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Lockheed Environmental Systems & Technologies Co. 
Lockheed Analytical Services 
975 Kelly Johnson Drive Las Vegas, Nevada 89119-3705 
Telephone 702-361-0220 800-582-7605 Facsimile 702-361-8146 
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Ms. Joan Kessner 
Bechtel Hanford, Inc. 
P.O. Box 969 
1022 Lee Boulevard 
Richland, WA 99352 

RE: Log-in No.: 
Quotation No.: 
SAF: 
Document File No.: 
WHC Document File No.: 
SDG No.: 

LOCKHEED 

February 23, 1996 

L6230/L6263 
O400000-B 
896-051 
0119596/0124596 
320 
LK6230 

lllR 1996 
RECEIVED 

Data 
log In 

The attached data report contains the analytical results of samples that were submitted to 
Lockheed Analytical Services on January 19 and 24, 1996. The temperature of the coolers 
upon receipt was 2° and 4°C. Sample containers received agree with the chain-of-custody 
documentation. Sample containers were received intact. Samples designated for nitrate, 
nitrite, phosphate, and turbidity analysis were not received in time to meet the analytical 
holding time requirements. 

The case narratives included in the following attachments provide a detailed description of all 
events that occurred during sample preparation, analysis, and data review specific to the 
samples and analytical methods requested. 

A list of data qualifiers, chain-of-custody forms, sample receiving checklist, and log-in report 
are also enclosed representing the samples received within this group. 

If you have any questions concerning the analysis or the data please call Kathleen Hall at 
(509) 375-4741. 
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Lockheed Analytical Services Log-in No.: L6230/L6263 
Quotation No.: O400000-B 

SAF: B96-051 
Document File No.: 0119596/0124596 

WHC Document File No.: 320 
SDG No.: LK6230 

Release of this data report has been authorized by the Laboratory Director or the Director's 
designee as evidenced by the following signature. 

" I certify that this data package is in compliance with the SOW, both technically and for 
completeness, for other than the conditions detailed above. Release of the data contained in 
this hard copy data package has been authorized by the Laboratory Manger or a designee, as 
verified by the following signature." 

cc: Client Services 
Document Control 

Sincerely, 

1Jd2--- o_QQ_ 
+-or --Kathleen M. Hall 

Client Services Representative 
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Lockheed Analytical Services Log-in No.: L6230/L6263 
Quotation No.: Q400000-B 

SAF: B96-051 
Document File No.: 0119596/0124596 

WHC Document File No.: 320 
SDG No.: LK6230 

• 

• 

CASE NARRATIVE 
INORGANIC NON METALS ANALYSES 

WATER 

The routine calibration and quality cont rol analyses performed for this batch include as 
applicable: initial and continuing calibrat ion verification, initial and continuing calibration 
blanks, method blank(s) , laborat ory control sample(s), matrix spike sample(s), and 
duplicate sample(s). 

Preparation and Analysis Requirements 
Two water samples were received for L6230 and L6263 (SAF B96-051) and analyzed 
in batches 119 bh and 124 bh for selected analytes as requested on the chain of 
custody. Quality control analysis was performed on the following sample: 

Client ID LAL# Method 

BOGZS8 L6230-4 MS, DUP 180. 1 Turbidity 

L6230-3 MS,DUP 300.0 Chloride, Nitrate-Nitrogen, Nitrite-
Nitrogen, Orthophosphate, Sulfate 

BOXZT0 L6263-2 MS, DUP 300.0 Chloride, Nitrate-Nitrogen, Nitrite-
Nitrogen, Orthophosphate, Sulfate 

Holding Time Requirements 
All samples were analyzed within the method-specific holding times with the following 
exceptions: 

For sample BOGZS8 and BOGZT0 (L6230-4 and L6263-4 respectively) for Method 
180.1 Turbidity, and sample BOGZS8 (L6230-3) for Method 300.0 Nitrate-Nitrogen, 
Nitrite-Nitrogen and Orthophosphate holding time was exceeded and the associates 
samples are flagged with an "H" . 

Method Blanks 
• The concentration levels of all the requested analytes in the method blank were below 

the reporting detection limits. 

Internal Quality Control 
• All Internal Quality Control were within acceptance limits. 

Kay Mccann 
Prepared By 

January 30. 1996 
Date 
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Lockheed Analytical Services Log-in No.: L6230/L6263 
Quotation No.: 0400000-B 

SAF: 896-051 
Document File No.: 0119596/0124596 

WHC Document File No.: 320 
SDG No.: LK6230 

CASE NARRATIVE 
INORGANIC METALS ANALYSES 
WATERS AND FILTERED WATER 

The routine calibration and quality control analyses performed for this batch include as 
applicable: instrument tune (ICP/MS only), initial and continuing calibration verification, initial 
and continuing calibration blanks, method blank(s), laboratory control sample(s), ICP 
interference check samples (ICP only), serial dilutions, analytical (post-digestion) spike 
samples, matrix spike (predigestion) sample(s), duplicate sample(s). 

Preparation and Analysis Requirements 

All samples were received on January 19 and 24, 1996. The samples were logged in 
as L6230 and L6263 and were prepared and analyzed in batches 119 bhT for total 
metals and 119 bhD for dissolved metals. 

Holding Time Requirements 

• All samples were analyzed within the method-specific holding times. 

Method Blanks 

• The concentration levels of all the requested analytes in the method blank were below 
the reporting detection limits. 

Internal Quality Control 

• All Internal Quality Control were within acceptance limits. 

Shellee McGrath 
Prepared By 

February 15, 1996 
Date 
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Lockheed Analytical Services Log-in No.: L6230/L6263 
Quotation No.: Q400000-B 

SAF: 896-051 
Document File No.: 0119596/0124596 

WHC Document File No.: 320 
SDG No.: LK6230 

CASE NARRATIVE 
RADIOCHEMICAL ANALYSES 

The routine calibration and quality control (QC) analyses performed for this batch include as 
applicable: instrument calibration, initial and continuing calibration verification, quench 
monitoring standards, instrument background analysis, method blanks, yield tracer, laboratory 
control samples, matrix spike samples, duplicate samples. 

NOTE: Chemical recoveries and minimum detectable activities (MDAs) can be found 
on the preparation sheets and calculation sheets on the attached raw data for 
each method. 

Holding Time Requirements 

All holding times were met. 

Alpha Spectrometry 

Analytical Method Isotopic Uranium 

The isotopic uranium analysis was performed using standard operating procedure (SOP) , LAL-
91-SOP-0 108. The samples were analyzed in workgroup 3267 3. The instrument calibration 
verification met criteria. The method blank was within QC criteria. Yield tracer recoveries 
were within QC criteria for all associated samples. The laboratory control sample (LCS) 
recoveries were within QC criteria. The duplicate (DUP) recoveries were within QC criteria. 
Sample BOGZTO (L6263-5) had full width half max equal to 116 keV, however the peaks are 
resolvable therefore data quality is not believed to be adversely affected. No re-analyses were 
performed. 

Gamma Spectrometry 

Analytical Method Gamma Spectrometry 

The gamma spectrometry analysis was performed using SOP, LAL-91-SOP-0063. The 
samples were analyzed in workgroups 32661 and 32929. 

Workgroup 32661 
The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS recoveries were within QC criteria. The DUP recoveries were within QC criteria. The 
MDA for cesium-137 was slightly greater than the reporting detection limit (RDL) for sample 
BOGZSS (L6230-5) due to insufficient sample for the DUP. Data quality is not believed to be 
adversely affected. No re-analyses were performed. 
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Lockheed Analytical Services 

Workgroup 32929 

Log-in No.: L6230/L6263 
Quotation No.: O400000-B 

SAF: B96-051 
Document File No.: 0119596/0124596 

WHC Document File No.: 320 
SDG No.: LK6230 

The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS recoveries were within QC criteria. The DUP recoveries were within QC criteria. The 
MDA for cesium-137 was greater than the RDL for sample BOGZTO (L6263-5) and the DUP 
(32929DUP1) due to insufficient sample volume. Data quality is not believed to be adversely 
affected. No re-analyses were performed. 

Gas Proportional Counter 

Analytical Method Gross Alpha/Beta 

The gross alpha/beta analysis was performed using SOP, LAL-91-SOP-0060. The samples 
were analyzed in workgroups 32664 and 33771. 

Workgroup 32664 
The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS and matrix spike (MS) recoveries were within QC criteria . The DUP recoveries were 
within QC criteria. The MDA exceeded the RDL due to the residue weight limitations forcing 
a volume reduction, the associated samples were flagged with a "C" qualifier. Sample 
BOGZS8 (L6230-5) was re-analyzed in workgroup 33771 because the strontium result was 
significantly higher than the gross beta. The re-analysis affirms that the gross beta value is 
correct and the first strontium analysis is incorrect. 

Workgroup 33771 
The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS recoveries were within QC criteria. The associated DUP was analyzed in workgroup 
32664, The MDA exceeded the RDL due to the residue weight limitations forcing a volume 
reduction, the associated samples were flagged with a "C" qualifier. Sample BOGZS8 
{L6230-5) was originally analyzed in workgroup 32664 where the strontium result was 
significantly higher than the gross beta. This re-analysis affirms that the gross beta value is 
correct and the first strontium analysis is incorrect. Only the analysis from this workgroup 
is reported. No re-analyses were performed. 

Analytical Method Total Strontium 

The total strontium analysis was performed using SOP, LAL-92-SOP-0196. The samples were 
analyzed in workgroups 32666 and 33765. 

Workgroup 32666 
The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS recovery was within QC criteria. The DUP recoveries were within QC criteria. 
Sample BOGZS8 (L6230-5) was re-analyzed in workgroup 33765 because the strontium result 
was significantly higher than the gross beta. 
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Lockheed Analytical Services 

Workgroup 33765 

Log-in No.: L6230/L6263 
Quotation No.: O400000-B 

SAF: B96-051 
Document File No.: 0119596/0124596 

WHC Document File No.: 320 
SDG No.: LK6230 

The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS recovery was within QC criteria. Sample BOGZS8 (L6230-5) was originally analyzed 
in workgroup 32666 where the strontium result was significantly higher than the gross beta. 
This re-analysis affirms that the gross beta value is correct and the first strontium analysis is 
incorrect. Only the analysis from this workgroup is reported. No re-analyses were performed. 

Liquid Scintillation Counter 

Analytical Method Carbon-14 

The carbon-14 analysis was performed using SOP, LAL-93-SOP-0209. The samples were 
analyzed in workgroups 32660 and 32917. 

Workgroup 32660 
The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS and MS recoveries were within QC criteria. The DUP recoveries were within QC 
criteria. The quench value was within curve limitations. Analysis for sample BOGZS8 
(L6230-11) consists of a straight spike of sample (10ml) into 10ml of Ultima Gold XR then 
counted. The sample activity (371 pCilL) is above the RDL of 200 pCi/L. The sample 
spectrum was compared to the LCS spectrum to confirm that the reported activity is most 
likely due to carbon-14. Data quality is not believed to be adversely affected. No re-analyses 
were performed. 

Workgroup 32917 
The instrument calibration verification met criteria. The method blank was within QC criteria. 
The LCS and MS recoveries were within QC criteria. The DUP recoveries were within QC 
criteria. The quench value was within curve limitations. Analysis for sample BOGZTO 
(L6263-11) consists of a straight spike of sample ( 10ml) into 10ml of Ultima Gold XR then 
counted. The sample activity (385 pCilL) is above the RDL of 200 pCi/L. The sample 
spectrum was compared to the LCS spectrum to confirm that the reported activity is most 
likely due to carbon-14. Data quality is not believed to be adversely affected. No re-analyses 
were performed. 
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Lockheed Analytical Services 

Analytical Method Tritium 

Log-in No.: L6230/L6263 
Quotation No.: O400000-B 

SAF: B96-051 
Document File No.: 0119596/0124596 

WHC Document File No.: 320 
SDG No.: LK6230 

The tritium analysis was performed using SOP, LAL-91-SOP-0066. The samples were 
analyzed in workgroup 32671. The instrument calibration verification met criteria. The 
method blank was within QC criteria. The LCS and MS recoveries were within QC criteria. 
The DUP recoveries were within QC criteria. The quench value was within curve limitations. 
No re-analyses were performed. 

Andrea Tippett 
Prepared By 

February 23, 1996 
Date 
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LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (ln0l) 

Feb 08 1996, 03:46 pm 

Login Number: L6230 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

1:;;;:1e..~tf:E:::::;;;~~:;::::::'.::::::::::::::::::::::::.=.11::::::::n&e.R::::;:;:::~::::::;:~::::::::::::~::::&w;:·::d:::11:.~~~:::~::::::::::::::.::1:~0~.:.:.:.:.:.:::i.:::.;P.JJ::::::.::1g;:L;:_.:.:.:_j:;.;;; 

u§:; iPcr:1:=r:?1:::1::::r:::1::::rn::::r:r::r:: :::::rn:]tlmi$.JJ.trr:trntrn::rrn1r:rn:::r:rn::::::::rn::::t:1ttsitemi:e:::rnw.1?fat.mtrr~er : r :11:1},11m:m,;, 
temp 2 · 
Location: RFG01-43A 
Water 1 S SCREENING Hold:15-JUL-96 

11:a:1:nsa:tr :::1:: :r::1r:r1:::r:::::rm::::::::::::::1:::::a.;1>.q.zsa 1 : :::r:r :::::·:·::::r . :,,_,::::::: rtt+7:Hi.tm±$:pt ll~i±P:AN&~?tm " :2\a:&Flm1±i6 
temp 2 
Location: 
Water 
Water 

RFG19-105C 
1 S 6010 ICP METALS 
1 S 6010 ICP TRACE 

Hold:15-JUL-96 
Hold:15-JUL-96 

p§g:1Jtffi2 {/\ J::JJ3.U.Sz.Sst , ,, ,, ; ;; t::: 1:w:tUfi~±~P /i.;i=mi.~¥~fq : :::::::?.pfff:Effliif~§ 
temp 2 
Location: 
Water 
Water 
Water 
Water 
Water 
water 

m1:a:=1nsi: 
temp 2 

RFG19-105C 
1 S 300.0 CHLORIDE 
1 S 300.0 FLUORIDE 
1 S 300.0 NITRATE 
1 S 300.0 NITRITE 
1 S 300.0 PHOSPHATE 
1 S 300.0 SULFATE 

Location: RFG19-105C 
Water 1 S 180.1 TURBIDITY 

ff:~P,~F\ 
Location: 150 

Hold:14-FEB-96 
Hold:14-FEB-96 
Hold:19-JAN;_,96 
Hold:19-JAN-96 
Hold:19-JAN-96 
Hold:14-FEB-96 

Hold:19-JAN-96 

Water 
Water 
Water 
Water. 

1 S GAMMA SPEC LAL-0063 Hold:15-JUL-96 
1 S GR ALP/BETA LAL-0060 Hold:15-JUL-96 
1 S SR-90 LAL-0196 Hold:15-JUL-96 
1 SU-ISOTOPIC LAL-0108 Hold:15-JUL-96 

llil}l:Qm~:: :n =:Jttft :t:=l ,g,;; ']{:=!.QQ:Z.$.:B.} 
temp 2 
Location: 150 

t#~\JIQ!±?I 1IIQIZ$$% t ' 
temp 2 
Location: 156V-093F 

Page 1 
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LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT {ln0l) 

Feb 08 1996, 03:46 pm 

Login Number: L6230 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

#i§;)g;:\{8WJ • ' :: : J§Q§~§~• ••• t t•: : : t •mt ':tk7Ri~ffig§J J;~:7µ'~7'~9 t:• :Ji:~nffl@Dfu~f~ 
temp 2 
Location: 156V-092B 

:Q~i•@•Q#9/? M30GZS8>•••••••••'••••·•••••·•· 
temp 2 
Location: 156V-093F 

p9g•;:Q7+Q • ' • r: t ~9:§Z:~:Hr \: > 17:BO'~E~ijJX,HJt.~P~B] ~•pbg$l~fa@9 
temp 2 
Location: 156V-093F 

µ•9~4Qif'.t+i :soszs.:s :•·•'••''••·•·· <········•'·•·'·'·'···,········ ... 

temp 2 
Location: 156V-F033 
Water 

· Water 
1 S C-14 LAL-0209 Hold:15-JUL-96 
1 S TRITIUM{H3) LAL-0066 Hold:15-JUL-96 

:Q§g4.Q#$;?.J• • •••• ? ::: J: ijQP~$~J: \ • • :•• •• < , $+$\VAN#~§ l:~ib[~#~ij\ • tt3PEEBH96 
temp 2 
Location: 
Filt H20 
Filt H20 

122 
15 S 6010 ICP METALS 
15 S 6010 ICP TRACE 

Hold:15-JUL-96 
Hold:15-JUL-96 

:Q§:~lQi#lJHt ? >' • !?@ : t!Rfll'IPR\V $0Cij$:@ >< t•· :1~#\7'417,9 \$~#Q;1ilNB~~< :•>< a~HF:Eij:ff:Q9 
Location: 
Water 1 S EDD - DISK DEL. 
Water 1 S INORG TYPE 2 RPT + 
Water 1 S RAD RPT TYPE 2 

Page 2 

Signature: 

Date= ::::: ::::::::mb:1:m:::,:~1::::: 
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OF CUSTODY /SAMPLE ANALYSIS REQUEST i-::-i . Page _1_ of _1_ 
Bechtel Hanford, Inc. CHAIN 

: Data Turnaround -

Collector Company Contact Telephone 
D Priority 

hJ, JIii-i IL. ~C./IL R. L. Biggerstaff (509) 372-9572 • Normal 

Project Dasigna\ion ...J Sampling Location SAF No. 
100-KR-4 Groundwater Sampling - Round 9 100 K 896-051 
lea Chest No. Field Logbook No. Method of Shipment 

5/YJL-~77 £/:"l_-1/,0 Federal Express 

Shipped To Offsita PropertqjNo. Bill of Lading/Air Bill No. 
Lockheed W 'GrO-Ol,</0-17 a Cf0'16,C{Cf <o'l:iY 
Possible Sample Hazards/Remarks Preservation 

Cool 4°C HN03 Cool 4°C Cool 4°C HN03 Cool 4°C HN03 ''l,,,_~R<t 

Type of Container PiG 
''0' ... 

G P/G PIG G PIG G ·""""'" - '1 

No. of Container(sl 
1 1 1 6 1 1 1 

·~p 

~J 
Spacial Handling and/or Storage 

Volume 
·-,,.. 

Maintain samples between 2°C and 6°C. 500mL 500mL 250mL lL lL 20mL 500mL ··>?=! 

ICP Anions (IC) Turbidity ·1 Tritium, Activity ICP ~ 

' · F. Cl. SO,. C-14 Scan -~"'=-:-.=i: 
Metals - NO,;NO,. Metals - '~'-

SAMPLE ANALYSIS TAL PO, TAL 
(Unfilter- (Filtered) 
ed) 

Sample No. Matrix" Date Sampled Time Sampled _::,;. .,.·\:::' · .. · .. ,:s:• .' ,. <?<•···· ·\::•·t,• •...• ){) (., ~ :::·. . •• <{•}'ii : >t}•> 
BOGZSS w /-1:2-1~ //_qt:_ )( x.. ;;(.. >( K )(__ 

BOGZS9 w /-/7- -1(,. //.3~ >< 
j, 

- • c~ 
", e, 

t ;911[~:11~::r~:~ESSION 
SPECIAL INSTRUCTIONS Matrix• 

Sign/Print Names • 1 · Gross Alpha, Gross Beta, Sr-90, U-234/235/238, Gamma Spec. 
. 

s = Soil 

Relinquished~),~ fate/Time/-f;!-7C- R_i.,.,n.B11, e.a- [)ate/Time /</Pj SE • Sediment 

~~~ Sample analysis for phosphate, nitrate, and nitrite by EPA 300.0; and turbidity SO a Solid 

1h J m,_1_ ~- .J J /¥6< It. 4/.i :rh-v J- l?-"Jt SL • Sludge 

~~i~ 7) ~ Date/Time ~:~ti Received By Date/Time 
by EPA 180.1 is being requested for information only. The ERC Contractor W ~ Water 

acknowledges that the 48-hour holding time will not be met. 0 • Oil 
A • Air As./J,/16"! /-/ OS • Drum Solid• 

~ 
Relinquished By Date/Time Received By Date/Time The Activity Scan is for all sample numbers listed on this chain of custody. DL • Drum Liquid• 

T -= Tissue 
WI= Wipe 

ftelinquished By Date/Time Received By Date/Time L ""'Liquid 
V = Vegetation - X ""Other 

--C:, · LABORATORY Received By Title Dar/Time .··.•.•,•· . .-·.· •,·.•.·,•-•···-· ·-. 
~ .. £C.__ 5"'""' .,k_ G... .. h,P,~ /~ft-'tk o'ttS Vi 

· :•,·/SECTION ·. 
:-: . : ~-: - -:-·-- • ... · .. _.-. 

~ 'FINAL SAMPLE Disposal Method Disposed By Da'te/Time 



SAMPLE CHECK-IN LIST 

WHC.-SOW:-93-OOO3 
Revision 4 · 

Date/Time Received: ) - (5 · 1 (., / o CZt S:: 
I 

SDGI: N k_ -------,t1-~-----

Work Order Number: _1-"___.0:'-------- SAF I: 13?(,, - 0.S-/ .. 

Shipping Container ID: ,.1~ l- c. n Chain of Custody f_t::1_4,,...,__ ___ _ 

1. 

2. 

3. 

4. 

5 . 

6. 

7. 

8 . 

Custody Seals on shipping co_ntainer intact? 

Custody Seals dated and signed? 

Sample temperature 2 •c_ ---""---=---------
Vermiculite/packing materials is 

Each sample is in a plastic bag? 

Sample holding times exceeded? 

Yes W- No [ ] 

Yes [>Y' No [ ] 

Wet [ ] Dry [\} · 

Yes ~ No [ ] 

Yes [ ] No ~ 

Samples have: 
tape 

Ix custody seals 
hazard labels 

:z=appropriafe sample labels 

Samples are: · 
~in good condition 

broken . 
leaking 

===have air bubbles 

9. Is the information on the COC and Sample bottles in agreement? 

Yes~ No [ ] 

Notes: 

Sample Custodian/laboratory: ~~ Date: / - lj-7 ~ 
Telephoned To: t~rlk \+ivtl On I- 11 - 7 (, By Jn,,r~--:yf..t1 /lw 

33 
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I. 0 · C IC H E E: D M A·_ R F I N 

Sample Login 
Login Review Checklist 

Lot Number L ~ l) o 

The login review should be conducted by that person logging in the samples as well as a peer. Please use this checklist to ensu1 
that such reviews occur in a uniform basis. Please sign and date below to verify that a login review has occurred. This checklis 
should be affixed to each login package prior to distribution. 

For effective login review, at a minimum, five reports form the login process are required. These are the COC (or equivalent), 
the login COC report, the sample summary report, the sample receiving checklist, and the login quotation. Before beginning 
review, ensure that these five components are available. Jobs with single component samples, the sample summary report DJ!lY 
be omitted. 

SAMPLE SUMMARY REPORT ~ NO N/A Comment 

1. Are all sample ID' s correct? ~ 
2. Are all samples present? -X-
3. Are all matrices indicated correct! y? _y_ . 

4. Are all analyses on the COC logged in for the _k_ appropriate samples? 

5. Are all analyses logged in for the correct container? T 
6. Are samples logged in according to LAS batching 

i procedures? 

LOGIN CHAIN OF CUSTODY D'S Nil NIA Comment 

1. Are the collect, receive, and due dates correct _}_ for every sample? 

2. Have all appropriate comments been indicated in 

':I-the comment section? 

SAMPLE RECEIVING CHECKLIST XES Nil NLA· Comment 

1. Are all discrepancies between the COC and the login 
noted (if applicable)'? 

\ 

primary review signature 

D( /{j 'ic 



Lockheed Analytical Services 
Sample ltleceiving Checklist · 
ClimtName: \\.)Q~V\~V\~\,l'/l 
COOLER CONDmON UPOiJ.JracEIPT 

Temperature of cooler upon receipt: 

temperature of temp. blank upon receipt: 

custody seals intact 

chain of custody prcacnt 

blue ice (or equiv.) prCIICllt/frozcn 

rad survey completed 

SAMPLE CONDmON UPON RECEIPT 

all bottles labeled 

samples intact 

proper container uacd for 11111Dplo typo 

sample volume sufficient for analysis 

proper pres. indicated on the COC 
VOA'• contain hcadspacc 

arc aamplca bi-phasic (if •o, indicate 11111Dplc ID'S): 

MISCELLANEOUS ITEMS 

samples with short holding times 

samples to subcontract 

I;, ADDmONAL COMMENTS/DISCREPANCIES 

Pagel of 

Job No. L~2..JO Cooler ID: 

Yea No 

' 

Yea No 

y 
)( 

V 

!( 

... ,.1\"' 

Yes No ~ Commmta/Discrepancica 

X 
x 

ijN--, ----------------------1 
Complc:tcd by / date: /' I 'i -"t,/1, 

Smt to the clicat (datc/initilll1): •• Climt'11 signature upon roccipt: 
:,•·····: 

• •., OOll/6CI lbtuppn,prutq CSR of MJY. ~ca UIUllo4iliUJ/y 't1pOIJ n,t:t;iJll. . . . . . . .. :•.. ·. :·'=. , ···. :.:·. 
·, .... ·· . . ···:::::;==:• ,•,· :•. 

,• ·"•.:· .· •,: .: ·"·•·· ',, ... ,::: ·:),:,. · .... 
...,·fb!,iatonzullaa~~~i.·~c;~~y/,~tocs.R.-(IP2jS61-ll'6 ;.,;->.: \(i .. =).=::,:= :/ :· ·=·: = ·.J = . ·: ,::::::}.=':.::: ... :· .... ·. ·.=·:::r.:,: ?tr:,,=, .. ,.:,=>"===:=..::: ·. ,<· :.= ·. = ·.= ·,.,:, ?:.=,: ;\?{;:=,:::/:@ :) 

.... :::':(/'::=:.::: •,:..,: :•,::: .. ,,,:·:.,:•:.=:,·=.,,::.=:):/::,'}:'i): ·';:'i., ... ::'..'::·: ;::::<\ 
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LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (ln01) 

Feb 08 1996, 03:47 pm 

Login Number: L6263 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

:§ff?.Ji@ful:\t :: = t : 'J::JaOGZTO 
temp 4 
Location: 156-018 
Water 1 S SCREENING 

na:aJ~:a.:¥~=::::: 
temp 4 
Location: 
Water 
water 
Water 
Water 
Water 
Water 

r!~~$,mrr 
Location: 
Water 
Water 

tftfJBPiZJ\Q{J: f 

RFG19-105C 
1 S 300.0 CHLORIDE 
1 S 300.0 FLUORIDE 
1 S 300.0 NITRATE 
1 S 300.0 NITRITE 
1 S 300.0 PHOSPHATE 
1. S 300.0 SULFATE 

': ffMl$.i$Q. 

RFG19-105C 
1 S 6010 ICP METALS 
1 S 6010 ICP TRACE 

Hold:20-JUL-96 

rt t@::@=='=='tias0;~e~~: ~i=±o.:~±~P :: t@:&rrilmrr,~ 

Hold:19-FEB-96 
Hold:19-FEB-96 
Hold:24-JAN-96 
Hold:24-JAN-96 
Hold:24-JAN-96 
Hold:19-FEB-96 

Hold:20-JUL-96 
Hold:20-JUL-96 

U§:~§a.ffi\il? BPIZWAF = = t< ::: : : :~;?,#OI~P~P :~J#P'.l@t#~p:J :: l2Si±f®~±~~ 
temp 4 
Location: RFG19-105C 
Water 1 S 180.1 TURBIDITY Hold:24-JAN-96 

µpg§@fip' :: /ii91'AIQ:: t >< ::= gi:mi~#Q~: 2I1:#Q\~N±g~J %~~#J\'$iffi~~ 
temp 4 
Location: 150 
Water 1 S GAMMA SPEC LAL-0063 Hold:20-JUL-96 
Water 1 S GR ALP/BETA LAL-0060 Hold:20-JUL-96 
Water 1 S SR-90 LAL-0196 Hold:20-JUL-96 
Water 1 SU-ISOTOPIC LAL-0108 Hold:20-JUL-96 

~§?.::~;B~t?? ?\?J~QQ.ZWb!J 
temp 4 
Location: 156V-093F 

m~~Jr@arzu , : , , n: ::::ao1z.wo::: :, , ':t = : : : : ::::: ::: :~irra.~f!Qp 2 Jifat~Ri$11:::d :::::::4:8.ffif:1$11:lUf~ 
temp 4 
Location: 156V-093F 

Page 1 
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LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (ln0l) 

Feb 08 1996, 03:47 pm 

Login Number: L6263 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

ilii@:$$81??: rr'='J\=J !IPl'AWP 
temp 4 
Location: 156V-093D 

ll#$4.J~l#~'f l 'JJ H@f?fiQGZWQJJ < 
temp 4 
Location: 156V-093D 

µ,§!i!§?.:rr\'kQJ t IAIZIA J r 
temp 4 
Location: 156V-093D 

:w;~~~m1rn1.:::= >= :::: 
temp 4 
Location: 156V-092E 
Water 
Water 

1 S C-14 LAL-0209 Hold:20-JUL-96 
1 S TRITIUM(H3) LAL-0066 Hold:20-JUL-96 

ij§g::ij:@±$'4 
temp 4 
Location: 
Filt H20 
Filt H20 

µ§~•:§'$$$;)/ 
Location: 
Water 
Water 
Water 

122 
15 S 6010 ICP METALS 
15 S 6010 ICP TRACE 

Hold:20-JUL-96 
Hold:20-JUL-96 

< R.IP:PRW W¥Pt /-_ ? t : ~A#P'.!il:t9.!¥§ ~J:fMt~ff~~JJ i:$.#fijij#Ql 

1 S EDD - DISK DEL. 
1 S INORG TYPE 2 RPT 
1. S RAD RPT TYPE 2 

Page 2 

Signature: :::•:::••l
1••·-j-j;jj;jj::j;j:;[; 

Date: ················:•··!·!;:;:;ZJ!;fz-l.!~II;:···:·······:·•;:.; 
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REQUEST LloJ.CJ Page_l_of_l_ 
Bechtel Hanford, Inc. CHAIN OF CUSTODY /SAMPLE ANALYSIS 

Data Turnaround 

Collector 

I< ,=::;;t. Lt ( bert, / AJ?; =z~ 
Project Designation ._ • 
100-KR-4 Groundwater Sampling - Round 9 

Ice Chest No. 

SmL-S-2C/ 

Company Contact 
R. L. Biggerstaff 
Sampling Location 
100 K 
Field Logbook No. 

E:.' r--; - I Vrn 
Offsite Property No. 

Telephone 
(509) 372-9572 

SAF No. 
896-051 
Method of Shipment 
Federal Express 

Bill of Lading/Air Bill No. Shipped To 
Lockheed HJCf~- 0-0fl(f{J,1!& rlC1 o C/115' CO I (d 
Possible Sample Hazards/Remarks 

Special Handling and/or Storage 
Maintain samples between 2°C and 6°C. 

SAMPLE ANALYSIS 

Sample No. Matrix" 

BOGZTO w 

BOGZTl w 

C .) 

I • 

-~ 

.Ct!~!N, 9f]:~9~~i~S.l().N 
... •:•.•.❖ :,•:::-,:,:-.>:•.•:•··,•, .··:-::::::· 

Preservation 

Type of Container 

No. of Container(s) 

Volume 

Date Sampled Time Sampled 

u .. ,c; 
I . 

Sign/Print Names 

P/G 

500mL 

ICP 
Metals -
TAL 
(Unfilter
ed) 

,,,,.,:' \:-··:::c:-< C:· 

Cool 4°C Cool 4°C HN03 

G 

SOOmL 
Anions IICI 
• F, Cl, SO,, 
NO,, NO,, 
PO, 

P/G P/G 

1 6 

.r"uu ,1 t/ >)(fl. 
~ i/s' lL 

Turbidity 
., 

SPECIAL INSTRUCTIONS 

Cool 4°C 

G 

1 

lL 
Tritium, 
C-14 

Cool 4°C HN03 

P/G G 

1 1 

20mL 500mL 
Activity ICP 
Scan Metals -

TAL 
(Filtered) 

• 1 Gross Alpha, Gross Beta, Sr-90, U-234/235/238, Gamma Spec. 

D Priority 

• Normal 

Mauix• 

S : Soil 

Relinquished By,8q~4. Date/Ti~e ~~1a ~ Date/Time ~te>(I 
.t\ " , rr-~ ...,~a 11 1 ./ Sample analysis for phosphate, nitrate, and nitrite by EPA 300.0; and turbidity 

1r:n~~~·~1C~•i"Z:~~•!..~<-,r:l~c.L:\=/'~Z~'.$~·~~'.(~_:__.;;ar:-::;,--~~~~~:,__~~24'C,~rr,~t1~-,f,--~2,:s?,Z-,~(;,--I 

SE • Sediment 
SO• Solid 
SL • Sludge 
W • Water t-;: by EPA 180. l is being requested for information only. The ERC Contractor 

· ~-~~ ~ Date/Time t)QI)() / 'Received By Date/Time ' · acknowledges that the 48-hour holding time will not be met. 
,_,..Mf.#,,.; /-'23-9~ 

~ IIJelinquished By Date/Time Received By Date/Time The Activity Scan is for all sample numbers listed on this chain of custody. 

q., Rohnqu,shed By Date/Time Received By Date/Time 
..(: 

0 • Oil 
A ,.. Air 
OS .,. Orum Solids 
DL • Orum l1qu1ds 
T • Tissue 
WI• Wipe 
L • Liquid 
V ::. Vegetation 
X =- Other 

.-=--=--

~~ 

~ 
-~---0,-....,:.J 

-~~~ 

~$ 

·~·~ 

~J-~L":"A-::B~O:--=R~A~T~O,:""R,:""Y~"T"=R:-e-c-e~iv-e-:d-:Be:"'y _______ ,._ _____ --:;T"".it~le~---------...._--------------------;::D~a':".te:-;/T~in::-ie:------....,-------

<.::'' SECTION ~~ ~Pk (_~ ,ht-. )-ut{-'1~ /v'1.Jo 
~ FINAL·SA.Ml"LI: Disposal Method Disposed By Date/Time ' 



SAMPLE -CHECK-IN LIST 

WHt-SOW-:-93~0003 
Revision 4 -

Date/Time Received: l; ~ lf -er C / o Cj 5o -----.---- SOG#: _______ ___,:__ 

Work Order Number: SAFI: ---------
Chain of Custody I , Shipping Container ID: SMI - 'S"l:f 

' -------
1. Custody Seals on shipping co_ntainer intact? Yes ~ No [ ] 

2. Custody Seals dated and signed? Yes [~ No [ ] 

3. Sample temperature ~ OL 
4. Vermiculite/packing materials is Wet [ 1 Dry ~-

5. Each sample is in a plastic bag? Yes Pf No - [ ] 

6. 

7. 

8. 

Sample holding times exceeded? 

Samples have: 
,tape 

--.-5(-custody seals 

Samples are: 
____)(_in good condition 

broken . --

Yes [ 1 

hazard labels 
-x::-appropriate sample labels 

leaking 
--have a1r bubbles 

9. Is the information on the COC and Sample bottles in agreement? 

Yes~ No [] 

Notes: 

No w 

---------------------------:..--

Sample Custodian/laboratory: ~~ ~ Date: ____ f-_l_~-~~~----

Telephoned To: K"'vl L \~\I\ On \~0'1 Pt~ By Avit-L1 v\~J lM,'ll«: 
I 

33 

000023 



1··0 CIC H E--E.· D 

Sample Login 
Login Review Checklist 

Lot Number L(,2/.,3 

M A---a· I' IN 

The login review should be conducted by that person logging in the samples as well as .a peer. Please use this checklist to ensur 
that such reviews occur in a uniform basis. Please sign and date below to verify that a login review has occurred. This checklist 
should be affixed to each login package prior to distribution. 

For effective login review, at a minimum, five reports form the login process are required. These are the COC (or equivalent), 
the login COC report, the sample summary report, the sample receiving checklist, and the login quotation. Before beginning 
review, ensure that these five components are available. Jobs with single component samples, the sample summary report ~y 
be omitted. · 

SAMPLE SUMMARY REPORT 

1. Are all sample ID's correct? 

2. Are all samples present? 

3. Are all matrices indicated correctly? 

4. Are all analyses on the COC logged in for the 
appropriate samples? 

5. Are all analyses logged in for the correct container? 

XIS ffll NL.A Comment 

6. Are samples logged in according to LAS batching 
procedures? 2._ 

LOGIN CHAIN Of: CUSTODY 

1. Are the collect, receive, and due dates correct 
for every sample'? 

2. Have all appropriate comments been indicated in 
the comment section'? 

SAMPLE RECEIVING CHECKLIST 

1. Are all discrepancies between the COC and the login 
noted (if applicable)? -

primary review signature 

XES. Nil NL.A Comment 

L 

XIS Nil NlA Comment 

1... . 

l~~l./-:j' 

o\c'\ S9Lo 



Lockheed Analytical Services 
•: , 1 I • 

Sample Receiving Checklist 
Climt Name: • -~\ - M~ fv--1 Job No. 

Page 1 of 

Cooler ID: 

COOLER CONDfflON UPON RECEIPT 

t ,o <. Temperature of cooler upon rcc:clpt: 1 
temperature of temp. blank upon rcc:clpt: 

Yea No 

custody acal11 intact 

chain of custody prCICDt y: 
blue ice (or equiv.) j,rcacnt/frozm 

rad survey completed 

SAMPLE CONDfflON UPON RECEIPT 

Yea No 

all bottlea labeled 

samples intact 

proper container uled for 11mplo typo 

sample volume sufficient for analysill 

proper pres. indicated on the COC 

VOA'• contain hcadspaco 
arc samples bi-phuic (if 101 indicate sample ID'S): . 

MISCELLANEOUS ITEMS 
Yea No 

samples with ahort holding timea 

samples to subcontract 
,. 

ADDmONAL COMMENTS/DISCREPANCIES 

{ I• 

Completed by / date: 

Smit to the climt (datc/initial1): •• Client'• lignaturo upon receipt: 

Ni rlloappqril cu.or ~~ ,,,, < · ..... ·•· ·· .. .. ·.:.:r ..... · ·. · . ;. ···•:·;:-; 
o .. -:::..=tbbmi~::.~•w.·~,,•;~•~:•&,;:J . .u,~11t~ r:·.•••i'= :/,j;:.:.:::{•:=.?:).:.·. :. ;:.:;:·'. · ·.•··••:t1:;;::::::: .. ·::.::::.:::,r1•:<t••fr!:>t<::•·c: ... :.:••·:.•.••::·:·:•.•·::•::-::::•:•)rt:::: -0/ 
J;.. 

~ version 2.0 (11/11/94) 

--~ 

'.gii 

·=· - -~--=-7 
~~ 

-~ 

~-~ 



LOCKHEED ANALYTICAL SERVICES 

Sample Results 

I 

!Client Sample ID: BOGZSB 
i 
I 

!Matrix: Water 
I 
I 

!Percent Solids: N/A 

Turbidity 

Chloride 

Fluoride 

Nitrate-N 

Nitrite-N 

Ortho Phosphate 

Sulfate 

NTU 

mg/L 

mg/L 

mg/L 

. mg/L 

mg/L 

mg/L 

180.1 0.59 

300.0 8.0 

300.0 0.070 

300.0 3.0 

300.0 < 0.002 

300.0 0.062 

300.0 25. 

Date Collected: 17-JAN-96 

Date Received: 19-JAN-96 

N/A H 26-JAN-96 32883 

0.020 22-JAN-96 32703 

1.0 0(1:10)8 22-JAN-96 32704 

0.020 H 22-JAN-96 32705 

0.010 HU 22-JAN-96 32706 

1.0 H0(1:10)B 22-JAN-96 32707 

0.10 22-JAN-96 32708 

000027 

L6230-4 

L6230-3 

L6230-3 

L6230-3 

L6230-3 

L6230-3 

L6230·3 



LOCKHEED ANALYTICAL SERVICES 

Sample Results 

jClient Sample ID: BOGZTO jDate Collected: 22-JAN-96 

jMatrix: Water jDate Received: 24-JAN-96 

jPercent Solids: N/A 

Turbidity NTU 180.1 0.28 N/A H 26-JAN-96 32883 L6263-4 

Chloride mg/L 300.0 9.0 0.020 24-JAN-96 32864 L6263-2 

Fluoride mg/L 300.0 < 0.007 0.10 u 24-JAN-96 32865 L6263-2 

Nitrate-N mg/L 300.0 2. 1 0.020 24-JAN-96 32866 L6263-2 

Nitrite-N mg/L 300.0 < 0.002 0.010 u 24-JAN-96 32867 L6263-2 

Ortho Phosphate mg/L 300.0 0.024 o: 10 B 24-JAN-96 32868 L6263-2 

Sulfate mg/L 300.0 25. 0.10 24-JAN-96 32869 L6263-2 

ooooza 



LOCKHEED ANALYTICAL SERVICES 

Sample Results 

Client Sample ID: - BOGZS8 Date Collected: 17-JAN-96 

Matrix: Water Date Received: 19-JAN-96 

!Percent Solids: N/A 

,~~~;~1:i~~~ : } . . 1:::~it~~ : •• ij;;h~ 
•·1•••••:.••~--

71!\~i:••••--~il~•~~•t~~-!• ~ltltl :;~li•:~~l ;~;::~i: 
ALUMINUM, TOTAL mg/L 6010 < 0.027 0.027 0.20 u 1 09-FEB-96 33170 L6230·2 

CALCIUM, TOTAL mg/L 6010 32. 0.013 5.0 1 09-FEB-96 33170 L6230·2 

IRON, TOTAL mg/L 6010 0.048 0.0050 0.10 B 1 09-FEB-96 33170 L6230-2 

MAGNESIUM, TOTAL mg/L 6010 9.1 0.041 5.0 1 09-FEB-96 33170 L6230·2 

NICKEL, TOTAL mg/L 6010 < 0.014 0.014 0.040 u 1 09-FEB-96 33170 L6230·2 

POTASSIUM, TOTAL mg/L 6010 4.9 0.40 5.0 B 1 09-FEB-96 33170 L6230·2 

SODIUM, TOTAL mg/L 6010 27. 0.040 5.0 1 09-FEB-96 33170 L6230·2 

ZINC, TOTAL mg/L 6010 0.0081 0.0030 0.020 B 1 09-FEB-96 33170 L6230·2 

Antimony mg/L 6010 < 0.0020 0.0020 0.060 u 1 08-FEB-96 33572 L6230-2 

Arsenic mg/L 6010 0.014 0.0020 0.010 1 OB·FEB-96 33572 L6230·2 

Barium mg/L 6010 0.023 0.0010 0.20 B 1 08-FEB-96 33572 L6230·2 

Beryllium mg/L 6010 < 0.0010 0.0010 0.0050 u 1 OB·FEB-96 33572 L6230·2 

Caanium mg/L 6010 < 0.0010 0.0010 0.0050 u 1 08-FEB-96 33572 L6230·2 

Chromium mg/L 6010 0.0094 0.0010 0.010 B 1 08-FEB-96 33572 L6230·2 

Cobalt mg/L 6010 < 0.0010 0.0010 0.050 u 1 OB·FEB-96 33572 L6230·2 

Copper mg/L 6010 0.0021 0.0010 0.025 B 1 08-FEB-96 33572 L6230·2 

Lead mg/L 6010 < 0.0010 0.0010 0.0030 u 1 08-FEB-96 33572 L6230·2 

Manganese mg/L 6010 < 0.0010 0.0010 0.015 u 1 08-FEB-96 33572 L6230·2 

Selenium mg/L 6010 < 0.0030 0.0030 0.0050 u 1 08-FEB-96 33572 L6230·2 

Silver mg/L 6010 < 0.0010 0.0010 0.010 u 1 08-FEB-96 33572 L6230·2 

Thallium mg/L 6010 < 0.0030 0.0030 0.010 u 1 OB·FEB-96 33572 L6230·2 

Vanadium mg/L 6010 0.024 0.0010 0.050 B 1 08-FEB-96 33572 L6230·2 

ooooso· 



LOCKHEED ANALYTICAL SERVICES 

Sample Results 

I 

Client Sample ID: BOGZTO !Date Collected: 22-JAN-96 I 
i 
I 

Matrix: Water !Date Received: 24-JAN-96 
i 

Percent Solids: N/A i 
i 

1•1t•1•••t;~:I~~ 
1

1•1•• II 11•11••1•1•~i~~l~i•111•••:11•••••••:it
1

•i~:~~t1•1111••·a 111~~•~•~~•I~t.• 
(Dai;:: •• !lijf!l1b ?8'sH? 1•~~~i~1~~13~; ·.·•••··••:••··}i:••11•••• 11 

·.· .. •:·::.,: Anatvt~e .~,i~~qp;: •·: ::::::::::::::::::-:-:-:-:-:<••'.••:-: 

ALUMINUM, TOTAL mg/L 6010 0.040 0.027 0.20 B 1 12-FEB-96 33170 L6263-3 

CALCIUM, TOTAL mg/L 6010 40. 0.013 5.0 1 12-FEB-96 33170 L6263·3 

IRON, TOTAL mg/L 6010 0.032 0.0050 0.10 B 1 12-FEB-96 33170 L6263·3 

MAGNESIUM, TOTAL mg/L 6010 11. 0.041 5.0 1 12-FEB-96 33170 L6263·3 

NICKEL, TOTAL mg/L 6010 < 0.014 0.014 0.040 u 1 12-FEB-96 33170 L6263·3 

POTASSIUM, TOTAL mg/L 6010 5.3 0.40 5.0 1 12-FEB-96 33170 L6263·3 

SODIUM, TOTAL mg/L 6010 17. 0.040 5.0 1 12-FEB-96 33170 L6263-3 

ZINC, TOTAL mg/L 6010 0.0087 0.0030 0.020 B 1 12-FEB-96 33170 L6263-3 

Antimony mg/L 6010 < 0.0020 0.0020 0.060 u 1 08-FEB-96 33572 L6263·3 

Arsenic mg/L 6010 0.0064 0.0020 0.010 B 1 08-FEB-96 33572 L6263·3 

Barium mg/L 6010 0.024 0.0010 0.20 B 1 08-FEB-96 33572 L6263·3 

Beryllium mg/L 6010 < 0.0010 0.0010 0.0050 u 1 08-FEB-96 33572 L6263-3 

caanium mg/L 6010 < 0.0010 0.0010 0.0050 u 1 OB·FEB-96 33572 L6263·3 

Chromium mg/L 6010 0.031 0.0010 0.010 1 08-FEB-96 33572 L6263-3 

Cobalt mg/L 6010 < 0.0010 0.0010 0.050 u 1 08-FEB-96 33572 L6263-3 

Copper mg/L 6010 0.0019 0.0010 0.025 B 1 08-FEB-96 33572. L6263-3 

Lead mg/L 6010 < 0.0010 0.0010 0.0030 u 1 08-FEB-96 33572 L6263-3 

Manganese mg/L 6010 < 0.0010 0.0010 0.015 u 1 08-FEB-96 33572 L6263-3 

Selenium mg/L 6010 < 0.0030 0.0030 0.0050 u 1 08-FEB-96 33572 L6263-3 

Silver mg/L 6010 < 0.0010 0.0010 0.010 u 1 08-FEB-96 33572 L6263-3 

Thallium mg/L 6010 < 0.0030 0.0030 0.010 u 1 08-FEB-96 33572 L6263-3 

Vanadium mg/L 6010 0.016 0.0010 0.050 B 1 08-FEB-96 33572 L6263·3 

000051. 



LOCKHEED ANALYTICAL SERVICES 

Sample Results 

Client Sample ID: BOGZS9 Date Collected: 

Matrix: Filt H20 Date Received: 
I 

!Percent 
I 

Solids: N/A I 

- (:C 
ROL:·,.:.,.- •- Bi@ •o.i:ttfl!J 

!ii/!!;? ·;{/:) @ia.Wi /ti}iiiili!;/;f !!/!; 

POTASSIUM, DISSOLVED mg/L 6010 5.4 0.40 5.0 

SODIUM, DISSOLVED mg/L 6010 24. 0.040 5.0 

ZINC, DISSOLVED mg/L 6010 0.030 0.0030 0.020 

Aluminum mg/L 6010 < 0.0070 0.0070 0.20 u 

Antimony mg/L 6010 < 0.0020 0.0020 0.060 u 

Arsenic mg/L 6010 0.0092 0.0020 0.010 B 

Barium mg/L 6010 0.020 0.0010 0.20 B 

Beryllium mg/L 6010 < 0.0010 0.0010 0.0050 u 

Cadmium mg/L 6010 < 0.0010 0.0010 0.0050 u 

Calcium mg/L 6010 30. 0.0050 5.0 

Chromium mg/L 6010 0.0068 0.0010 0.010 B 

Cobalt mg/L 6010 < 0.0010 0.0010 0.050 u 

Copper mg/L 6010 0.0028 0.0010 0.025 B 

Iron mg/L 6010 0.019 0.013 0.10 B 

Lead mg/L 6010 < 0.0010 0.0010 0.0030 u 

Magnesium mg/L 6010 7.9 0.010 5.0 

Manganese mg/L 6010 < 0.0010 0.0010 o._015 u 

Nickel mg/L 6010 < 0.011 0.011 0.040 u 

Selenium mg/L 6010 < 0.0030 0.0030 0.0050 u 

Silver mg/L 6010 < 0.0010 0.0010 0.010 u 

Thallium mg/L 6010 < 0.0030 0.0030 0.010 u 

Vanadium mg/L 6010 0.022 0.0010 0.050 B 

17-JAN-96 I 
i 

19-JAN-96 I 
i 

!!i~l~~ll~li ~~if~Jjiii• ij~f) 
M111i?Ynrn: .;.:.;.;.;-:.,;.;.;,:,:-,-;·:-::.;-: 

05-FEB-96 33172 L6230-12 

05-FEB-96 33172 L6230-12 

05-FEB-96 33172 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

01-FEB-96 33573 L6230-12 

000059-



LOCKHEED ANALYTICAL SERVICES 

Sample Results 

!Client Sample ID: BOGZT1 !Date Collected: 22-JAN-96 

!Matrix: Filt H20 !Date Received: 24-JAN-96 

!Percent Solids: N/A 

. ·.•.·/~· 1'iettloa 
:. !••;•it~ij~•~···••:•1:• f lill~~~:•:••:1• .. tilt'.:: 1~~~1~11~~ • .. .......... •?Wijf:; \!ilWAs c· L)~~t~?? tl'fI~}J1011t ::r : M~JYM#. • Batch/IO: §:~ire~~il.0•••• :•:-:•:·.·.····•:···.•,····•:.-:•:<· 

POTASSIUM, DISSOLVED mg/L 6010 5.9 0.40 5.0 1 05-FEB-96 33172 L6263-12 

SODIUM, DISSOLVED mg/L 6010 15. 0.040 5.0 1 05-FEB-96 33172 L6263-12 

ZINC, DISSOLVED mg/L 6010 0.030 0.0030 0.020 1 05-FEB-96 33172 L6263-12 

Aluminum mg/L 6010 < 0.0070 0.0070 0.20 u 1 01-FEB-96 33573 L6263-12 

Antimony mg/L 6010 < 0.0020 0.0020 0.060 u 1 01-FEB-96 33573 L6263-12 

Arsenic mg/L 6010 < 0.0020 0.0020 0.010 u 1 01-FEB-96 33573 L6263-12 

Barium mg/L 6010 0.022 0.0010 0.20 B 1 01-FEB-96 33573 L6263-12 

Beryllium mg/L 6010 < 0.0010 0.0010 0.0050 u 1 01-FEB-96 33573 L6263-12 

Cadmium mg/L 6010 < 0.0010 0.0010 0.0050 u 1 01-FEB-96 33573 L6263-12 

Calcium mg/L 6010 39. 0.0050 5.0 1 01-FEB-96 33573 L6263-12 

Chromium mg/L 6010 0.027 0.0010 0.010 1 01-FEB-96 33573 L6263-12 

Cobalt mg/L 6010 < 0.0010 0.0010 0.050 u 1 01-FEB-96 33573 L6263-12 

Copper mg/L 6010 0.0011 0.0010 0.025 B 1 01-FEB-96 33573 L6263-12 

Iron mg/L 6010 0.015 0.013 0.10 B 1 01-FEB-96 33573 L6263-12 

Lead mg/L 6010 < 0.0010 0.0010 0.0030 u 1 01-FEB-96 33573 L6263-12 

Magnesium mg/L 6010 9.7 0.010 5.0 1 01-FEB-96 33573 L6263-12 

Manganese mg/L 6010 < 0.0010 0.0010 0.015 u 1 01-FEB-96 33573 L6263-12 

Nickel mg/L 6010 < 0.011 0.011 0.040 u 1 01-FEB-96 33573 L6263-12 

Selenium mg/L 6010 < 0.0030 0.0030 0.0050 u 1 01-FEB-96 33573 L6263-12 

Silver mg/L 6010 < 0.0010 0.0010 0.010 u 1 01-FEB-96 33573 L6263-12 

Thallium mg/L 6010 < 0.0030 0.0030 0.010 u 1 01-FEB-96 33573 L6263-12 

Vanadium mg/L 6010 0.015 0.0010 0.050 B 1 01-FEB-96 33573 L6263-12 

000060 



LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc. * Richland, WA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Client Sample ID: BOGZS8 

Date Collected: 17-JAN-96 

Matrix: 

SDG: 

Ac-228(Ra-228) 
Co-58 
Co-60 
cs-137 
Eu-152 
eu-154 
Eu-155 
Fe-59 
Pb-212 
Pb·214(Ra-226) 
Ra-226(GAMMA) 
Ru-106 
U-235(GAMMA) 
Gross Alpha 
Gross Beta 
Total radio-strontium 
U-233/4 
U-235 
U-238 

Water 

LK6230 

23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
23-JAN-96 
15-FEB-96 
15-FEB-96 
20-FEB-96 
12-FEB-96 
12-FEB-96 
12-FEB-96 

GAMMA SPEC LAL-0063 32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GAMMA SPEC LAL-0063-32661 
GR ALP/BETA LAL-0060 33771 
GR ALP/BETA LAL-0060=33771 
SR-90 LAL-0196 33765 
U-ISOTOPIC LAL~0108 32673 
U-ISOTOPIC LAL-0108-32673 
LI-ISOTOPIC LAL-0108=32673 

Page 1 

5. 
2.5 
2.5 
7.9 
-3.8 
-13.8 
4. 
-0.4 
-3. 
60. 
80 
0 
14. 
2.3 
4.1 
-0.03 
1.59 
0.143 
1.40 

LAL Sample ID: L6230·5 

Date Received: 19-JAN-96 

Login Nllllber: L6230 

28. 45. 
7.4 9.2 
4.0 11. 
7.5 11. 
7.2 49. 
7.7 44. 
11. 18. 
8.7 18. 
12. 17. 
17. 23. 
130 190 
44. 76. 
32. 46. 
1. 7 2.4 
1.5 2.2 
0.59 1.0 
0.31 0.12 
0.089 0.039 
0.29 0.087 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

C pCi/L 
-·pCi /L 

pCi/L 
pCi/L 
pCi/L 
pCi/L 

000069 



C-14 
H-3 

LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

,Bechtel Hanford, Inc. * Richland, WA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Client Sample ID: BOGZS8 

Date Collected: 17-JAN·96 

Matrix: 

SDG: 

Water 

LK6230 

24-JAN-96 C-14 LAL-0209 32660 
29-JAN-96 TRITIUM(H3) LAL-0066_32671 

Page 3 

370 
1040 

LAL Sample ID: L6230-11 

Date Received: 19-JAN-96 

Login Niinber: L6230 

110 
230 

100 
200 

pCi/L 
pCi/L 

000070 



LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

~echtel Hanford, Inc. * Richland, WA 

Bechtel Hanford Project (Project BECHTEL·HANFORD) 

Client Sample ID: BOGZTO 

Date Collected: 22-JAN-96 

Matrix: 

SDG: 

Ac-228(Ra-228) 
Co-58 
Co-60 
Cs-137 
Eu-152 
Eu-154 
Eu-155 
Fe-59 
Pb-212 
Pb-214(Ra-226) 
Ra-226(GAMMA) 
Ru-106 
U-235(GAMMA) 
Gross Alpha 
Gross Beta 
Total radio-strontium 
U-233/4 
U-235 
U-238 

Water 

LK6230 

26-JAN-96 
26-JAN-96 
26-JAN-96 
26-JAN-96 
26-JAN-96 
26-JAN-96 
26-JAN•96 
26-JAN-96 
26-JAN-96 
26-JAN-96 
26-JAN-96 
26-JAN-96 
26-JAN-96 
13-FEB-96 
13-FEB-96 
12-FEB-96 
12-FEB-96 
12-FEB-96 
12-FEB-96 

GAMMA SPEC LAL-0063 32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063=32929 
GAMMA SPEC LAL-0063 32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GAMMA SPEC LAL-0063-32929 
GR ALP/BETA LAL-0060 32664 
GR ALP/BETA LAL-0060-32664 
SR-90 LAL-0196 32666-
U-ISOTOPIC LAL~0108 32673 
U·ISOTOPIC LAL-0108-32673 
U·ISOTOPIC LAL-0108=32673 

Page.2 

-10 
2.4 
4.5 
-1.6 
-5.4 
-5. 
-2.1 
0 
7. 
87. 
30 
56. 
-11. 
1.0 
4.5 
-0.12 
1.28 
0.38 
1.33 

LAL Sample ID: L6263·5 

Date Received: 24-JAN-96 

Login Number: L6263 

16. 46. 
6.5 7.9 
4.7 9.8 
8.2 11. 
7.9 51. 
11. 45. 
7.0 19. 
7.3 18. 
12. 16. 
18. 20. 
130 190 
49. 67. 
17. 43. 
1.4 2.4 
1.5 2.2 
0.80 1.4 
0.30 0.13 
0.16 0.10 
0.30 0.091 

pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

··pCi/L 
pCi/L 

F pCi/L 
F pCi/L 
F pCi/~ 

000071. 



C-14 
H-3 

LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel 'Hanford, Inc. * Richland, WA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Client Sample ID: BOGZTO 

Date Collected: 22-JAN-96 

Matrix: 

SDG: 

Water 

LK6230 

01-FEB-96 C-14 LAL-0209 32917 
29-JAN-96 TRITIUM(H3) LAL-0066_32671 

Page 4 

390 
1720 

LAL Sample ID: L6263-11 

Date Received: 24-JAN-96 

Login Ni..mber: L6263 

110 
270 

100 
200 

pCi/L 
pCi/L 

000072 
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. Radioactive S~urce ·Test Report . 
. ., . ' . " ' ' 

Model No.: NA 
Product Code No.: 92/232/19 

Radioisotope: U-232 Nominal activity: 10 kBq 

Description: U-232 alpha tracer solution Capsule: :iA 

ANSI Classification NA Special Form Ce11ificate No.: NA 

Classifications a~ based on tile testing of specimen sources and give the levels ex,,«ted from production sources. 

Recommended working life: NA 
s«, other side for expl.,nation --

Source Measurement Leakage test Contamination 
Serial 

U-232 t test 
number 

Activity date type I type type 
Concentratio 

SH orfler side for descriotion of tests 
kBq/g date passed date passed date passed 

AE 5292 2.04 ± 0.02 12 June 1981 NA NA NA 

Notes • 

. 

5 ml (nominal) tracer solution of Uranium-232/Th-228 Solution in 2 M HN03 
Th-228 

U-232 
Activity ratio 1.00 ± 0.01 on 11 September 1981 

AMERSHAK IS ACCREDITED BY THE NATIONAL MEASUREMENT ACCREDITATION SERVICE 
(NAHAS} IN THE UK. REFERENCE SOURCES SUPPLIED BY ACCREDITED LABORATORIES 
ARE FULLY TRACEABLE TO STANDARDS HELD BY NATIONAL LABORATORIES. RADIATION 
MEASUREMENT DATA REPORTED IN THIS CERTIFICATE IS TRACEABLE TO THE NATIONAL 
PHYSICAL LABORATORY (NPL) IN TEDDINGTON, ENGLAND. NPL IS TRACEABLE TO THE 
U.S. NATIONAL INSTITUTE OF STANDARDS AND TECHNOLOGY (NIST) THROUGH THE 
BUREAU INTERNATIONAL DES POIDS ET MESURES (BIPM). 

Customer: Lockheed Analytical Labs Customer's Order No.: 06LAB1244 

66610 

Signed: Date: November 8, 1991 

' 

Michael Snyder, Product Manager 
Amersham Corporation 
2636 South ClearbrOOk OriYII, Ar1ington Heights, IL 60005 
i-(800) 32~ (Toll Free) Amersham 
Amersham canada Umited 
1166 South Service Road Wesl Oakville. ONT l6L 5T71-<•16) 847-1166 000096 
Toll Free: 1~8001387-7160 (On1/0uebecl / 1~8001387-71~ ,,_, nl f"..an•t1<>l 



~

:: t jj J ~""~ ''1 fl n 11, ,._., 
34 ) · 'J ~" ii" 11 1111~1,~ 
?ROJECT_-l_l_=_Z,=___3_~ __ ,_'· __ '-_i_u_'"_•~!_ .. _1_. _____ Noteb:!n~·ffonl.,. ~~ .. i, 

--- ______ ,, __________ ,, ___________ --,-_--;;. .. '.;,;.;::~.:::;-, 

CALIBRATION OF U-232 

. ' ::.,., 
2 mL of 0-232 at 6635 dpm/mL (91-225-36-1, AA0078) was run. 

through the AG1-X8 column in _9 M HCl for removal of daughter ·:_ 
products. U-232 was stripped off with 0.5 M HCl at the end of the] 
procedure. This solution was taken down to dryness. It was then 
brought up in 2 M HN03 to 500 mL. Calibration of this tracer was .:~{ 
performed with o. 5 mL U-238 ( 11. 42 pci/mL, 94-677-71-1) and samples ,_:_~-~-;·,.:_:·.: 
were counted for 10 hours. ~~ 

CHILD ID U-232 GROSS U-238 GROSS CALCULATED U-232 
COUNTS per 1.0 mL COUNTS VALUE IN pCi/mL 

01100395 2187 2606 9.60 

02100395 2188 2619 9.55 

03100395 2178 2558 9.72 

04100395 2204 2428 10.35 

05100395 2129 2462 9.88 

06100395 2026 2476 9.35 

9.74 pCi/mL ± 
0.35 pCi/mL 

The value calibrated for this tracer was 9.74 pCi/mL with a 
precision of ± 3. 6%. "to~ d.o..Q / 0-3 -~ S 

0-232 Logbook Reference # 94-677-84-1 ~Af·· MD. f O -J _q-~ 
P~r- c&11 {0-3-i:> 

~~l~~ Continued on Page 

1Jirw u)o\Y) 
Signed~ Date 

Read and Understood By 000098 

Dale 

I 
..-:·. -~~-



National lJngtitutc of §)tan barb~ & -atccf}nolog!J 

Cttertif ica:te 
Standard Reference Material 4321B 

Alpha-Particle Solution Standard 

Radionuclide 

Source identification 

Source description 

Source mass 

Solution composition 

Uranium concentration 

Reference time 

Radioactivity concentration 

Overall uncertainty 

Natural Uranium 

SRM 4321B 

Liquid in 5-mL flame-sealed glass 
ampoule 

Approximately 5.3 grams 

Natural uranium in 1-molar nitric 
acid 

0.01998 g g•l 

1200 EST January 1, 1992 

U-238: 246.7 Bq g"1 

U-~35: 11.35 Bq g·1 

U-234: 237.6 Bq g"1 

U-238: 0.87 percent <1> • 
U-235: 0.96 percent 
U-234: 1.86 percent 

AA~4 

S/\9/93 

Measuring instrument Mass spectrometer, silicon surface-barrier 
detector, and 41r(a+/3) liquid-scintillation 
counter C2> 

Half life U-238: (4.468 ± 0.005) x 109 years <3> 
U-235: (7.037 ± 0.011) x 1()8 years 
Ua234: (2.454 ± 0.006) x lo-5 years 

This standard reference material was prepared in the Physics Laboratory, Ionizing Radiation 
Division, Radioactivity Group, Dale D. Hoppes, Group Leader. 

Gaithersburg, MD 
February, 1992 

William P. Reed, Chief 
Standard Reference Materials Program 

•Notes on back 000099 



NOTES 

<
1
> Individual uncertainties have the significance of one standard deviation of the mean, or 

an approximation thereof. The combined uncertainty is the individual uncertainties 
shown below added in quadrature. The overall uncertainty is taken to be three times the 
combined uncertainty. 

SOURCE OF UNCERTAINTY UNCERTAJNr' (%) 

U-238 U-235 U-234 

a) uranium assay of SRM 960 0.02 0.02 0.02 

b) uranium atom ratio 0.01 0.07 0.50 

c) quantitative dissolution 0.25 0.25 0.25 

d) gravimetric measurements 0.10 0.10 0.10 

e) half life Q.11 0.16 0.24 

Combined uncertainty 0.29 0.32 0.62 

x3 x3 x3 

Overall uncertainty 0.87 0.96 1 RI. 

<2> SRM 4321 was prepared by quantitatively dissolving a carefully cleaned and weighed 
piece of well-characterized natural uranium metal. This natural uranium metal was 
formerly issued by the National Bureau of Standards as SRM 960. The solution in SRM 
4321B was carfully examined using thermal-ionization mass spectrometry, silicon surface
barrier alpha-particle spectrometry, and 41r(a+/3) liquid-scintillation counting. The values 
that we recommend for the U-234/U-238 atom ratio and alpha-particle-emission-rate ratio 
in SRM 4321B are (5.29 ± 0.02) x 10·-' and 0.963 ± 0.003, respectively. (See the 
Information for Users of SRM 4321 and SRM 4321B, Natural Uranium Solution.) 

<3) Table of Radioactive Isotopes, E. Browne and R.B. Firestone, John Wiley and Sons, Inc., 
New Yolk (1986). 

For further information please contact Dr. L.L Lucas, (301) 975-5546; or J.M. Calhoun, (301) 
975-5538. 

SRM 4321B 

000:1..0~ 



• A 

. AfL't8o1_ 
Nnh•hook No. ~ 7✓1- } Lf . ~.--:: 

-
lsotope:, _ _.,l.l_~_-..:::i=-=?J:.-8.,..__ __ 

Total Received Activity: "- 13 Q 1 0% 
Wt. Received:_.,.----=5'-'-, ,_3 ____ g 

Activity in Units/g: ~'-/ l«, 1 6\, / j. 

Activity converted (dpm/g): / ~. 8 P 1., 
i . 

Vendor 

Vendor ID: '-f ·?J :t.1 8 
NISTTraceab@.N Cert.# S(nt~'13.2( 6 

Reference Date: J"A A.I I, \ C\ C\ ;t., 

dpm/g Receive Date: ~¼ l 't, r,,,3 

Halflife (Yrs or days) t½ = Lt. fJ 1 X / O q y (Sa • Receiver's Name: ______ _ 
-------------------------------------------------------------------------------------
PRIMARY DILUTION: Balance wt. check done L~ 

a: Source activity: ___ ..... J_~ ..... J-Bu.O:....l-. ------ dpm/g • liftY,c <100yr decay to prep. date) 

b: Wt. of Source transfered: .5,. 2., 31 01 · 

Diluent used: l fY\ I:\ N 03 

c: Total diluted weight: / ,3 ;l, Q 3 
d: Activity of dilution (a•b/c): 581, 13 

g 

g 

A., gf'f. 
dpm/g I ,, · ,, 

I = f, o.:2,.1 ;./"''-
e: Calculated density of solution: ___ } ,_0_.;;...6,"'"9.......,.1_, ----. g/ml 0 3 = 1. ~ ± J007 g/mLl 

J ,. I J6'>1ttLNti~J..•l"it:-k frt!'Arr-0 
f: Activity by volume = (d•e): __ ....,L_o....,Oa...,--=---• ...;::2,::;...._ ____ dpm/ml I 111 ffN 63 , a f ""' • ., 

· Dilution Log Book ID: bA L - 9 ::> - ¢J../ 7. 4 - /~ - I 

Preparation Date: Bj:ko/9 3 Preparer's Name. 

----------------------- -------------------------------------------------
SECONDARY OR WORKING LEVEL DILUTION Balance wt. check done ( v(" 

Log Book ID of source being diluted: 93 - ¢'/- 7'-/ - I'-/ - / 

a: Source activity: __ __,.,5:....¥8~7'-"''L..,L.;f ~------- dpm/g • (if tY.i = < l00yr decay to prep. date) 

b: Wt. of Source transfered: ~, l, 0 S' I S: g 

Diluent used: / m H "' 0 3 

c: Total diluted weight: / cl, f; I a\ 

d: Activity of dilution (a•b/c): I ell. 'J.3 

e: Calculated density of solution: I , O :1.. c=t ;). 

g 
,,, u-.:2.~8 

d / 
4- 0,~7 10 -pm g ..- _. --/,f · "!>. /,0:J,.f)., 

g/ml ~HN03 =J.:-t29°4 ± .0007 g/mLl 

f: Activity by volume = (d•e): _ ___,J._2~, ..... 5.....__,.._ ____ dpm/ml t,-·. q % L,t - do- O fl 

Dilution Log Book ID: q·l- (J 'I: 1 'I - , ,., - ~- \.__ ~ I'-., C. '!:. • t 

<'y 
~-. 

I -• I 

i I 
~ 

Preparer's Name:,-=--'n~~~-. _________ Preparation Date: ~/'I .:3 

. 
Reviewed By : -~_..,,....i~i,-o=--..au)-....~'---"-"r#-,/ __ Review Date: _ _,;~::;__.,_~..;,,_..,.'lJ __ 

000:10:1 

~ ' 



,: 

PROJECT_-=u.~,z=:..!::3~gl~gb_:~_3l_t7_,f_,o_st_10. ___ _ Notebook No. ----
continued From Page -----

Isotope: 

Parent Barcode Number 

\ 

SECONDARY /WORKING LEVEL 

STANDARD DILUTION RECORD 

Dilution Source Information 

f-· ---- · Vendor or Certificate I.D. # of Parent Standard: 

l.---- .. 

i 
I 

-L-
! 

Diluted Source Logbook I.D. #: 

Balance Verification?: 

Diluent Used: 

•Diluent: 

• Density of diluent (g/ml): 

a: Parent Specific Activity: 

b: Amount of Source Transferred: 

c: Total amount of Dilution: 

d: Total Volume of Dilution: 

e: · Activity of Dilution la • b / cl: 

f: Activity of Dilution (a • b / d): 

Dilution Logbook 1.0. #: 

15-lf7'1-l'-f -J 

Dilution 

2. 72- 2. I oG· f ML 
rV I I 

6-o04L g 

9 

;J/A 
tJ /A 
11.42 el; /mt -----. ~--=--- I I 

1t.J-- G11- 11-1 

,P~oared By: ~ W fh1{ Preparation Date: 

~~~iewed By: q .;, C: ~ J___ 
-'i:i:.i'<~" I 7 
.. , .;r.;:Ai,nt remains unchanged from the diluent used for the dilution source, then a weight dilution of a volume unit source 

Review Date: 

· be erformad without II density conversion. If the diluent changes, 11 weighted proportion density conversion is necessary. ·~ . 

!! 

r,:,~· ... rv·, ____ -------0001.v, 
Signed · · ~e 

Date 

71 



AA~4 
S/\9/93 

National lfn~titutc of i)tanha:rh~ & Utcc~nologp 

. cttertif icate 
Standard Reference Material 4321B 

Alpha-Particle Solution Standard 

Radionuclide· 

Source identification 

Source description 

Source mass 

Solution composition 

Uranium concentration 

Reference time 

Radioactivity concentration 

Overall uncertainty 

Me:a,suring instrument 

Half life 

Natural Uranium 

SRM 4321B 

Uquid in S-mL flame-sealed glass 
ampoule 

Approximately 5.3 grams 

Natural uranium in 1-molar nitric 
acid 

0.01998 g g•l 

1200 EST January 1, 1992 

U-238: 246.7 Bq g·1 

U-235: 11.35 Bq g·1 

U-234: 237.6 Bq g·1 

U-238: 0.87 percent (1) • 

U-235: 0.96 percent 
U-234: 1.86 percent 

Mass spectrometer, silicon surface-barrier 
detector, and 41r(a+/3} liquid-scintillation 
counter <2> 

U-238: (4.468 ± 0.005) x 1()9 years (3) 

U-235: (7.037 ± 0.011) x 1()8 years 
U-234: (2.454 ± 0.006) x lo-5 years 

This standard reference material was prepared in the Physics Laboratory, Ionizing Radiation 
Division, Radioactivity Group, Dale D. Hoppes, Group Leader. 

Gaithersburg, MD 
February, 1992 

. 
William P. Reed, Chief 
Standard Reference Materials Program 

•Notes on back 

000103 



NOTES 

<
1
) Individual uncertainties have the significance of one standard deviation of the mean, or 

an approximation thereof. The combined uncertainty is the individual uncertainties 
shown below added in quadrature. The overall uncertainty is taken to be three times the 
combined uncertainty. 

SOURCE OF UNCFRTAINfV UNC:;RTAINT' (%) 

U-238 U-235 U-234 

a) uranium assay of SRM 960 0.02 0.02 0.02 

b) uranium atom ratio 0.01 0.07 0.50 

c) quantitative dissolution 0.25 0.25 0.25 

d) gravimetric measurements 0.10 0.10 0.10 

e) half life 0.11 0.16 0.24 

Combined uncertainty 0.29 0.32 0.62 

x3 x3 x3 

Overall uncertaintv O.R7 0.96 1.RI\ 

<2) SRM 4321 was prepared by quantitatively dissolving a carefully cleaned and weighed 
piece of well-characterized natural uranium metal. This natural uranium metal was 
formerly issued by the National Bureau of Standards as SRM 960. The solution in SRM 
4321B was carfully examined using thermal-ionization mass spectrometry, silicon surface
barrier alpha-particle spectrometry, and 41r(a+J3) liquid-scintillation counting. The values 
that we recommend for the U-234/U-238 atom ratio and alpha-particle-emission-rate ratio 
in SRM 4321B are (5.29 ± 0.02) x 10-5 and 0.963 ± 0.003, respectively. (See the 
Information for Users of SRM 4321 and SRM 4321B, Natural Uranium Solution.) 

<3> Table of Radioactive Isotopes, E. Browne and R.B. Firestone, John Wiley and Sons, Inc., 
New Yo* (1986). 

For further information please contact Dr. L.L Lucas, (301) 975-5S46; or J.M. Calhoun, (301) 
975-5538. 

SRM4321B 

0001.04 



• .4 NntPhook No. 

ISOTOPE WEIGHT DILUTION RECORD 

lsotope: __ Ll ____ -_1--------'?>_8_· __ Vendor: _N ______ , ,s_r ___ _ 
Total Received Activity: "'- 130 7 l3i 
Wt. Received:_-i-____ 5..._, _3 ____ g 

Activity in Units/g: ~'-/ l. • 1 t,\i / ~ 

Vendor ID: "f ?, :l. l 8 
NISTTraceab0-N Cert.# S(nt-':/3.21 g 

Reference Date: J",t 1\1 l, \ °' C\ ;l.,,. 

Activity converted (dpm/g): / ~, 8 O ;l,, dpm/g Receive Date: ~~ I,, 1'93 

Halflife (Yrs or days) t½ = ~- Y 1 X / O If V CS. • Receiver's Name: ______ _ 
--------------------------------------------

PRIMARY DILUTION: Balance wt. check done (_v( 

a: Source activity: J 'i1 B Q l., dpm/g • (if t½ = < 1OOyr decay to p,ep. data) 

b: Wt. of Source transfered: .5'. 2., 31 01 g 

Diluent used: I ft\. t\ N 0-3 

c: Total diluted weight: / .3 ;2 , Q 3 g 

d: Activity of dilution (a*b/c): 581. 13 ::1: Ai, g7'?. 
dpm/g ,- ,, 

= I• o;t'l.1 'f/ll'oL. 
e: Calculated density of solution: __ /_._0_~_.._9 ..... 1 ______ g/mL 0 3 == 1. :2tt ± J1007 g/mll 

f: Activity by volume = (d*e): 
/ ._1 J6'>111Lwt•a,/..i'tk (M-/1&,J) 

___ {p __ 0 _____ ,_._, _2, _____ dpm/mL I ,n ffltlt
3 

, • f 11A· • .> 

Dilution Log Book ID: /...AL - 9 3- ¢'t 7 4 - /'1 - f 

Preparation Date: Flfto/93 Preparer's Name. ~~ 

--------------------------------------
SECONDARY OR WORKING LEVEL DILUTION Balance wt. check done I ...,,..., 

Log Book ID of source being diluted: q3 - {;i- 7'-1 - I'-/ - / 

a: Source activity: ___ 5 __ 8_J..., ..... 1....,~------- dpm/g • (if t½ == < lOOyr decay to prep. data) 

b: Wt. of Source transfered: Q,, (,, D 8'. I 5 g 

Diluent used: / (}'l H N D 3 

c: Total diluted weight: / J., 5' I a \ 
d: Activity of dilution (a*b/c): I a. ~3 

g 
"' v{_-;t~8 -r t,,'l1 lo -dpm/g _. .---e: Calculated density of solution: I, C :l.. er ;). 

lrf. 'l :>. I. o:,.fJ.. 
g/mL ~HN03 =~4 ± .0007 g/mll 

f: Activity by volume = (d*e): _ __,/ ... ~__..'"""'5 ..... ,...._ _____ dpm/mL :t • q % l,l - ~ O ~ 

Dilution Log Book-ID: q,~- ~'IJ&I -l'l-. ;l,, \__ ~ ll.,t. 't. .t 

Preparer's Name:..,,,...;.0:~~'-\----------Preparation Date: ~/'1.:3 

Reviewed ev : _<u ....... ~ ......... ------fJJ-.....N ...... · .... ,,#-1 __ Review Date: --~_,,,_Vf_,_u __ 0001.05 



,111 \,, I' ,, I fillw '" II •t1 n I ''W ~,~ 'i"H't' '11]1 \ 
11,,J , ,f ,m,, U,,J,, , 
. SECONDARY/WORKING LEVEL 

. STANDARD DILUTION RECORD 

Dilution Source Information 

lsot~pe: 

Parent Barcode Number 

Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook I.D. I: 

Balance Verification?: 

Diluent Used: 

•Diluent: 

•Density of diluent (g/ml): 

a: Parent Specific Activity: 

b: Amount of Source Transferred: 

c: Total amount of Dilution: 

( H Hr/OJ 

Dilution 

I H f{zvo; 

{ 

2 77.. 2/ 

l ,2. [3 

g/ml 

g 

g 

d: Total Volume of Dilution: ---'-~--1--/__,___..A __ m_l -------l£q'i---· 2-5--(~ 

if/I± e: Activity of Dilution (a • b / cl: pCi/g 

f: Activity of Dilution (a • b / d): lo ,71 pCi/ml 

Dilution Logbook 1.D. II: 

Preparnd By: ¥ {)) °'¥ Preparation Date: 

Reviewed By: Review Date: 

'If the diluent remains unchanged from the diluent used for the dilution source, then a weight dilution of a volume unit source 

can be performed without a density conversion. If the diluent changes, a weighted proportion density conversion is necessary. 

000106 



Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date 
Collection Date 
delta T to midpoint of count 
Efficiency data file 
Back round, Libra files 

0 
(.0 

Bechtel 
B0GZS8 

326611.CHf'I 
32661 DUP1 

6332661 
10800 

1 
N 

0.49 
1 /23/96 9:50 

1/17/96 
6.5 

N194 
WBKG1019 

-0.01537 

185. 0.01 08 5.5 0.00273 8 . .055389 5 0.575 
143.8 0.002217 26.9 -0.00203 109.57 0.063815 5 0.109 
163.3 0.000767 73.3 0.00377 56.36 0.059981 5 0.05 
351.9 0.002617 17.0 0.01516 13.59 0.03237 5 0.358 
295.1 0.000892 53.0 0.00723 28.29 0.037986 5 0.185 
1099.2 -6.4E-05 359.4 0.00008 669.93 0.011918 5 0.565 
1291.6 -4. 7E-05 430.6 -0.00040 122.84 0.010338 5 0.432 
810.8 0.000125 217. 7 -0.00062 52.23 0.015465 5 0.9945 
911 .2 0.000981 31. 7 -0.00063 179.94 0.014001 5 0.266 
969 0.000417 61.6 -0.00079 75.22 0.013285 5 0.1617 

238.6 0.005517 10.4 0.00231 88.35 0.045721 5 0.4365 
300.1 0.00025 172.2 -0.00368 19.65 0.037416 5 0.03344 
1332.5 0.0002 106. 1 0.00059 121.80 0.010051 5 0.999 
1173.3 8.33E-06 2753.2 0.00138 58.50 0.011258 5 0.999 
661.7 -0.00027 122.8 0.00182 49.39 0.018405 5 0.8521 
105.3 0.000964 60.8 0.00026 808.66 0.06833 5 0.218 

1408.1 0.000225 75.7 0.00004 1884.08 0.009557 5 0.212 
344.3 8.33E-06 5266.9 -0.00022 320.35 0.033022 5 0.27 
723.3 7 .22E-05 395.5 -0.00152 29. 76 0.01 7049 5 0.197 
1004.8 -0.00073 33.9 -0.00201 30.50 0.012878 5 0.176 
1274.5 -8.1 E-05 238.5 0.00014 316.23 0.010462 5 0.355 
621.8 -0.00028 121.9 -0.00002 5097.06 0.019424 5 0.0981 
1050.1 0.000375 64.6 -0.00048 75.76 0.012399 5 0.0146 
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Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/LI 
Count date 
Collection Date 
delta T to midpoint of count 
Efficiency data file 
Background, Libra files 

Bechtel 
B0GZS8 

326611.CHN 
32661DUP1 

6332661 
1.0800 

1 
N 

0.49 
1 /23/96 9:50 
, 1 /17/96 

6.5 
N194 

WBKG1019 

185.7 
143.8 
163.3 
351.9 

· 295.1 
1099.2 
1291.6 
810.8 
911.2 
969 

238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 
1050.1 

0.08559 4. 716 05 
-0.292052 -16.09266 
1.257186 69.27352 
1.308313 72.09069 
1.028213 56.65665 
0.011459 0.631408 
-0.089842 -4.950491 
-0.040236 -2.217086 
-0. 170241 -9.38063 
-0.366381 -20.18833 
0.115618 6.37081 
-2.93798 -161.8887 
0.058463 3.221431 
0.122749 6.763707 
0.116111 6.39797 
0.01 7135 0.944187 
0.018433 1.015676 
-0.025166 -1 .386716 
-0.453404 -24.98347 
-0.885124 -48.77216 
0.037395 2.060546 
-8.1 0E-03 -4.46E-01 

-2.67E+00 -1.47E+02 

Page 3 

47.48 
93.51 
19.99 
37.37 
15.46 
24.23 
8.56 

48.23 
83.35 
14.86 

199.43 
9.78 
8.56 
9.75 
19.17 
55.94 
25.26 
49.04 
58.17 
23.55 

7.90E+01 
7.47E+02 

1 
1 
1 

1.000008 
1.000008 
1.104598 
1.104598 
1.065441 
1.002139 
1.002139 

1 
1 

1.002335 
1.002335 
1.00041 

1.002482 
1.000968 
1.000968 
1.001446 
1.001446 
1.001446 
1.01226 
1.01226 

4.716 
-16.093 
69.274 
72.091 
56.657 
0.697 
-5.468 
-2.362 
-9.401 

-20.232 
6.371 

-161.889 
3.2290 
6.7795 
6.4006 
0.947 
1.02 
-1.39 

-25.02 
-48.84 
2.06 

-0.4517 
-148.8335 

4.08 
p.65 
39.19 
10.44 
16.28 
4.67 
6.72 
1.24 

16.92 
15.25 
5.64 

32.83 
3.94 
3.98 
3.18 

7.654 
19.15 
4.45 
7.55 
15.10 
6.53 

23.02 
113.01 

11.37 
47.48 
93.51 
19.99 
37.37 
17.08 
26.76 
9.12 

48.34 
83.53 
14.86 

199.43 
9.81 
8.58 
9.76 

19.222 
56.00 
25.29 
49.11 
58.25 
23.58 
79.93 

756.60 



Client Bechtel 
Client ID B0GZS8 
Filename 326611.CHN 
LAL parent ID 32661 DUP1 
Batch · · 6332661 
Live Time 1 0800 
Detector 1 
Geometry N 
Aliquot ( gms/L) 0.49 
Count date 1 /23/96 9:50 
Collection Date 1 /17 /96 
delta T to midpoint of count 6.5 
Efficiency data file N 1 94 
Background, Libra files WBKG 1019 .,,......,.,.,..,..,=================.,.,,...=====......t 

W!i,,llllllllllllllt.11-llllll f6t
00 

,~,3\ ~ ~~•~ 
186.1 133.93 77.59 134.16 187. 8 \lff' -t' 
185.7 8.14 4.7 .15 11. 7 .l.) \1,;ic, 
143.8 1.70 -1.70 32.19 47.48 d-.. .. :i,\\;\ 
163.3 93.51 r ~ 
351.9 16.56 67.59 17.57 19.99 
295.1 37.37 

1099.2 3.17 -1.31 7.67 17.08 
1291.6 26.76 
810.8 2.47 -2.36 2.48 9.12 
911.2 21.34 -15.38 22.66 48.34 
969 83.53 

238.6 2.44 6.37 11.28 14.86 
300.1 -161.89 65.65 199.43 
1332.5 5.26 4.98 5.60 9.81 
1173.3 8.58 
661.7 6.32 6.40 6.35 9.76 
105.3 15.31 0.95 15.31 19.22 

1408.1 7.99 -1.27 8.66 56.00 
344.3 25.29 
723.3 5.66 -13.32 9.39 49.11 
1004.8 58.25 
1274.5 23.58 
621.8 9.65 -6.366 45.123 79.93 
1050.1 756.60 
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Client 
Client ID 
Filename 
LAL parent ID 
Batch . · 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date' 
Collection Date 

· delta T to midpoint of count 
Efficiency data file 
Background, Libra files 

0 
0 
~ ,,., 

Bechtel 
BOGZS8 

326614.CHN 
L6230-5 
6332661 

10800 
2 LAS Detector 2, GMX-30200-P, Ser. !'Jo. 30-TN10348 
N 

0.49 
1 /23/96'9:51 

1/17/96 
6.5 days 

N294 
WBKG2019 whc V94093 

.57E+11 7 25 8 168 0.015509 10.9 
---2-;-57E + 11 288 179 140 39 0.0036111 45.8 

2.57E+ 11 327 149 112 37 0.0034259 43.7 
5.84E+05 704 245 75 170 0.0157407 10.5 
5.84E+05 591 171 77 94 0.0087037 16.8 
4.51E+01 2198 17 18 -1 -4.63E-05 1174.7 
4.51E+01 2583 15 14 1 9.259E-05 538.5 
7.08E+01 1622 33 25 9 0.000787 89.2 
2.1 OE+ 03 1822 48 33 15 0.0014236 58.4 
2. 1 OE+ 03 1938 39 30 9 0.0008333 92.3 
5.11 E+ 12 478 171 110 62 0.0056944 27.2 
5.11 E + 12 600 68 62 6 0.0005556 190.0 

1924 2665 25 15 10 0.0009259 63.2 
1924 2347 15 11 5 0.0004167 112.2 

10950 1324 79 55 24 0.0022531 47.5 
1810 211 132 121 11 0.001034 142.4 

4.64E+03 2816 11 13 -2 -0.00017 266.3 
4. 64E + 03 689 69 71 -2 -0.000201 546.4 
3.11E+03 1447 21 30 -9 -0.000864 76.8 
3.11E+03 2009 20 21 -1 -9.26E-05 640.3 
3.11E+03 2549 13 21 -8 -0.000741 72.9 

368.2 1244 33 33 0 3.086E-05 2431.0 
368.2 2100 21 21 0 0 0.0 

Page 1 
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Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( ·gms/Lt 
Count date 
Collection Date 
delta T to midpoint of count 
Efficiency data file · · 
Background, Librar files 

Bechtel 
B0GZS8 

326614.CHN 
L6230-5 
6332661 

10800 
2 
N 

0.49 
1 /23/96 9:51 

1/17/96 
6.5 

N294 
WBKG2019 

186.1 
185.7 
143.8 
163.3 
351.9 
295.1 

1099.2 
1291.6 
810.8 
911.2 
969 

238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 
1050.1 

-0.01597 

0.01 67 5. o. 0 84 .96 0.055656 5 0.575 
0.0027 21.8 0.00091' 245.98 0.064542 5 0.109 
0.0008 70. 1 0.00263 78.32 0.060486 5 0.05 

0.003183 13.9 0.01256 16. 71 0.032285 5 0.358 
0.000908 54.7 0.00780 25.07 0.03788 5 0.185 
-0.00017 117.9 -0.00005 1174.73 0.012002 5 0.565 
0.000117 164.8 -0.00002 2869.63 0.010402 5 0.432 
0.000117 229.9 0.00067 144.75 0.01556 5 0.9945 
0.000927 33.7 0.00050 230.27 0.014097 5 0.266 
0.000917 29.0 -0.00008 1242.33 0.013378 5 0.1617 
0.006642 8. 7 -0.00095 224.66 0.045685 5 0.4365 
0.000117 385.2 0.00044 342.93 0.03731 5 0.03344 
0.000175 121.8 0.00075 106.36 0.01011 5 0.999 
-0.00023 106.2 0.00042 112.22 0.011335 5 0.999 
-0.00062 52.3 0.00225 47 .51 0.018483 5 0.8521 
-0.00044 127. 1 0.00103 142.39 0.068697 5 0.218 
2. 78E-05 652. 7 -0.00020 137 .06 0.009607 5 0.212 
0.000328 132.8 -0.00053 125.07 0.032933 5 0.27 
0.000178 168.6 -0.00104 34.91 0.017137 5 0.197 
-0.00043 59.9 -0.00009 640.31 0.012969 5 0.176 
0.000133 136.9 -0.00087 40.88 0.010528 5 0.355 
-0.00023 146.6 0.00003 2431.05 0.019492 5 0.0981 
-0.00051 46.4 0.00000 0.00 0.012487 5 0.0146 
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Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date 
Collection Date 
delta T to midpoint of count 
Efficiency data file 
Background, Libra files 

Bechtel 
B0GZS8 

326614.CHN 
L6230-5 
6332661 

10800 
2 
N 

0.49 
1 /23/96 9:51 

1 /17/96 
6.5 

N294 
WBKG2019 

185.7 
143.8 
163.3 
351.9 
295.1 
1099.2 
1291.6 
810.8 
91.1;2 
969 

238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 
1050.1 

.088652 4. 84902 
0. 12951 7. 13625 

0.868282 47.84411 
1 .086468 59.86662 . 
1.112381 61.29447 
-0.006827 -0.376193 
-0.005357 -0.295204 
0.04332 2.387044 

0.132416 7.296373 
-0.038522 -2.122651 

-0.0475 -2.617352 
0.351776 19.38359 
0.074346 4.096643 
0.036796 2.027524 
0.143059 7.882827 
0.069041 3.804277 
-0.096983 -5.343987 
-0.059425 -3.274423 
-0.308637 -17 .00654 
-0.040564 -2.235161 
-0.233867 -12.88656 
1.61 E-02 8.89E-01 

0.00E+00 0.00E+00 
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11.41 
45.83 
90.73 
22.66 
33.52 
15.88 
23.70 
8.67 

45.00 
75.67 
16.71 

162.32 
11.02 
7.17 
11.31 
17.99 
49.00 
24.62 
44.00 
48.16 
33.77 

7.54E+01 
5.88E+02 

1 
1 
1 

1.000008 
1.000008 
1.104612 
1.104612 
1.065449 
1.002139 
1.002139 

1 
1 

1.002335 
1.002335 
1.00041 

1.002482 
1.000968 
1.000968 
1.001446 
1.001446 
1.001446 
1.012261 
1.012261 

4.885 
7.136 

47.844 
59.867 
61.295 
-0.416 
-0.326 
2.543 
7.312 
-2.127 
-2.617 
19.384 
4.1062 
2.0323 
7.8861 
3.814 
-5.35 
-3.28 

-17.03 
-2.24 

-12.91 
0.9003 
0.0000 

4.06 
17.56 
37.55 
10.44 
15.67 
4.88 
9.36 
3.68 
16.84 
26.43 
5.88 

66.48 
4.37 
2.28 
3.77 

5.434 
7.34 
4.10 
6.01 
14.33 
5.32 
21.89 
0.00 

11.41 
45.83 
90.73 
22.66 
33.52 
17.54 
26.18 
9.24 

45.10 
75.83 
16.71 

162.32 
11.05 
7.19 
11.31 

18.037 
49.05 
24.64 
44.07 
48.23 
33.82 
76.35 

595.06 

L,.~ 
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Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date 
Collection Date 
delta T to midpoint of count 
Efficiency data file 
Background, Libra files 

Bechtel 
B0GZS8 

326614.CHN 
L6230~5 
6332661 

10800 
2 
N 

0.49 
1/23/96 9:51 

1/17/96 
6.5 

N294 
WBKG2019 

186.1 
85.7 

143.8 
163.3 
351.9 
295.1 

1099.2 
1291.6 
810.8 
911.2 
969 

238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 
1050.1 

21.55 

16.77 

8.62 

7.36 
20.77 

9.84 

3.82 

7.49 
10.86 
6.97 

7.33 

14.44 

60.31 

-0.40 

2.54 
4.59 

-2.62 
19.38 
2.48 

7.89 
3.81 
-3.77 

-13.82 
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17.38 

8.66 

7.37 
28.41 

11.76 
132.96 
4.05 

7.54 
10.87 
7.16 

7.67 

187.77 
11.41 
45.83 
90.73 
22.66 
33.52 
17.54 
26.18 
9.24 

45.10 
75.83 
16.71 

162.32 
11.05 
7.19 
11.31 
18.04 
49.05 
24.64 
44.07 
48.23 
33.82 

~ 
~ 



EG&G ORTEC OMNIGAM { 33) 

Sample description 

!3.02.27 24-JAN-96 07:54:52 
Spectrum name: 326611.CHN 

Bechtel BOGZS8 32661DUP1 06332661 N .490 1/17/96 cs 

Spectrum Filename: 326611.CHN 

Acquisition information 
Start time · 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

23-Jan-96 
10800 
10816 

.15%-
IDs 0 & 

09:50:51 

0 

LAS Detector 1, GMX-30200-P, Ser. No. 30-TN10223A 

Calibration 
Filename: 326611.CHN 
Created: 23-Jan-96 09:50:51 & 
MAESTRO calibration 

Zero offset -.012 keV; Gain 

Library not found or NULL library selected. 

.500 keV/channel 

Analysis parameters 
Start channel 
Stop channel 

. 50 for an energy of 24.99keV 
3994 for an energy of 1997.07keV 

50.000% 

Page 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

1.0000E+00/ 1.0000E+00 = 1.0000E+00 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

Corrections 
Decay correct to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

0.0000000E+00 
0.0000000E+00 

(based on spectrum). 

status 
NO 
YES 
NO 
NO 
NO 
NO 

Comments 

1 

************UN-IDENTIFIED p·E AK SUMMARY*********' 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTEI 

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA% keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+~+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+--

92.97 46.47 287. 131. .012 20.30 .906 PB-210 
150.03 75.01 289. 52. .005 42.54 .579 PBKA 
154.39 77.19 227. 79. .007 29.14 .895 PB-214 

0001.2.4 



EG&G ORTEC OMNIGAM ( 33) I3.02.27 24-JAN-96 07:54:52 Page 2 
Spectrum name: 326611.CHN 

Channel Energy Background Net area Cnts/sec Uncert FWHM suspected 
173.96 86.97 201. 40. .004 46.44 .746 PB-214 
185.05 92.52 325. 203. .019 13.70 1.071 TH-234 s 
350.36 175.17 99~ 27. .002 49.45 .943 GD-151 
371.88 185.93 194. 172. .016 17.32 .982 RA-226 s 
477.74 238.87 159. 53. .005 33.21 .995 PB-212 
483.93 241.96 150. 44. .004 42.29 1.078 PB-214 
590.62 295.31 126. 95. .009 19.61 1.000 PB-214 s 
704.15 352.08 110. 184. .017 11.22 1.431 PB-214 s 
779.94 389.97 34. 26. .002 45.95 1.195 BI-214 

1022.27 511.15· 111. 142. .013 15.32 2.433 ANN-511 s 
1166.58 583.30 45. 27. .003 43.13 1.337 TL-208 
1218. 85 609.44 75. 194. .018 11.48 1.207 BI-214 
2426.10 1213.09 4. 12. .001 39.39 .742 - s 
2815.30 1407.69 5. 11. .001 47.82 .680 BI-214 s 

s Peak fails shape tests. 

Analysis time 1.2 seconds. 
,--------------------
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EG&G ORTEC OMNIGAM ( 33) 

Sample description 

13.02.27 24-JAN-96 07:54:54 
Spectrum name: 326612.CHN 

Bechtel LCS 32661LCS1 06332661 N .5 4/2/91 TJR 

Spectrum Filename: 326612.CHN 

Acquisition information 
start time 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

23-Jan-96 
10800 
10816 

.15% 
IDs O & 

13:58:09 

0 

LAS Detector 1, GMX-30200-P, Ser. No. 30-TN10223A 

Calibration 
Filename: 326612.CHN 
Created: 23-Jan-96 13:58:09 & 
MAESTRO calibration 

Zero offset -.012 keV; Gain 

Library not found or NULL library selected. 

.500 keV/channel 

Analysis parameters 
Start channel 
Stop channel 

50 for an energy of 24.99keV 
3994 for an energy of 1997.07keV 

50.000% 

Page 1 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

1.0000E+OO/ 1.0000E+OO = 1.0000E+OO 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

corrections 
Decay correct to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

O.OOOOOOOE+OO 
O.OOOOOOOE+OO 

(based on spectrum). 

status 
NO 
YES 
NO 
NO 
NO 
NO 

Comments 

************UN IDENTIFIED P· EA K SUMMARY*********; 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTE[ 

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA% keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-~ 

64.07 32.03 480. 58. .005 48.26 .741 - E 
92.97 46.48 341. 139. .013 20.58 .965 PB-210 f 

126.85 63.41 347. 152. .014 21.63 .962 TH-234 

0001.26 



EG&G ORTEC OMNIGAM ( 33) I3.02.27 24-JAN-96 07:54:54 Page 2 
Spectrum name: 326612.CHN 

Channel Energy Background Net area Cnts/sec Uncert FWHM suspected 
185.32 92.65 347. 229. .021 12.65 .932 TH-234 
371.63 185.81 208. 138. .013 17.06 1.016 U-235 
397.14 198.57 78. 26. .002 43.17 .673 RH-101 s 
477.50 238.75 173. 74. .007 25.24 .950 PB-212 s 
703.78 351.89 148. 49. .005 45.72 1.523 PB-214 s 
986.16 493.09 36. 25. .002 46.13 1 .• 479 - s 

1022.71 511.36 192. 146. .014 22.07 2.281 ANN-511 s 
1323.64 661.84 97. 1118. .104 3.38 1.415 CS-137 
1413.92 706.98 45. 28. .003 45.22 1.088 AC-228 s 
1496.85 748.45 34. 32. .003 37.67 1.316 -
1692.82 846.43 52. 30. .003 45.46 1.099 CO-56 s 
1909.98 955.02 21. 17. .002· 47.79 .849 - s 
2346.52 1173.30 27. 539 .- .050 5.09 1.867 CO-60 
2466.70 1233.39 6. 15. .001 39.43 1.129 - s 
2664.91 1332.50 12. 465. .043 5.02 1.833 CO-60 
2920.27 1460.18 9. 25. .002 32.21 1.425 K-40 s 

s Peak fails shape tests. 

Analysis time 1.0 seconds. 

--------------------

0001.·2 



EG&G ORTEC OMNIGAM ( 33) 

Sample description 

!3.02.27 24-JAN-96 07:54:55 
Spectrum name: 326613.CHN 

Bechtel MBB 32661MBB1 06332661 N . 5. 1/23/96 TJR 

Spectrum Filename: 326613.CHN 

Acquisition information 
Start time 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

23-Jan-96 
10800 
10803 

.03% 
IDs 0 & 

13:58:05 

0 

LAS Detector 2, GMX-30200-P, Ser. No. 30-TN10348 

Calibration 
Filename: 326613.CHN 
created: 23-Jan-96 13:58:05 & 
MAESTRO calibration 

Zero offset .072 keV; Gain 

Library not found or NULL library selected. 

.500 keV/channel 

Analysis parameters 
Start channel 
Stop channel 

50 for an energy of 25.0SkeV 
3994 for an energy of 1997.54keV 

50.000% 

Page 1 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

l.0000E+O0/ 1.0000E+00 = 1.0000E+00 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

Corrections 
Decay correct to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

0.000O000E+00 
0.0000000E+00 

(based on spectrum). 

Status 
NO 
YES 
NO 
NO 
NO 
NO 

Comments 

************UN IDENTIFIED PE AK SUMMARY*********~ 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTE[ 

CHANNEL ENERGY COUNTS c.OUNTS CTS / SEC 1 SIGMA % keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-• 

48.89 24.52 100. 73. .007 22.70 .914 AM-241 E 

92.86 46.51 243. 70. .007 29.60 .543 PB-210 E 

125. 92 63. 05 292. 100. • 009 23. 24 • 724 TH-234 f 

0001.28 



EG&G ORTEC OMNIGAM ( 33) 

Channel Energy Background 
153.92 77.05 138. 
184.61 92.40 239. 
371.08 185.65 198. 
476.79 238.52 165. 
504.83 252.54 60. 

1021.62 511.00 83. 
1166.15 583.28 28. 
1218.75 609.59 42. 
2001.04 1000.82 16. 

s Peak fails shape tests. 

Analysis time • 9 seconds • 
--------------------

!3.02.27 24-JAN-96 07:54:55 
Spectrum name: 326613.CHN 

Page 2 

Net area Cnts/sec Uncert FWHM suspected 
62. .006 35.19 .701 PB-214 

279. .026 9.87 .881 TH-234 
72. .007 34.23 .826 U-235 
46. .004 42.22 .664 PB-212 
35. .003 45.16 .800 TL-208 

s 
s 

s 
s 

161. .015 13.41 2.254 ANN-511 s 
39. .004 29.84 1. 711 TL-208 s 
35. .003 33.81 1.482 BI-214 s 
15. .001 45.70 1.184 PA-234M s 

0001.29 



EG&G ORTEC OMNIGAM ( 33) 

Sample description 

I3.02.27 24-JAN-96 07:54:56 
Spectrum name: 326614.CHN 

Bechtel B0GZSB L6230-5 06332661 N .490 1/17/96 cs 

Spectrum Filename: 326614.CHN 

Acquisition information 
Start time 23-Jan-96 

10800 
10802 

.02% 

09:51:58 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

IDs 0 & 0 

LAS Detector 2, GMX-30200-P, Ser. No. 30-TN10348 

Calibration 
Filename: 326614.CHN 
Created: 23-Jan-96 09:51:58 & 
MAESTRO calibration 

Zero offset .072 keV; Gain 

Library not found or NULL library selected. 

.500 keV/channel 

Analysis parameters 
Start channel 
Stop channel 

. 50 for an energy of 25. 0BkeV 
3994 for an energy of 1997.54keV 

50.000% 

Page 1 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

1.0000E+00/ 1.0000E+00 -- 1.0000E+00 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

Corrections 
Decay correct to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

0.0000000E+00 
0.0000000E+00 

(based on spectrum). 

status 
NO 
YES 
NO 
NO 
NO 
NO 

Comments 

************UN IDENTIFIED p·E AK SUMMARY*********~ 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTEC 

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA% keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+ 

48.91 24.53 82. 34. .003 38.42 1.329 AM-241 E 
92.66 46.41 159. 76. .007 22.39 .546 PB-210 E 

125.94 63.06 348. 111. .010 22.62 .743 TH-234 f 

0001.30_ 
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EG&G ORTEC OMNIGAM ( 33) I3.02.27 24-JAN-96 07:54:56 
Spectrum name: 326614.CHN 

Page 2 

Channel Energy Background Net area Cnts/sec Uncert FWHM suspected 
153.79 76.98 217. 136. .013 17.58 .890 PB-214 s 
167.29 83.74 231. 48. .004 47.25 .790 TH-228 s 
184.67 92.43 226. 322. .030 9.05 1.018 TH-234 s 
371.33 185.78 212. 89. .008 28.74 .938 U-235 
476.45 238.35 116. 55. .005 27.30 .988 PB-212 
482.80 241.53 108. 46. .004 33.17 1.247 PB-214 s 
590.04 295.16 62. 109. .010 16.53 .977 PB-214 
703.64 351.97 87. 189. .018 10.38 1. 130 PB-214 s 

1020.91 510.65 130. 145. .013 15.90 2.728 TL-208 s 
1165.74 583.08 55. 42. .004 32.76 1. 248 TL-208 s 
1218.34 609.38 87. 161. .015 13.60 1.326 BI-214 
2239.63 1120.14 33. 48. .004 25.26 1. 777 BI-214 s 
3528.70 1764.83 5. 40. .004 18.54 1. 599 BI-214 s 

s Peak fails shape tests. 

Analysis time 1.0 seconds. 
---------------~----
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Client 
Client ID 
Filename 
LAL parent ID 
Batch ' 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date 
Collection Date 
delta T to midpoint of count 
Efficiency data file 
Background, Libra files 

Bechtel 
B0GZT0 

329291.CHN 
32929DUP1, 

6332929 
10800 

1 
N 

0.5 
1 /26/96 13:09 

1/22/96 
4.6 

N194 
WBKG1026 

185.7 
143.8 
163.3 
351.9 
295.1 

1099.2 
1291.6 
810.8 
911.2 
969 

238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 
1050.1 

LAS Detector 1, GMX-30200-P, Ser. No. 30-TN10223A 

days 

2.57E+ 11 
2.57E+ 11 
2.57E+11 
5.84E+05 
5.84E+05 
4.51E+01 
4.51E+01 
7.08E+01 
2.10E +03 
2.10E+03 
5.11 E+ 12 
5.11 E + 12 

1924 
1924 

10950 
1810 

4.64E+03 
4.64E+03 
3.11 E+03 
3.11 E+03 
3.11 E+03 

368.2 
368.2 

372 
288 
327 
704 
591 

2198 
2583 
1622 
1822 
1938 
478 
600 

2665 
2347 
1324 
211 

2816 
689 
1447 
2009 
2549 
1244 
2100 

I ' l, ; 

232 
177 
137 
317 
235 
19 
19 
28 
39 
28 
181 
81 
12 
10 
26 
137 
17 
66 
34 
20 
13 , 
30 
26' 

113 
131 
112 
72 

103 
22 
18 
29 
53 
22 
87 
90 
14 
20 
47 
133 
12 
90 
28 
21 
21 
50 
13 

120 
46 
25 

245 
132 
-3 
2 

-1 
-14 
6 

94 
-9 
-2 

-10 
-21 
5 
5 

-24 
6 
-1 
-8 

-20 
15 

0.0110648 
0.0042593 
0.0023148 
0.0226852 
0.0122531 
-0.000293 
0.0001389 
-0.000108 
-0.001285 
0.0005556 
0.0087037 
-0.000833 
-0.000139 
-0.00088 

-0.001914 
0.0004167 
0.0004938 
-0.002207 
0.0005556 
-9.26E-05 
-0.000741 
-0.001867 
0.0014043 

15.5 
38.2 
63.1 
8.1 

13.9 
202.6 
402.8 
648.1 
69.1 

117.9 
17.4 

145.3 
336.7 
57.2 
41.2 

364.8 
100.4 
52.4 

131.2 
640.3 
72.9 
44.4 
42.1 
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Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/LI 
Count date · 
Collection Date 
delta T to midpoint of count 
Efficiency data file 
Background, Librar files 

Bechtel 
B0GZT0 

329291.CHN 
32929DUP1 

6332929 
10800 

1 
N 

0.5 
1 /26/96 13:09 

1 /22/96 
4.6 

N194 
WBKG1026 

185.7 
143.8 
163.3 
351.9 
295.1 

1099.2 
1291.6 
810.8 
911.2 
969 

238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 
1050.1 

0.011717 
0.003283 
0.000567 
0.002483 
0.000619 
-0.00024 
-0.00031 
0.000353 
0.001015 
0.00055 

0.006208 
-0.00032 
0.000175 
0.000075 
-0.00054 
-0.00035 
0.000186 
-0.0001 

0.000572 
-0.00023 
-0.00014 
-0.00029 
-0.00032 

5.5 
18.9 
99.5 
17.9 
82.1 
92.1 
61.3 
79.7 
30.0 
50.4 
9.3 

143.7 
112.5 
318.6 
63.3 
162.1 
86.3 

430.1 
50.1 
101.3 
140.1 
110.9 
75. 1 

-0.00065 
0.00098 
0.00175 
0.02020 
0.01163 
-0.00029 
0.00014 
-0.00046 
-0.00230 
0.00001 
0.00250 
-0.00083 
-0.00031 
-0.00095 
-0.00191 
0.00042 
0.00031 
-0.00221 
-0.00002 
-0.00009 
-0.00074 
-0.00187 
0.001~0 

363.10 
229.97 
115.83 
11.24 
19.00 

202.61 
402.77 
90.88 
25.37 

16778.11 
83.92 
145.30 
86.25 
27.65 
41.25 

364.81 
213.29 
52.38 

6093.94 
640.31 
72.89 
44.40 
42.13 

0.055389 
0.063'815 
0.059981 
0.03237 

0.037986 
0.011918 
0.010338 
0.015465 
0.014001 
0.013285 
0.045721 
0.037416 
0.010051 
0.011258 
0.018405 
0.06833 

0.009557 
0.033022 
0.017049 
0.012878 
0.010462 
0.019424 
0.012399 

5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

0.575 
0.109 
0.05 

0.358 
0.185 
0.565 
0.432 

0.9945 
0.266 

0.1617 
0.4365 

0.03344 
0.999 
0.999 

0.8521 
0.218 
0.212 
0.27 

0.197 
0.176 
0.355 

0.0981 
0.0146 



Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date' 
Collection Date 
delta T to midpoint of count 
Efficiency data file ' · · · 
Background, Libra files 

Bechtel 
B0GZT0 

329291.CHl'J 
32929DUP1 

6332929 
10800 

1 
N 

0.5 
1 /26/96 13:09 

1/22/96 
4.6 

N194 
WBKG1026 

185.7 -0.020467 -1.105232 11.71 1 -1.105 4.01 11.71 
143.8 0.140302 7.576314 45.07 1 7.576 17.43 45.07 
163.3 0.5829 31.47658 88.77 1 31.477 36.49 88.77 
351.9 1.743298 94.1381 21.11 1.000005 94.139 11.58 21.11 
295.1 · 1.65548 89.39592 36.53 1.000005 89.396 17 .56 36.53 
1099.2 -0.043544 -2.351362 17 .30 1 .073429 -2.524 5.12 18.58 
1291.6 0.031099 1.679359 22.63 1.073429 1.803 7.26 24.29 
810.8 -0.029961 -1.617909 9.56 1.046185 -1.693 1.54 10.00 
911.2 -0.61738 -33.33853 53.52 1.001523 -33.389 8.63 53.60 
969 0.002586 0.139656 63.52 1.001523 0.140 23.47 63'.61 

238.6 0.125037 6.751985 15.14 1 6.752 5.68 15.14 
300.1 -0.666041 -35.9662 183. 74 1 -35.966 52.29 183. 74 
1332.5 -0.03126 -1.68805 10.43 1.001662 -1.6909 1.46 10.45 
1173.3 -0.084879 -4.583443 10.52 1.001662 -4.5911 1.29 10.54 
661.7 -0.122015 -6.588825 10.34 1.000292 -6.5907 2.74 10.34 
105.3 0.027972 1.51047 18.62 1.001767 1.513 5.521 18.651 

1408.1 0.151879 8.201456 49.13 1.000689 8.21 17.51 49.16 
344.3 -0.247509 -13.3655 26.09 1.000689 -13.37 7.04 26.10 
723.3 -0.004962 -0.267962 44.50 1.00103 -0.27 16,35 44.55 

0 1004.8 -0.040852 -2.206002 50.15 1.00103 -2.21 14.14 50.20 
o~~ 1214.5 -0.199441 -10.15919 31.29 1.00103 -10.18 1.88 31.32 
0 621.8 -9.B0E-01 -5.29E+01 9.07E+01 1.008717 -53.3787 23.85 91.54 
~ 1050.1 7.76E+00 4.19E+02 4.68E+02 1.008717 422.5725 179.29 472.37 e-.,~=========L-------~------------'--=-----------'---.;.._;;----;...__.....;.;....;..;..;;;..__...a 
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Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/Ll 
Count date 
Collection Date 
delta T to midpoint ot count 
Efficiency data file 
Background, Libra files 

Bechtel 
B0GZT0 

329291.CHN 
32929DUP1 

6332929 
10800 

1 
N 

0.5 
1 /26/96 13:09 

1/22/96 
4.6 

N194 
WBKG1026 

Jq94tjJih~ti!J:t flN&F t 
€r.t?t7 t .fl~§qpr 
···ci/L · Ci/L 

132.05 -18.18 
8.03 -1.11 

24.86 12.02 

17.93 92.70 

3.94 -1.09 

3.08 -1.69 
14.91 -29.39 

9.81 6.75 
-35.97 

1.75 -3.32 

5.44 -6.59 
11.04 1.51 
10.55 -10.37 

10,82 -7.47 

27.57 -45.104 

19.34 

8.36 

3.08 
16.21 

11.35 
104.58 

1.93 

5.48 
11.04 
13.06 

;
1
~if 

·•·ciro<· 
19 .70 
11. 71 
45.07 
88.77 
21.11 
36.53 
18.58 
24.29 
10.00 
53.60 
63.61 
15.14 

183.74 
10.45 
10.54 
10.34 
18.65 
49.16 
26.10 
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Client Bechtel 
Client ID B0GZT0 
Filename 379294.Cl-!N 
LAL parent ID L6263-5 
Batch · 6332929 
Live Time 10800 
Detector 2 LAS Detector 2, GMX-30200-P, Ser. No. 30-TN10348 
Goomwy N 
Aliquot ( gms/LI 0.5 
Count date 1 /26/96 13:09 
Collection Date 1 /22/96 
delta T to midpoint of count 4.6 days 
Efficiency data file t,1294 
Background, Libra files WBKG2026 ====~~~=== 

185.7 
143.8 
163.3 
351.9 
295.1 
1099.2 
1291.6 
810.8 
911.2 
969 

238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 
1050.1 

.57E+ 11 
2.57E+ 11 
2.57E+ 11 
5.84E+05 
5.84E+05 
4.51E+01 
4.51E+01 
7.08E+01 
2.10E+03 
2.10E+03 
5.11 E+ 12 
5.11E+12 

1924 
1924 

10950 
1810 

4.64E+03 
4.64E+03 
3.11E+03 
3.11 E+03 
3.11 E+03 

368.2 
368.2 

372 
288 
327 
704 
591 

2198 
2583 
1622 
1822 
1938 
478 
600 

2665 
2347 
1324 
211 

2816 
689 
1447 
2009 
2549 
1244 
2100 

239 
171 
138 
288 
225 
14 
16 
27 
48 
24 

208 
66 
25 
21 
44 
134 
21 
67 
35 
13 
12 
53 
20 I 

119 
138 
62 
86 
20 
9 

18 
28 
26 

110 
70 
15 
11 
43 
137 
12 
71 
40 
21 
13 
32 
15 

163 
52 
0 

226 
139 
-6 
7 

10 
20 
-2 
99 
-4 
10 
11 
1 
-3 
9 
-4 
-5 
-8 
-1 
22 
5 

0.015108 
0.0048148 

0 
0.0209259 
0.0128395 
-0.00054 

0.0006173 
0.0008796 
0.0018403 
-0.000185 
0.0091204 
-0.00037 

0.0009259 
0.0009722 
0.0001235 
-0.000247 
0.0008642 
-0.000386 
-0.000432 
-0.000741 
-7.72E-05 

0.0019907 
0.0004475 

10.9 
32.7 
0.0 
8.3 
12.7 
99.7 
75.5 
70.2 
43.9 

353.6 
18.1 

291.5 
63.2 
53.5 

698.2 
616.9 
61.2 

282.1 
185.2 
72.9 

598.0 
42.8 
122.7 

°',-;1!:".1 
--~-~ 

~~ 

-~ 

-~1 
~~ 
~-



Client Bechtel 
Client ID . B0GZT0 
Filename 329294.CHN 
LAL parent ID L6263-5 
Batch 6332929 
Live Time 10800 
Detector 2 
Geometry N 
Aliquot ( gms/L) 0.5 
Count date 1 /26/96 13:09 
Collection Date 1/22/96 

~~i.:'~ 
'~~-c; 

delta T to midpoint of count 4.6 .¼!-a'= 

~j 
Efficiency data file N294 0~ 

Background, Libra files WBKG2026 
-~J 
-":~ 

\~ 

·~ -~-
~~ r~-,} 

186.1 0.013894 4.9 0.00121 191.67 0.055571 5 0.035 
i,,n_ 

185.7 o. 13894 4.9 0.00121 191.67 0.055656 5 0.575 
143.8 0.0033 18.3 0.00151 144.04 0.064542 5 0.109 
163.3 0.0011 51.1 -0.00110 51.07 0.060486 5 0.05 
351.9 0.002367 18.1 0.01856 11.64 0.032285 5 0.358 
295.1 0.001258 40.5 0.01158 18.51 0.03788 5 0.185 
1099.2 -2.8E-05 762.9 -0.00054 99.71 0.012002 5 0.565 
1291.6 -0.00021 91.8 0.00062 75.50 0.010402 5 0.432 
810.8 0.000225 122.3 0.00065 136.38 0.01556 5 0.9945 
911.2 0.001658 17.6 0.00018 604.39 0.014097 5 0.266 
969 0.000367 76.9 -0.00055 67.57 0.013378 5 0.1617 

238.6 0.006683 8.7 0.00244 91.56 0.045685 5 0.4365 
300.1 -0.00023 186.5 -0.00037 291.55 0.03731 5 0.03344 
1332.5 -0.00014 170.7 0.00093 63.25 0.01011 5 0.999 
1173.3 0.000158 146.0 0.00081 92.26 0.011335 5 0.999 
661.7 0.000589 57.8 -0.00047 258.30 0.018483 5 0.8521 
105.3 0.000333 165.1 -0.00058 167.70 0.068697 5 0.218 
1408.1 0.000328 52.9 0.00054 130.99 0.009607 5 0.212 
344.3 0.00065 65.6 -0.00104 63.89 0.032933 5 0.27 

0 
723.3 -0.00043 70.7 -0.00043 185.16 0.017137 5 0.197 
1004.8 -2.5E-05 946.3 -0.00074 72.89 0.012969 5 0.176 0 1274.5 -5.6E-05 338.5 -0.00008 598.00 0.010528 5 0.355 0 

~ 621.8 -0.00068 47.5 0.00199 42.76 0.019492 5 0.0981 

~ 1050.1 0.000433 51.6 0.06001 5442.46 0.012487 5 0.0146 
(J) 

... n 



0 
0 
0 ... 
~ 
-J 

Client 
Client ID 
Filename 
LAL parent ID 
Batch · 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date 

Bechtel 
B0GZT0 

329294.CHN 
L6263-5 
6332929 

10800 
2 
N 

0.5 
1/26/96 13:09 

1/22/96 
4.6 

N294 
WBKG2026 

186.1 
185.7 
143.8 
163.3 
351.9 
295.1 
1099.2 
1291.6 
810.8 
911.2 
969 

238.6 
300.1 

1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 
723.3 
1004.8 
1274.5 
621.8 

1050.1 

0.623952 33.69342 
0.037922 2.04779 
0.215323 11.62745 
-0.363723 -19.64105 
1.605749 86.71045 
1.652606 89.24074 
-0.079651 -4.301145 
0.137369 7 .417935 
0.042303 2.284375 
0.048522 2.620163 
-0.255102 -13.77553 
0.122209 6.599308 
-0.296858 -, -16.03031 
0.091673 4.95032 
0.071874 3.881222 
-0.029552 -1.59583 
-0.038745 -2.092239 
0.2~3371 14.22202 
-0.116489 -6.290412 
-0.127989 -6.911426 
-0.324512 -17.52366 
-0.020645 -1. 114833 
1.04E+00 5.62E+01 
7.79E-02 4.21E+00 

186.63 
11.34 
43.02 
98.60 
20.00 
35.10 
17.15 
16.73 
7.58 

45.68 
65.09 
16.39 

163.94 
9.79 
8.37 
11.20 
19.29 
51.17 
24.64 
44.75 
52.31 
25.38 

6.68E+01 
6.411:+02 

1.000005 
1.000005 
1.07344 
1.07344 

1.046192 
1.001523 
1.001523 

1.001663 
1.001663 
1.000292 
1.001767 
1.000689 
1.000689 
1.00103 
1.00103 
1.00103 

1.008718 
1.008718 

33.69 
2.048 
11.627 
-19.641 
86.711 
89.241 
-4.617 
7.963 
2.390 
2.624 

-13. 797 
6.599 

-16.030 
4.9586 
3.8877 
-1.5963 
-2.096 
14.23 
-6.29 
-6.92 

-17.54 
-1.12 

56.7097 
4.2420 

64.60 
3.93 
16.76 
10.08 
10.98 
17.11 
4.61 
6.02 
3.26 
15.86 
9.35 
6.05 

46.74 
3.15 
3.59 
4.12 

3.516 
18.66 
4.03 
12.82 
12.82 
6.67 

24.41 
230.87 

186.63 
11.34 
43.02 
98.60 
20.00 
35.10 
18.41 
17.96 
7.93 

45.75 
65.19 
16.39 

163.94 
9.81 
8.38 
11.20 

19.326 
51.20 
24.66 
44.79 
52.37 
25.41 
67.42 

648.08 



Client 
Client ID 
Filename 
LAL parent ID 
Batch 
Live Time 
Detector 
Geometry 
Aliquot ( gms/L) 
Count date 
Collection Date 
delta T to midpoint of count 
Efficiency data file 
Background, Libra files 

Bechtel 
B0GZT0 

329294.CHN 
L6263-5 
6332929 

10800 
2 
N 

0.5 
1 /26/96 13:09 

I 

1/22/96 
4.6 

N294 
WBKG2026 

186.1 129.16 33.69 129.21 186.63 
185.7 7.85 2.05 7.85 11.34 
143.8 10.91 -11.34 17.27 43.02 
163.3 98.60 
351.9 
295.1 
1099.2 
1291.6 
810.8 

17.23 

0.03 

6.52 

87.45 18.49 

0.03 7.32 

2.39 6.52 
12.84 -9.56 16.11 911.2 45.75 

969 65.19 
238.6 
300.1 
1332.5 
1173.3 
661.7 
105.3 

1408.1 
344.3 

11.53 

4.69 

8.25 
7.03 
6.18 

6.60 12.10 
-16.03 93.49 
4.49 4.73 

-1.60 8.25 
-2.10 7.03 
-5.38 7.89 

6.77 -5.02 10.75 723.3 44.79 
1004.8 52.37 
1274.5 25.41 

48.00 56.130 48.553 621.8 67.42 
- I 1050.1 648.08 

-~ 
·=°"~""~"'-

~ 
=;-__ ~ 

=~~~ 

:-~ 

:!!--"""i=f"Jr -J;~ 
:r-~i 
=....;,..,,_~ 



EG&G ORTEC OMNIGAM ( 33), I3.02.27 30-JAN-96 10:09:01 
Spectrum name: 329291.CHN 

Sample description 
Bechtel B0GZT0 32929DUP1 ,06332929 N 0. 5 1/22/96 CS 

Spectrum Filename: 329291.CHN 

Acquisition information 
start time 26-Jan-96 

10800 
10816 

.15% 

13:09:00 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

IDs 0 & 0 

LAS Detector 1, GMX-30200-P, Ser .. No. 30-TN10223A 

calibration 
Filename: 329291.CHN 
created: 26-Jan-96 13:09:00 &· 
MAESTRO calibration 

Zero offset -.012 keV; Gain 

Library not found or NULL library selected. 

.500 keV/channel 

Analysis parameters 
Start channel 
stop channel 

50 for an energy of 24.99keV 
3994 for an energy of 1997.07keV 

50.000%· 

Page 1 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

1.0000E+00/ 1.0000E+00 = 1.0000E+00 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

Corrections 
Decay correct to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

0.0000000E+00 
0.0000000E+00 

(based on spectrum). 

status 
NO 
YES 
NO 
NO 
NO. 
NO 

Comments 

************UN IDENTIFIED PE AK S.U MM ARY*********** 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTED 

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA% keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-

49.73 24.86 870. 205. .019 24.46 2.223 AM-241 s 
93.13 46.56 301. 112. .010 23.87 .979 PB-210 s 

126.60 63.29 .299. 183. .017 15.27 .855 TH-234 

0001.49 



EG&G'ORTEC OMNIGAM ( 33) 13.02.27 30-JAN-96 10:09:01 Page 2 
Spectrum name: 329291.CHN 

Channel Energy Background Net area Cnts/sec Uncert FWHM suspected 
149.72 74.85 238. 52. .005 36.19 .582 PB-214 s 
153.91 76.94 259. 159. .015 16.39 1.111 PB-214 s 
174.72 87.35 199. 43. .004 43.18 .966 PBKB 
185.16 92.57 360. 209. .019 13.83 1.067 TH-234 s 
288.45 144.22 167. 52. .005 37.94 .578 RA-223 s 
326.61 163.30 117. 41. .004 42.84 .967 U-235 
371.67 185.83 158. 133. .012 15.95 1.281 U-235 s 
477.47 238.73 140. 73. .007 23.61 .874 PB-212 
484.33 242.16 120. 63. .006 27.50 1.029 PB-214 s 
590.82 295.41 119. 147. .014 13.83 1.041 PB-214 
703.92 351. 96 118. 271. .025 10.04 1.239 PB-214 

1022.09 511.05 103. 172. .016 13.06 3.423 ANN-511 s 
1218.88 609.45 81. 227. ,,. . 021 9.97 1.068 BI-214 s ... ' 
1388.13 694.08 21. 25. .002 40.18 1.174 CO-·57 s 
1536.06 768.05 44. 33. .003 39.86 .885 BI-214 s 
1828.94 914.49 10. 23. .002 31.46 1.024 - s 
1936.85 968.45 20. 23. .002 45.17 .799 AC-228 s 
2240.84 1120.46 18. 46. .004 21.22 .810 BI-214 s 
2475.99 1238.03 17. 37. .003 26.34 1.538 BI-214 s 
2755.66 1377.88 23. 29. .003 39.32 .730 BI-214 s 
3527.45 1763.78 5. 41. .004 21.15 1.453 BI-214 s 

s Peak fails shape tests. 

Analysis time • 7 seconds • 
--------------------

0001.so· 



EG&G'ORTEC OMNIGAM { 33) 

Sample description 

13.02.27 30-JAN-96 10:09:02 
Spectrum name: 329292.CHN 

Bechtel LCS 32929LCS1 06332929 N 0.5 04/02/91 LV 

Spectrum Filename: 329292.CHN 

Acquisition information 
Start time 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

26-Jan-96 
10800 
10816 

.15% 
IDs O & 

17:05:11 

0 

LAS Detector 1, GMX-30200-P, Ser. No. 30-TN10223A 

Calibration 
Filename: 329292.CHN 
Created: 26-Jan-96 17:05:11 & 
MAESTRO calibration 

Zero offset -.012 keV; Gain 

Library not found or NULL library selected. 

.500 keV/channel 

Analysis parameters· 
start channel 
Stop channel 

50 for an energy of. 24.99keV 
3994 for an energy of 1997.07keV 

50.000% 

Page 1 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

l.0000E+00/ l.0000E+00 = 1.0000E+00 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

Corrections 
Decay correct to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

0.0000000E+00 
0.0000000E+O0 

(based on spectrum). 

Status 
NO 
YES 
NO 
NO 
NO 
NO 

comments 

************UN IDENTIFIED PE AK SUMMARY*********** 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTED 

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA% keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-

50.60 25.29 1035. 167. .015 28.26 1.259 AM-241 s 
64.17 32.08 470. 79. .007 35.54 .986 - S 
92.66 46.32 346. 129. .012 22.19 .978 PB-210 s 

000:151. 



'EG&G' ORTEC OMNIGAM · { 3 3) , 

Channel Energy Background 
126. 78 63.38 319. 

,. 

185.07 92.53 312.' 
372.01 186.00 214. 
389.46 194.73 50. 
478.12 239.06 197. 

1023.24 511.63 137. 
1166.28 583.15 94. 
1323.87 661.95 110. 
2222.08 1111.07 55. 
2346.86 1173.47 40. 
2665.26 1332.67 18. 

s Peak fails shape tests. 

Analysis time • 5 seconds • 
--------------------

!3.02.27 30-JAN-96 10:09:02 
Spectrum name: 329292.CHN 

Page 2 

'Net area Cnts/sec Uncert FWHM Suspected 
214. .020 15.26 .718 TH-234 
219. .020 14.07 1.014 TH-234 
126. .012 17.98 1.151 RA-226 

19. . 002' 43.26 .788 -
70. .006 36.94 .975 PB-212 

s 
s 
s 

160. • 015 14.22 2.555 ANN-511 s 
37~ .003 46.55 .911 TL-208 s 

1169. .108 3.31 1.581 CS-137 
37. .003 49.27 .761 AC-228 s 

557. .052 5.15 1.848 CO-60 
468. .043 4.92 1.919 CO-60 

-. 

0001.52 



EG&'G ORTEC OMNIGAM ( 33) 

Sample description 

IJ.02.27 30-JAN-96 10:09:03 
Spectrum name: 329293.CHN 

Bechtel MBB 32929MBB1 .06332929 N 0. 5 1/26/96 LV 

Spectrum Filename: 329293.CHN 

Acquisition information 
Start time 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

26-Jan-96 . 
10800 
10802 

.02% 
IDs 0 & 

17:05:46 

0 

LAS Detector 2, GMX-30200-P, Ser. No. 30-TN10348 

Calibration 
Filename: 329293.CHN 
Created: 26-Jan-96 17:05:46 & 
MAESTRO calibration 

Zero offset .072 keV; Gain 

Library not found or NULL library selected. 

.500 keV/ch,anne'l 

Analysis parameters 
Start channel 
Stop channel 

50 for an energy of 25.08keV 
3994 for an energy of 1997.54keV 

50.000% 

Page 1 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

1.0000E+00/ 1~0000E+0O = 1.0000E+00 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

corrections 
Decay correct .to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

0.0000000E+00 
0.0000000E+O0 

(based on spectrum). 

Status 
NO 
YES 
NO 
NO 
NO 
NO 

Comments 

************UN IDENTIFIED PE AK SUMMARY**********~ 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTED 

CHANNEL ENERGY COUNTS COUNTS CTS/SEC 1 SIGMA% keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-

47.81 23.98 53. 22. .002 43.41 .846 - s 
92.87 46.52 241. 103. .010 20.84 .549 PB-210 s 

126.17 63.17 282. 134. .012 19.72 .866 TH-234 

000:153-



EG&G ORTEC OMNIGAM ( 33) 

Channel Energy Background 
154.21 77.19 1600 
184.82 92.51 256. 
370.96 185.59 143. 
476.59 238.42 134. 

·590.13 295.21 86. 
703.95 352.13 72. 

1022.01 511.20 122. 
1165.86 583.14 33. 
1218.06 609.24 55. 

s Peak fails shape tests. 

Analysis time • 4 seconds • 
--------------------

I3.02.27 30-JAN-96 10:09:03 
Spectrum name: 329293.CHN 

Page 2 

. Net area Cnts/sec Uncert FWHM Suspected 
48. .004 39.61 .968 PB-214 s 

297. .028 9.18 1.010 TH-234 s 
102. .009 18.45 .850 U-235 

57. .005 31.87 .970 PB-212 
45. .004 35.53 1.024 PB-214 s 
30. .003 49.67 1.303 PB-214 s 

129. .012 16.78 2.190 ANN-511 s 
37. .003 33.15 .699 TL-208 s 
38. .004 33.18 1.658 BI-214 s. 

0001.54 



EG&G'ORTEC OMNIGAM ( 33) 

Sample description 

I3.02.27 30-JAN-96 10:09:03 
Spectrum name: 329294.CHN 

Bechtel B0GZT0 L6263-5 06332929 N 0.5 1/22/96 cs 

Spectrum Filename: 329294.CHN 

Acquisition information 
Start time 
Live time 
Real time 
Dead time 
Detector/Geometry 

Detector system 

26-Jan-96 
10800 
10802 

.02% 
IDs O & 

13:09:58 

0 

LAS Detector 2, GMX-30200-P, Ser. No. 30-TN10348 

Calibration 
Filename: 329294.CHN 
Created: 26-Jan-96 13:09:58 & 
MAESTRO calibration 

Zero offset .072 keV; Gain 

Library not found or NULL library selected. 

.500 keV/channel 

Analysis parameters 
start channel 
Stop channel 

50 for an energy of 25.08keV 
3994 for an energy of 1997.54keV 

_ 50. 000% 

Page 1 

Peak rejection level 
Activity scaling factor 
Detection limit method: 

l.0000E+00/ 1.0000E+00 = 1.0000E+00 

MDA - EG&G ORTEC method 
Additional random error: 
Additional srstematic error: 
Background width: best method 

corrections 
Decay correct to date 
Decay during acquisition 
Peaked background correction 
Absorption (Internal) 
Geometry correction 
Random summing 

0.0000000E+00 
0.0000000E+00 

(based on spectrum). 

status 
NO 
YES 
NO 
NO 
NO 
NO 

Comments 

************UN IDENTIFIED PE AK SUMMARY*********** 
PEAK CENTROID BACKGROUND NET AREA INTENSITY UNCERT FWHM SUSPECTED 

CHANNEL ENERGY COUNTS COUNTS CTS/SEC. 1 SIGMA% keV NUCLIDE 
+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-

48.13 24.14 82. 40. .004 33.23 1.890 AM-241 s 
92.85 46.51 269. 80. .007 27.63 .585 PB-210 

125.97 63.07 345. 102. .009 24.30 .746 TH-234 s 

0001.55 · 



EG&G ORTEC OMNIGAM { 33) I3.02.27 30-JAN-96 10:09:03 Page 2 
Spectrum name: 329294.CHN 

Channel Energy Background Net area Cnts/sec Uncert FWHM Suspected 
149.47 74.82 231. 62. .006 30.04 .758 PB-214 s 
153.74 76.96 205. 183. .017 13.32 .715 PB-214 s 
185.03 92.61 314. 223. .021 14.57 .900 TH-234 s 
286.07 143.14 173. 39. .004 49.69 .999 NP-237 s 
371.02 185.62 168. 123. .011 16.53 .930 U-235 
476.57 238.41 161. 78. .007 25.76 .765 PB-212 
484.05 242.15 157. 52. .005 39.17 .769 PB-214 s 
590.00 295.14 99. 132. .012 13.79 1.314 PB-214 s 
703.20 351.75 137. 201. .019 11. 60 1.119 PB-214 

1021. 36 510.87 146. 108. .010 21.54 1.223 TL-208 s 
1165.78 583.10 38. 27. .002 40.91 .676 TL-208 s 
1218.20 609.32 44. 234. .022 7.91 1.436 BI-214 s 
1534.21 767.36 26. 35. .003 34.22 1. 621 PA-234M s 
2240.18 1120.42 27. 39. .004 31.31 1.417 BI-214 
2476.22 1238.47 14. 16. .001 41.31 .627 CO-56 s 
3526.86 1763.91 6. 33. .003 25.02 1.307 BI-214 s 

s Peak fails shape tests. 

Analysis time • 5 seconds • 

--------------------

0001.56 



Description 

U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory-Las Vegas 

Nuclear Radiation Assessment Division 

Calibration Certificate 

Princ,pat rtdio~uchde I CO b a 1 t - 6 0 Hall-lol•I 5. 271 years 

Nominal 1ct1v,1y 

Nonun•I wolum• 

1110 

I s 

! I nano curies f 

I ml ,n ampoule/boule numberlL __ 2::,:S:.,:O::,.=:G_-..:2=-------..1 

Measurement Activi1y of principal' radionuclide 

Useful Life 

Activity per 9r1m of this solution 

l .. _2 .. 2 ......... 2 _ __.! l o a no cunes ! 01 1 ... .-c ... o.,..h,wa ... 1.,t .. -_..6 ... Q1,1,,,. ______ ... 

•t0400hour• PSTonl April 2, 1991 

Activi1y of daughter radionuclide 

The pr1ncic,al activily wu •ccompan,ed II the quo1ed time by 

-----~I l .. ____ c_ ... _-~I Per vr•m 

of lhe dau9ht .. nuclide 

Total mass of this solution 

APPROX. 5. 0 

Method of measurement 

The activity of the primary solution was measured using 
an ionization chamber. 

The activity of the dilution was .. measured using gamma 
spectroscopy. 

Thia r•dionuctide haa decayed lhtovvti ~ half liYee ainca ii waa obiainecl by EMSL0 LV 

We , __ NI 11\111 lhi• IDIUlioft •hould - be VMcl ·"· January 2000 

000158 



Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remarks 

Revised 1 /84 

The manufacturer states that activities other than that of the principal nuclide 
and of its daughter nuclides, 11 any, were estimated/known to be: 

l .. ~_1_1_ ... o ... a ... o ...... e __ :3._.t_a.....,.t_.e_..d..._ _________ j ~~~att,~n ._I ____ %~' of the principal activity 

(._1_2_1 ___________________ 1 ~~s~a~ht~n I % I of the principal activity 

( .. 1_3_1 __________________ I ~~ia~ht~n I % I of the principal activity 

The activity of impurity 11) is not (2) is not 131 is not 
included in the quoted figures of the principal activity. 

The precision of this standard was such that the certified value of the radioactive 

concentration of the principal activity had a standard error (sm) not greater than ! !o. 4 2 % I 
(The 99. 7% confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-1 l). 

The maximum uncertainty due to the assessable systematic errors (dilution. counting, and 

known uncertainty of the standard) is obtained by the separate arithmetic summation of the 

positive and negative systematic error ( + o - 6 • ). These have been estimated not to exceed 

I , • 1 % I or I -2 r 1 % I 
the overall uncertainty (often called accuracy) is an estimate of the possible divergence of 

the quoted result from the true value. It is a combination of random error (t(smij at the 99.7% 
confidence limits and the worst case estimate of the systematic errors ( + o , -o • ) 
The overall uncertainty is therefore calculated on the basis of+ [t(sml +o], - [t(sm) +o~ 
and is I +3. 5 %1. -l-3. S %1 of the quoted radioactive concentration. 

This standardization is based on the following assumptions of the principle nuclide, its 

daughter nuclides .and impurities (no allowance for error in these assumptions or the , 

assumption of quoted half-life have been included in- the statement of accuracy above). 

Cobalt~Go decays 100 percent by beta emission followed 
by prompt gamma transition. 

Carrier content per gram of solution: Other components: 

30 micrograms cobalt 0 .1 M HCl 

Preservative: 

Date Cenificate Prepared 

Approval Signature 

0001.59 
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CERTIFICATE OF CAI•IBRATION 
GAMMA STANDARD SOLUTION 

"" V\).) \ 

Radionuclide 
Half Life: 
c.talog No.: 

Cs-137 · 

30.0 ± 0.2 yearn 
7137 

Customer: LOCKHEED ENGINEERING & SCIENCES Co. 
P.O.No.: 06LAB1036 

Reference Date: Sq,ccmber l 1991 12:00 PST. 

Source No.: 389-21-2 Contained Radioactivity: 1.002 ,£1. 
Dm:riplioa of Sabo-

•• Mass of solution: 4.9523 
b. Qemical form: CsCI in 0. 1 N HCI 

None added 
0.9996 

pama. 

c. Carrier cooteat: 

d. Density: 

Radioimpurilim 
Nooe delectcd 

· Nooe 

0.202 

Mcdlod of CalibntiOII. 

Weighed aliquots of the solution were assayed using aamma spectrometry: 

UIICCl1lialy of MwCIWtllli 
L Systematic uocertainty in instnm:amt calibmtioa: 
b. Random uncertainty in usay: 

c. Random uncertainty in weipiq(1): 
d. Total uncertainty at the 99'5 coofidmce level: 

NIST T.racmbilily 

0.8521 

662 

±1.05 

± 1.1" 
±0.4" 

±2.S" 

Tbis calibration is implicidy traceable to the National Institute of Standards md TeclmolOI)'. 
Holm 

1. Nuclear data were takm from "Table of 1sotopea•, Seventh Editioa, edited by Vi!Jima S. Shirley. 
2. IPL participates in ID NIST auuremmt usunnce propam to emblisb md maintain implicit 
traceability for a number of nuclidel, hued on the blind assay(aud laier NIST certification) of Staodad 
RefcreDcc Materials. (Al in NRC Repla!ory Guide 4.15) 

ISOl'OPB PllODUCl'S -1..ABORATOIUBS 
l800No. ~ san.. • 

. w,. Calibw 91504 
I 843 - 7000 

ic.v. 

0001.60 
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ISOTOPES DILUTION RECORD 

Se<:ondoo/Workln1 Lev~! Dilution [0 J \;JO [c1,i,u.e 
Date:.!:!hiJ.} Preparer's Name: /J:_ uJo:><-:y (C{ i) ue,o ~) I '1 / 

Pipe_ t Check / Balance Wt. Check Done ( ,,{ · ,f) [11 )?o -f;{ ,e 
Diluent Used: O -I f< ff( I b,O ~ c,

1;'-'I J 9 

I. Isotope #1: 0 ... , 31 q I '!5 f ~. 0cs 1--t-Of/ 

Diluted Source ID Oog#): Cf { - Z2 5 - 2-'f ... 3 

A: Source activity: J '{o • / 3 f pC..'JrrJ- r/4Cll4 Ctf/ll.l.c/u,l ~ fl.£ f_.r, 
' O 115°- (3T~/:cjf1{)' 

B: Amount of source transferred:~,.2. mJ.._ 

C: Total amount of dilution: (o rYtil 
I 

D: Isotope activity (A*B/C): IRK ,/6{; l f U I~ =i JC/7 f c· 'l-l.Jf/l 

II. Isotope #2:LtJ -bo 
Diluted Source ID ().og#): 1/~ 22~-fo- J 

E: Source activity: 99! · (oj lf C./mf2. 
F: Amount of source transferredf 2 frti 
G: Total amount of dilution: / 0 mJl ,:;.,-

t/-).-'J I 

'---..,...-------r 

H= Isotope activity (E*F/G): / 9 ?-62-t 7 f 6.'fJ.., JL1 ·/- t, 

~ 109}-/pG. i't> 
,_ · Dilution Log Book ID: 1' 2. -3 ,3- 71 

~,- i -·· · Reviewed by: -t&:= Date: 1/11ff'3. 

Continued on Page 

Read and Understood By 

~Signed 

I ~~ 
Date· 
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LOCKHEED ANALYTICAL LABO RA TORY 
SAMPLE PREPARATION LOG FOR GROSS ALPHA/BETA ANALYSIS 

LAL-91-SOP-0060 
Date Prep Started : Af ;;../c;c Matrix : Water 

Workgroup Number: GR ALP/BETA LAL-0060 32664 Prep Due Date : ..,,0'""'2,..,.,/1:-:4,-,./9=6..----------
1 

•· cnr:r·: ~~_::_:¥~"..•_:_:::JJ:\lHU' 
. >,·;;: .. :::·: 

· .. /=?:t;=!)L"" 
16263-5 32664DUP1 \)I\ DUPl 32664-01 ~ .~ ~- &07:3 'i'_G,< :~~ 
Lab Ctrl Sample 132ot>4Lt;::,1 :(2} Les, 32664-02 '6.5'!G:.I 'i,.,..2 11 I 
Method Blank 32664MBB (3\ MBBl 32664-03 f;. 4'nc.,.:,Z -0. '"f''IS:,c.;f 
16263-5 32664MS1 =4:: MSl 32664-04 ~- £l _t;C,Y, 'i(.5 3'6'l 
B0GZS8 L6230-5 ts> 32664-05 '5. 7 :luc-t 'b. 7'179( 
B0GZT0 L6263-5 )~i SMPl,M 32664-06 '-' '-" 'o. 7/07 l'lf. 7'1~ 

1 l· 
12• 
13 

14 

23: 

24 

LCS Actlvltv?,;:_: >·•·::,:::: q, 'BI rx., 1-L MS Activitv).: 4R' qOnr-::/-.1 'iS". _7,7, ... r.·1-c.. Count Anlst .:·· 

Balance Number : LV"",,O.r"JrY"Jt..t~ ( ) 
( ) ----

Pipette Number : 7 100 ?: ( ) 
( ) -----

LCS added by: _9<2_"----
Witnessed by : :"?S 

Comments :_____,.-.-----r-~-----------------------------------

• ""'"" .&.-" ?i :,/ Cnt Rm Custody\Date : 
V95224 

? .s 2[,f{~ ~---
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LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LOG FOR GROSS ALPHA/BETA ANALYSIS 

, LAL-91-SOP-0060 
Date Prep Started : 2/12/96 Matrix : Water 

Workgroup Number: GR ALP/BETA LAL-0060 32664 -:-.:,-:,:--:--=--:--------
Prep Due Date : 02/14/96 ----------

Lab Ctrl Sample :J:lti64LCS1 ,2< LCSl 32664-02 2 0.250 8.5861 8.6261 0.04uu f..i;!:! 
Method Blank 32664MBB fi MBB1 32664-03 2 0.250 8.4899 8.4899 0.0000 - ~J 

16263-5 32664MS1 }4 MS1 32664-04 2 0.250 8.4598 8.5389 0.0791 "'""1i 
1--s"""o-,,G-=z-=-s-=-8-----+-L:-,:6:-=2-=3-=-o--=5=---t-,,,/s"'""::,t----t--=3-=-2=-55=-4-=-_=-05=-t-=2:--1--=o~. 2:-:5:-:0--t--=8~. 1c-::2:-=o-=9-,i----,8,,..._=79=7=a=--+---+--=-o~.o-=1-=-5-=-9 --+---------_--_ .,,....i_-·:t".1l 

B0GZT0 L6263-5 . 6 SMPl ,M 32664-06 2 0.250 8. 7107 8. 7922 0.0815 

LCS ·Volume'&' Ref011te(/":c': '"'' 
LCS:Nuclide/:<:':'··, '. '<:?\:,:'// 
tCSActivi-:-/:::-· · ,, .. ··''· 
LCS=ID #\)tl'i?+/::,:}/,:)) 

10 

1:1\ 

12'' 
13, 

18 

17 

20 
21' 
22: 

24: 
1 .o ml; 08/1 1 ,~u 

Am-241 Sr-90 
9.8 pCi/mL 12.0 pCi/mL 

95-721-13-1 
Balance Number : 40020046 ( ) 

( ) ------Comments: .--4' &,Zl' 

MS Volume & RefOato:':,:/, 

MSActhiitV-, ... , .. ,,.,., ,:i/ 
:MSID#{:\/IIJ\:t?'l')d:' 

Pipette Nurrber : 

1.0 ml; c 1 /05/~o 
Am-241 Sr-90 

8.4 pCi/mL 8.4 pCi/mL 
94-677-93-1 

71008 ( ) 
( ) ------

Prep· Anlst cu 
Start Date 2/12/96 
Count,Anlst >·· 

LCS added by: CD -----Witnessed by: RB -----
V95224 
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LOCKHEED ANALYTICAL LABORATORY 
ALPHA ACTIVITY CALCULATIONS FOR GROSS ALPHA/BET A ANALYSIS 

LAL-91-SOP-0060 

Workgroup No: GR ALP/BETA LAL-0060 32664 

•··coUNTSi .,. ... EfF:)_: (i'BkgCorr( 
ALPHA . : ALPHA ACTIViTY 

: .. -BKG ·. ,, : ::> {;pCi/L 

32664DUP1 LB1-D3 32664-01 100 20 13.6 0.106 1.09 
I 32664LL;::; 1 LB1-D1 32664-U:.! 1 UU 362 6.9 0.149 42.99 
32664MBB LB1-A1 32664-03 100 9 6.6 0.218 0.20 
32664MS1 LB1•A2 32664-04 100 242 6.2 0.110 38.60 
L6230-5 LB1-A3 32664-05 100 20 7.2 0.113 2.04 
L6263-5 LB1·A4 32664-06 100 13 6.9 0.110 1.01 

Comments : 32664LCS1 Alpha LCS Recovery = 43.0/38.9 = 110.5 %. 
L6263-5, 32664DUP1 RPO = 7 .5 %, RER = 0.02 

~~~:~= , :rs~:~:,-,.- , \lt;~:, : , :.r::~tt ,)\FLAGS 

· pCi/L > -._. ) pCi/L .. 

1.94 1.94 
4.56 5.04 
0.64 0.64 
5.05 5.41 
1.62 1.63 
1.43 1.43 

pCi/L 

2.93 
1.47 
0.99 
1.89 
1.98 
2.00 

pCiJL: 

3.39 DUP1 C 
1 .80 LL;::;1 
1.22 MBB1 
2.33 MS1 
2.41 
2.44 SMP1 ,MS 

32664MS1 Alpha MS1 Recovery = 37.6/33.6 = 111.9 %. 

-'~OUN'f(::: 
DATE·· 

02/13/!Jfj " 
02/13/9.ti :i 
02/13/913 =; 
02/13/96~ . 
02/13/$'6,, 
02/13/9€11 

o ____ -c--::--::c--~==---::::-:-::----=--:--~-~:-:-:-:--=-=-=-~---------------------------0 _MBB = 0.20 pCi/L = > less than RDL(HAMDC). o -------~~.....;;.;~~~-----...a....--------------...--------------------riv~as""'2~2.-;;-4 
~ 

~ Date Completed 
Anlst Signature Checked by: __ · .... ~---~--------
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LOCl{HEED ANALYTICAL LABORATORY 
·, 

BETA ACTIVITY CALCULATIONS FOR GROSS ALPHA/BETA ANALYSIS 
LAL-91-SOP-0060 

Workgroup No: GR ALP/BETA LAL-0060 32664 

32664DUP1 LB1-D3 32664-01 100 222 112.2 0.405 0.260 4.81 1.59 1.61 2.19 2.31 DUP1 02/13/!E:' 
I32664LCS1 LB1-D1 32664-U:l 1uu 1166 luo.1 0.420 0.250 41.65 3.00 3.65 2.05 2.17 LCS1 02/13/~ 

· 32664MBB LB1-A1 32664-03 100 124 103.7 0.430 0.258 0.83 1.24 1.24 1.98 2.10 MBBl · -02/13/QE; 
32664MS1 LB1-A2 32664-04 100 1020 101.2 0.408 0.260 37.85 2.90 3.46 2.06 2.18 MS1 02/13/9el . 
L6230-5 LB1-A3 32664-05 100 228 102.3 0.419 0.259 5.25 1.53 1.55 2.02 2.14 02/13/aro 
L6~63-5 LB1-A4 32664-06 100 205 101.0 0.414 0.261 4.46 1.49 1.51 2.03 2.15 SMP1,MS U:l/13~ 

Comments: 32664LCS1 Beta LCS Recovery = 41.6/42.1 = 99.0 %. 
L6263-5, 32664DUP1 RPO =- 7.6 %, REA = 0.11 

MBB = 0.85 pCi/l = > less than RDL(HAMDC). 

Date Completed 
Anlst Signature 

a-1~-9'(.P 
'&~ <.., ::ix-. Q::;-0, 2 

32664MS1 Beta MS1 Recovery = 33.4/33.4 = 100.0 %. 

V 4 
• I 

Checked by: --9?~· ~--------



LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LoG FOR GROSS ALPHA/BETA ANALYSIS 

Date Prep Started : YJ'(3/16 
Workgroup Number: GR AL/BETA LAL-0060 33771 

LAL-91-SOP-0060 
Matrix : Water -==..,...,....,..,.,....,,,--------

b ,.., "· Prep Due Date : 02/16/96 

Lab Ctrl Sample 33771LCS1 It LCSl 
Method Blank 33771 MBB ?Z MBBl 

B0GZS8 L6230-5 

,/8. 

·:9 

10 

0 Analyst 

----------l - I 

33771-02 I I ~.r-7r-O 'iS'.'-7C.0 

Checked by: ___.,c:::,_.._v ____ _ 
V95224 

Cnt Rm Custody\Date : ~ V ;;;;J- t,-S,CZ, <-.o 

---,~ 
,,,,_"""'?;~.'·" 

~ 



LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LoG FOR GROSS ALPHA/BETA ANALYSIS 

LAL-91-SOP-0060 
Date Prep Started : 2/1 5/96 

Workgroup Number: GR ALP/BETA LAL-0060 33771 
Matrix : Water ...,,...,...,..,...,,,..,.,,,..,.--------

Prep Due Date : 02/16/96 ----------

:11'1;1!Jf,;ll[ lrl :I ,-""+'~""""'= :I !ii 11111111 
Lab Ctrl Sample 33771 LCS1 t LCSl 33771-01 2 0.250 8.6398 8.6797 

11-
0.0399 

Method Blank 33771 MBB ]:i: MBB1 33771-02 2 0.250 8.6760 8.6760 0.0000 
B0GZS8 L6230-5 INF 33771-03 2 0.250 8.5893 8.6625 0.0732 

1.0 ml; 08/01 /90 
Am-241 Sr-90 

9.8 pCi/mL 12.0 pCi/mL 
95-721-13-1 

Balance Number : 40020046 ( I 

----,.,~-' I 
Comments: 

Pipette Number : -----71008 LCS added by: CD -----Witnessed by : TO -----0 
0 
0 _ __,,,...__,,..._ __ --,,.':,'-----------------------------------

Checked by: __ /;....,?-'cf ___ _ V95224 

--· ~--
~..-.c.?cf -~ 



LOCKHEED ANALYTICAL LABORATORY 
ALPHA ACTIVITY CALCULATIONS FOR GROSS ALPHA/BETA ANALYSIS 

LAL-91-SOP-0060 

Workgroup No: GR ALP/BET A LAL-0060 33771 

i flAftFNT. : II ;;{/i } RFANRBtXD ) c:•,.·•f.·,··.·=,E.•,•.·=.=.·=.=,··.•1=,M.~:·•.·.·.·.:.·~,·,.~:·:,:.'••=,·•,.'•=.·.•··=,·•:·•,,·:· .• :··•:.·=,.·.:.·•·:.·•:.•=,~:·•,.·., .• ;.::··:.··

0
::.:.·,,·'.{.•.u.•.p·=.·,.·.=.:•=.~.·.,•.•:=,=,r.•·•.:: .... ·= .. •·:.s, .• ,:, .• , •. , .• ,· •. ·.=,•·=.••= ····.••.••.·i.I.f.·•~.~r::P•.=.·.·:·•=.N.u.•=.·,=,··,:.T:;.••.=.;,=,.~=.', ..• =.•,.=,.·•=·•=.··=··=.···· +I@fi f t•:!{##srMJ •tJ#~;f!i~R~il: •t]ttYiifijij.,,, ::r:::t@flt]Jlt ftlIMP:Ntll ··••rnammr:r 

33771LCS1 LB1-B1 33771-01 100 381 6.6 0.150 45.01 4.64 5.16 1.44 1.76 LCS1 02/15/96 
33771MBB LB1-B2 33771-02 100 7 10.7 0.223 -0.30 0.66 0.66 1.23 1.44 MBBl 02/15/96 
L6230-5 LB1-B3 33771-03 100 22 7.3 0.116 2.29 1.65 1.66 1.96 2.39 C 02/15/96 

Comments: 33771LCS1 Alpha LCS Recovery= 45.0/38.9 = 115.7 %. 

MBB = -0.30 pCi/L = > less than RDL(HAMDC). 

"1 
D~ Completed 
Anlst Signature 

~l5-qep 
<5~~:c-~. 

V95224 

Checked by: ...... ~i.:-. -,.¥--------------

_,~ 
~~~ 

---=::---~.,,.,~ -
:~ 

- ... ~-=.J 
~~ 

=· '~ -~~u 



LOCKHEED ANALYTICAL LABORATORY 
BETA ACTIVITY CALCULATIONS FOR GROSS ALPHA/BETA ANALYSIS 

LAL-91-SOP-0060 

Workgroup No: GR ALP/BETA LAL-0060 33771 

lllllliii1 IttlMaY 

33771LCS1 IB1~1 33771-01 100 
ill!i;!!!::·1111•--•1-1• 

1194 107.1 0.417 0.250 42.94 3.06 3.74 2.08 2.20 LCS1 02/15/96 
33771 MBB LB1-B2 33771-02 100 92 99.8 0.435 0.258 -0.28 1.12 1.12 1.92 2.04 MBB1 02/15/96 
L6230-5 LB1-B3 33771-03 100 207 107 .6 0.421 0.257 4.10 1.49 1.50 2.07 2.18 02/15/96 

con@ents: 3377_1LCS1 Beta LCS Recovery = 42.9/42.1 = 102.1 %. 

MBB = -0.32 pCi/L = > less than RDL(HAMDC). 
V95224 

Date Completed .= ~:: 
Anlst Signature . _.~o 

~ Checked by : -·!JH.....,.....,---_--------

:~ 
.. ---.-t,:~ 

.;~ .. ...,.;;, 
.. ~ ---:u, 
~ 



CERTIFICATE OF CAI.IBRATION 
ALPHA STANDARD SOLUTION 

-r 

Radionuclide 

Half Life: 
Am-241 

432~7 ± 0.5 yeam 

7241 

Customer: LOCKHEED ENGINEERING & SCIENCES Co. 

P.O.No.: 06LAB1245 
Catalog No.: Reference Date: November 1 1991 12:00 PST. 

Source No.: 388-100-1 Contained Radioactivity: 0.997 j.!Ci. 

Dea:ripim of Solntim 
a.-Mass of solution: 

b. Chemical form: 
c. Carrier content: 

d. Density: 

Radioimpuriiiea 

S.0007 

AmCll in 0.5N HCI 

Nooe added 

1.0077 

Nono detected 

0.1994 

Weighed aliquots of the solution were assayed usina a liquid sciuriJl•tim counter'. 

UIICCll1aioly of Mwcma:ii& 
a. Systematic uncert&imy in UJSU'1IIDeD& calibmioa: ±2.0~ 
b. Random uncertainty in assay: ± 0. 7 ~ 

c. Random uncertainty in weigbing(s): 

d. Total uncertainty at the 99~ cxmfidmce lwel: 
NIST ,-....,,,.._._,. 

±0.0~ 
±2.7,, 

This calibndioo is implicitly traceable to the Na&ioml Institute of Standuda and Technology. 
Notm· 

1. Nuclear data were t&km from "T•ble of isotopes•, Seventh &Ii• edited by Virginia S. Shirley. 

pum. 

2. IPL participates in m NIST 1W111re1DeDt usunnce program to e&tabliah and J111U1tain implicit 
traceability for a number.of DIIClides, hued on the blind way(and later NIST certifica!im) of Standard 
Rcfenn:o~(..vinNRC RegulatotyGuide4.lS) 

ISOrOPB PRODUCI'S LABORATORIBS 
um No. Ly..., SbmL_. 
...... Otihnia 91SCM, 

81 843 - 7000 

000:1.75 



CER'fIFICATE OF CATJBRATION 
BETA STANDARD SOLUTION 

Radionuclide 

Half Life: 

Catalog No.: 

Sr·90 

28.5 ± 0.2 years 
7090 

Source No.: 388·99·2 

Dea:riptioo of Sohdioo 
a. Mass of solution: 

b. Chemical form: 

c. Carrier content: 

d .. Deosity: 

Rwtioimpuritiee 

Method of Nilatioo 

Customer: LOCKHEED ENGINEERING & SCIENCES Co. 

P.O.No.: 06LAB1245 

Refe.cmce Date: November 1 1991 12:00 PST. 

Contained Radioactivity: 1.018 µCi. 

5.0012 

SrCl2 in 0. lN HCI 

Noooadded 
0.9996 

Nooe (Y·90 dau~tec in equilibrium) 

Y --90 daughter in equilibrium . 

0.203 

Weighed aliquots of the solution were assayed using a liquid scintillati011 counter. 

Uocatamty of Mwcwa. 
a. Systematic uncertainty in instrument calibration: ± 1.5 % 

b. Random uncertainty in assay: ±0.S % 

c. Random UDCertainty in weighing(s): ±0.0% 

d. Total uncertainty at the 99'5 confidence level: ±2.0% 

NIST Traccwb-lq · 

This calibntion is implicitly traceable to the National Jnstiblte of Standards and Technology. 
Holm 

1. Nuclear data wei-e tum from "Table of Isotopes•, Seveoth Edition. edited by Virgima S. Shirley. 
2. IPL puticipatea in an NIST measurement assurance program to establish md maintJtm implicit 

traceability for a numbet' of nuclides, based on the blind assay(and later NIST certificatioo) of Standanl 
Rereze:ace MaterialL (As in NRC Regulatoiy Guide 4.15) 

,Bwi;iiJt-&; L« 
Q CONfROL 

0001.76 



SEc.oNt>AR 

STANDARD DILUTION RECORD 
I , 

Dilution Source Information 

Isotope: 

l4)l.,1y) (29,l'jf') 

w.;A ft\~-:....::2:..:.~ .;._' ____:.{ _ __;;5<;;.....L.../i'----'-~ o_........;__~ 

l. - Parent ~umber 92. • .353·- &I·\ 

i 
Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook 1.0. #: 

Balance Verification?: 

Diluent Used: 

Dilution 

•Diluent: · 

•Density of diluent (g/ml): g/ml 

a: Parent Specific Activity: 

i- . 

~,-,0 ·rt· 
( lf~ ·'l.. pCi/g e, 1 /5 /9f, 

I b: Amount of Source Transferred: 

r 
4.a,o ' ... 4.0b5 g 

I 
,--
~. 

i 
I 

c: Total amount of Dilution: 500.0\ g 

d: Total Volume of Dilution: '5\,4,S ml 

e: Activity of Dilution [a • b / cl: 
AA-Ul ~,'(. ,o 
s.,<o 8-l~ pCi/g @, 1/5/ 96 

f: Activity of Dilution (a • b / di: B-:40 B·3J pCi/ml 

Dilution Logbook 1.0. #: · 134-~11 - l:}3-1 

_. !x-/~ .Jo"" ¥\;'o.t,:_,.,, At.H"a.,1 rt.f>&rti.J. ~ tc.Aow" s.,, 90 .,'--\.~~," 'IC 'Z. • 

Prepared By: q-=, c.;aJL Preparation Date: _ 1/5/% 

Reviewed By: & :UJl,,..,_ Review Date: 

'If the diluent remains unchanged from the diluent used for the dilution source, then a weight dilution of a ,dume unit source 

can be performed without a density conversion. If the diluent changes, a weighted proportion density cor,'!f'Sion is necessary. 
Head and Understood By 

Signed Date Signed 

0001.77 

•age 

Date 



- _.,. •• ,J••· 1 ~ 0 c -----

INITIAL STANDARD DILUTION RECORD 

Standard Information: 

Isotope: Svr-90 Vendor: i-PI_ 

Activity of Standard Received: 
\. 01e, 

uCi .a---eot~ Vendor 1.0. I -
Weight of Standard Received (gl: 5. C>Cl'Z- g LAL 1.0. I: ~d,d,,4~ 

Standard Activity (pCi/gl: 2.o~i: e; oCi/a NIST Traceable 7 Y'c.S 

Halflife in Years or Days: 2~-t yrs· Certificate II: 3ee,-99-2.. 
' 

Reference Date: 1\/1 / 9\ Receiver's Name: ~Ree. 

Date Received: 11-/ 91 

Primary Dilution 

Balance Verification 7: 

Diluent Used: 

a: Decay Corrected Standard Activity (pCi/gl: 

b: Weight of the Source Transferred (gl: 

c: Total diluted weight (gl: 

d: Total Diluted Volume (mll 

e: Activity of Dilution by Weight (pCi/g) [a • b / c J: 

f: Calculated Density of Solution (g/mll [c / di: 

g: Activity of Dilution by Volume (pCi/ml) [e • fl: 

h. Dilution Logbook I.D. #: 

Prepared By: Q 7 c... ;J 
Reviewed By: ~ ~.,,_ 

Purity/Cross Check Performed By: --------

Signed Date 

I M 

, . 5 .9'1 

IOQ.O\ 

~ I 5 .9G, 

Ci/ml 

- st-1 

Preparation Date: _.,;.I._;/ s""'/..:;9..:;G.;..._ ___ _ 

Review Date: L/2-/ 9' , 

Check Date: --------

Signed 

0001.78 
Date 



! 
---r--

1.,.:.11,,nueo 1-'rom Page ____ _ 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: 5,.90 

Parent Barcode Number 

Vendor or Certificate I.D. # of Parent Standard: 

Diluted Source Logbook I. D. #: 

Balance Verification?: 

Diluent Used: \.Q lj I:\ N03 

Dilution 

• Diluent: \ ,0 M 11 ~Ch 

"Density of diluent lg/ml): \,02.~D g/ml 

a: Parent Specific Activity: .,12.s. o pCi/g e 
b: Amount of Source Transferred: &,.012. g 

c: Total amount of Dilution: 109,10 g 

d: Total Volume of Dilution: \o". G,\ ml 

'1 1/5/9~ 

e: Activity of Dilution [a • b / cl: Qoo-o9;) pCi/g 1/5/9(o 

f: Activity of Dilution (a • b / d): 

Dilution Logbook I.D. #: 

Prepared By: 1::7 C.... :'1 ~ 
Rev;ewed By: ~ ~ · 

514-~ pCi/ml 

~ 4 - ~ (p71 - 9 2. - I 

Preparation Date: 

Review Date: 

'If the diluent remains unchanged from the diluent used for the dilution source, then a weight dilution of a volume unit source 

can be performed without a density conversion. If the diluent changes, a weighted proportion density co_nversion is necessary. 

Read and Understood By 

Signed Date Signed Date 



ffl '1U"~'"' flt::f' '"' Ii ~J ill ,iu, 1~1,~;l~l(l . 
60 " ... , Notebook No O 2~ r 
PROJECT 

0 .... A • _ -~-
4 _ . __ ~ ll ( rm .J lfl'--"-11t~ r'f--f _ ·- 1 .6A.)J.. Continued From Page____ 

l \ \ \ , .·-r-

~ - - .- !ti.. 
I IJA f. AJ.] 

.__ 
~-

l 
• :Tr1. :I"v 

\ 

38f /oo-1 la ' ~ , 
() ·v 

fi 7 
,__ 

LI. a.. ·- ·- '- Ei IT, -, V u c_ I ,_ .. ,,,,.. 
- r\hJ- .......-' c.. ~,-. , - --

1 6 ~/ 1~ 47, 00 ~ 6 • CJ, -;7 ~~- f. IJ ~~ ~o 

/ ~ I i--· ,C""• / 
,..., 

• I ' c;~ ,,,,. l ,,I; 

(I 

-rz ... --:-A L--7 J . 0 - fJ ~ - ~ -.[/\. j w~ 0 ~"""' .~ ,, 0- k..J. . () . . . li. P. 
.. LJ ~ ftt, l,Hl I. JI - :0. 1

1 

f,...0 rt,:;- ~I/ob,, L . -~- 0, S vV /fc~ 
. 0 

-
' 

1/F 

,[/ ' 

I u ~ 0 ( I 

' 

Read and Unde -

-• 00O1.so 
7 /I J/p,_ : 

\ 
I ' 0 - Signed- Date ________________________ .. 



Continued From Page __ _ 

ISOTOPE DILUTION RECORD 
Jr+· /1m-2'f \· . 
Secondary/Working l&vel Dilution 

Date: Lf:--9 -13 Preparer'• Name: &. {I;) Ol-1zf 
Pipet Check I Balance Wt. Check Done ( v) 

Diluted Source ID Oog#): Cf. {.-22-5"- 6 t> - ( .-

Diluent used: 0 · t; N H C J 

A: Source activity: 2/7° c) J.e,., /3 CtrN-f fa. h- ) 
B: Amount of source transferred: /0 · 323£° ~ 

C: Total amount of dilution: (Do · ( o 2 C/ r 
. D: Activity of dilution (A*B/C): 2 237' ?o dp,m( r 
E: Density of Diluent: ( • 0 O / 0 j / ~ 

t F: Activity by volume (D*E): 2 2L{-(J , I 4 dp tr, / nJl... 
I 

f'&J 
Dilution Log Book ID: £/:2 335"' - 92.,.. 3~3- f- /- l_.;-

Reviewed by: ~ Date: 'f (7 /73 

-. 

·~ --~~~~~--W~~~~~~~~~~~~~-::,:
;;f. . hU.U~~lw:h..l!;:L.Lb~~ll'.l!.E..~~c.J.4_-13_:IJ~j~~~lli...!~~-,-----=-f.J-w-

lf=,-?</3 
Date · 

~-ti-c:r:s 
Date 



PROJECT < "")jl"{U.) J4 /pJ,~:~:a~t?. r11t;~:1:t .j Continued From Page u ' .. ., 
I I I I 

·1 I I I I I 

' .- SECONDARY/WORKING LEVEL 

,__ STANDARD DILUTION RECORD 
'· 

,__ 

,-
Dilution Source Information 

,__ 

-- Isotope: Ati1-2'1I A:11~ Sv-'{-90 
,__ 

Parent Barcode Number AJ.a0 1 u At10 D ¥, 
.._ ZP~ :J y '( -/vu- I .... - 2'-/( 

,__ Vendor or Certificate 1.0. # of Parent Standard: Si--'f..-o/.:, N.:f=Jr S~jl'( ':f't l'JC. 

A,., -z "', 'i l-02..2-,-<,,,o-f 
- Diluted Source Logbook I.D. II: S~'/-'t-> cz t - o ,__2 -s- "Ju- 2-- ¼.) Balance Verification?: ,__ 

~ Diluent Used: 6, I rJ /llt}03 

Dilution -
','1,.,'/r S~[Na,),)t. •Diluent: O, J/J /./Alo 1 

...,----
- • Density of diluent lg/mil: N/Jr 

A,..-2'{ I 9U~fe.,;/ .... z; --- a: Parent Specific Activity: 5,.. - 9o '0 ,:> \ "'C:.-/4. t... ""'- f!lt/q o - A""'-11./ f 0,5'1,.... L - b: Amount of Source Transferred: s,,..-qo o,(-9--~L 

---- ~{_ 
c: Total amount of Dilution: 500 _g_ 

,__ 

d: Total Volume of Dilution: ,s:oo "" L -
,._ 

e: Activity of Dilution la • b I cl: /JA 
A"'(- 2'{ C '1,9'I f e.:,/,..L - 'l), /9 0 f: Activity of Dilution (a • b / d): )i-1/- C/o 11 pc/~ l"-'V -

,__ 
Dilution Logbook I.D. #: Zs- - ] 2 I - l 3- l 

1--
! -

Prepa,ed By: _ 'at' ~ 1 I 2. 3 /9 S' i Preparation Date: -
Rev;ewed By: q=/ CJv 1,J - Review Date: BL2.4- /95 

' -- : 
"If the diluent remains unchanged from the diluent used for the dilution source, then a weight dilution of a volume unit source - can be performed without a density conversion. If the diluent changes, a weighted proportion density conversion is necessary. 

I I I I I I I I I I --1 I I I I I I I 
., I 

Read and Understood By 

' 

Signed Date Signed Date 
nnn-t Q? - -



) I~- - '. ~ 1 I - (> ).. .J. '> - ~ ·-• - I 

CER'flFICATE OF CAJJBRATION 
.ALP;HA STANDARD SOLUTION 

Radioauclide 

Huf Life: 

Am-241 

432. 7 ± O.S years 

7241 

381-100-1 

Cus&omer: LOCKHEED ENOINEER!NG &. SCIENCES C 

Calalot No.: 
Source No.: 
.-........:-.- of!: ......, 
~...-- t'JII• ..... 

a. Mall of 10lu&ioa: 
b. Cbemic:al form: 
c. Carrier caa11111· 
d..Dmlity: 

P.O.No.: 06LAB1245 

Refenacc Dile: November l 1991 

<'oalained Radiaaccivity: 0.997 

S.0001 
Amell ill O.SN HCl 
Noaeadded 
1.0077 

12:00 PST. 

,.a . 

,na/1111 • 2're'. 

Rr-eti"'tl DnJt • 

Redi-NEtich Cw"" Pl·• 

I 

I 

l4eetemf al NI • im 

U....-e . r, ol M t 

0.1994 

LcS)'NIDltic lllM:IIIWll&y ia ~ calibntiaa: ±2.011 
b. Rllldomllll0Bllaialyinuay: ±0.711 
c. Rendom ~ ill weiabml(1): ±0.011 
d.. Tocal IIIM:IIIWll&y II dlll 9911 mnfidece -.V.: ±2.711 

NIST Tte leilJ 
Tim calilnlica ii implicidy lncllbla to 11111 Naliaml 1Min11e of Slmdladl a Tec:lmolnaY, 

N.-

-. 

1. Nlldelr claa MN --ma "Talm of lloiGpll•, s.w.d- Ec&aica, lllliMd by Virplia S. Sbidey. 
2. IPL pu1ieip1&1• ill• NIST W1nlllad....,..,. propua IO-bliall 111d mem@aig imp1icil 

trKeebility far a..,. of uclidm, bwd 011 lbe blind -Y<• llllr NIST certiliclliao) of SWadad 
--• ta Ma11ria11. (Alia NRC Repla&ory Guide 4.15) 

00.0183 



9ti ;::)l1??,,1flS~~n 
60 ____ ",, Notebook No. 0 .2'--S 
PROJECT 

01'\,, -~~- - I _, __ ~ll ( fil j 
lr / '-"-1.l ~ _ ~ 7 Continued From Page 

l\ \\ r ---

r d O. . ~ ,( rl- O ~ 1,11-:--

' 
\ 

3 gf lo > -I /J "'"' I ~, I 5 1,_1, '" 'l -6 ~.21>- ~ - -:: ft.. a ' I (J ·v 

t J - £. --' l. ,- ·- ,.A kl ~ 
., 

~ ~ '""'- c.. (l.~ 
, 

r\Y.. -- c,.. C , , --
I 6 v,1 1 "2- ~. 00 .e, 6 . 't ;7 flt:. . I- IJ ti ~ t1 0 

/ ~ I .- (C-.- / 
f-, , I <.; l<i'il' ·,:.,,,._ {, ,I, 

" 

-t-:- ,1 0 
... ~"~ ,..7 _r;_ -L . l/.F. 

,t..J 
. 0 

ti. F 

(. 

0 

, u • o r 

-------
l 

F~-+-++-t-Tllllll77-t--f--+~----l~-..lJ\ ~111 ~~~'--1 Continued on Page 

. (j - Signed 
,5/J/1:z-

Date 

----------- -· -

Read and Undemtooi ,:Jy 
0001.84 

7//J/'Pf_· 
Dale 



\I 
THIS IS A PHOTOCOPY Of THE CERTIFICATE 
WHICH 1S BEING MAILED TO YOU UNDER 
SE PARA TE COVER. 

N a:tiona:1 lh1~titute of fata:nbarmt 8c U!ec~nologp 

<ttertif icate 

Standard Reference Material 4919-G 
Radioactivity Standard 

Radionuclide -

Source identification 

Strontium-90 

4919-G 

f"tr-1....,_ 

Source description 

Solution composition 

Solution in NIST borolilicate-glasa ampoule <1>• 

Strontium-90 plm yttrium-90 plus apprmimately 
95 l'I each of non-ndicactiYe strontium ~
yttrium per anm ~ t-mam bydrochloric _. (2) 

Radioactivity conceotratioa 

Reference time 

OYerall uncertainty 

Photon-emitting impuritia 

Alpba".particle-emittin1 impurities 

Half life 

Maimrina instrument 

Apprm:imatdy 5.0 pa1111 

4.514 X lo' Sq ... 

1200 EST August 1, 1990 

1.05 percent <3J -

None omened <4> 

4rrfJ liquid«intillation counter 

This standard reference material was prepared in the Center for Radiation ~ loomn1 Radiation 
Division, Radioactivity Group, Dale D. Hoppes, Group Leaderc 

Gaithersburg, MD 20899 
· -ruary, 1991 

Wil&am P. Reed, Acting aiief 
Office of Standard Reference Materials 

•Notes on back 

0001.85 
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It,, • I 

I/ 
/t -c:il.-1'1 / ,,. ,._ lr'--l, I/ _;g,. 

J 
10 

t,..._,, oc'" , L1l_.1 LI" v11t.,,rl;-

1 

• 11' lu~,~ 11~13/1 -I 

- I 

Tr)/ -~ :D } _c-. t'r _; 111.~---~ 
I ·• 

/ I I 

'JI , ,ll 'r,I. ,'IA,. It- n ,~ ,.0 11 .c. L-(.,. .t • Ir<.-• 
1
,..., 1.....-,lln 

- -Jr,,,..,._,. - n 1~ £ / ,; __ _,,..,.. ✓, 'nl .... Cr,_,. Q 1 LL 
,. - - / ., [(/ - , 

-, • • ...., VJ 

() (/ IC I l 

p_. DU "' _t 
/<7"'-'-r~·, 

· S7; ') d ~ It~ I 
1 1 19 '1l Continued on Page 

'( R~ ~VJ,Al l °' 0/91 /fib)) 
Read and Understood By ~ SG 

-. 

~, 
Signed { I[ 

~ 0001 
;?,L ~ 121# 
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LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LOG FOR STRONTIUM ANALYSIS 

TOTAL RADIOSTRONTIUM • LAL-91-SOP-O196 

Dat!3 rrep Stc1rte~ : 2- f--1 lo Matrix : ..;W~a;;.;t;.;;.er _______ _ 
. . WorkGrouo : SR-90 LAL-0196 32666 Preo Due Date : 02/14/96 

Lab Ctrl Samole 32666LCS1 (2 LCS1 32666-02 • 2~r:.r; .. _ '. R '1 :U6 1~--• ooif(J" 
Method Blank 32666MBB /3{ MBB1 32666-03 'L!r;1

1
.i11.,. ~.RU 1~~ ,,,. )2nkb 

BOGZS8 L6230-5 ?4# SMP1 32666-04 't'f t; Mi.. 3:oD 1'M k-7 1 Z(o 7 L ., ~()fJ I 7 
BOGZTO L6263-5 ?Hf 32666-05 'S® wL ,I/ ,l/ z~~/fp,.. IA .8, ti I Co l.M1'14 

ro, 

12' 
13 

16 
11·• 
,a:: 

~ g~-t~:~tt~a:ttf:i:;~:!:\:: D. n~ ::~,~:-a , Acfi:& VoFott:.CS{? '> 7 Ir, , 1 tf oC I..J. -: /. o .,.. i 
Les:::i:tet··oafe•=<tt<t=k q.t.r J..'f 'I-

~CarrlerlOII'\<=••==(\:":.\ 't~-,5~ -U> 
•sfarfDate? =·>•--
Counf Anlst -

':~-~ .. 
r-= 
~-- ·,;i 

!:f--c'J 
::.;J_ 

~ Balance Number: lfo ueZ.I ( .,;( Pipette Number : l1't'f:8t ( ✓) / 
(3'171§ 'vi" 

Carrier and LCS added by: /(JW Z-.P-Cfl.o 
Witnessed by : ~V:::~====--00 ________ ( l 

Comments:--------------------------------------------

/\~ \ ..., , .., ar , ,,, / 



LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LOG FOR STRONTIUM ANALYSIS 

TOTAL RADIOSTRONTIUM - LAL-91-SOP-0196 

Date Prep Started : 2/8/96 Matrix : Water 
WorkGrouo : SR-90 LAL-0196 32666 Prep Due Date : -0-2/_1_4-/9_6 _____ _ 

· (grams) ·· ·· •.···•·· (gremal • 
l6230-5 32666DUP1 ?Ml DUPl 32666-01 6.48458 6.49127 0.495 0.5 2/12/96 14:57 0.00669 
Lab Ctrl Sample 32666LCS1 )2/ LCS1 32666-02 1 0.5 2/12/96 14:55 6.89336 6.90098 0.00762 
Method Blank 32666MBB /(3( MBBl 32666-03 1 0.5 2/12/96 14:57 6.81363 6.82086 0.00723 
B0GZS8 l6230-5 4 SMP1 32666-04 0.495 0.5 2/12/96 15:00 6.79267 6.80017 0.0075 
B0GZT0 l6263-5 ?5 , 32666-05 0.5 0.5 2/12/96 14:57 6.88616 6.89294 0.00678 

9 
10 

15: 
16 
l7= 
18/ 

2F 

23\ 

CBric&Vofoll:Cafried/ 24.50 mg/ml; 0.5 ml 26. 78 pCi/ml; 1.0 ml 
0 CafriEii'E>iP Date?=((? 30-Sep-96 
0 CafrfohlD#: ==l}/'{} 94-658-20 

01-Apr-94 Start Date' ·. 2/8/96 

~ Balance Number : _4_0_0_2_0_02_1 ___ _ 

Cl) 
c.o Comments: 

Pipette Number: 
94-677-44-1 

134488 ( ) 
139746 ( I 

CountAnlsf' LV 
Carrier and LCS added by: AW 2/8/96 

Witnessed by : WF ------
-------------------------------------------V960 



0 

LOCKHEED ANALYTICAL LABORATORY 

WorkGroup : SR-90 LAL-0196 32666 

. COUNT DAT A AND CALCULATIONS FOR STRONTIUM ANALYSIS 
TOTAL RADIOSTRONTIUM - LAL-91-SOP-0196 

LB1-C1 32666-01 DUP1 0.546 150 1626 155 0.443 02/12/96 19:00 1.056 34.97 1.97 2.61 1.38 
LB1-C2 32666-02 LCS1 0.622 150 2543 149 0.437 02/12/96 19:00 1.056 25.06 1.06 1 :53 0.59 
LB1-C3 32666-03 MBB1 0.590 150 137 152 0.443 02/12/96 19:00 1.056 -0.16 0.36 0.36 0.62 
LB1-C4 32666-04 SMP1 0.612 150 1961 157 0.439 02/12/96 19:00 1.055 38.62 1.93 2.71 1.25 
LB1-D1 32666-05 0.553 150 154 159 0.444 02/12/96 19:00 1.056 -0.12 0.80 0.80 . J .36 

0 COMMENTS 32666LCS1 Sr-Tot LCS Recovery = 25.06/25.61 = 97.8 %. 
0 L6230-5, 32666DUP1 RPO == 9.9 %, RER = 0.69 r--------=.::=-=-=.!..,;;,:~;..=.::;.,;;.;_;;...;..;;~____;;~~~;..;.._--=~--------------------------
c.D-----------------.....,_---~-------------------------
0-------:.::M::::B~B_:=::......::·0::.:. • ..!..16::::3~pC::::i::.::IL=--=..::.>_;,::le.::.:ss:..t::.:h:.::.a::.:..n .;.;R;,::;D.=.L(:.:..H:.;,.A.:.:.;M;,;,:D:..;C~I.;...• _____ • , ______________________ _ 

V9eo 

Date Completed 
,...., -'· -' ' .. 



LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LOG FOR STRONTIUM ANALYSIS 

TOTAL RADIOSTRONTIUM - LAL-91-SOP-0196 

Date Prep Started : /) - /(.. - 'f '- ll~h Matrix : Water 
· WorkGroup : SR-90 LAL-0196 33765 (\ Prep Due Date : ~0---2_/1_9_/9=--6--------

.. ,, .. , 1111'111' i:=iiAREN!r=f Nd•· <•·cHIL.D))• iDdilihif} rn@r.i]t fflffiP.M{mi!l9M }p[ANCHEfi P6triiCH€f• ?i:tesi6UE•t11111:11•:dMM 
~ •.. 1 .. : .. :.· .• •.·•.•.: .. ·•·:•.·•.·• .. · •..•.. , .. ·• .. ·• .. tA .. ·: .. : .. :.·.: .. ·.• .. ·• .. •.·•.•.· .. •·••.••.:.: .. ·•·.t•.•·.:: .. :.·.:.·.: .. ::.:.!.·.• .. i .. :.: ••• ·.o.·.• .. : .. :.· ..••. ·• •• ·• •. ··.•.: •.••• [ .. ·• •• '• •. ·• •• • •. ·• •• ·: •. :.• •. • •. ·• •. • ...•..••.••... : •.•••••. ·• •• ·•.;.: .• : ••.•••••.•••. : •. : •• ·• •. ·• .. ·.•.····· :.·• .. ·• .. ·.•.·.• .. ·• •. • •. ·•.· .•• :.· •. •.~.·.·:.·:.·At•,fi!t Vd~gM€•::: J§!~•ij.itK ·,::;:: . :•::•; ,.sep·: i±A~~wx/! &~@;~:1 ·• •···•··• .. :.• .. • •. •.•······• .. ·•.••.w.:.: .• ,:.g:·•·····r.·r:.· .. ·.•·ami•··'.G.:.:.·••:.·.•·••.H··•.··s·•··!,'.:; .. ·• .. ·• .. ·• .. ·• .. ··.•• .. ·• .. • •.. ·• .. ·•.·•.· (: r·=·•)?••· >:t,~fordtt j)(ifuUSC••·· .••. <oAtiC) ; trM~f•• ?\··•<dfJiri~f• ? ····· J~;:rn~I)? 

Lab Ctrl Sample · 33765LCS1 @(j) LCSl 33765-01 o. S-.,.L 2.2o-f/, 2;J7)n..,.. 6 -~U3Lf\ C,. ly'f(J 7Y 
Method Blank 33765MBB l2• MBBl 33765-02 \ t z:51'0....., l,. Rt;ifqb "/o.!(f,-,3o}j 

t Mirit&/vbFbf\¢.ifde.M•• o. Ol 21.r .. /,.,.G.J · o.~ ... 
, 1tirr.MKei1Ut:faiet t:ru• Y-~ - , r 
C.D Balance Number: :i'.ooJ oo:z., ... (....-1' 

( ) 
Pipette Number : Carrier and LCS added by: /411 J//V~c.. 

Comments: ---,-(4:L--,e....,,,'...;JJ:IZ---=--= t...fo-;:J3u -7 
Witnessed by : II? '1/le,/-,,(p 

V96024 
,, - q(_ ~· - ,_ , , __ . -- /1 //. r rn~ p,... r, '"~"rh,\ n<>tO • 



LOCKHEED ANALYTICAL LABO RA TORY 
SAMPLE PREPARATION LOG FOR STRONTIUM ANALYSIS 

TOTAL RADIOSTRONTIUM - LAL-91-SOP-0196 

Date Prep Started : 2/16/96 Matrix : Water -----------Work Group : SR-90 LAL-0196 33765 Prep Due Date : 02/19/96 

-

PARENT: NOl!llll :{ CHILD' AL1<iu6i•> t•tsRi/{ YJTRll)ri,fo •,.v ... ,·.n.',:.·,.·,·•,·.,.R,,.,:·.·'··.u,,·.·.:.·:M,.,·=.·:·:=.: '=•.·.•.·,•.=.••.P,.,··.·,.•,LA,.:•=.:::.,,.··,,··•.···,N,,··,·,.·,'.c,'.,··,.,.··.·.H,.···.·==,',·.,.·,~,·.·:,··,T,·.·:·:·=.•,=,·=,.·=.' .. •·.•.=•,.= PlANCHEf·•=•u;: ··'•Resl6ui::? •=•'•' .=.:·,:··coM· MENTs·,.:::::/:. 
:•····.···=··=·=:•:•.··=·=·=·=·. . LAL ID :,•.,:,:.:·.·.· =.,,,.:,.,·.·•,·•=.1,·,•.·•,·•=.:,••=.·•=:=.·:,·•,.•,•·,.· .,i,=,••,·•.·:,:.· sePm· v8tG~i• dl~Hif~{ .· '\sEP·:···· ···.·sEP···· =tAREWf' ··.•··=G···= .. R.•·(··=gprsa··=•·m;sr)•• .... T .•. =.•.··.:.:.1 •.• r. Wtl98f < \ :· •:::C•:.t /. : 

· •== ••· • <L) / · =· .. r dmiS .· · · = · d~ TE . . r1ME ,(~iJni=J, ). .· •. , ,g .. r.am .. ·=.·=.·•. s.t.••.••.••·• •'-< •:-::,: :..:: . : .. · · ·. = • . .·.. . .... , ·.··· .· ·:· .... · .. , .•.:·.·•: .· ... ··.•=· .... ·.· 

Lab Ctrl Sample 33765LCS1 )ft} LCS1 33765-01 0.5 0.5 2/20/96 2:50 6.58341 6.59078 0.00737 
Method Blank 33765MBB {2\ MBB1 33765-02 0.5 0.5 2/20/96 2:53 6.85496 6.86308 0.00812 
B0GZS8 L6230-5 3{ 33765-03 0.5 0.5 2/20/96 2:50 6.81669 6.82534 0.00865 t~_;j 
1---------+-----,i,;;;;,;~--t------t------t-----t-----i------t-----t-----+--+-----+---------1~ 

·.i-.f4f " " '"".=.-5, 

20\ 

22? 

Oohc&Voke>fµarriel'> 24.50 mg/ml; 0.5 ml Act&Vol ofLCS : 26. 78 pCi/mL; 1 .0 ml Prep Anlst< · WL 
tfafriei!E>Cp daie}/'?t 30-Sep-96 01-Apr-94 2/16/96 
!!ardedlP.#l (' •t=,::=: 94-658-20 94-677-44-1 cs 
0 Balance Number : _4_0_0_2_0_0_2_1 ___ _ 

~ 

Pipette Number : 134488 ( l ------
139746 ( l 

Carrier and LCS added by: WL ---------Witnessed by : -'C_D _____ _ 

CD Comments : ., --------------------------------------------
'"' /'1./J V96024 

\ 'i{L,,, Cnt Rm Custody\Date : 



LOCKHEED ANALYTICAL LABORATORY 

WorkGroup : SR-90 LAL-0196 33765 

COUNT DATA AND CALCULATIONS FOR STRONTIUM ANALYSIS 
TOTAL RADIOSTRONTIUM - LAL-91-SOP-0196 

LB1-D1 33765-02 MBB1 0.663 150 172 158 0.444 02/20/96 18: 12 1.164 0.25 0.62 0.62 1.03 1.07•~~ 
LB1-D3 33765-03 0. 706 150 165 167 0.445 02/20/96 18: 12 1.165 -0.03 0.59 0.59 0.99 1.03;:::: 

~MENTS 

co 

Date Completed 
" . I •·' . r"": - - - ... ·-..., 

33765LCS1 Sr-Tot LCS Recovery = 48.15/51.20 = 94.1 %. 

MBB = 0.246 pCi/L = > less than RDL(HAMDCI. 

~-~l-'7(p 
::--i:,~ '"-~r,,.r- Checked bv: 

~~ 
--4 

V96024 



Strontium Carrier Standardization 

Strontium Carrier (10 mg/ml): 

Cont inueo fro,11 i- oge 

Use commercially available 10,000 µg Sr/ml ICP Standard or equivalent. Alternately, 
Dissolve 24. 16 g of Sr(NO3)2 in water and dilute to 1 l in a volumetric flask with 
water. 

Perform calibration check on a 0 .5 ml pipet and then carefully pipet 3 - 0.5 ml 
portions of the strontium carrier solution into separate cleaned dried and tared 
planchets. Dry the planchet under a drying lamp. Cool the planchets in a desiccator 
and weigh. 

Calib # 1 Calib # 2 Calib # 3 

Carrier plus 
b~L5. <a~ b5'--(o .5"(;. planchet wt. (,.., '°" br,~.cr3 

. 
Tare wt. of ,~;).8."2.k 
planchet (m,) G'o53.5'1- .......@ ,ss6., G ,, ,,._ -

- -

Net wt. of carrier 
l;?_.l.7- · l~.1'1- ,~.30 added (mg) 

J 

l 
AVERAGE Sr(NO3)2 ± STD DEV. = 12, - 65 ! 0.6~ St (o. 6r2.2s-,-.:!: o.oocs~j 

pc:,- o.5to.\ .') 

Expected mg of Sr(N03 } 3 = cert.value(,:;lQmgofSr/mL) • o.s mL • 2.41 

Within 3% of expected (12.08 mg/0.5 ml) value (yes/no) ---!J-e-:S..,,,;----

lnitial and Date: __ {J...,,,,... ..... C!_. __ ;,_c_-_5"_-_9_5 __ _ 

0dk J,JJ tD·J/· '{5 
. - - -- ~ 

Continued on Page : 

Read and Understood By 

~ed 

,a-1{-tjj 
Date 

1}p~~J0 cri:V 
Date 

·-----000195 

I 
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CERTIFICATE OF ANALYSIS 
Catalog Number: 
Element and Matrix: 
Starting Material: 
Starting Material Lot Number: 

PLSR2-3X 
Sr/HNO/ILO 
Strontium Carbonate 
05941D 

Lot No. G3-153SR 

SrCO3 

Trace Metallic Impurities in the actual solution via ICP of the concentrate. 

Element PPM Element PPM Element PPM 

Ag <.05 Cu <.05 p <.05 
Al <.05 Fe <.05 Pb .06 
As <.05 Ga <.05 Sb <.10 
B <.05 In <.05 Si <.05 
Ba <.05 K <.05 Sn <.10 
Be <.05 Li <.05 Ti <.05 
Bi <.05 Mg <.05 Tl <.05 
Ca <.05 Mn <.05 V <.05 
Cd <.05 Mo <.10 Zn <.05 
Co <.05 Na <.05 Zr <.10 
Cr <.05 Ni <.05 

Traceability Documentation For Solution Standard: 

1. Classical Wet Assay: 10,050 ppm. 

Titrimetry: EDTA titration using Methyl Thymol Blue as indicator. EDTA standardized 
against NIST Pb(NO3) 2 SRM 928. . 

2. Instrumentation Analysis By Inductively Coupled Plasma Spectrometer[ICP]: 10,009 ppm 
via NIST SRM 3153a. 

3. Balance_s are calibrated with NIST weight sets N .J. #92589 and #92550, according to 
NIST circular 54 7 3. 4. 3. 

SPEX plasma solution standards are guaranteed stable and accurate to ± 0.5% of labeled concentration for one year from 
date of shipment. This value is the sum of cumulative errors associated with analytical determinations, pipetting and diluting to 
final volume. For these solutions we use high purity acids, 18 megohm double deionzed water and triple rinsed bottles. All 
glassware used is class A. 

N-.~ 
Signed by:--'-'--------------, Chemical Production Manager, 

SEP 9i 
Date: _____ _ 

'--------.1(~~~)1---"----- Printed on Aecyded Paper 

SPEX INDUSTRIES, INC. 3880 PARK AVE. EDISON, N.J. 08820 908-549-7144 FAX: 908-603-9647 

0001.96 



Description 

U.S. Environmental Protection Agency 
Environmental _Mon.itoring Systems Laboratory-Las Vegas 

Nucle·ar Radiation Assessment Division 

Calibration Certificate 

A(.S~~I 
R·.1...) 
~ 

PtOf\C:11101 ,ad,o-dcle I s tron ti um-9 0 Halt-Mel 28 6 . . years 
Noffl1na1 ea,v,1y 27 ! I nano c ...... ! 
Homm•I wolvma 5 I "'1 

"' •-••I-lie ftu-•l.__9_4_0_0_3_-_1 _____ _. 

Measurement Activi1y of principal radionuclide 

Useful Ufe 

Ac'IMl"f - ;ram of IM 1olulion 

5. 4 0 11 nano cu"•• I "' l Strontium-9 O 

e10COOMur11'STOftl April 1, 1994 

Activity of dau9hter radionuclide 

__ s_._4_0 _ _.11 nano--1 ......... 

... , ... ......,. • ....-.. I Yttrium-90 

Total mass of this solution 

I Approximat~ly 5. O •--1 
Method of musuremena · 

I 
I 

The activity of the primary solution was measured 
by liquid scintillation counting. 

The activity of the dilution was measured by 
liquid scintillation counting. 

~ llaltlwaaeiftce•..,n-• -b'l'lMSl•lV 

I August 1994 

This dilution was prepared for the 1994 ASTM 
Collaborative Study of a test method for the 
determination of Sr-90 in water. 

OO<ltW7 



Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remarks 

Revised 1 /84 . 

The manufacturer states that activities other than that of the principal nuclide 
Ind of its daughter nuclides. if any, were estimated/known to be: 

I (1) I ':~att,~n I % I of the principal activity 

I (2) I ~~a~h,~n I % I of the principal activity 

l.,1_3_1 ----------------~' :~a~~~n l., ___ %_.I of the principal activity 

The activity of impurity (1) is not (21 is not (31 is not 
included in the quoted figures of the principal activity. 

The precision of this standard was such that the certified value of the radioactive 

concentration of the principal activity had I standard error (uni not grater than ! I o • 1 % I 
(The 99. 7% confidence limits are given by t(sm) where t is oblained from the student t factor 
for the degrn of freedom (n-1 )). 

The maximum uncertainty due to the assnubte systematic errors (dilution, counting, and 
known uncertainty of the standard) is obtained by the separate arithrMlic: summation of the 
positive and nOQative systematic error ( + & - 6 • ). TheM have been estimated not to ~ 

1•3.a "lor 1-3.a %1 · 
the overall uncertainty (often called accuracy& is an Ntimate of the pouibte divergence of 

the quoted result from the true value. It is • combination of random error [ t(smij at the 99. 7% 
confidence limits and the worst cue atimat• of the syRematic errors ( + c5 • - c5 • I 
Th• OV91'1II unc:9fUinty is therefor• calculated en the buia of+ [1(smt +6]. - [tCsm) +6~ 

and is I+ 4 • O %1. I- 4 • O "I of the quoted radioactive concantration. 

This 1t1ndlrdiution is based on the following usumptiona of the principle nuclide, its 
d~ughter nuclides and impurities (no allowance fat em,r in theN aaufflCllions or the 

assumption of quoted haff-life have been includN in the statement of accuracy abl>ve). 

Strontium-90 decays 100 percent by beta emission to 
yttrium-90. Yttrium-90 also decays 100 percent by 
beta emission. 

can- cament per gram of solution: 

30 micrograms strontium 

Preservative: 

Oat• Certificate Prepared 

Approval Signature 

Other components: 

0.1 M HCl 



a2 ~ 9~11~?.?.r11.=,~.r.· 
p R OJ ECT ___ )_('_-~io~_,.,,_··"_" '_· i_,J -I,_/ -,ii _,1,,_1,,_,'"'_j,_,,A_,, ------

,' .0 ( e Q ,:; C .<. .', 0. J2__~ 

I 

! 
~ 

Cont:ni..;ed From Page ___ _ 

INITIAL STANDARD DILUTION RECORD 

Standard lnformatron: 

Isotope: Vendor: 

Activity of Standard Received: "" uCi 

Weight of Standard Received (g): !5 0 g LAL 1.0. #: ----------
Standard Activity (pCi/g): 

Halflife in Years or Days: 

Reference Date: 

Date Received: 

Primary Dilution 

Balance Verification?: s 
Diluent Used: O· l t1 JG\ 
a: Decay Corrected Standard Activity (pCi/g): 

b: Weight of the Source Transferred (g): 

c: Total diluted weight (g): 

d: Total Diluted Volume (mL) 

e: Activity of Dilution by Weight (pCi/gt [a • b / c ): 

Ci/ 

!531- lf pCi/g 

f: Calculated Density of Solution (g/ml) (c / d): _ .... 0-· .... ~;..i1..:::g_'L ___ g;._,/m_L ________ _ 

g: Activity of Dilution by Volume (pCi/mL) [e • fl: _..;:£:;._3_~_._lf..:.-4.,___ .... p_C_i/_m_L ___ ...,.... _ _,.,.,,__--
.,H~ L./1'-4 -<IL- I 

h. Dilution Logbook I. D. II: _----4,q_· 5_-_4-'-J.__lf~-~~--f-.....1\ __ ~_f_'-+..,.{i+-(e, ..... C_ 

Prepared By: ~ YJ Pi" :reparation Date: b , , ~ ' ~ Y; 
\,,_ Reviewed By: ~ :W:,,,.... Review Date: __ b_/_3_0 .. 1/_~_'f __ 

Purity/Cross Check~rformed By:________ Check Date: _______ _ 

Signed Date· Signed 

, .... ,, 
1: 

Date 



Noteboo:< No. ___ _ 
Cort1r.i.;ed From Pa-;e ____ _ 

SECONDARY /WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: 

~. 't·I .q«f 
Parent Barcode Number 

Vendor or Certificate 1.0. # of Parent Standard: Eflt Jt/-003 _. / 
Diluted Source Logbook I.D. #: 93-4-7'/: -fl -( 
Balance Verification?: 

Diluent Used: · ~ ./ H H Cf 

Dilution 

• Diluent: 

• Density of diluent (g/ml): 
( 

tlltt. 
a: Parent Specific Activity: .53 b · 'f 'I pG:. /ML 
b: Amount of Source Transferred: 5-oo 18' g 

c: Total amount of Dilution: IOO · 20 g 

d: Total Volume of Dilution: 

e: Activity of Dilution la • b / cl: 

r, 
tl!A 

i 

f: Activity of Dilution (a • b / di: 2 6. 7~ o . .--.:C._,_,_(rnY..:..lla.. __ _ 
r I 

Dilution Logbook I. 0. #: 11f-b17- 44 - \ 

Prepared By, ~~ W 91' 
Rev;ewed By, ,r Ji:t;.JL~ Rev;ew Date, 

'II the diluent remains unchanged from the diluent used for the dilution source, then a weight dil 

Preparation Date: J-2-1f 

can be performed without a density conversion. 

Signed Date 



.-
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CERTIFICATE OF CALIBRATION ~ij~\~ 
BETA STANDARD SOLUTION 

Radionuclide 
Half Life: 

C-14 
5730 ± 40 years 

7014 
407-124-2 

Customer: 
P.O.No.: 

LOCKHEED ENVIRONMENT AL 
06LAB2959 

Catalog No.: 
Source No.: 

Description of Solution 
a. Mass of solution: 
b. Chemical fonn: 
c. Carrier content: 

Reference Date: November 15 1992 
Contained Radioactivity: l.093 

Contained Radioactivity: 40.4 

5.0242 
Benzoic Acid Carboxy-C-14 in 0.lN NaOH 
None added 

12:00PST. 

11Ci. 

kBq 

d. Density: l.002 glml@20"C. 

Radio impurities 

Radioactive Daughters 

Radionuclide Concentration 

None detected 

None 

0.218 

Method of Calibration 
Weighed aliquots of the solution were assayed using a liquid scintillation counter. 

Uncertainty of Mea11urement 
a. Systematic uncertainty in instrument calibration: ± l.S-/4 
b. Random uncertainty in assay: ± 0.5% 

c. Random uncertainty in weighing(s): ± 1.0% 

d. Total uncertainty at the 99% confidence level: ± 2.2% 

NIST Traceability 
This calibration is implicitly traceable to the National lnslitwe of Standards and Technology. 

Notes l 
l. Nuclear data wJre taken from "Table of Radioactive Isotopes•, edited by Virginia S. Shirley, 1986. 
2. IPL participates in an NIST measurement assurance program to establish and maintain unplicit 

traceability for a number of nuclides, based on the blind assay(and later NIST certification) of 
Standard Rdaea..e Maraiall (As in NRC RcguJatory Guide 4.15). 

. ISOTOPE PRODUCl'S LABORATORIES 
_ 1800 Nortll .Keyltoae Street 
· Burbank. California 91!04 
(818} 843 - 7000 

QUALITY CONTROL 

;v.w. 10 /7e; 1... 

Date Signed 

• 

000213 
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ISOTOPE WEIGHT DILUTION RECORD 

Isotope: C - I ~ Vendor: ----==':;;.·...:eL-_L ____ _ 
Total Received Activity: i . O ct ~ {'..L c... ~ Vendor ID: "-le 7 - / .:)--f - ,l___,. 

Wt. Received: __ S'_, _0_1.....;...'"..:..\ __ g 

Activity in Units/g: ____ ._;;).._1_1_5....,.r:-:--=-'--·•-1-/...,0il,.,-. _ 

NIST Traceab~ Cen. I I,r,., I .. ,., HJ. 
Reference Date: If - f is- -- 't .1 _ 

Activity convened (dpm/g):_1;.,_~=.1;..,;....<t~S_1 ....... _ dpm/g Receive Date: __ 11_/'-,;,.li 8......,./ .... c, ..... Lco.. __ 

Halflife (Yrs or days) t½ • 513 c. .r f u ~. Receiver's Name: -:! ;· =, t1\i .- ... 1 «. 

PRIMARY DILUTION; Balance wt. check done c7 . 
a: Source activity: 4 ~ :l , 'i: :S: ~ > dpm/g • (if t Mi • < 100yr decay to prep. date I ,. 
b: Wt. of Source transfered: · 4 . 9 D c.i S" 1 g· 

Diluent used: _ ___::o:;;...;.' ... I _NIJ.'c.-:::O ... \tL.,.. ______ _ 

c: Total diluted weight: __ __,_i ~I .::lo:..:.•_;S:......::3:.----- g 

d: Activity of dilution (a•b/cl:_ ........ a~o-+j-3-ff......._7 ______ dpm/g :C ;2._ :t, ~11. • -

e: Calculated density of solution: ___ J.l..:..· .:..9i..;:s;,_;i ____ g/ml 14M HNO, • 1.1294 :t .0001 g/mU 

f: Activity by volume =- (d•_el: -...:s-i:· ..::Y-....; _3~8 ... $ ....... ____ dpm/ml 

33-'114-J.~-\ ~/ Dilution Log Book ID: Les i... -
Preparation Date: i C / ::L ~ / , ~ Preparer's Name. ·~ · _....;_.....,, _____ _ 
SECONDARY OR WORKING LEVEL DILUTION Balance wt. check done Ci -7----------

,,, -
I 

a: Source activity:, ___________ ...,.... ____ dpm/g • lit t~ • < 100vr decay to prep. dat11 

c: Total dButed weight: 

___________ dpm/g 

, __________ g/ml 14M HNO, • 1.1294 :t .0007 g/ml 

___________ dpm/ml 

Dilution Log Book ID: _____________ _ 

J l 
Om 

009214 



INITIAL STANDARD DILUTION RECORD 

·/,(····· >> ':}ft ·····•',·.·.··'\<././·····' Standard lnfotmatlonf 

Isotope: C-14 

Activity of Standard Received: 1 .09 uCi 

Weight of Standard Received (g): 5.0242 g 

Standard Activity (pCi/g): 2. 17E +.05 pCi/g 

Halflife in Years or Days: 5730 yrs 

Reference Date: 11 /15/92 

Balance Verification?: 

Diluent Used: 

a: Decay Corrected Standard Activity (pCi/g): 

b: Weight of the Source Transferred (g): 

c: Total diluted weight (g): 

d: Total Diluted Volume (ml) 

e: Activity of Dilution by Weight (pCi/g) [a • b / c ): 

f: Calculated Density of Solution (g/ml) [c / d]: 

g: Activity of Dilution by Volume (pCi/ml) [e • f]: 

h. Dilution Logbook 1.0. #: 

Prepared By: --------
Reviewed By: --------

Purity/Cross Check Performed By: --------

Vendor: Isotope Product 

Vendor I.D. # 

LAL I.D. #: AA0114 

NIST Traceable? Yes 

Certificate #: 407-124-2 

Preparer' s Name: Mark Young 

Date Received: 11 /1 8/92 

Yes 

0.1 N NaOH 

2. 1 7E + 05 pCi/g 

4.90951 g 

116.53 g 

116.3 ml 

9.139E+03 pCi/g 

1.0020 g/ml 

9.157E + 03 pCi/ml 

LAI-93-0474-23-1 

Preparation Date: 10/27 /93 --------
Review Date: --------
Check Date: --------
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SECONDARY/W'ORKING LEVEL 
STANDARD DILUTION RECORD 

Isotope: C-14 

Parent Barcode Number AA0114 

Vendor or Certificate 1.0. # of Parent Standard: 407-124-2 

Diluted Source Logbook 1.0. #: LAL-93-04 7 4-23-1 

Balance Verification?: Yes 

Diluent Used: 0.1 N NaOH 

'.:ii<iii' . ' ,:..· .. •.•., ·"'-°'····<•.: ...... •... ·: .:,. .. .. ',, .. 
·.;:;:::;-:·:::::::=::::· :;;,;-::::;:;::::::: :.:·::/-·.-::::::. ·: .. · .. · .·.·.· .. •.:-. ."· ·.·.·.· .. ·. .-.... , .···:·:: 

•Diluent: Nanopure w/ 1 mg/ml formaldehyde 

•Density of diluent (g/ml): 

a: Parent Specific Activity: 

b: Amount of Source Transferred: 

c: Total amount of Dilution: 

d: Total Volume of Dilution: 

e: Activity of Dilution [a • b / cl: 

f: Activity of Dilution (a • b / d): 

Dilution Logbook I.D. I: 

Prepared By: Agnes Wong 

Preparer Signature: 

Reviewed By: 

Reviewer Signature: 

1.0006 g/ml 

9.14E+03 pCi/g 

0.70 g 

250.14 g 

250 ml 

2.57E+01 pCi/g 

2.58E+01 pCi/ml 

LAl.-94-0677-18-1 

Preparation Date: 11 /19/94 

Review Date: 

. 

•If the diluent remains unchanged from the diluent used for the dilution source, then e weight dilution of a volume unit source_ 

can be performed without e density conversion. If the diluent changes, a weighted proportion density conversion is necessary. 
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Isotope: 

Parent Barcode Number 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

C- lt.f 

4A O \ l f 
• 

Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook 1.0. #: 

Balance Verification?: 

Diluent Used: 

Dilution 

__.N ...... r~~PY,~\L-:;...._...:;1.1.J=-g:J..;ff¥~-w_U.._ ..... l.:....t'-'1~/~UIC:'~ -~""•I J- , 

•Density of diluent (g/ml): tJ /A g/ml 

0 Diluent: 

i 

1 r✓-7 1 11 :J ~ ~ H - 1f -'!;" () 
a: Parent Specific Activity: ~ · 2 1 ~or~"....,,,--=3;._J_· .;..o_· __ ~,,E=itLg --F-IJ;..;;Ci;:_+_.Q.ft.:UC-, __ _ 

( l 

b: Amount of Source Transferred: 

c: Total amount of Dilution: 

d: Total Volume of Dilution: 

e: Activity of Dilution [a ~ b / cl: 

f: Activity of Dilution (a • b / d): 

Dilution Logbook 1.0. I: 

(}, ?a if~ 
;)5"0. { 1 

tJ/A 
tJ IA 

I 
~~ ·/0 

0 

g 

ml 

pCi/g 

pCi/ml 

Preparation Date: Prepared By: ~ LU~ 
Rev;ewed By: ~,!.. ru:, Rev;ew Date: 12)/!, /1• 
"If the diluent rem11in1 unchanged from the diluent used for the dilution source, then III weight dilution of • volume unit source 

can be performed without II density conversion. If the diluent changes, 11 weighted proportion density conversion is necessary. 
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Description 

U.S. Envkonmental Protection Agency 
Environmental Monitoring Systems Laboratory-Las Vegas 

Nuclear Radiation Assessment Division 

Calibration Certificate 

l'riftciia•lredionvcl.S.I Tritium (H-3) I Holl-lolol 12.43 years 

Nomin•I aaiYity 

kOfflir\•1 wolumc 

h10 
1 s 

11 nano curie, I 
J ml ifll amc,oule,t,oulc 11Umbe•l_-=2'-"G:..:O:..;G:.---=l'--____ ..J 

Measurement Ac:tivi1y of principal radionuclide 

Useful Life 

AclMly per I'•"' of IM 1olution 

- .... 2 ... J ... ,_9'---iil I n a o o curie• I ol L '" , _ , j . ._:1.:._r....,.1.,.!.:_,._,.,.1..,m..._ _______ _ 

., 0400 ......,. PST Oft I June 3 , 19 9 2 

Activity of c:t.ughter radionuclide 

l,.,_ ___ -__.11 ... ___ CUI_-_· .. I ,.., 9'8ffi 

of Ille..,...,_., ftUClida I.._ __________ _. 

Total mass of this solution 

I APPROX. s,o 
Method of measurement· .. 

The activity of the primary solution and this 
dilution were measured by liquid scintillation 
counting. 
Counting efficiencies for both standardizations 
were determined by counting solutions directly 
traceable to the National Institute of Standards 
&~Technology (NIST). 

~ haK i...1 ai,,ce ii wH oClltinecl bf £MSL•LV 

becember 1999 

000225-



U.S. DEPARTMENT OF COMMERCE 
National Institute of Standards & Technology 

Gaithersburg, MD 20899 

REPORT OF TRACEABILITY 

U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory 

Las Vegas, Nevada 

Hydrogen-3 Radionuclide 

Source identification 

Source description 

Source mass 

2606-1, prepared by EMSL 

Liquid in 5-mL flame-sealed glass ampoule 

Approximately 5.0 grams 

Hydrogen-3. iri water Source composition 

Reference time 0700 EST June 3, 1992 

NIST DATA 

Radioactivity concentration 810.S Bq g·1 

E.xpanded uncertainty 0.64 percent <t.2>• 

Photon-emitting impurities None observed <4> 

Measuring instrument 41r/3 liquid-scintillation counters 
calibrated with SRM 4926D 

Half life 12.43 ± 0.05 years <5> 

EMSL DATA 

810.3 Bq g·I 

4.3 percent (3) 

None observed 

Liquid-scintillation 
counting 

Difference from NIST -0.05 percent <6> 

Gaithersburg, MD 20899 
January 1994 

For the Director, 

J.M. Robin Hutchinson, Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

•Notes on next page 
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Continued From Page 

INITIAL STANDARD DILUTION RECORD 

Standard Information: 

Isotope: H- 3 Vendor: EPfs 

Activity of Standard Received: • 11 uCi "-- * ~Yvf1~5 . - -- ,.u. ~ 

Weight of Standard Received (g): 5 g LAL 1.0. #: ~ C ~J-95! 

Standard Activity (pCi/g): 2.1 • ~ "~iif ~r .. ,o/ 1tt5 
I T Traceable 7 Yes 

Halflife in Years or Days: \'Z., 4_~ yrs Certificate #: Uot?- 1 

Reference Date: D4oo c,,/J/Jt,- Receiver's Name: \:<AN ~ I) t£ «.., 

Date Received: I 1~S J,.j r r 

Primary Dilution . . 

Balance Verification?: . • ~fl,) 

Diluent Used: f fA 
\ 

Decay Corrected Standard Activity (pCi/g): 
"J., /. 9 II e_;/,?.-1 '.z3 ~ ~ /pCi/g er ,/:, lrz.-. 

Weight of the Source Transferred (g): 

c: Total diluted weight (g): 

d: Total Diluted Volume (ml) 

e: Activity of Dilution by Weight (pCi/g) [a • b / c ): 

f: ~ Density of Solution (g/ml) [c / d): 

4. 9,3,9 g 

49 · 317 g 
,.,ppr 

>l""-12,s ml 

gl I ?D pCi/g 

a, 9q111 g/ml 

g: Activity of Dilution by Volume (pCi/ml) [e • f): ~/Cfo pCi/mL er,. 1o/, Iv-
h. Dilution Logbook 1.0. #: C-?vv~ cA--L-qs-012_, - / 

c;1 , o.wl'j/_ 
Prepared By: ;fjµ,k.£ IS. Htl't"'~P/eparation Date: 1/ 7/35 

~ I 7-P~~ ----------
Reviewed By: ~ ~ Review Date: __ :z/_7....,/ .... ~ .... ----

Purity/Cross Check Performed By:________ Check Date: _______ _ 

Signed Date 

000227 

Date 

, 
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Continued From Page ___ _ 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: 

Parent Barcode Number 

Vendor or Certificate I.D. # of Parent Standar.d: 

Diluted Source Logbook I.D. #: 

Balance Verification?: 

Diluent Used: 

Dilution 

·rn1uent: 

•Density of diluent lg/ml): 0 , 't j 7 7 g/ml 

a: Parent Specific Activity: pCilg'J:? l-, 

b: Amount of Source Transferred: 5". o _J:.L 

c: Total amount of Dilution: 

d: Total Volume of Dilution: 4 00 0 ml 

e: Activity of Dilution la • b / cl: pCi(g'n, /... ~ , 

f: Activity of Dilution (a • b / d): pCi/ml 0:::, 

Dilution Logbook I.D. #: q~-721-lt- I 

Prepared By: Preparation Date: 

Reviewed By: Review Date: 

i,,/,ft< 
• 

I -z- q1a 

'If the diluent remains unchanged from the diluent used for the dilution source, then a weight dilution of a volume unit source 

can be performed without a density conversion. If the diluent changes, I! weighted proportion density conversion is necessary. 

Meaa ana unaerstaoa i:,y 

Signed Date Signed Date 
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Description 

,, 

U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory-Las Vegas 

Nuclear Radiation Assessment Division 

Calibration Certificate 

P'rinciDalrad•~d•l Tritium (H-3)! HaH-hlol 12. 43 years 

Hoff'Hf'Ull 1ai,,t1y 

H°"""'1l.ofume 

1110 

I s 
! I nanoc.nio, ! 
I ml in •-ule/bonle ftufflbe•l __ 2_G_Q __ G __ -_l...__.,.... __ _ 

Measurement Activity of principal radionuclide · 

Useful Ufe 

I ,, 9 II cvro••l°'I . . I n a ca _ ... __.,T_.r_, ... t ....... i .. 11 .... m.,._ ______ _ 

I 
Activity of daughter radionuclide 

..._ ____ -_.I I .. ____ CUf_ ...... , .......... 

of IN •ueheer Nldidel., __________ __. 

Toc• I m• 11 of this solution 

I APPROX. 5.0 
Method of measurement·. 

The activity of the primary solution and this 
dilution were measured by liquid scintillation 
countingo 
Counting efficiencies for both standardizations 
were determined by counting solutions directly 

~traceable to the National Institute of Standards 
-t 6-Technology (NIST). 

0 hall 11,ras lli!lca ii•• ••iftael by IEMSL•LV 

becember 1999 
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/.--. ·. - , -. n , . .. -l '...J,. :. __.__-' • , . •, ·-· ; 
. • ... - . ------l.; u 

Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remarks 

The manufacturer states that activities other than that of the principal nuclide 
and of its daughter nuclides. if any, were estimated/known 10 be: 

.. I,_,_, _n_o_n_e ______________ _.l ~qs~a
1
rt~n --'---"'-' of the princip~I activity 

.. I 1_2_1 __________________ I ~e~~a~~~nl .. ---"'-' of the principal activity 

1(3) I less than I ~ I of the principal activity ... ____________________ equal to ... ____ _ 

The activity of impurity ( 1 I is not (21 is not (3) is not 
included in the quoted figures of the principal activity. 

The precision of this standard was such that the cenified value of the radioactive 

concentration of the principal activity had a standard error (sm) not greater than t I O • 4 % I 
(The 99. 7% confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-1 )). 

The maximum uncertainty due to the assessable systematic errors (dilution. countint, and 
known uncertainty of the standard) is obtained by the separate arithmetic summation of'the 
positive and negative systematic error ( + & - cl • ). These have been estimated not to exceed 

1•2.9%lorl-2.9%I 

the overall uncertainty (often called accuracy) is an estimate of the possible divergence of 
the quoted result from the true value. It is a combination of random error (t(sml] at the 99.7% 
confidence limits and the worst case estimate of the systematic errors ( + cS • - cS • ) 
The overall uncertainty is therefore calculated on the basis of+ [t(smJ +&]. - (t(sm) +cS] 

and is ( + 4 , 3 %1. (- 4 , 3 '6 I of the quoted radioactive concentration. 

This standardization is based on the following assumptions of the principle nuclide. its 
daughter nuclides and impurities (no allowance for error in these assumptions o, the 
assumption of quoted haJf-life have been included in the statement of accuracy above). 

Tritium decays 100 percent by beta emission. The 
maximum energy is 18.6 Kev, the average is 5.68 Kev. 

Carriet content per gram of solution: 

100 percent H2o 

Preservative: 

Date Certificate Prepared 

Approval Signature 

Other components: 

Barium less than 0.004 PE 
Lead less than 3xlo-5 per 



U.S. DEPARTMENT OF COMMERCE 
National Institute of Standards & Technology 

Gaithersburg, MD 20899 

REPORT OF TRACEABILITY 

U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory 

Las Vegas, Nevada 

Radionuclide 

Source identification 

Source description 

Source mass 

Source composition 

Reference time 

NIST DATA 

Hydrogen-3 

2()()6..1, prepared by EMSL 

Liquid in 5-mL flame-sealed glass ampoule 

Approximately 5.0 grams 

Hydrogen-3. iri water 

0700 EST June 3, 1992 

Radioactivity concentration 810.5 Bq g·1 

EMSL DATA 

810.3 Bq g·l 

Expanded uncenainty . 0.64 percent <U>• 

Photon-emitting impurities None observed <4> 

Measuring instrument 41T/3 liquid-scintillation counters 
calibrated with SRM 4926D 

Half life 12.43 ± 0.05 years <S> 

4.3 percent (l> 

None observed 

Liquid-scintillation 
counting 

Difference from NIST -0.05 percent <'l 

,i:::_ .": 
--~- . 

Gaithersburg, MD 20899 
January 1994 

For the Director, 

J.M. Robin Hutchinson, Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

• Notes on next page 
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(I) 

(2) 

..__ .. 

NOTES 

The uncertainty analysis methodology and nomenclature used for the reported 
uncertainties are based on uniform NIST guidelines and are compatible with· those 
adopted by the principal international metrology standardization bodies [cf., B.N. Taylor 
and C.E. Kuyatt, NIST Technical Note 1129 (1993)]. 

The combined standard uncertainty, uc = 0.32 percent. is the quadratic combination of 
the standard deviation (or standard deviation of the mean where appropriate), or 
approximations thereof, for the following component uncertainties: · 

a) 11 liquid-scintillation measurements on each of 
4 vials 

b) gravimetric 
c) calibration of SRM 4926D 
d) background 
e) half life 

0.11 percent 
0.05 percent -
0.29 percent 
0.00 percent _ 
0.03 percent 

The expanded uncertainty, U = 0.64 percent, is obtained by multiplying uc by a coverage 
factor of k = 2 and is assumed to provide an uncertainty interval of at least 95% 
confidence. · 

<3) Overall uncertainty reported by EMSL. · 

<•> The limit of detection for photon-emitting impurities is: 

. 0.08 y s·1g·1 for energies between 90 and 2700 keV. 

<5> Unte~, M.P., Coursey, B.M., Schima, FJ., and Mann, W.B., Int. J. Appl. Radial. 
mt, ».-611 (1980). . 

<6> This result demonstrates the traceability of EMSL to NIST, for this measurement, to 
within five percent as specified in the appendix, Traceability Studies, of the EPA-NIST 
interagency agreement of April 1976, as amended. 

For further information call Lany Lucas at 301-975-5546 or Jeffrey Cessna at 301-97S-5539. 
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Notebook No. U ·1 t- j 
Continued From Page 

INITIAL STANDARD DILUTION RECORD 

Standard Information:. 

Isotope: - 3 Vendor: 

Activity of Standard Received: • 11 uCi Yvp/15 

Weight of Standard Received (g): 5 LAL I.D. #: 

Standard Activity (pCi/g): 2.1. 
1i1~1 

I T Traceable 7 

Halflife in Years or Days: rz; yrs Certificate #: 

Reference Date: Receiver's Name: 

Date Received: 

Primary Dilution • 

Balance Verification?: 

Diluent Used: f f A 

Decay Corrected Standard Activity (pCi/g): 

Weight of the Source Transferred (g): 

c: Total diluted weight (g): 

d: Total Diluted Volume (ml) 

e: Activity of Dilution by Weight (pCi/g) [a • b / c ): 

f: ~ Density of Solution (g/ml) le / d): 
7) I.J 

4-93,9 

49. 377 

sl=~~ 
;1,J?cJ 

0, 9 q77 7 

g 

g 

ml 

pCi/g 

g/ml 

Uo 

es 

- 1 

g: Activity of Dilution by Volume (pCi/ml) [e • f): ~/9o pCi/inl Cl't ta/:; /9J.. 

h. Dilution logbook I.D. #: C.fvv~ CA--L-'15-012.J- / 
c;} , Q.f/l,;y_ 

Prepared By: Mk,£ /S. HGY~P/eparation Date: 1/ 7/35 
~ I ~- P~'b ---Jq....:+-------

Reviewed By: ~ W:- ~ Review Date: __ J/~7_
1
..,./.JS...,'-----

Purity/Cross Check Performed By:________ Check Date: _______ _ 

Signed Date C /J ~}8' !4. l Signed 000233 Date 



,u r.1.111l1ry•.1 1'.1'.~1··«'.~ :?h f ;! .i' 1 11,n ,1,,:1 PROJECT ______ ,~1-~-~··~~-'-"--"--'/~,~~,="'1~,r.=•'·~r _____ _ 
6 ' - ~ - - - - j., I • - • ------

Continued From Page ____ _ 

( ___ 

I 

ST~NDARD DILUTION RECORD 

Dilution Source Information 

Isotope: 

Parent Barcode Number 

Vendor or Certificate I.D. # of Parent Standard: 

Diluted Source Logbook I.D. #: crs - o 7.21-1 

Balance Verification?: V-es 
Diluent Used: 

------. - ----------------------

1--- .. rr===================:a::=====================;i 
[__ Dilution 

I t- •Diluent: 

I 
I 
1--· 
I 

• Density of diluent (g/ml): 

a: Parent Specific Activity: 

b: Amount of Source Transferred: 

c: Total amount of Dilution: 

d: Total Volume of Dilution: 

e: Activity of Dilution (a • b / cl: 

-- f: Activity of Dilution (a • b / d): 

Dilution Logbook I.D. #: 

Prepared By: 

Reviewed By: 

/ g!ml 

~,, 0 pCi!g 

/~.o g 

Io o g 

Io o ml 

pCi/g 

pCi/ml 0:,,,, t../'l /~ ]_ 

9'-/-0(77-??J 

Preparation Date: 

Review Date: 

'/-;.1/10 

0/"L:5/95 
I 

• If the diluent remains unchanged from the diluent used for the dilution source, then a weight dilution of a volume unit source 

can be performed without a density conversion, If the diluent changes. a weighted proportion density conversion is necessary. 

nelKI ana unoen10oa tsy 

Signed Date Signed Date 

000234 




