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Lockheed Environmental Systems & Technologies Co. 
Lockheed Analytical Services 
975 Kelly Johnson Drive Las Vegas, Nevada 89119-3705 

! I<' t (J '1t1 °~ 
004420' 

Telepho,, 702-361-0220 800-582-7605 F=imile 702-361-8146 ~ 

LOCKHEED MARTIN 

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.: 

January 19, 1996 

L6090 
Q400000-B 
B96-047 
1221596 
310 
LK6090 

The attached data report contains the analytical results of samples that were submitted to 
Lockheed Analytical Services on December 21 , 1995. The temperature of the cooler upon 
receipt was 2 °C. Sample containers received agree with the chain-of-custody documentation . 
Sample containers were received intact. Samples designated for nitrate /nitrite and phosphate 
analys is by method 300 .0 were not rece ived in time to meet the analytical holding time 
requirements . 

The case narratives included in the fol lowing 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 qual if iers , chain-of-custody forms, sample receiving checkl ist , and log-in report 
are also enclosed representing the samples rece ived w ithin this group. 

If you have any questions concern ing the ana lysis or the data please ca ll Kathleen Hall at 
(509) 375 -4 74 1. 
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Lockheed Analytical Services Log-in No.: L6090 
Quotation No .: O400000-B 

SAF: B96-047 
Document File No.: 1221596 

WHC Document File No. : 310 
SDG No.: LK6090 

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, 

t~~~;;R_ 
Client Services Representative 

00 I"'\ .. 
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Lockheed Analytical Services Log-in No. : L6090 
Quotation No .: O400000-B 

SAF: B96-047 
Document File No.: 1221596 

WHC Document File No .: 310 
SDG No.: LK6090 

• 

• 

CASE NARRATIVE 
INORGANIC NON METALS ANALYSES 

WATER 

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

Preparation and Analysis Requirements 
One water sample was received for LK5106 and analyzed in batch 1221 bh for 
selected analytes as requested on the chain of custody. Quality control analysis was 
performed on the following sample: 

Client ID LAL# Method 

BOGZ50 L6090-3 MS, DUP 300.0 Chloride, Nitrate-Nitrogen, Nitrite-
Nitrogen, Orthophosphate, Sulfate 

L6090-6 MS, DUP 350.1 Ammonia 

L6090-4 MS,DUP 353 .2 Nitrate-Nitrite-Nitrogen 

L6090-5 MS, DUP 9030 Sulfide 

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. 

Kay Mccann 
Prepared By 

January 12, 1996 
Date 

0 0 r. r-,, J 



Lockheed Analytical Services Log-in No. : L6090 
Quotation No .: O400000-B 

SAF: B96-047 
Document File No.: 1221 596 

WHC Document File No. : 310 
SDG No.: LK6090 

CASE NARRATIVE 
INORGANIC METALS ANALYSES 
WATERS AND FIL TE RED 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 December 21, 1995. The samples were logged in as 
L6090 and were prepared and analyzed in batches 1221 bhT for total meta.ls and 1221 
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 

January 18, 1996 
Date 

OO OG 



Lockheed Analytical Services 

CASE NARRATIVE 
RADIOCHEMICAL ANALYSES 

Log-i n No .: L6090 
Quotation No .: O400000-B 

SAF: B96-047 
Document File No.: 1221596 

WHC Document File No.: 310 
SDG No.: LK6090 

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 t racer, 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. 

Gas Proportional Counter 

Analytical Method Gross Alpha/Beta 

The gross alpha/beta analysis was performed using standard operating procedure (SOP) , LAL-
91 -SOP-0060. The samples were analyzed in workgroup 31926. The instrument calibration 
verification met criteria. The method blank was within QC criteria. The laboratory control 
sample (LCS) and matrix spike (MS) recoveries were within QC criteria. The duplicate (DUP) 
recoveries were within QC criteria. The MDA exceeded the reporting detection limit (RDL) due 
to the residue weight limitations forcing a volume reduction, the associated samples were 
flagged with a " C" qualifier. 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 workgroup 31937. 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. The chemical recoveries were below QC criteria in the 
LCS, method blank, and sample BOGZ50 (L6090-7). Because there was no activity in the 
samples , and the samples were below the RDL data quality is not believed to be adversely 
affected. No re-analyses were performed. 

OO C7 



Lockheed Analytical Services 

Liquid Scintillation Counter 

Analytical Method Carbon-14 

Log-in No .: L6090 
Quotation No.: O400000-B 

SAF: 896-047 
Document Fi le No.: 1221596 

WHC Document File No. : 310 
SDG No.: LK6090 

The carbon-14 analysis was performed using SOP, LAL-93-SOP-0209. The samples were 
analyzed in workgroup 31920. The instrument calibration verification met criteria . The 
method blank was within QC criteria. The LCS and MS recoveries were w ithin QC criteria. 
The DUP recoveries were within QC criter ia. The quench value was within curve limitations. 
No re-analyses were performed . 

Analytical Method Tritium 

The tritium analysis was performed using SOP, LAL-91-SOP-0066. The samples were 
analyzed in workgroup 31944. The instrument calibration verification met criteria . The 
method blank was within QC criteria . The LCS and MS recoveries were w ithin 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 

January 16, 1996 
Date 

00 08 
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Lockheed Analytical Services 
DATA QUALIFIERS FOR INORGANIC ANALYSES 

[Revised 08/28/92] 

For Use on the Analytical Data Reporting Forms 

For CLP Analyses Only -- Reported value is less than the contract required detection 
limit (CRDL) but greater than or equal to the instrument detection limit (IDL). 

For Routine, Non-CLP Analyses Only -- Any constituent that was also detected in the 
associated blank whose concentration was greater than the reporting detection limit 
(RDL). 

Presence of high levels of interfering constituents required dilution of sample which 
increased the RDL by the dilution factor. 

Estimated value due to presence of interference. 

Sample analysis performed outside of method-or client-specified maximum holding time 
requirement. 

For CLP Analyses Only -- Duplicate injection precision criterion was not met. 

Matrix spike recovery exceeded acceptance limits. 

Reported value was determined from the method of standard addition. 

For CLP Reporting Only -- Constituent was analyzed for but not detected (sample 
quantitation must be corrected for dilution and percent moisture). 

For AAS Only -- Post-digestion spike for Furnace AAS did not meet acceptance criteria 
and sample absorbance is less than 50% of spike absorbance . 

Analyst-defined qualifier. 

Relative percent difference (RPD) for duplicate analysis exceeded acceptance 
limits. 

Correlation coefficient (r) for the MSA is less than 0. 995. 

For Use on the QC Data Reporting Forms 

The spike recovery and/or RPD for matrix spike and matrix spike duplicates 
cannot be evaluated due to insufficient spiking level compared to the elevated 
sample analyte concentration. 

The RPD cannot be computed because the sample and/or duplicate concentration 
was below the RDL. 

1 Used as footnote designations on the QC summary form. 
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96134~4-~0554 

Lockheed Analytical Services 
DATA QUALIFIERS FOR RADIOCHEMICAL ANALYSES 

[Revised 08/28/92] 

For Use on the Analytical Data Reporting Forms 

Any constituent that was also detected in the associated blank whose 
concentration was greater than the reporting detection limit (RDL) and/or 
minimum detectable activity (MDA) . 

Presence of high TDS in sample required reduction of sample size which 
increased the MDA. 

Constituent detected in the diluted sample. 

Constituent concentration exceeded the calibration or attenuation curve range. 

For Alpha Spectrometry Only-- FWHM exceeded acceptance limits . 

Sample analysis performed outside of method-specified maximum holding time 
requirement. 

Chemical yield exceeded acceptance limits. 

For Use on the QC Data Reporting Forms 

QC data (i.e. , percent recovery data for laboratory control standard and matrix 
spike; and RPD for replicate analyses) exceeded acceptance limits . 

The spike recovery and/or RPD for matrix spike and duplicates cannot be 
evaluated due to insufficient spiking level compared to the elevated sample 
analyte concentration. 

The RPD cannot be computed because the sample and/or duplicate concentration 
was below the MDA. 

1 Used as foot note designations on the QC summary form. 

00 10 
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96 I 3Li4Lt,. 0555 
LOCKHEED ANALYTICAL SERVICES 

LOGIN CHAIN OF CUSTODY REPORT (lnOl) 
Dec 21 1995, 01:52 pm 

Login Number: L6090 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

:::~i:,~~;~~~~=;:·::::.:::.:::·.=.:.::-.:::···.:.·:·::.··:··:'.:.·. :::~1:·:-::·~~be£ i·.:·i; : .. ·:::·=:;:··.·.·.·.:::t.::;::.::.:.·;:i.!''f'··:::·:··:,:::::: .-;:;:t~f.\:·::: .. ·:.·.·:;J:::·:.~te·.· '.··i .. :.:· .. ~:.:•·.=· :·,-. 

L6090-l 
TEMP 2 
Location: 157 
Water 1 

L6090-2 
TEMP 2 
Location: 157 
Water 1 

L6090-3 
TEMP 2 
Location: 157 
Water 1 
Water 1 
Water 1 
Water 1 
Water 1 

L6090-4 
TEMP 2 
Location: 157 
Water 1 

L6090-5 
TEMP 2 
Location: 157 
Water 1 

L6090-6 
TEMP 2 
Location: 157 
Water 1 

L6090-7 
TEMP 2 
Location: 157 
Water 1 
Water 1 

L6090-8 
TEMP 2 
Location: 157 

BOG Z50 1g-DEC~95 21~DEC-95 

S SCREENING Hold:16-JUN-96 

BOGZ50 ,. 19-DEC~95 21~DEC-95 

S 6010 ICP METALS Hold:16-JUN-96 

BOGZSO l~-DEC-95 21-DEC-95 

S 300.0 CHLORIDE Hold:16-JAN-96 
S 300.0 NITRATE Hold:21-DEC-95 
S 300.0 NITRITE Hold:21-DEC-95 
S 300.0 PHOSPHATE Hold:21-DEC-95 
S 300.0 SULFATE Hold:16-JAN-96 

B0GZ50 19~oic~95 tl~DEC-95 

S 353.2 NITRATE Hold:16-JAN-96 

BOGZ50 19-DEC-95 21-DEC-95 

S 9030 SULFIDE Hold:26-DEC-95 

BOGZSO 19-DEC-95 21.-DEC-95 

S 350.1 NH3/N Hold:16-JAN-96 

BOGZSO 1~-DEC-95 21-DEC-95 

S GR ALP/BETA LAL-0060 Hold:16-JUN-96 
S SR-90 LAL-0196 Hold:16-JUN-96 

BOGZ50 19-DEC-95 21-DEC-95 

Page 1 

25-JAN-96 

25-JAN-96 

25-JAN-9 6 

25-JAN-9 6 

25-JAN-96 

25-JAN-96 

25-JAN- 96 

25-JAN-96 

00 12 
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L6090-9 
TEMP 2 
Location: 

L6090-10 
TEMP 2 
Location: 

L6090-ll 
TEMP 2 
Location: 

L6090-12 
TEMP 2 
Location: 
Water 
Water 

L6090-13 
TEMP 2 
Location: 
Filt H20 

L6090-14 
Location: 
Water 
Water 
Water 

'• 

LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (lnOl) 

Dec 21 1995, 01:52 pm 

Login Number: L6090 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

. . 

157 

157 

157 

157 
1 s 
1 s 

157 
15 s 

1 s 
1 s 
1 s 

BOGZ50 19-DEC-95 

BOGZ50 19-DEC-95 

BOGZ50 19-DEC-95 

BOGZ50 19-DEC-95 

C-14 LAL-0209 Hold:16-JUN-96 
TRITIUM (HJ) LAL-0066 Hold:16-JUN-96 

BOGZ51 

6010 ICP METALS 

REPORT TYPE 

EDD - DISK DEL. 
INORG TYPE 2 RPT + 
RAD RPT TYPE 2 

19-DEC-95 

Hold:16-JUN-96 

21-DEC-95 

Page 2 

Signature: 

Date: 

21-DEC-95 25-JAN-96 

21-DEC-95 25-JAN-96 

21-DEC-95 25-JAN-96 

21-DEC-95 25-JAN-96 

21-DEC-95 25-JAN-96 

21-DEC-95 25-JAN-96 

001 3 



REQUES-L b O '1 o Page_l_of __ l _ 
Bechtel Hanford, Inc. CHAIN OF CUSTODY /SAMPLE ANALYSIS 

Data Turnaround 

0 Priority 
Coll:ror 

,::-~11 J 6~,,., Company Cont ac t Tel ephone • Normal . ;?,--;,-_~, i3 Bob Raidl (509) 37 2-9641 

Project Designation Sampling Loc at ion SAF No. 
100-HR-3 Groundwater Sampling, Round 10, Phase 1 100 H 896-047 

Ice Chest No . Fi eld Logbook No. Method of Shipment 

s. FL /(.;,I !I Federal Express 

Shipped To Of fsi te Property No. Bill of Lading/Air Bill No. 
Lockheed \.V':I e)-O· OG:.i'-10 -11 & c1 0 i.fu 1'6 a Lf 1 
Possible Sample Hazard s/Remarks 

Prese rvat ion 
HN03 Cool 4 ° C H,so. • 1 H,so. HN03 Cool 4°C Cool 4°C HN0 3 

Type of Container 
... ~ 

G G P/G p P/G P/G G P/G GD"-, 

No . of Container(s) ::...>..:. 
1 1 1 1 1 5 1 1 1---!:'" 

Special Handling and /or Sto rage --Volume -t= 
Maintein samples between 2°C and 6°C. 500mL 500mL 500mL 1 L lL lL lL 20mL 5001J1L 

ICP Anions IICI N02 - Sulfide Ammonia Gross Tritium, Activity ICP -~ 

Metal s 
. Cl. SO,. N03 Alpha, C-14 Scan M etalu, 

S AMPLE ANALYSIS 
NO,. NO,. 

(Filtere (Unfilte r- PO, Gross 
ed) Beta , 

Sr-90 

Sample No. Matrix' Date Sampled Time Sampled 

BOGZ50 w I:).. . ,-:-, · c; 'I - ; '<., S0 -/ -~ y 'x: ~ ~ ~ / :' 

BOGZSl w / 2. l<t <,; ,- /3-~o ~ 

SPECI A L INSTRUCTI ON S Mat11K • 
CHAIN OF POSSESSION Sign/Print Nam es • 1 Zn A c +NaOH s • S011 

Relinquished By Date/Time /4 :~ ~ ,~e~U1ffi (:°/Z<'. Date/Time /C/ J 2.. 
SE • Sediment 

Sample analysis fo r phosphate, ni tra te, and nit ri te by EPA 300.0 is being SO • Solid 

f?. ~ r, (")/7 :... Ip, £ .J. u. -~ J 2- I ,~ K ~ 7/ ~ , ,, Bv./.1-lt ~ I 2-H-1; ., SL • Sludge 
requested for information only . The ERC Cont racto r acknowledges that the 48- W • Water 

~~ c-...o---Dete/Time I o</c-o l)(eceived By Date/Tim e 
hour holding t ime will no t be me!. 

0 • 0,1 

'/ "%, r:St •//.,-r,k.., IZ-20-,' r " A • Air - OS • Orum Sohds 

¥ ~ eli nquished By Date/Tim e Received By Date/Time The A c tivi t y Scan is for all samples listed on this chain of custody . D L • Orum L1qu1ds 

~ 
T • Tissue 
WI • Wipe 

Relinqu ished By Date/Tim e Received By Dat e/Tim e L • liquid 
V • V ege tation 

V , - X • Other 
I 

--...(' LABORAT ORY 
R~ Byo -~~ Title Date/Time / 

~ b SECTION 
• A (_, • ,\:-, <::.,~ rv, tJ L P ( d fT ,1 / )1~ v, / l '- :) I - r, C ? .. ";'><;'" ,s,. 

_.FIN A L SAMPLE Di :!posal lv'lethod 
, 

Disposed By Date/Time/ 
~ DISPOSITION 



SAMPLE CHECK-IN LIST 

WHC-SOW;-93-0003 
Revis ion 4 · 

Date/Time Received: /J.-Ji-95 /7 : )5.--"'t--, 
7 

SOG#: -..L..<....J~------
Work Order Number: ,-1 S AF I: / 3 9 h ~ 0" 2 .. 
Shipping Container ID: ·f 1f--(O Chain of Custody I t~ --"-...........,_ ____ _ 
1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Custody Seals on shipping container intact? 

Custody Seals dated and signed? 

Sample temperature ----~J_0_c✓ _____ _ 

Vermiculite/packing materials is 

Each sample is in a plastic bag? 

Sample holding times exceeded? 

Yes [xJ No [ ] 

Yes [)(] No [ ] 

Wet [ ] Ory [xJ · 

Yes [zj No [ ] 
fc J I ~-tr•','5 

Yes kt- No (x] 

Samples have: 
tape --x custody seals 

hazard labels 
===appropriate 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(,\_] 

Notes: 

~--------------

No [ ] 

33 

0015 

( ~ o I --;Ci(p 



9613Lt44.0559 

LOCKHEED MARFIN 

Sample Login 
Login Review Checklist 

Lot Number I, 6 c Q o 

The login review should be conducted by that person logging in the samples as well as a peer. Please use this checklist to ensure 
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 may 
be omitted. 

SAMPLE SUMMARY REPORT YES Nil N/ A Comment 

1. Are all sample ID' s correct? 4 

2. Are all samples present? .2t_ 

3. Are all matrices indicated correct! y? X 

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

_ .. 5. Are all analyses logged in for the correct container? 2s;_ 

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

LOGIN CHAIN OF CUSTODY YES Nil NIA Comment 

1. Are the collect, receive, and due dates correct 
for every sample? _¼_ 

2. Have all appropriate comments been indicated in 
the comment section? 4 

SAMPLE RECEIVING CHECKLIST 

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

.YES Nil N/A Comment 

•• lfib_e[k,~ 
primary review signature · 'scconda.ry review signature 
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Lockheed Analytical Services 
Sample Receiving Checklist 
Client Name: Ro~ 11- -t.Pt - J/n.,, /4,~/) 
COOLER CONDmON UPON RECEIPT 

Temperature of cooler upon receipt: j 0 
( ' 

temperature of temp. blank upon receipt: 

custody 11Cal1 intact 

chain of custody present 

bluo ice (or oquiv.) preaem/fro:zai 
rad survey completed 

SAMPLE CONDITION UPON RECEIPT 

all bottles labeled 

aamplea intact 

proper container used for aamplo type 

sample volume sufficient for analysis 

proper pres. indicated on the COC 

VOA' • contain headspace 
are aamplea bi-phuic (if ao, indicate sample ID'S) : 

MISCELLANEOUS ITEMS 

samples with short holding timea 

samples to subcontract 

ADDITIONAL COMMENTS/DISCREPANCIES 

/ ~ r-----. 
Completed by / date: / o. /J t , .. j ri ~' A 

-
Sent to the client (date/initials): 

Job No. 

,_ 

Yea 

)( 
X 
x.· 
)/' 

' 

Yea 

)( 

x 
;< 
-~ 
::x.. 

Yea 

.>t 

/~-)/ 

Hota: • • coatACt Ibo •pproprulo CSR of uy dierepaac/u ima,c,JuWy upoa roceipt 

L {: u 9 () Cooler ID: ✓,, r:J. 

No • Commc:nta/Dilcrepuciea 

No • Commenta/Dilcrepuciea 

/ ---1 _ ,s:( 
/1 .,.c 

No • Commcnta/Dilcrepanciea 

~,, · -,1...4 _ 1- o/ _,. /-,., .• ... .,,:,,,..,r , 
c./,.AJ 

~9- ( .-
•• Client's signature upon receipt: 

_. • p/utJO rrwlow tbi• illfonmtlco ADd rr:tum t'U hcllmiIJc to tbt> •ppropriato C!,R (1(12) 361-1146 ·:- . 

0 
0 .. ... 
-....1 
version 2.0 (11/11 /94) 

Page 1 of 



BOGZSO 

BOGZSl 

REPORT TYPE 

961344~~0561 
Lockheed Analytical Laboratory 

SAMPLE SUMMARY REPORT (su02) 
Bechtel Hanford, Inc. * Richland, WA 

L6090-l Water 
L6090-2 Water 
L6090-3 Water 
L6090-3 Water 
L6090-3 Water 
L6090-3 Water 
L6090-3 Water 
L6090-4 Water 
L6090-5 Water 
L6090-6 Water 
L6090-7 Water 
L6090-7 Water 
L6090-12 Water 
L6090-12 Water 

L6090-13 Fi lt H20 

L6090-14 Water 
L6090-14 Water 
L6090-14 Water 

SCREENING 
6010 ICP METALS 
300. 0 CHLORIDE 
300.0 NITRATE 
300.0 NITRITE 
300.0 PHOSPHATE 
300.0 SULFATE 
353.2 NITRATE 
9030 SULFIDE 
350.1 NH3/N 
GR ALP/BETA LAL-
SR-90 LAL-0196 
C-14 LAL-0209 
TRITIUM(H3) LAL-

6010 ICP METALS 

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

00 .18 



96 I 3L~44 .. 0562 . . 

LOCKHEED ANALYTICAL SERVICES 

Sample Results 

!Client Sample ID: BOGZSO jDate Collected: 19-DEC-95 

!Matrix: Water !Date Received: 21-DEC-95 

!Percent Solids: N/A 

Constituent ···· 
:•. 

: ··.··· . ·.-: :.::· ; ·.·.· 

. · .. ,.•:··:: · .. ,.,:.•::•,::=::,• 

Uni ts Method ••= Result Pfoject / \ . Data Date 
Re·por·t i r)9 Qualifier( s) .,.Anal::yzed · · 

.=- _L i.mft·)===· ,= .. ,;:: . . 

-LAS> LAS -.-: 
BatchjID .. Sample jID .> 

Chloride mg/L 300.0 2.2 0.020 21 -DEC-95 31784 L6090-3 

Nitrate-N mg/L 300.0 0.60 0.020 21 -DEC-95 31781 L6090-3 

Nitrite-N mg/L 300.0 < 0. 002 0.010 u 21-DEC-95 31782 L6090-3 

Ortho Phosphate mg/L 300.0 < 0.020 0.10 u 21-DEC-95 31783 L6090-3 

Sulfate mg/L 300.0 14. 0.10 21-DEC-95 31785 L6090-3 

Anmon ia Nitrogen mg/L 350.1 < 0.040 0.050 u 10-JAN-96 31872 L6090-6 

Nitrate-N i trite-Nitrogen mg/L 353.2 0.51 0.050 09-JAN-96 31874 L6090-4 

Sulfide mg/L 9030 < 1.0 3.0 u 23-DEC-95 31829 L6090-5 

0020 
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LOCKHEED ANALYTICAL SERVICES 

Sample Results 

!Client Sample ID : BOGZSO !Date Coll e cted : 19-DEC-9 5 

!Matrix : Water !Date Rece ived: 21 - DEC- 95 

!Percent Solids : N/ A 

·. 

oati • Cons ti tuent Uni.ts · Method · Result lDL RD t' •Pata Dilution LAS,> 
.·. 

·• • ou.al Anal yi.ed ·Batch 
I · .. 

ALUMINUM , TOTAL mg/L 6010 0. 062 0.027 0. 20 B 1 16-JAN-96 32131 

ANTIMONY , TOTAL mg/L 6010 < 0.055 0.055 0.060 u 1 11-JAN-96 32131 

ARSENIC , TOTAL mg/L 6010 < 0.078 0.078 0.20 u 1 11-JAN-96 32131 

BARIUM, TOTAL mg/L 6010 < 0.016 0.016 0.20 u 1 11-JAN-96 32131 

BERYLLIUM, TOTAL mg/L 6010 < 0.0010 0.0010 0.0050 u 1 11-JAN-96 32131 

CADMIUM , TOTAL mg/L 6010 < 0.0040 0.0040 0.0050 u 1 11-JAN-96 32131 

CALCIUM , TOTAL mg/L 6010 25. 0. 013 5.0 1 11-JAN-96 32131 

CHROMIUM, TOTAL mg/L 6010 0.016 0.0030 0.010 1 11 - JAN-96 32131 

COBALT, TOTAL mg/L 6010 < 0.0040 0.0040 0.050 u 1 11-JAN-96 32131 

COPPER , TOTAL mg/L 6010 0.030 0.0030 0.025 1 11-JAN-96 32131 

IRON, TOTAL mg/L 6010 0.084 0.0050 0.10 B 1 11 - JAN-96 32131 

LEAD, TOTAL mg/L 6010 < 0.074 0.074 0.10 u 1 11-JAN-96 32131 

MAGNESIUM, TOTAL mg/L 6010 9. 1 0.041 5.0 1 11-JAN-96 32131 

MANGANESE, TOTAL mg/L 6010 0.0031 0.0010 0.015 B 1 11-JAN-96 32131 

NICKEL, TOTAL mg/L 6010 < 0.014 0.014 0.040 u 1 11-JAN-96 32131 

POTASSI UM, TOTAL mg/L 6010 4.6 0.40 5.0 B 1 11-JAN-96 32131 

SELENIUM , TOTAL mg/L 6010 < 0.096 0.096 0.30 u 1 11 - JAN -96 32131 

SILVER , TOTAL mg/L 6010 0. 0032 0.0030 0.010 B 1 11 - JAN-96 32131 

SODIUM, TOTAL mg/L 6010 10. 0. 040 5.0 1 11 - JAN-96 32131 

THALLIUM, TOTAL mg/ L 6010 < 0.073 0.073 0.50 u 1 11-JAN-96 32131 

VANADIUM, TOTAL mg/L 6010 0.041 0.0040 0.050 B 1 11 - JAN -96 32131 

ZINC, TOTAL mg/L 6010 0.075 0.0030 0.020 1 11-JAN-96 32131 

•' LAS 
ID Sample ID 

L6090-2 

L6090 -2 

L6090-2 

L6090-2 

L6090-2 

L6090 -2 

L6090·2 

L6090-2 

L6090 -2 

L6090 · 2 

L6090-2 

L6090 -2 

L6090-2 

L6090-2 

L6090 -2 

L6090 -2 

L6090 -2 

L6090 · 2 

L6090-2 

L6090·2 

L6090-2 

L6090-2 
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LOCKHEED ANALYTICAL SERVICES 

Sample Results 

jClient Sample ID: BOGZSl jDate Colle cted : 19-DEC-95 

jMatrix : Filt H2 0 !Date Received: 21 - DEC- 95 

!Per cent Solids : N/A 

Const i tuent 
·•. ·· . xrjt~ ·Method · · .•. ~~s~~j • ·.· . ) D~)t 

i )ROl<•>• hat~• Dilution . Dat:e ·• · .':l AS\>. ·":' t ::As ..... 
. . >> < >) .... I< '"7/ ...... qµak . .Ar,i~{y,zed • Batch •ID. .~amp~e l D • 

ALUMINUM, DISSOLVED mg/L 6010 < 0.027 0.027 0.20 u 1 11 - JAN-96 32132 L6090- 13 

ANTIMONY, DISSOLVED mg/L 6010 < 0.055 0. 055 0.060 u 1 11 - JAN-96 32132 L6090- 13 

ARSENIC, DISSOLVED mg/L 6010 < 0.078 0.078 0.20 u 1 11 - JAN -96 32132 L6090- 13 

BARIUM , DISSOLVED mg/L 6010 < 0.016 0.016 0.20 u 1 11-JAN-96 32132 L6090- 13 

BERYLLIUM, DISSOLVED mg/L 6010 < 0.0010 0.0010 0.0050 u 1 11-JAN-96 32132 L6090 - 13 

CADMIUM, DISSOLVED mg/L 6010 < 0.0040 0.0040 0.0050 u 1 11-JAN-96 32132 L6090-13 

CALCIUM , DISSOLVED mg/L 6010 28. 0.013 5.0 1 11 - JAN-96 32132 L6090-13 

CHROMIUM, DISSOLVED mg/L 6010 0.0092 0.0030 0.010 B 1 11-JAN-96 32132 L6090-13 

COBALT, DISSOLVED mg/L 6010 < 0.0040 0.0040 0.050 u 1 11-JAN-96 32132 L6090- 13 

COPPER , DISSOLVED mg/L 6010 < 0.0030 0.0030 0.025 u 1 11-JAN-96 32132 L6090-13 

IRON, DISSOLVED mg/L 6010 < 0.0050 0.0050 0.10 u 1 11-JAN-96 32132 L6090-13 

LEAD, DISSOLVED mg/L 6010 < 0.074 0.074 0.10 u 1 11 - JAN-96 32132 L6090- 13 

MAGNESIUM, DISSOLVED mg/L 6010 9.9 0.041 5.0 1 11-JAN-96 32132 L6090- 13 

MANGANESE, DISSOLVED mg/L 6010 0.0023 0.0010 0.015 B 1 11-JAN-96 32132 L6090-13 

NICKEL , DISSOLVED mg/L 6010 < 0.014 0.014 0.040 u 1 11-JAN-96 32132 L6090 - 13 

POTASSIUM, DISSOLVED mg/L 6010 4.9 0.40 5.0 B 1 11 - JAN-96 32132 L6090 - 13 

SELENIUM, DISSOLVED mg/L 6010 < 0.096 0.096 0.30 u 1 11-JAN-96 32132 L6090 - 13 

SILVER, DISSOLVED mg/L 6010 < 0.0030 0.0030 0.010 u 1 11- JAN-96 32132 L6090- 13 

SOOIUM, DISSOLVED mg/L 6010 11. 0.040 5.0 1 11-JAN-96 32132 L6090- 13 

THALLIUM, DISSOLVED mg/L 6010 0.10 0.073 0.50 B 1 11 - JAN -96 32132 L6090 -13 

VANADIUM, DISSOLVED mg/L 6010 0.043 0.0040 0.050 B 1 11- JAN-96 32132 L6090-13 

ZINC, DISSOLVED mg/L 6010 < 0.0030 0. 0030 0.020 u 1 11 - JAN-96 32132 L6090- 13 
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LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc . * Richland, WA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Cl ient Sample ID: BOGZSO LAL Sample ID: L6090 -7 

Da t e Col l ec t ed : 

Mat r i x: 

Cons t ituent. 

Gross Alpha 
Gross Beta 
Total radio- s trontium 

19-DEC-95 

Water 

08- JAN -96 GR ALP/BETA LAL-0060 31926 
08-JAN -96 GR ALP/BETA LAL-0060-31926 
10-JAN -96 SR-90 LAL -0196_31937-

Page 2 

-0.18 
3.4 
-0 .72 

Date Received: 21- DEC -95 

Login Number: L6090 

0.90 
1.5 
0.86 

2.0 
2.2 
1.6 

C pCi/L 
pCi / L 
pCi/L 
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C-14 
H- 3 

LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc . * Richland, YA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Cli ent Sample ID: BOGZ50 LAL Sample ID: L6090 - 12 

Date Collected: 

Matri x: 

19-DEC-95 

Yater 

29-DEC-95 C-14 LAL-0209 31920 
08-JAN-96 TRITIUM(H3) LAL-0066_31944 

Page 3 

10. 
20 

Date Received: 21-DEC-95 

Login Number: L6090 

72. 
220 

92. 
270 

pCi/L 
pCi/L 

0050 



Continued From Page ___ _ 

1,1 ' . I I I I I I I I 

SECONDARY/WORKING LEVEL -
- STANDARD DILUTION RECORD 

-
- Dilution Source Information -
- Isotope: AM-2'x'I m,J. Sv:i/-90 
- AJ. o0 3 0 A/lo D¥' Parent Barcode Number 
- .:i: ,.~ :J j''( -l,x>-1 .... - 2'{( 

,__ Vendor or Certificate 1.0. # of Parent Standard: Sv-~- '!~ }J.:,:.Jr S ~ ,-< 'i 'l 11 G. 

A,., -l "I 11 -o 2-2-,-<.. .:,-/ 
- Diluted Source Logbook 1.0. #: S'>-'f. ~., ~H - o 'l.-2 5'- -:Jv -i. 
- ¼~ Balance Verification?: -
- Diluent Used: 6, /N /fl1J03 

Dilution 
.,_.. 

'/1..,{J S-(i14,)j._c ·Diluent: 0, JN ll N0 3 ..-r -
- • Density of diluent (g/ml): N /J, 

A,..-2'{1 9~,~fe,;/,...z: -
a: Parent Specific Activity: 5,.. - 9 0 to,:>~ ~c-/4. L_ ~ t;/1/qo ,__ 

A"" --:i "'f O,S1i--. L 
- b: Amount of Source Transferred: s..--qo O,( -9-l"tL 

-
500 

~L 
c: Total amount of Dilution: _g._ 

-
d : Total Volume of Dilution: ,s:oo '°' L -

- e: Activity of Dilution la • b / cl : /JA 
f/,9I f e.:,/,...L - A-.-2vt 

u,l9o f: Activity of Dilution (a • b / d): <;:,r '/..- t'/o 11 pal-L I"-"'-' -
- Dilution Logbook 1.0. #: 'l_S- - 1 1 / - l 3 - l 
-

" 
- .l(t~ 1/,z. J /9 s-Prepared By: Preparation Date: -

g;o.,4.,£ - Reviewed By: Review Date: Sfz.4 /9.5 , 
- : 

"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 ·r I I I I I I I ·, I I I 

Read and Understood By 

.oo 6 3 

Signed Date Signed Date 

-



) / ~. - ' ' ...,..._.._, 1 / - (J -'--'- ) - 1c> ·. , - I 

CERl'IFICATE OF CA1.IBTlATION 
. ALPHA STANDARD SOLUTION 

Radioauclide Am-241 Cus&omer. LOCKHEED ENGINEERING & SCIENCES Co. 
Half Life: 432. 7 ± 0.5 years 

Cawoa No.: 7241 

Sowco No.: 381-1~1 
n--;....,_ of LI. L~ .......... ..,..... .. =--v-

a. M111 of 10lwicla: 
b. Cbcmical form: 
c. Curiar 000,.,. 
d. Oemiay: 

P.O.No.: 061..AB1245 

Reference Dare: November 1 1991 
Coa&eined ~vicy: 0. 997 

5.0007 
AmC13 iD 0.5N HCl 
NOGleddld 
1.0077 

11:00 PST. 

,,.a. 

paa1.ae»-e. 
Redioi+¥+._ 

Rrti- tich C• • 4i-ll 
0.1994 

.,.,,. al CeUil -4i+e 

Ua.rt . iJ ol M t 

L S)'IWPl«ic: llm:lll'Wllly ia illllnumal ca1ibnaiaa: ±2.0S 
b. Rudom ~ iD uaay: ± 0. 7 S 
c. Rendoe IWllia&y ia 'Mliakial(a): ±0.0S 
cL To&II --..Y 11 .. 991J oonfidec:e 11¥11: ±2.715 

NJSI' T,a 'JitJ 
1'1lil ca1ilnliaa ii impticidy ncabla IO lbll Nlliaal,I (nerinM ol Sladadl ead T• he"9a. 

N-. 
I. Nuclw dala w-. llta &aa "Table of (IOlopll•. SMw1e Fdicia, 4ldilld bJ Viqiaia S. SbirleJ. 
2. IPL pmiripew ia • NlST ...........- llllll'm propaa lO tllllllilll lDll nwm«aie implicu 

1n1:11.aH111:'lity b • r tx -of nuclidee, bwd OD Iba bliDd -Y<• Leier NIST c:erti6cllim) of S&udad 
Kel--CII~ 1 ...... , .. (Aa ia NRC hp1eay Guide 4.15) 

I 1G • 'JUDD 

o cr-e 4 

'----------- -



96 I 3444 ~ 0.5 r 
1 

1$1$ A PHOTOCOPY Of THE CERTIFICATE 
WHICH 1S BEING MAilfO TO YOU UNDER 
SEPAAATE coveR. 

National lrn~titute of i,tanbarbsr &: ~ectJnologp 

<ltertif icate 

StAndard Reference Material 4919-G 
Radioactivity Standard 

Radionuclide Strootium-90 

4919-0 Source identification 

Source description 

Solution compmitioa 

Solution in NIST borolilicate-pa ampoule <1>• 

Strontium-90 pl111 yttrium-90 plus apprmimatdy 
95 1.&I each of aoa-ndioacti¥e strontium 81111 
yttrium per ....... ~ 1-moiar bydrochJoric .. (2) 

Radioactivity conceotratioa 

Reference time 

Overall uncertainty 

Photon~mittin& impuritia 

Alpha-particle~mittin1 impuritia 

Half life 

Mcaamiq imtrumcnt 

Approximately 5.0 paa11 

4.514 x lo' &I r' 
1200 EST AuplC 1, 1990 

1.05 percent <3J 

None ot.ened C., 

Nooe omened (S) . 

28.5 ± Q.2 yean (Wt 

4'rfJ liquid-Kiatillatioa counter 

This standard reference material w prepared in the Center b Rdarion ~ bizin1 Radiation 
Division, Radioactivity Group, Dale D. Hoppea, Group Leader_ 

Gaithersburg, MD 2~ 
· -:ruary, 1991 

. 
William P. Reed, Adina Olief 
Office of Standard Reference Materials 

-

00 66 
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Radionuclide 

Half Life: 
Catalog No.: 

Am-241 

432. 7 ± O.S yean 

7241 
Source No.: 388-1~1 

DeacriptiOII of SobiCicm 
L Mau of solution: 

b. Chemical form: 
c. Carrier contea.t: 

d. Demity: 

Rectioinpriti,w 

Rectimertide Ooamt«••• a 

Mdbod ol Nihrwicw 

Customer. LOCKHEED ENGINEERING & SCIENCES Co. 

P.O.No.: 06LAB124S 

Rcfermco Dato: November 1 1991 12:00 PST. 

Contained Radioactivity: 0.997 ~-

S.0001 
AmCl3 ill O.SN HCl 

NODD added 

i.oon 

Nooo detected 

Nono detected 

0.1994 

Weighed aliquots of the solutim were wayed usin, a liquid acintiU•ticia COUDlet. 

Ummaiaty ofM ---
L Systematic uncertainty ill iDstrumea& calibratioa: ±2.0~ 

b. Random uncertainty in uaay: ±0.7~ 

c. Random uncertainty ill weiabilll(a): ±0.0~ 
d. Total uncertainty at the 99~ cxmfidm level: ±2.7~ 

NIST T,.,.,,...,. 
Thia calibratim ia implicidy tnceab&. to tbe Na&ioaal Imtitute of Stenduda 1114 Technology. 

Noe. 
I. Nucleer da&a wore tum from "Table of 1aotopm•, Seveadl Edition. edited by Virpua S. Shirley. 
2. IPL puticipuea ill m NIST IIIWURllllell& auunnce program to eatabliab 1114 maintain implicit 

tnceability for a DUIDb.-:of naclidec, hued oa the blind uay(eod lat.- NIST catiinricm) of Standanl 
R.o&nnce M.Meria&(Min NRC Reau1atorY Guide 4.15) 

~-· ·.-r::: :., ... 4 ; . - ~- .- .. \-. -.: • ..t.; 
~ - ,-;_-,.· 

. l3orOPB PllODUCl"S LABOltA'l'OlUD 
1800 Na Key .... san.. .. 
-1-it1r..., Cati'1,nia, 915CM-

143 -7000 
00 68 



Radionuclide 

Half Life: 

Sr-90 

28.5 ± 0.2 ye.an 
7()1)() 

Customer. LOCKHEED ENGINEERING & SCIENCES Co. 

P.O.No.: 06LAB124S 
Catalog No.: R.efermce Date: November 1 1991 12:00 PST. 

Source No.: 388-99-2 Contained Radioactivitv: 1.018 ., µCi. 

Deecriptioo of Solntioo 
a. Mass of solution: 

b. Chemical form: 
c. Carrier cxmtmt: 

d. Density: 

Rectioiqmirirw 

5.0012 

SIC12 in 0. lN HCl 

Noooadded 

0.9996 

Nooe (Y-90 daughtec in equilibrium) 

Y-90 daughter in equilibrium 

0.203 

Method of Calilnrioo 

Weighed aliquou of the solution were assayed using a liquid scintillatioa counta. 

Um:atainty of Mw:cw:a 
a. Systerneric •mcertainty in instrument calibratioo: 
b. Random uncertainty in assay: 

c. Raodom uncertainty in weighina(a): 
d_ Total uncatainty at the 99% coo6dc::orA, level: 

NIST Tn;cwe&y · 

±1.5% 
±0.5% 
±0,0% 

±2.0% 

Thia' calibntioo ii implicitly traceablo to the Natioml lmtibltc 'lf Staodarda and Teclmalogy. 
Noa 

1. Nuclear data wac tum from "Tablo of 1.sotopea•, Seventh Editioa, edited by Virginia S. Shirley. 
2. IPL puticipatea in an NIST meuuremmt uswm program to establish and rnaintaio implicit 

traceability for a numbm- of nuclidcs, based on tho blind assay(and later NIST certi6cation) of Standard 
R.e~Malc:rialL (Aa in NRC RepJatory Guide 4.15) 
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,-, l"-'"" _.....,. --~ 
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SECON6AR 
STANDARD DILU ION RECORD 

Dilution Source Information 

lHt,1y) (Z!l•l~T 

!..l..;A "'1.:·~2:...:.4 ',;___~{--=~;..../L..JjL.-,;;..50 _ _.,;..._;f..\S Isotope: 

Parent ~umber 92. ·35.3- Bl•\ C 
I 

Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook 1.0. #: 

Balance Verification? : 

Diluent Used: 

Dilution 

•Diluent : 

•oensity of diluent (g/ml) : 1,02,.~0 g/ml 

a: Parent Specific Activity: 

~.1..-o\\ ~,-,0 ·,j 
1002,. ~ ;_lf~-i. pCi/g 

b: Amount of Source Transferred: 4.010 ' ... 4.°"'5 g 

r._.. c: Total amount of Dnution: 

f· d : Total Volume of Dilution : 

500.0\ g 

e, l/5/9f, 

e: Activity of Dilution [a • b / cl: 
Al\•Ul ~,l'l - C)o 

8,((, 8.\~ pCi/g <!- 1/5/ 96 

f: Activity of Dilution (a • b / d): S·•O pCi/ml 

f·- Dilution Logbook 1.0. #: 94- (U,11 . <}3-1 I ---'-.a.-...;;;..;;:a....:....,___;_:;._._.....:.__ ________ _ 

• 5-(-/'f .Jo...:,~,\;'-:...-.. A<.t-i-.,;~ rt..f•rtid. i: tc.Acrw" ~ C,o ~,Ji~,~ '1C Z.. 

Prepared By: q=1c-1J- Preparation Date: 1/5/% 

. Reviewed By: ~ :ll.1l,,...... Review Date: 

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

can be performed without a density conversion. If the diluent changes, a weighted proportion density cor.,"on is necessary. 
11ead and unaerstooally 

1age 

00 70 
Signed Date Signed Date 



..,..., ,, . , .,. ;,,. """ ,, ..,, , , , I 0 "~ -----

•.· ... · .. ·. ·. Standard Information: ··=\ •.· 

Isotope: Svr. 90 Vendor: i-~I~ 

Activity of Standard Received: 
l • C>IS 

uCi Vendor 1.0. I ~}- -
Weight of Standard Received (g): !i . 0012-, g LAL 1.0. I: <;ii~(b40 
Standard Activity (pCi/g) : 2.o~r::,; pCi/g NIST Traceable 7 'l~.s 

Halflife in Years or Days: 2~-l vrs Certificate I: 36B-99- 2.. 

Reference Date: l\{1/91 Receiver's Name: F=P.cc 

Date Received: 12../ .91 

Primary Dilution · 

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 I: 

f: Calculated Density of Solution (g/ml) [c / di: 

g: Activity of Dilution by Volume (pCi/ml) [e • fl: 

h. Dilution Logbook 1.0. I : 

Prepared By: Q. 7 C.. 4 _Q. 
Reviewed By: w ~...,_ 

Purity/Cross Check Performed By: --------

Signed Date 

' I,\ 

, . 5% 

IOQ.O\ 

9 '1, I ml 

~l 2.'5 . 0 ~ l 5 ,9(., 

/ml 

Ci/ml 

- 9~-1 

Preparation Date: _1 ... / s_,/...,9 .... G. ______ _ 

Review Date: LA-/ If ' 

Check Date: --------

Signed 

007l 
Date 



~ontlnued From Page ____ _ 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: 5r·SO 

Parent Barcode Number 

Vendor or Certificate I.D. # of Parent Standard: - 9 '• . ¢~ j) - 9 I • ~ 3 ee, - .99 - 2 

94 - 0,.,1-:,1 · I Diluted Source Logbook 1.0. #: 

Balance Verification? : 

Diluent Used: 

Dilution 

•Diluent: \ ·O M li~Ch 

•oensity of diluent (g/ml) : \,02.~D g/ml 

a: Parent Specific Activity: .,, 2.5. 0 pCi/g e ) 1/5/9tp 
b: Amount of Source Transferred: 4>.012. g 

c: Total amount of Dilution: 10<3,10 g 

d: Total Volume of Dilution: \O<-> • G,\ ml 

e: Activity of Dilution la • b / cl : Qoo• 09 ~ pCi/g 1/5/9(o 

f: Activity of Dilution (a • b / d): 514,<o pCi/ml 

Dilution Logbook 1.0. II : ~ 4 · Cb <eJ 1 - 9 2. - I 

_ __ Prepared By: Preparation Date: I/ 5/!}1. 

Reviewed By: Review Date: 

•u the diluent remains unchanged from the diluent used for the dilution sou rce, 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 

0072 
Signed Date Signed Date 
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Continued From Page __ _ 

ISOTOPE DILUITON RECORD '"°r+ = fttn-24- I 
Secondary/Working Level Dilutiog 

Date: if-A -13 Preparer's Name: & . U} ®cf
Pipet Check / Balance Wt. Check Done ( o.l) 

Diluted Source ID Oog#): Cf. (--22..5"- b D - ( .-

Diluent used: 0 · t; N H C J 

A: Source activity: 2110 c) J.p,,, /3 ( '1771-- r pCi h ) 
B: Amount of source transferred: /0 · 323£" ~ 

C: Total amount of dilution: (Do · ( o 2 '} r 
D: Activity of dilution (A*B/C): 2 237, ?o dprn( r 
E: Density of Diluent: /, 0 C / 0 j / nt-R.., 

t F: Activity by volume (D*E): 2 2 '-/-tJ , I tf d..p tY'I / ~ 
I 

~ 
Dilution Log Book ID: .f/2 335' - 92. r 3J;3- i" /-,,-,-

Reviewed by: ~ Date: 'f (7 /f 3 

it,_ t ,,, 73 
Date 



Description 

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

Nuclear Radiation Aueument Division 

Calibration Certificate 

t\ C. S~) I 

\<_ '.'-) 
.,--. 

Halt •••••! 28 6 . . years 

2 7 ! I nano c ...... j 
5 I "",n • .._...e,_,._ ""-•l.__9_4_0_0_3_-_l _____ _. 

Measurement Activi1y of p,incipal radionuclide 

Useful Ufa 

~....,,- ....... , ........... 
5. 40 ! ( nano c.,,, .. j .i ( Strontium-90 

.,ocoo......,,,sT-1 April 1, 1994 

Actrrity of daughter radionuclide 

__ s_._4_0_ ... 11 nana--1 ........ 

., ............. ....-.. I Yttrium-90 

Tocel mass of this eofutioft 

I Approximately 5. 0 ·-I 
Method of musuremenc · 

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. 

TM,.-., d·•• .._ ...,_ _...,_ ~ hallliooeeeiolceil••-•--lMSl•I.V 

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. 

. 008 1 



Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remarks 

AeviMd1/84 

9613444.0577 

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

Im I less than I 
equal to % I of the principal act1v11y 

1,2, I less than I 
equal to " I of the principal activity 

1<3) I less than I equal to % I of the principal activity 

The activity of impurity (1) is not (2) 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 • standard error (sm) not great• than ! I O • 1 % I 
(The 99.7" confidence limits are given by t(am) where t ii olained from the student t factor 
for the degrN of freedom (n-1 )). 

The maximum uncertainty due to the ass .... ble systematic errors (dilution. counting. and 
known uncertainty of the standard) is obtained by the separate arithmetic summation of the 
positive and negative systematic error ( + & - & • ). TheM hav. bNn estimated no1 to exceed 

1•3.s "lor 1-3.s "' 
the overall uncertainty (often called accuracy) is an ntimate of the possibte divergence of 
the quoted result from the true value. It ii a combination of random error [ t(sml] at the 99. 7% 
confidence limits and the worst cue estimate of the systematic errors ( + cl • - cl • I 
Th• overall uncertainty is therefore calculated on the buie of• [team)+&]. - [t(sml +6] 
and is ( + 4. O "'. I- 4. O "lot the quoted radioactive concentration. 

Thia standardization is baaed on the following usumptiona al the principle nudide. its 
daught• nudidn and impurities (no allowance for error in tMM aaumc,cion1 « the 
aaumption of quoted half-life have bNn included in the statement of eccurac:y above). 

Strontium-90 decays 100 percent by beta emission to 
yttrium-90. Yttrium-90 also decays 100 percent by 
beta emission. 

cam. content per gram of aotution: 

30 micrograms strontium 

Preservative: 

Date Certificate Prepared 

~oval Signature 

Other componentl: 

0.1 M HCl 
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Cont ,n1.;ed From Page __ _ 

INITIAL STANDARD DILUTION RECORD 

Standard lnformatron: 

Isotope: - 0 Vendor: 

Activity of Standard Received: ~ uCi 

Weight of Standard Received (g): !5 · 0 g LAL 1.0. I: --=-----=----1 

Standard Activity (pCi/g): 

Halflife in Years or Days: 

Reference Date: 

Date Received: 

Primary Dilution 

Balance Verification? : 

Diluent Used: O· lM 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/g) (a • b / c ): 

f : Calculated Density of Solution (g/ml) [c / d): 

g: Activity of Dilution by Volume (pCi/mlt le • fl: 

Ci/ 

ml 

!S31 -
/ml 

Ci/ml 

., ) '" q 

--13~ '-/1~ -<fl.- I 
h. Dilution logbook 1.0. I: _j~b--::4:i-~t:-::--.;i--f--~:._ ~It+ 1 

Prepared By: ~ 0 frly Preparation Dato: G ,, , ~ ' 1 t\: 
\ _ Reviewed By: 9f- W;..., Review Date: ~/3 o!_~ 'I 

Purity/Cross Check~rformed By:________ Check Date: _______ _ 

~ .... .. ,_. 008 3 

Signed Date Signed Date ... 



No tecoo ~ No. _ ___ _ 
Col"' t1n~ed From Pa; e ____ _ 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilut ion Source Information 

Isotope: Sr-<fo 
{(ef . lf -I _q 'r 

Parent Barcode Number 

Vendor or Certificate 1.0. # of Parent Standard : EfA: Jt/OO 3 - / 

Diluted Source Logbook 1.0. :: 93-4-7± -fl -( 
Balance Ver ificat ion? : 

Diluent Used : ~ .f N H c 1 
J 

Dilution 

• Diluent : ~-, t1 Hc_J 
•Density of diluent (g /ml) : ;J/(t . 
a: Parent Specif ic Activity : 

I I 

.53(, · tf'/- pG:/mL 
b: Amount of Source Transferred : 5 -oo I 8' g 

c : Total amount of Dilution: IOO · 20 g 

d : Total Volume of Dilution: 

e: Activ ity of Dilution (a • b / cl : 

l I 

tl!A 
i 

f : Activity of Dilution (a • b / di : 2 6. 78 p----.!C-/--'-/ml~--
Dilution Logbook 1.0. I: 1 'f-017- 44 - \ 

Prepared By ~~ W ~ 
Aev;ewed By, 1f1 fil:,_ _ Aev;,w Date , 

'If the diluent remains unchanged from the diluent used for the dilution source, than a weight dil 

Preparat ion Date: J-2-1f 

can be performed without I densiry conversion. If the diluent changes , a weighted proportion 

Signed Date Signed 
] -

------------------'------ ------------------
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• I 

! 
: 

Strontium Carrier Standardization 

Strontium Carrier ( 10 mg/ml): 

Use commercially available 10,000 µg Sr/ml ICP Standard or equivalent. Alternately, 
Dissolve 24.16 g of Sr(NO3)z 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 I 2 Calib # 3 

Carrier plus 
b~'-5. <a~ "5'70 ,Sb planchet wt. (,-, ~ br,A. c,3 

. 
Tare wt. of b> c:l 8. 2k 
planchet (m,) b~53.5"1- ~ ,ssc,.,, ~ ,-_ -

~ -
Net wt. of carrier 

,~.11" ,a..11- ,~.36 added (mg) 

- - -- -, 

I 
I 

! 
' ., 
I 
1 
~ 

I 
j 
! 

AVERAGE Sr(NO3)2 ± STD DEV. = ___ / ___ ~._·_6 .... 5 ___ -r_o_._6 ...... t; ...... S ___ t_ (o. 6r2.z.5',--:!: o.co4~ · 
pc:r o.5~ ./ 

Expected mg of Sr(N03 ) 2 = cert.value(•lOmgofSr/mL) • 0.5 mL • 2.41 

Within 3% of expected (12.08 mg/0.5 ml) value (yes/no) ---!J-e.=5~---

lnitial and Date: _ __.,@_,.;;.;._..,_{! __ . _....;./i...;;;D ___ - ..;..5"_-_9..___5 __ _ 

tua.ik- ,t,JJ [l>·//·<{5 
Continued on Page 

Read and Understood By 

GEBed Date 

S}yl¼ Wcnf 
Signed Date 

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

~----------- -- - - -- -

.. 
~ . 
.l: 
" l 

I 
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CERTIFICATE OF ANALYSIS 
Catalog Number: 
Element and Matrix: 
Starting Material: 
Starting Material Lot Number: 

PLSR2-3X 
Sr/HNO/H,O 
Strontium c'arbonate 
05941D 

Lot No. G3-153SR 

SrCO
3 

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(NO

3
)
2 

SRM 928. 

2. Instrumentation Analysis By Inductively Coupled Plasma Spectrometer[ICPJ: 10,009 ppm 
via NIST SRM 3153a. 

3. Balances are calibrated with NIST weight sets N .J. #92589 and #92550 according to 
NIST circular 547 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. 

SEP 91 
Date: _____ _ 

'-------l(®~@ID---
~ - - - +- ,· -- . , 1 -- ' .. ::..:..:.....:.fJ 

FAX: 908-603-9647 Q Q 8 5 SPEX INDUSTRIES. INC. 3880 PARK AVE. EDISON. N .J . 08820 908-549-7144 
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CERTIFICATE OF CALIBRATION ~QQl\~ 

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 

Reference Date: November 15 1992 
Contained Radioactivity: 1.093 
Contained Radioactivity: 40.4 

12:00 PST. 

l'Ci. 

kBq 

a. Mass of solution: 5.0242 grams. 

b. Chemical form: Benzoic Acid Carboxy-C-14 in 0.IN NaOH 
c. Carrier content: None added 

d. Density: 1.002 l'ml@ 20°C. 

Radioimpurities 

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 Measurement 
a. Systematic uncenaiDty in instrumenl cahbration: 
b. Random uncertainty in assay: 

±1.8% 
±0.5% 

c. Random uncertainly 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 Institute of Standards and Technology. 

,. 

Notes / 
1. Nuclear data were taken from -Table of Radioactive 1socopes•, edited by V"uginia S. Shirley, 1986. 
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit 

traceability for a number m mx:lides, based OD the blind assay(and later NIST certification) of 
Standud Rmmce Mltaiall (Ai in NRC Regulatory Guide 4.15). 

ISOTOPE PRODUCTS LABORATORIES 
1800 Nortll Keyltalle Street 
Barbuk. Callfonlia 91504 
(818) 843 - 7000 

QUALITY CONTROL 

/VIV- 17_; /7c; Z. 

Date Signed 

• 0095 
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Note0OO1< No. _....;.(_, ~-

ISOTOPE WEIGHT DILUTION RECORD 
ft A? JI t -

Isotope: C - I i Vendor: _ _.;;;==':;....:eL-.._L.;;;__ ___ _ 

Total Received Activity: i . o ct ~ µ.. L ·• 

Wt. Received: __ s-_._u_~_ .. _\ __ g 

Activity in Units/g: __ • ..;;..:;;_..;., 1~5_..,..~;;;;;..,;;'-;;...·•~/....;0__._ 

Vendor 10: "fc 7 - / .:l --f - ,l_, 

NIST Traceab~ Cen. I I,r-,r / « .. , H& 
Reference Date: / f - I 's- - 't ? _ 

Activity converted (dpm/g):_-fi...:~:::...1;;;;;..,,;._'t.:...S~i....__ dpm/g Receive Date: __ 11_./~18--..f .... s, ... L~--
• 

Halflife (Yrs or days) t½ • _ S13 ~ r :±~ ~- Receiv~~~ ~;~-~.:J-~.-~:~:" 
PRIMARY DILUTION: Balance wt. check done f.J::::f 

a: Source activity: 4 ~ 2, , 1 S ~ ) 
dpm/g • (if t ~ • < 1 OOyr decey to prep. date I 

-
b: Wt. of Source transfered: · 4 . 9 0 <-:t S ) g 

Diluent used: _.....;0;;....;..•· ... 1.-N~c~O;...)+i..... ______ _ 

c: Total diluted weight: __ --1.i..:.l-=lo::::..:..., .;::s;...3=----- o 

d: Activity of dilution (a•b/c): __ ;l~o ..... _3,__':i.....,_7:....--___ dpm/g :t. ;;2._ 2. '7Q, 
; 

e: Calculated density of solution: _____ l ... -.... 9-s.....,::2 _____ g/ml 14M HN01 • 1.1294 :t .0007 g/mU 

f: Activity by volume • (d•e): ___ ::i.a:· 111,;Q~
1 
_3_8_B ______ dpm/ml 

33-::i14-J.~-\ / Dilution Log Book 10: Llls i.... -

Preparation Date: i c / ::z..-, / Cf ~ Preparer's Name. ·\>'-,\ · --..... ,-------
---------------
SECONDARY OR WORKING LEVEL DILUTION Balance wt,-check don,-fi 7-----------

, . 
I 

a: Source activity: ___________ """"";....._ dpm/g • (if t>\ • < 100yr decay to prep. datel 

c: Total dDuted welQht: 

___________ dpm/g 

___________ g/ml 14M HNO, • 1.1294 :t .0007 g/mU 

___________ dpm/ml 

Dilution Log Book 10:. _____________ _ 

0096 
I l 

Data 

2 



9613444.0584 
INITIAL STANDARD DILUTION RECORD 

. . ·,. _.·,:, {<:cc, .. ·:·: ..• .··•c::::/){)·:::: ···••··•·•\·'•'··,·· Standard lnfocmatron: . 

Isotope: C-14 Vendor: Isotope Product 

Activity of Standard Received: 1.09 uCi Vendor 1.0. # 

Weight of Standard Received (g): 5 .0242 g LAL 1.0. #: AA0114 

Standard Activity (pCi/g): 2.17E + 05 oCi/a NIST Traceable 7 Yes 

Halflife in Years or Days: 5730 vrs Certificate #: 407-1 24-2 

Reference Date: 11 /15/92 Preparer's Name: Mark Young 

Date Received: 11 /18/92 

· . Primary Dilution ;. . 

Balance Verification 7: 

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 • fl: 

h. Dilution Logbook 1.0. I: 

Prepared By: --------
Reviewed By: --------

Purity/Cross Check Performed By: --------

Yes 

0.1 N NaOH 

2. 17E + 05 pCi/g 

4.90951 g 

116.53 g 

116.3 ml 

9.139E + 03 pCl/g 

1.0020 g/ml 

9.157E + 03 pCi/mL 

LAL-93-047..f-23-l 

Preparation Date: 10/27 /93 -------
Review Date: -------
Check Date: -------

0097 



96134~Y .• 0585 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dlution. Source· Information · • .. 

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 

·)\::>\: :•:/\_:_:.:·· ...... ·. ::.::-:·:·. __ : ./ :·::>: . ::::·:://:,:.:::·•· .. ·· Dlution:::::_. 

•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 [a • b / c]: 

f: Activity of Dilution (a • b / d): 

Dilution Logbook 1.0. I: 

Prepared By: Agnes Wong 

Preparer Signature: 

Reviewed By: 

Reviewer Signature: 

Nanopure w/ 1 mg/ml formaldehyde 

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-9•-0677-18-1 

Preparation Date: 11 /19/94 

Review Date: 

•If the diluent remaina unchanged from the diluent used for the dilution source, then• weight dilution of e volume unit source 

can be performed without e density conversion. If the diluent chengH, • weighted proportion density conversion is necessary. 

0098 
P_ 
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SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: C- llf 

Parent Barcode Number 4A O l) f 
• 

Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook 1.0. #: 

Balance Verification? : 

Diluent Used: 'P Pr u.J<l.-k-v ib I ~ /,...,1.. Cn-~ a,1,. tta.P I ~~___:..;~a~, .l,CI.. 1' ~ ~ I <f I 

Dilution 

I 
_fJ ...... rc1;tc----+f)fJJ....,\.L _______ 1.JJ ..... s""""""/.w~_w_~ _ __.,/ ___ r,t.z~/i~r,,£ ~ r... I 1' ,, ~ 

- __ :-+-',IB..._...z.--___ ~_1_ T'l ~ Jo. I 
•Density of diluent (g/ml) : I-:!..- g/ml 

i r.17 -, ti .,~ .,,.,,_ ,~_,f.Jl;" 

•Diluent: 

a: Parent Specific Activity: ~ · 2 I ~C(;,_C, ...... ,....,;3'--J _o_· __ __,:;@g;;..;;,......;,_ • .-.......,.P;...;6:~·+,,l,l,.~t.9-~ __ 
( 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~ 

tJ IA 
t 

rJ)q; ·/0 

g 

g 

ml 

pCi/g 

pCi/ml , 

7 
Prepared By: ~ W 0( Preparation Date: 

Reviewed By: ~,C, jlt:1_:,, = Review Date: 11,)t1. h• 

'If th• diluent remein1 unchanged from the diluent used for the dilution source, then a weight dilution of • volume unit source 

can be performed without I density conversion. If the diluent ch1ng11, a weighted proportion deMity conversion is necessary. 

on99 
'"- ' 



Description 

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

Nuclear Radiation Aueument Division 

Calibration Certificate 

"•"·"'"( 12. 43 years 

Ii 10 

I s 
11 nano c..r;., I 
1 ml ,n •-v•e,._tlc nu-•l.__""2""6"-'Qa..G..__--=la-____ __, 

Measurement Activity of principal radionuclide · 

Useful Ufe 

I~ .... 2...iJ..-.;.:9_..,! ( nano 

Activity of daughter redionuclide 

The ,-inc:is,al aai,,ity -• •"-aftiH at IM -4M 1iffle bot 

IL..-____ ._,) I _____ C\lf_ .. _ ... l .... ., .... 
.,,,.,. ......... ftUdiM 

Total m111 of this solution 

I APPROX, 5.0 
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). 

pecernber 1999 I 

fl 1 0 9 



Purity The manufacturer states that act i-;_,i t ,es other than that of the pr incipal nuclide 
and of its daug_hter nucl ides, if any, were estimated/known to be: 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remartcs 

Im none I ~eqs~a'rt~n, .. ----"' .. , of the princip~I act ivity 

.. ( 1_2_1 __________________ I ~e;~a\ht~n l._ ___ "_I of the principal activity 

(.,1_J_1 __________________ I ~~sia\ht~n I % I of the principal act ivity 

The act ivity of impurity ( 1) is not (2) 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 a standard error (sm) not greater than t I O • 4 % I 
(The 99. 7% confidence limits are givf!n by t(sm) where t is obtained from the student t factor 
for the degree of frHdom (n-1 )I. 

The maximum uncertainty due to the assessable systematic erron (dilution, counting, and 
known uncertainty of the standard) is obtained by the separate arithmetic summation of the 
positive and negative systematic error ( + & - cS • ). These have been estimated not to exceed 

1•2.9%lor (- 2.9%1 
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 ( + 6 • - 6 • I 
The overall uncertainty is therefore calculated on the basis of+ [t(sm) +cS]. - [t(sm) +cS] 

and is ( + 4 , 3 %1 . I- 4 
1 
3 % I of the quoted radioacti~e concentration. 

This standardization is based on the followi"9 assumptions of the pc-inciple nuclide. its 
daughter nuclidn and impurities (no allowance for error in these usumptions 01 the 
assumption of quoted half-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. 

Carrier content per gram of solution: Other components: 

100 percent H2o Barium less than o.og4 per< 
Lead less than 3xlo- perct 

Preservative: 

Date Certificate Prepared 01. 1. 0 
,. 

Approval Signature 



. -· 
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 

2606-1, 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 4-rr/3 liquid-scintillation counters 
calibrated with SRM 4926D 

Half life 12.43 ± 0.05 years <5> 

4.3 percent (l> 

None observed 

Liquid-scintillation 
counting 

Difference from NIST -0.05 percent (6) 

"'JC:: . -
. - .!'-"-

For the Director, 

Gaithersburg, MD 20899 
January 1994 

J.M. Robin Hutchinson. Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

•Notes on next page 

() 1 11 
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( I) 

(2) 

NOTES 

The uncertainty analysis methodology and nomenclature used for the reported 
uncertainties are based on unifonn 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)1. 

The combined standard uncertainty, ~ = 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. 

(l) Overall uncertainty rcp0rtcd by EMSL · 

(4) 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. Radiat. 
bQb ».-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 Larry Lucas at 301-975-5546 or Jeffrey Cessna at 301-975-5539. 

n 1 ! 2 
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. PROJECT ___ ff __ / ___________ _ 

Notebook No. 0 ?2 / 
Continued From Pag: t!/t 

INITIAL STANDARD DILUTION RECORD 

Standard Information: 

Isotope: ~- 3 Vendor: 

Activity of Standard Received: • 11 uCi Yvp/1~ 

Weight of Standard Received (g): 5 

Standard Activity (pCi/g): 2. I • e.s 

Halflife in Years or Days: rz .. yrs Certificate #: Uc - 1 

Reference Date: 00 (., J JZ,,- Receiver's Name: 

Date Received: 

Primary Dilution . -

Balance Verification?: 

Diluent Used: 

Decay Corrected Standard Activity (pCi/g): 

Weight of the Source Transferred (g): 

c: Total diluted weight (g): 

d: Total Diluted Volume (ml) 

f fA 

e: Activity of Dilution by Weight (pCi/g) [a • b / c I: 

f: ~ Density of Solution (g/ml) [c / di: 
'i) /J 

g: Activity of Dilution by Volume (pCi/ml) [e • fl: 

i) 

, q77 7 

Ci/ 

/ml 

h. Dilution Logbook 1.0. #: (1.~~ LA--L-Cl'S-0'72-- -
~ , o .rYLJL 

Prepared By: -:swk.£ /S. t:1,ar~P/eparation Date: 1/ 7/35 
~ I 7· P~1, __,~------

Reviewed By: ~ ')1;[:JC, Review Date: __ 1/4.,.._.,.7...,/ ... '.JS""..,__ __ _ 

Purity/Cross Check Performed By:________ Check Date: --------0 1 .! 3 

Signed Date C/J f:"}~jql Signed Date 

~ - - ----- --------- - - - - - -- -

1 



i~OJECT ___ 9_6_13_~4_4~_05_9_2 __ _ 
.~otebook No. ___ _ 

Continued From Page _ ___ _ 

SECONDARY /WORKING- LF'.'! ' , 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: 

Parent Barcode Number 

Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook 1.0. #: crs-0?21-1 
Balance Verification? : 

Diluent Used : 

Dilution 

•Diluent: ~ B~/ lJ4 k,c 

•Density of diluent (g/ml): I g!ml 

a: Parent Spec ific Activity: ;J.,11 ° pCi !g 

b: Amount of Source Transferred: /~.o g 

c : Total amount of Dilution: Io o g 

d: Total Volume of Dilution : Io a ml 

e: Activity of Dilution [a • b / cl : pCi/g 

f: Activity of Dilution (a • b / d): ,;i. I 1 pCi/ml 0:,, t../"J />).. 

Dilution Logbook I.D. II: 9'-/-0(77-?il 

Prepared By: Preparation Date: 

Reviewed By: Review Date: 

,/J-1/10 

fo/2_:j/'Js 
' 

'If the diluent remeins 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, • weighted p,oportion density conversion is necessary. 
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Description 

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

Nuclear Radiation Assessment Division 

Calibration Certificate 

"'•••• ,..s0onuc1• I Tritium ( H- 3 ) I "•"·"'•( 12.43 years 

HeMiftat wol-

h10 

I s 
! I nano--• I 
, ,... ;,. a.._.,te/11otilc ~mbc•l.._--=2~6:.,:0:..;6:..--=1-----..1 

Measurement Aaivicy of principal radionuclide 

Useful life 

I 21 9 11 nano cu•ie•I el LT · t · _ .... _ ... r......,1..,_ ... J..i.1 .... 1m _______ ___. 

.. 0400 .._, PST et\ I June 3 , 19 9 2 

Aarvicy of «uughter radionuclide 

1 ... ___ __.-11 .. ___ cv, ____ .. 1 , ....... 
., ............. ftUdide1 .. __________ .. 

Total mass of this aolution 

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). 

0 "'" wee eiftu • ..... ••~.., (MSl.-lY 

becember 1999 ) 



U.S. DEPARTMENT OF COMMERCE 
National Institute of Standards & Technology 

Galtheraburg, MD 20899 

REPORT OF TRACEABILITY 

U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory 

Las Vegas, Nevada 

Hydrogen-3 

2606-1, prepared by EMSL 

Radionuclide 

Source identification 

Source description 

Source mass 

Liquid in 5-mL flame-sealed glass ampoule 

Approximately 5.0 grams 

Hydrogen-3. iri water Source composition 

Reference time 0700 F.sT June 3, 1992 

NIST DATA 

Radioactivity concentration 810.5 Bq g·1 

Expanded uncertainty 0.64 percent <U>• 

Photon-emitting impurities None observed <4> 

Measuring instrument 41r/J liquid-scintillation counters 
calibrated with SRM 4926D 

Half life 12.43 ± 0.05 years <S> 

EMSL DATA 

810.3 Bq g·• 

4.3 percent ()> 

None observed 

Liquid-scintillation 
counting 

Difference from NIST -0.05 percent <6> 

For the Director, 

Gaithersburg, MD 20899 
January 1994 

J.M. Robin Hutchinson, Acting Group Leader 
Radioactivity Group 
Physics Laboratory 

•Notes on next page 0116 
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INITIAL STANDARD DILUTION RECORD 

Standard lnformatfon: . 

Isotope: 3 Vendor: 

Activity of Standard Received: • I I uCi ~1~5 

Weight of Standard Received (g): 5 LAL 1.0. I: 

Standard Activity (pCi/g): z. ?t~1 
I T Traceable 7 e..s 

Halflife in Years or Days: 12. rs Certificate I: Z(o -1 

Reference Date: Receiver's Name: 

Date Received: 

Primary Dilution • • 

Balance Verification 7: 

Diluent Used: ·, 
Decay Corrected Standard Activity (pCi/g): 

eight of the Source Transferred (g): 

c: Total diluted weight (g): 

d: Total Diluted Volume (ml) 

t fA 

e: Activity of Dilution by Weight (pCi/g) (a • b / c J: 

I: ~ DensR'( of Solution lg/mil le / di: 

g: Activity of Dilution by Volume (pCi/ml) [e • f]: 

J 

q777 

0 

Ci/ 

/ml 

h. Dilution logbook 1.0. #: c.~ LA--L-'15-012- -
~ ~Q-~'j/_ 

Prepared By: ~r.. /5. t1«~P/eparation Date: 1/ S/35 
~ '/ 7· P~'b __..,._...,-.-.-----

Reviewed By: rss-}l;l:J::,.~ Review Date: _...,--z/:,___,_7~/ .... :2,5...-.... __ _ 

Purity/Cross Check Performed By: -------- Check Date: --------

Signed Date CP ~]thr Signed Date 



'l 1, 
I' 

I, 

I 

I 

t : 1: 

1. 

,. 

I ~ 
I 

.l 
I : 

16 
PROJECT_.L....LJ.-t_-...-..3~-=-=:,,::,_t~-'-~.;...;_~0--'--59_6 __ _ 

Notebook No. 6 7.2.. I 
CondnuedFromPege ___ _ 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: J:/- 3 /..., cs. 
Parent Barcode Number 

Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook 1.0. #: 

Balance Verification?: 

Diluent Used: 

Dilution 

•Diluent: 

•oensity of diluent (g/ml): 0, y f7 7 g/ml 

a: Parent Specific Activity: ~,, r o pCi/g'J.. l-

b: Amount of Source Transferred: 

c: Total amount of Dilution: 

d : Total Volume of Dilution: 4 Do o ml 

e: Activity of Dilution (a • b / c): {}_, 7'-1 • L \ 

f: Activity of Dilution (a • b / d): pCi/ml 0:::, toh /9 :i_ 
' 

Dilution Logbook-LO. #: q~- 111-1,- I 

Prepared By: Preparation Date: ti/, h< 
I 

Reviewed By: Review Date: I -t- qh 
'If the diluent remeins unchanged from the diluent used for the dilution source, then a weight dilution of a volume unit source 

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