘'ROI TYPE: . 'STANDARD
' CONFIDENCE FACTOR: . 4,65
'LLD CONSTANT: - o 2.71

EFF CAL DATE: = 5-JAN-2000. 14:39
BKG ELAPSED TIME" "180004

NUCLIDB ACTIVITY SUMMARY

"ACTIVITY  TPU/ERROR ' MDC
.pCl/, gram -~ 2-SIGMA - pCi/ gram

-1.450E-03 2.908E-03  2.347E-02
1.493E-01 . 5.614E-02 - - 2.830E-02
3.542E+00  4.359E-01  2.816E-02

*******************************************************************************

Reviewer

5‘/2/00

§§//75/Qyo




Spect
Title

Sample Title: :
Start Time: 1-MAY-2000 16:41:
Real Time : 0 16:40:04.00

Time :

Live

§

o

60

‘ Counts
“ .
=]

20

rum

13

: DKA200: [ALPHA. ALUSR.
: 002
PU-2 N .

Sample ID

0 16:40:04.00 Sample Type:

Sémple Time: 1-MAY-2000 00:00: Energy Offset:
002-729009
PU

RRCHIVE.3]5-PU0002$002-?29009_PU.CNF;1~

3.07486E+03
- 4,03619E+00

Energy Slope :
:.~2.44627E-04

Energy Quad

1 . 1 1 A i S 1 :
3600 4000 4600 5000 6600 6000 -6600"

Energy (keV)



RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY 
" CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

ALPHA SPECTROMETRY' REPORT

2-MAY-2000.-09:50:17

*******************************************************************************

Spectral File: ND_AMS ARCHIVE_S:S_ PU0002$003

j*******************************************

BATCH ID: |
SAMPLE DATE:

SAMPLE TITLE:
ACQ DATE:

1-MAY-2000 00:00
1-MAY-2000 16:42

ELAPSED- LIVE TIME:

TRACER ID: _
LAMBDA VALUE:

TRACER DPM AT SAMPLE DATE

SAMPLE MATRIX:

ENERGY CAL DATE:

BKG FILENAME: -

5-JAN-2000 14:39
B_003_26APROO

* -

o

EFF CAL DATE:
BKG ELAPSED TIME:

=72%010_PU.CNF

*********************t*************

PU0002 - . * - . SAMPLE ID:
* . . ALIQUOT:
PU-3 NE * DETECTOR NUMBER :
. % - AVERAGE EFFICIENCY:
. 60002. *  RECOVERY:
950296-PU  '* .. TRACER FWHM (kev):
1000,. * ROI TYPE:
2.427 * CONFIDENCE. FACTOR:
'SOIL- ~ ®  LLD CONSTANT:
- %
*

.

003-729010

'5.530E-01 gram

003
21.80%
90.71%

32.44

- STANDARD

" 4.65

2.71

5- JAN 2000 14:39

180006.

*************************************************************************}*****

NUCLIDE ENERGY

PU-238 5487.1
PU-239 5147.7
PU242 4890.7

NET

AREA

~0.33

12.00

879.00

NUCLIDE ACTIVITY. SUMMARY

BKG - SABN ACTIVITY
: - pCi/ gram
1.33 99.9 -1.374E-03

1.00 99.9 4.947E-02
1.00 100.4 3.606E+00

TPU/ERROR
2-S1IGMA

9.912E-03

 3.097E-02

4.388E-01

‘ MDC
pCi/ gram

3.331E-02
3.034E-02
3.018E-02

*******************************************************************************

b,

yst

@%ﬁ"

Rev;ewer




- Spectrum DKA200: [ALPHA. ALUSR, ARCHIVE.S]1S_PUD002$003-729040_PU.CNF; 1
Title ; 003 - - . B
. Sample Title: PU-3 NE o
Start Time: 1-MAY-2000 16:42: Sample Time: 1-MAY-2000 00:00: Energy Offset: 3.08218E+03

Real Time : O 16:40:02.00 Sample ID- : 003-729010 Energy Slope : 4,01866E+00

Live Time : 0 .16:40:02.00 Sample Type: PU - - Energy Quad i —2.40077E-04 .
80.. ..... IR '...: ........... ......... -.....\...:.......
60 }.......i.-...:'.‘ ...... -....E..A: ......... . ........ . ' .......... A.} ..... '......:.‘....‘ ...... :. ..... .

)

n.

.

c v

g .

040 ...... L T T T T T T T T S T S I N 2 e e tie s s e e s L T N T T T T S

. : -. . . .
le .. . . 5 U . . . . ) )
: . ] . . . . .« .
20 R T S S R T T T R L R N R I R e AR L L A R L A A
. . . . .
. . . . ] . . .
. . - . . .

1 1 AAA I T " IR . Lk R A
4000 4500 - 6000 5500 6000 6500“
' - Energy {(keV)-




‘RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY
""'CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE
‘ ALPHA SPECTROMETRY REPORT
2-MAY-2000. 09:50:59

*******************************************f**************f**f*t***************

Spectral File: ND_AMS ARCHIVE S:S PU0002$004-729011_ PU.CNF. = \,

****************t?*********************************;***************************

*
BATCH ID: - PU0002 * SAMPLE ID: ' 004-729011
SAMPLE DATE: 1-MAY-2000 00:00 * ALIQUOT: .. 5.530E-01 gram
SAMPLE TITLE: PU-4 E o * DETECTOR NUMBER: . 004
ACQ DATE: .1-MAY-2000 16:43 * "AVERAGE EFFICIENCY: 22.38%

‘ELAPSED LIVE TIME: . 60002. * RECOVERY: , 92.34%
TRACER ID: " 950296-PU * TRACER FWHM (kev) - 27.38
LAMBDA VALUE: - . -1000. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE 4.427 - ¥ CONFIDENCEVFACTOR' ’ 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71

- ENERGY CAL DATE: 5-JAN-2000 14:35 * EFF CAL DATE: 5-JAN-2000 14:39
BKG FILENAME: B. 004_26APROO o * BKG. ELAPSED TIME: B 180000.  °

: * R

*******************************************************************************

NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY- NET BKG %ABN ~ ACTIVITY TéU/ERROR o MDC .
- AREA SRR pCi/ _gram: 2-SIGMA. pCi/ ‘gram -
PU-238 5487.1 4.33  0.67 99.9 i.7693555 1.820E-02 2.567E-02
PU-239 5147;7 5.33, 0.67 199.9 '2;104E-02 1.992E—02 " 2.567E-02
PU242  4890.7 918.67  0.33 100.4 - 3.606B+00  4.355E-01  2.118E-02

*******************************************************************************

J/Av

Date
@.Uw. E; s/ ?./ o0
Reviewer Date

L




Spectrum s DKGZOO:[ﬁLPHﬂ.ﬂLUSR.ﬂRCHIVE.S]S_PU0002$004—?29011-PU.CNF;1

Title ;. 004 S
Sample Title: PU-4 E . . - _
Start Time: 1-MAY-2000 16:43: Sample Time: 1-MAY-2000 00:00: Energy Offset: 3.10027E+03

Real Time : 0 16:40:02,00 Sample ID : 004-729011 ‘ Energy Slope : 3.98170E+00

Live Time 0 16:40:02, 00 Sample Type: PU Energy Quad : -2,247656E-04
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: RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY
CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

ALPHA SPECTROMETRY REPORT
. 2-MAY-2000. 09:52:01
A*********************f******;;******;******************************************
Spectral File: ND AMS ARCHIVE S:S PU0002$005-729012_PU.CNF. W
*******************************************************************************
o .

SAMPLE ID: ‘  bos5- 729012

BATCH ID: . : PU0002 *

SAMPLE DATE: 1-MAY-2000 00:00 *  ALIQUOT:. 5.610E-01 - gram
SAMPLE TITLE: PU-5 SE * DETECTOR NUMBER: - 7005 .
ACQ DATE: 1-MAY-2000 16:44 *  AVERAGE EFFICIENCY: 22.07%
" ELAPSED LIVE TIME: 60003. *  RECOVERY: .. 87.99%
TRACER ID: ‘ 950296 -PU * TRACER FWHM (kev) : 27.24
LAMBDA VALUE: . 1000. - * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE:  4.427 * CONFIDENCE FACTOR: 4.65
SAMPLE MATRIX: . . soIL. * LLD CONSTANT: .. ' S 2.71
ENERGY CAL DATE: 5-JAN-2000 14:40 * EFF CAL DATE: 5-JAN-2000 14:40
BKG FILENAME: B_005_26APROO * BKG ELAPSED TIME: . - 180001.

. * .
! ., . .
I ZXTIXZTEIRTILITELEISRL SR SRR SRR S22 2222222222222 d iR sd iRttt sl sl Al 2o

. NUCLIDE ACTIVITY SUMMARY *

NUCLIDE ENERGY NET - BKG  %ABN 'ACTIVITY TPU/ERROR  MDC
. AREA : ' - pCi/ gram 2-SIGMA pCi/ . gram
 PU-238 5487.1 fbf33 ©1.33. 99.9 -1.330E-63 9.952E-03 3.344E-02
PU-239 5147.7 .17.00 - 1.00 99.9 7.037E-02  3.692E-02 3.047E-02
PU242  4890.7 863.00 2.00 100.4 = 3.554E+00  4.336E-01  3.825E-02

***************************?***************************************************

%«w M S’A/@

‘Date
§i>JMﬂW4qAb<g_cl~n/ur /oo
Reviewer , Date
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Spectrum ! DKR200: [ALPHA.ALUSR.ARCHIVE.S]S_PU0002$006-729012_PU.CNF; 1
Title : 006 . P .

Sample Title: PU~-B SE : - ' , : '
Start Time: 1-MAY-2000 16:44: Sample Time: 1-MAY-2000 00:00: Energy Offset: 3.08667E+03

Real Time : 0 16:40:03.00 Sample ID : 0056-72901i2 . - = Energy Slope : 4,06933E+00
Live Time : 0 16:40:03.00 - Sample Type: PU. ‘ Energy Quad : -2,44211E-04
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- RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY'
' CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

*******************************************************************************

ALPHA SPECTROMETRY REPORT

~

. 2-MAY-2000 09:52:42

Spectral File: ND AMS ARCHIVE S:S _PU0002$006-729013 PU.CNF

*******************************************************************************

BKG FILENAME:

.

BATCH ID: . PU0OO2 * SAMPLE ID:
SAMPLE DATE: 1 MAY-2000 00:00 * ALIQUOT: :
SAMPLE TITLE: PU-6 S * DETECTOR NUMBER:
ACQ DATE: 1-MAY-2000 16:45 * AVERAGE EFFICIENCY:
ELAPSED LIVE TIME' 60000. *  RECOVERY:
TRACER 1ID: . 950296-PU * TRACER FWHM (kev)
LAMBDA VALUE: . -1000. * ROI TYPE:
TRACER DPM AT -SAMPLE DATE: 4.427 * CONFIDENCE FACTOR:
SAMPLE MATRIX: SOIL * .LLD CONSTANT:

. ENERGY CAL DATE: 5-JAN-2000 14:40 * EFF CAL DATE:

* BKG ELAPSED TIME:

**********************************t*****************************tt**********?**

NUCLIDE ENERGY  NET .

- AREA
PU-238 5487.1 - 2.00
PU-239 ' 5147.7  29.33
PU242  4890.7  863.00

I Ty R Ly R R Y Y L 2 2 2 L R X222 R X R X T SR R R e )

G Bt
Do S

HEViewer

B_006_26APR00

*

NUCLIDE ACTIVITY SUMMARY

BKG $ABN  ACTIVITY = TPU/ERROR
' -~ pCi/ gram 2-SIGMA
0.00 99.9  8.538E-03 1.214E-02
0.67  99.9  1.252E-01 ' 5.041E-02
1.00 100.4' 3.666E+00 . 4.474E-01

Y o

Date

s/

Date

006-729013
.:5.440E-01

STANDARD

5-JAN-2000 14:40 -

pCl/ gram
 1.157E-02
2.778E-02
3.126E-02



Spectrum

Title

|
Sample Tit}e

DKA200: [ALPHA. ALUSR. ARCHIVE. 5]1S_PU0002$006~-729013_PU.CNF; 1
006 | - 4
PU-6 S

.
0
)
+
.
L]

Start Time; 1-MAY-2000 16:46: Sample Time: 1-MAY-2000 00:00: Energy Offset: 3.08489E+03

Real Time % 0 16:40:00.00 Sample ID : 006-729013 Energy Slope : 4.04169E+00
Live Time-; 0 16:40:00.00 Sample Type: PU . Energy Qqad : —2.74655E-04
100 .........................................................................................

Counts
o
Lo }

F l k A : l MMJ l;’.; Aﬁ _ll A -L‘u

1 ;P
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RADIATION & INDOOR ENVIRONMENTS NAT'L 'LABORATORY
CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

*******************************************************************************

' ALPHA SPECTROMETRY REPORT

2-MAY-2000 09:53:21

Spectral File: ND AMS ARCHIVE S:S PU0002$007-729014_PU.CNF N
*******************************************************************************
BATCH ID: _ PU0002 * SAMPLE'ID:- 007-729014
SAMPLE DATE: 1-MAY-2000 00:00 * - ALIQUOT: 5 S40E-01 @ gram
SAMPLE TITLE: : PU-7 SW * - DETECTOR NUMBER: : 007
ACQ DATE:. ‘ 1 MAY 2000 16:46 * AVERAGE EFFICIENCY: 22.74%
ELAPSED LIVE TIME: 60003. * 'RECOVERY : 64.44%
TRACER I1D: 950296-PU * TRACER - FWHM (kev) 1 29.65
LAMBDA VALUE: - 1000. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE 4,427 * CONFIDENCE FACTOR: : 4.65
_SAMPLE MATRIX: ' SOIL * LLD CONSTANT: 2.71
ENERGY CAL DATE: 5-JAN-2000 14:40 * EFF CAL DATE: 5-JAN-2000 14:40
BKG FILENAME: B_007_26APRO0O * BKG ELAPSED TIME:

***********************************************f*******************************

NUCLIDE ENERGY NET

' AREA
PU-238 5487.1 2.00
PU-239 5147.7 . 21.00
PU242  4890.7 651.33

*****&***********************************f*************************************

M%wlg%&;a@‘i

_ S
@m, ﬁl—:a—mm

Reviewer

*

NUCLIDE ACTIVITY SUMMARY

BKG  $ABN ACTIVITY
' pCi/ gram
1.00 99.9  1.111E-02
0.00 99.9  1.166E-01
1.67 100.4  3.599E+00

5'/ /av

Date '

S/Z/OD

Date

TPU/ERROR

18a001. .

2-SIGMA’ pCi/MDgram..
2.035E-02  4.088E-02
. 5.389E-02  1.505E-02
4.815E-02

4.608E-01




Spectrum
Title }
Sample Title: PU-7 SuW

Start Time: 1-MAY-2000 16:46:

“Real Time
Live Time

60

40

Counts

- 20

: DKA200: [ALPHA. ALUSR. ARCHIVE.S]S_PUG002$007-729014_PU.CNF; 1

: 007

Sample Time:

1-MAY-2000 00:00:

Energy Offset: 3.07B37E+03

* 0 16:40:04,00 Sample ID : 007-729014 Energy Slope : 4.03741E+00
{ 0 16:40:03.00 Sample Type: PU | Energy Quad . -2.73464E-04
...... R S At A
1 i L i I deg ;L_ﬂ&l. 4 134 N W TR
.3500 4000 4600 - 6000 .- 5500 6000 6500 '

Energy (keV)



" RADIATION &'iNDOOﬁ ENVIRONMENTS NAT'L LABORATORY
CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE C

ALPHA SPECTROMETRY REPORT

2-MAY-< 2000 09:53:59

A*******************************************************************************

Spectral File: ND_AMS ARCHIVE_S:S PU0002$008-729015_ PU.CNF

*******************************************************************************

BATCH 1ID:
SAMPLE DATE:
SAMPLE TITLE:
ACQ DATE:

'1-MAY-2000-00:00
1-MAY- 2000 16:48

ELAPSED LIVE TIME:

TRACER ID:
LAMBDA VALUE:

TRACER DPM AT SAMPLE DATE:’

SAMPLE MATRIX:

ENERGY CAL DATE:

BKG FILENAME:

****************************f**************************************************

NUCLIDE ENERGY

PU-238 5487.1

PU-233 5147.7
PU242 4850.7

5-JAN-2000 14:40
B _008_26APRO0

. NET

AREA
3.67
24.00
733.67

*

*

' NUCLIDE ACTIVITY SUMMARY

'BKG $ABN  ACTIVITY
pCi/ gram
1 0.33 '99.9  1.828E-02

1.00 99.9  1.196B-01

1.33 100.4  3.639E+00

.EFF CAL ‘DATE:
.BKG ELAPSED TIME:

PU0002 = * SAMPLE ID:
* ALIQUOT:
PU-8 W * DETECTOR NUMBER:
* . AVERAGE -EFFICIENCY:
60002." * 'RECOVERY :
950296-PU .  * TRACER FWHM (kev) :
1000. . * ROI TYPE:
4,427 * . CONFIDENCE FACTOR:
SOIL * LLD CONSTANT:
*
*

TPU/ERROR
2-SIGMA

2.040E-02
5.327E-02

4 .559E-01

5.480E-01 gram

A

008-729015

008
22.45%
73.52%

© 25.17
STANDARD .

" 4,65

2.71

5-JAN-2000 14:40

180000.

. MDC
pCi/ " gram

2.689E-02
3.669E-02
4.007E-02

2RI LR L R B Ry R R R Ry Y 2 222 2 2222 R XX ES

o s

A&&lyat

D P

Revxewer

5/a /ao

Date

J{y’2¢/o<:

Date




Spectrum '+ DKA200: [ALPHA.ALUSR.ARCHIVE.S]S_PUO002$006-729016_PU.CNF; 1
"Title : 008 . '

Sample Title: PU-8 W , -
Start Time! 1-MAY-2000 16: 48! Sample Timse: 1-MAY-2000 00:00: Energy Offset: 3.0738B7E+03

Real Time é 0 16:40:02.00 Sample ID : 008-729015 .- Energy Slope : 4,16796E+00

Live Time : 0 16:40:02,00 Sample Type: PU , Energy Quad : -2,8436BE-04
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RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY
CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

ALPHA SPECTROMETRY REPORT -
2-MAY- 2000 09:54:43

*******************************************************************************

Spectral File: ND AMS ARCHIVE_S:S_PU0002$009-729016_PU.CNF SN '

*******i***********************************************************************
*

BATCH ID: - PU0002 * " SAMPLE 1ID: A 009~729016
SAMPLE DATE: 1- MAY 2000 00:00 * ALIQUOT: 5.520E-01 gram
SAMPLE TITLE: "PU-9 NW * . DETECTOR NUMBER:. . 009
ACQ DATE: 1-MAY-2000 16:49 * AVERAGE EFFICIENCY: ' 22.32%
ELAPSED LIVE ‘TIME: 60004. * RECOVERY: : 86.99%
TRACER ID: ‘ 950296-PU * TRACER FWHM (kev): 25.06
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD -
TRACER DPM AT SAMPLE DATE 4.427 * CONFIDENCE FACTOR: o 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: ' 2.71
ENERGY CAL DATE: 7-JAN- 2000 13:40 * EFF. CAL DATE: 7-JAN-2000 13:40
BKG FILENAME: B_009_26APROO * BKG ELAPSED TIME: - 180002.

L
P Y X L R R R RS X Y2 I XXX X XYITSESIXIS RSS2 22 2 X2 22 22 2 R 2 R 2 Rttty

. NUCLIDE ACTIVITY SUMMARY

NUCLIDE ENERGY NET 'BKG  $ABN ACTIVITY  -TPU/ERROR MDC

' - AREA C ' pCi/ * gram 2-SIGMA ~ pCi/ gram
PU-238 - 5487.1 1.00 1.00 99.9  4.207B-03  1.287E-02  3.096E-02
PU-239 5147.7  28.33 0.67 99.9 ° 1.192E-01  4.873E-02  2.737E-02
'PU242-  4850.7 863.00 1.00 100.4 ~ 3.612E+400  4.407E-01  3.081E-02

N A I I I 2 Y Yy s XX X222 RSS2 222 22 s 2 2 22222 2 Rttty

QW; - - %/w.

alyst Date

A:::>x4u,k:<;lr—— Sy/éq/isc

Reviewer Date
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" Spectrum
Title

i
'
i

: DKQZOO:[ﬁLPHﬁ.HLUSh.GRCHIVE.S]S-PU0002$009~729016_PU.CNF;1

: 009

Sample Title: PU-9 NW
‘Start Tims:

1-MAY-2000 16:49: Sample Time:

t

! 1-MAY-2000 00:00: Energy Offset: 2,982956E+03
Real Time ﬁ 0 16:40:04.00 ~ Sample ID 009-729016 Energy Slope : 4.20960E+00
Live Time j 0 16:40:04.00 Sample Type: PU Energy Quad ~2.907652E-04
100;—.- afs e o o o o 5 o ¢ 8 @ o & v s & & s » v e 8 a v & 6 9 5 2 v a s v w v v P e s s e s s 4 r e s 2 4 T T & e v T E U S e e s e s s 6 s e s 4 A s e 8 e s e s s as
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Energy (keV)



~

RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY
. CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

' ALPHA SPECTROMETRY REPORT
2-MAY-2000 09:56:03

,*****************************************************************f*************

Spectral File: ND AMS ARCHIVE S:S PU0002$010-999999_PU.CNF A

***************t************************************t**************************
*

BATCH ID: = PU0002 * . SAMPLE ID: ) ‘ 010-999999
SAMPLE DATE: 1-MAY-2000 00:00 * ALIQUOT: 1.000E+00 gram
SAMPLE TITLE: . ~ PU-10 RB * ‘DETECTOR NUMBER: ' 010
ACQ DATE: 1-MAY-2000 16:51 * AVERAGE EFFICIENCY. 22.43%
ELAPSED LIVE. TIME : 60001. * RECOVERY: ' ' 0.17%
TRACER ID: 1 950296-PU hd TRACER FWHM (kev): 65.04
LAMBDA VALUE: 1000. * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE 4.427 * CONFIDENCE FACTOR' . . 4.65
SAMPLE MATRIX: SOIL * LLD CONSTANT: 2.71
ENERGY CAL.DATE: 5-JAN-2000 14:40 * EFF CAL DATE: S—JAN-ZOOO 14:40
* BKG ELAPSED TIME: 180003.

BKG FILENAME: ~  B_010_26APR0O
. : *

****************************************f**************************************

, , NUCLIDE ACTIVITY SUMMARY
NUCLIDE ENERGY NET BKG -~ %ABN  ACTIVITY - TPU/ERROR MDC

AREA pCi/ gram 2-SIGMA pCi/ gram
"PU-~238 5487.I —0.33' 4.33 99;9 -AIOOSE—OI 5.682E+00 1.490E+01 °
PU-239 5147.7 -0.33 | 2.33 99;9 -4.008E-01 '4.107E+00 1.180E+01
PU242 4890.7 1.67 1.33 100.4 1. 994E+OO 4.446E+0O - 9.666E+00

*******************************************************************************

**x Chemical Recovery < 25.0% *** '- —Tm.—w Mofawwﬂ
9»«4 M ‘5//00 | 44 MW(“’""‘Z) s

Date D 7023?-: -d323
%x - Pe239c —a.33
s S/2/00 . |
Rev@wer Date / . P“zn- / 67

v | | o t“a&(«t.gfa ﬂ&f/‘-&taﬂd
- w/.a f(ﬂﬁvm.‘é




Sp_éctfum : DKA200: [ALPHA. ALUSR. ARCHIVE. S]S_PU0002$010-999999_PU.CNF; 1
Title .1 010 . : .

Sample Title: PU-10 RB | ~ '
Start Time: 1-MAY-2000 16:51: Sample Time: 1-MAY-2000 00:00: Energy Offset: 3,.08886E+03

Real Time : 0 16:40:01,00 Sample ID : 010-999999 Energy Slope : 4.06524E+00
Live Time : 0 16:40:01,00- - Sample Type: PU ' ' Energy Quad : -2.65022E-04
! ! A
1[....«........-. ......................................................................
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RADIATION & ‘INDOOR ENVIRONMENTS NAT'L LABORATORY

ALPHA SPECTROMETRY REPORT

2-MAY- 2000 09:56:57

CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

-*******************************************************************************

Spectral File: ND_AMS ARCHIVE S:S PU0002$013-729017 PU.CNF

*****************************?*************************************************

BATCH ID:
SAMPLE DATE:
SAMPLE TITLE:
ACQ DATE:

1-MAY-2000 00:00

ELAPSED LIVE‘TIME

TRACER ID:
LAMBDA VALUE:

- TRACER DPM AT SAMPLE DATE.

SAMPLE MATRIX:

ENERGY CAL DATE:

BKG FILENAME:

6-JAN-2000 12:26

*

EFF CAL DATE:

. \‘:

 PU0002 * SAMPLE  ID: B 013—729017
; * ALIQUOT: 5.590E-01 gram
PU-11 MB * DETECTOR NUMBER: 013
-MAY- 2000 16:52 * AVERAGE EFFICIENCY: 21.49%
60000. * RECOVERY: 91.17%
950296-PU * TRACER FWHM (kev): 24.71
1000. * ROI TYPE: o STANDARD
4.427 * CONFIDENCE FACTOR: - 4.65
SOIL * LLD CONSTANT: 2.71
[ ]
*

B _013_26APROO

%

BKG' ELAPSED TIME:

6- JAN 2000 12:26

180002.

L Y T Y e XY P Y RIS RS S SR SRR E 2SS 222 R 2 S SR 2SR X2 X2 2 2 2 R 2 X X

NUCLIDE ENERGY

PU-238 5487.1
PU-239 5147.7
PU242  4890.7

NET
AREA

0.00
. -0.33

870.67

NUCLIDE ACTIVITY SUMMARY

BKG ° $ABN "ACTIVITY

pCi/ gram‘

0.00 99.9 - 0.000E+00
'0.33 99.9 -1.373E-03

0.33 100.4 3.567E+00.

- TPU/ERROR

2-STGMA
0.000E+00
2.752E-03

4.348E-01

MDC
pCi/ gram

1.116E-02"
2.221E-02
' 2.210E-02

************i***********************f******************************i***********

-§§;1YSt

Ww(q’"

RevIewer

5’/2 /Ob

Date f

S/Z—/Oo

Date




Spectrum | : DKAR200: [ALPHA.ALUSR.ARCHIVE.S]1S_PU00024013-729047_.PU.CNF; 1
Title 1013 ‘

sample Title: PU-11 MB | - -
Start Time: 1-MAY-2000 16:62: Sample Time: 1-MAY-2000 00:00: Energy Offaset: 3.06616E+03
Real Time % 0 16:40:01.00 . Sample ID .: 013-729017 Energy Slope : 4.16873E+00
Live Time 1 0 ;6:40:00.00' . Sample Type: PU- o Energy Quad : -2.18631E-04
_ | 3 . , _
100 bl e D ¢ ;...' ...... e e T -
"
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c .
- S T O | P S SR
. S ‘r-
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Energy (keVY)
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' RADIATION & INDOOR ENVIRONMENTS NAT'L LABORATORY

CENTER FOR RADIOANALYSIS & QUALITY ASSURANCE

ALPHA SPECTROMETRY REPORT

2 MAY 2000 09:57:48

‘*******************************************************************************

Spectral File: ND_. AMS ARCHIVE S:8 P00002$014 729018 PU.CNF

********************i**********************************************************

*

' SAMPLE ID:

\.

'BATCH ID: PU0002 * 014-729018
SAMPLE  DATE: 1 MAY 2000 00:00 * ALIQUOT: 5.550E-01 gram
SAMPLE TITLE: ~ PU-12 MS * ' DETECTOR NUMBER: 014
ACQ DATE: 1-MAY-2000 16:56 * AVERAGE EFFICIENCY: 21.36%
ELAPSED LIVE TIME: 60002. * - RECOVERY: 74 .37%
TRACER ID: 950296-PU * ‘TRACER FWHM (kev) - 24.16
LAMBDA VALUE: .o 1000. . * ROI TYPE: STANDARD
TRACER DPM AT SAMPLE DATE: 4.427 * - CONFIDENCE FACTOR: » 4.65
SAMPLE MATRIX: . SOIL * .LLD CONSTANT: . 2.7
ENERGY CAL DATE: 6-JAN-2000 12:26 = * EFF CAL DATE: - 6~JAN-2000 12:26
*

BKG FILENAME:

B_014_26APROO

*

'BKG ELAPSED TIME:

180003.

*******************************************************************************

NUCLIDE ENERGY

NET

AREA
PU-238 5487.1 0.00
PU-239 5147.7 )1497.35
PU242  4890.7 - 706.00

NUCLIDE ACTIVITY SUMMARY:

BKG  $ABN ACTIVITY

' ‘ pCi/ gram
1L00‘ 89.9 -8.597E-08
0.67 895.9 . 7.658E+00
1.00 100.4 3.593E+00

TPU/ERROR
2-SIGMA

1.181E-02

1.217E+00
4 .535E-01

MDC

pCl/ gram

3.764E-02
3.328E-02
3.746E-02

*******************i********************i**************************************

Ny

Reviewer

o

Date

~S/§/°0

Date

52




Spectrum i
Title ;':_014
Sample Title: PU-12 MS

Start Time: 1-MAY-2000 16:66: Sample Time:

1-MAY-2000 00:00:

: DKazou:[aLPHa.aLUSR.ﬁRCHIVE{sjS_Pu0002s014-729018_Pu.CNF;1

Energy Offset: 3,05990E+03

Real Time { 0 16:40:02.00 Sample ID : 014-729018 Energy Slope : 4.16645E+00
Live Time : 0 16:40:02,00 Sample Type: PU Energy Quad : -2.82410E-04
200 . . T ] R T T T T T T S
n LN
e
5
0100- --------------------------------------------------------------------------------------
(8]
0 , J 1 L mf 1 . L L4 L 1
3500 4000 . 4500 - 5000 5500 6000 6600 ° 7000

Energy (kev)




QA filename : DKA200: [QLPHH HLUSR Qn, Y]PUOOOZ Y-PU_ SOIL QAF: 1
Parameter Name : NCLSP1-PU242 (Yield Pu242)

Start/End Pgtes : 1-MAY-2000 16:40:08 through 1-MAY-2000 16:56: 04
Lower/Upper Lmts: 25 0000 through 115.000

f
i uP
100 ...... _.: ............. : ....... :.. .A.--: ------------- -: ............ -.:-.; .......... :
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'2 BOF - . ............. : .............. IR AR IR AL IR :.
> . . . , : : . .
LOW
1 1 1 N 1
2 4 6 8 fﬁ“~\iz }2
e S

Run Number Gkaﬁk/




-VMS Quality Assurance Report V1.3 Generated 2-MAY-2000 09:58:01

QA filename

Parameter Name
Description .
Parameter Units
Num Points Used
Start Date .
Minimum Value
Maximum Value
Out-of-range Test:
Lower Limit

Measurement Time
1-MAY-2000 16:40:08
1-MAY-2000 16:41:43
1-MAY-2000 16:42:35
1-MAY-2000 16:43:38
1-MAY-2000 16:44:52
l-MAY-ZOOO 16:45:47
1-MAY-2000 16:46:41
1-MAY-2000 16:48:48
1-MAY-2000 16:49:44
1-MAY-2000 16:51:32
1-MAY-2000 16:52:44
1-MAY-2000 16:56:04

: DKA200 [ALPHA ALUSR QA Y1PU0O0O0O2_Y PU_SOIL.QAF;1

e o8 e

NCLSPl PU242
Yield Pu242 ‘

%
12

1-MAY- 2000 16: 40 08

0.167213
92.3364
BOUNDARY

s+ 25

PU0002
PU0002
PU0002
PU0002
PU0002
PUO0OO02
- PU0002
PU0002
PU0002:
- PU00O2
PUOOOZ

PU0002_001-72900 .
002-72900 .
003-72901
004-72901
005-72901
006-72901
007-72901
008-72901
009-72901
010-99999 .
013-72901
014-72901

Parameter Type

" Num Records Read : 12

End Date

- Minimum Date

Maximum Date
Test Source
Upper Limit

Value
88.4088 .
85.9090
"90.7147
92.3364
87.9925
90.5750
64..4374
73.5231
86.9888
0 167213
91.1694
74 .3667

A9

CONFIGURATION

1-MAY-2000 16: 56 04

1-MAY-2000 16:51:32
: 1-MAY-2000 16:43:38
;. QAANALYZE COMMAND ‘
: 115 ~

Flags

Belqy (*vu4¥A Q@t&jual)




\

QA filename
Parameter Name
Start/End Dates
Lower/Upper Lmts:

DKA200: [ALPHA. RLUSR, QA, Y]1PUOO02_Y_PU_SOIL.QAF; 1
: PSFWHM-PU242 (Tracer FWHM Pu242)
: 1-MAY-2000 16:40:08 through 1-MAY-2000 16:656: 04
20.0000 through 80.0000

80 ~ e " .
X
o~ 60..‘ ...... .,.............,........... ................................ . .............
<t . .
N .
o
n .
z
Y
| 4
(]
(4]
o
s
40,........‘.......... ..............................................................
‘ . X . .
X : X : X
- X X .
x . X X
20 1 ] i 1 ]
2 4 6 8 10

Run Number

> uP




.VMS Quality Aseurance‘Report.Vl;B Géneré:ed; 2¥MA¥72000,09558E043

QA filename

Parameter Name
Description
Parameter Units
Num Points Used -
- 8tart Date

;- PSFWHM- PU242 _

R Tracer FWHM Pu242

: KEV .
12

1-MAY- 2000 16:40:08

Minimum Value
Maximum Value
Out-of-range Test: BOUNDARY

Lower lelt

. 24.1627
. 65.0438

: 20

Measurement Time

1-MAY-2000
1-MAY-2000
1-MAY-2000
1-MAY-2000
1-MAY-2000

1-MAY-2000

1-MAY-2000
1-MAY-2000
1-MAY-2000

1-MAY-2000 .

1-MAY-2000

‘1-MAY-2000.

+40:08
:41:43
:42:35
:43:38
:44:52

:47
:41
:48 -
{44 -
+32
144
: 04

PU0002Z.

‘PUOOO02
. PU0002

PU0002

‘Parameter Type

Num Records Read
End Date

| }'DKA200 [ALPHA ALUSR QA Y]PUOOOZ Y PU SOIL QAF 1

: . N
CONFIGURATION

12 :

1-MAY-2000 16:56:04

" Minimum Date
" Maximum Date
.Test Source

‘Upper Limit

Sample ID

“PU0002_001-72900.
002-72900- -
003-72901 -

PU0002
PU00027004-72901
005-72901

PU0002

PU0002_014-72901

006-72901 -
007-72901
008-72901 -
PU0002-009-72901
PU0002_010-99999
© PU00027013-72901

Value~5
30 4873
25.0831

©32.4355
" 27.3842
27.2447

28.6006
29.6497

. 25.1708 :
"25.0559
'65.0438

24.7055

| 24.1627

bl

e e 29 e

s oo o

80
Flags

"1-MAY-2000 16:56:04
1-MAY-2000 16:51:32
QRANALYZE COMMAND



Review of QA results'(Tracer Yields/FWHM ) 2-MAY-2000 09:58:05

Detector Parameter

APPROVAL DATE:

YIELD-PU242

ALL
ALL

ND_AMS_QA Y:PU0002_Y_PU_SOIL.QAF

S/a/eo

Passed

APPROVAL TIME:

Filename.

S _PU00025001-
S_PU0002$5002-
S_PU0002$003-

S _PU0002$004-
S _PU00025005-
'S _PU00025006-
PU00025007-
S_PU0002$008-
S _PU0002$009-
S_PU0002$010-
S _PU0002$013~

S_PU0002$014-729018_PU

S

100 Wa.

729008 PU.

729009 _PU

729010 _PU

—

729011 PU
7290127 PU
729013”PU

729014 PU

-729015_PU’

729016 _PU
999999
729017_PU

AépRovED BY: : 9 &MQ_ﬁL . PROCEDUR# # RQA'SO?‘; é%

Report completed at 2-MAY-2000 09:58:24

PU -
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\ Nattmtal Tnstitute of étanbarhs * ?!Izchnnlngg

o @ectificate

TIIIS!SAPHOTOCOPYOF 1 ANEN

WHICH (S BEINS MAILED TO YOU U.‘d.: {
SEPARATE COVER.

Standard Reference Material 4334E
'Radioactivity Standard

Radionuckide

Source description

. Solution mass
Solution composition

Reference time
(Purification time)

Radioauclidic impuritics
Half life

Measuring instrument

Phutonivm-242

43ME

Liquid in.flame-scaled NIST
borasilicate-glass ampoule ™*

Appraximately 5.8 grams

' Plutonium-242 in S mol-L* nitric acd ®

1200 EST, 18 December 1989

2637 Bq-g*

A 1.12 percent @

See Tuble 1 ¢
(3.733 = 0.012) x 10° years @
Two 4w liquid-scintillation counters,

a calibrated germanium detector system,
and a silicon surface-barrier detector

Vmwmmmwmmmmﬂmmlo@mnmm
Radomvitmenp,J.M.ann Hutchinson, Acting Gsoup Leader.

January 1993

William P. Reed, Chief
SgndudRefemMateﬁahPrognm

*Notes on back
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(\ g UNTED StaTES ENVIRONMENTAL pncrrsc‘nqu AGENCY
. OPFFICE OF RESEARCH AND DEVELOPMENT
. ’““ ENV’MNMENTAL MONITORING SYSTEMS ueomv-ua VEGAS
A : P.Q. BOX 83478
LAS YEGAS, NEVADA 85193-3478
702/768-2100 .
Calibratiop Certificate - , .
Description A ) )
Principat RBGIORUCHJE..v.-ccrcrrsssssesisssssesserern el Pu-239 ]
Total Mass of this SORTIOR. evrvesesersesnnnne ST, {____ Approx. 5 grams ]
Total Activity.... \ L Approx. 62 nanocuries |
» HBHAHR . veerevens.beseesesasessssenssesmeessassencasssenions L T 24,110 £ 30 years ﬁ
ACtivity CORCEntration.........eusseese. —— | 12.4 nanocuries/gram |
S . Februsry 2, 1995
. Date and Time of Standardization..........i.eeeseusens 0400 hours PST
SOIUtIoN NUMDET.....eveiviversercsesee S T T X ]
‘Measurement _
Method of Measurement:

The activity of ‘thé primary solution was measursd Ey liquid scintillation counting.
“The ac;ivity of the c_ﬁknion was also messured by liquid scintillation counting. -

The printipsl activity was accompanied at the quoted time by &

] of the-daughter nuclide.......... o

.Useful LHe . .

" We recommend that this sohution shouid not be used after.......{_ 2001 ) '_ '

040




