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Lockheed Environmental Systems & Technologies Co. 
Lockheed Analytical Services 
975 Kelly Johnson Drive Las Vegas, Nevada 89119-3705 OU452!JO ~ 
Tolopho"' 702-361-0220 800-582-7605 F""imilo 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.: 

March 25, 1996 

L6496 
O400000-B 
B96-048 
0222596 
331 
LK6496 

The attached data report contains the analytical results of samples that were submitted to 
Lockheed Analytical Services on 22 February 1996. 

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 analysis by method 300.0 were not rece ived in 
t ime 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, analys is, 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 th is group. 

If you have any questions concerning the analysis or the data please call Kathleen M. Hall at 
(509) 375-4741 . 
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Lockheed Analytical Services Log-in No .: L6496 
Quotation No.: 0400000-B 

SAF: 896-048 
Document File No .: 0222596 
WHC Document File No. : 331 

SDG No. : LK6496 

11 

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 conta ined in 
this hard copy data package has been authorized by the Laboratory Manger or a des ignee, as 
verified by the following signature. 11 

cc: Client Services 
Document Control 

;,:v,// ~ I 
N A ft) ~ 

Kathleen M . Hall 
Client Services Representat ive 
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Lockheed Analytical Services Log-in No .: L6496 
Quotation No .: 0 400000-B 

SAF: 896-048 
Document File No .: 0 222596 
WHC Document Fi le No.: 331 

SDG No.: LK6496 

• 

• 

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 cal ibration 
blanks, method blank(s), laboratory control sample(s), matrix spike sample (s), and 
dupl icate sample(s). 

Preparation and Analysis Requirements 
One water sample was received for LK6496 and analyzed in batch 222 bh for selected 
analytes as requested on the chain of custody. Quality control analysis was 
performed on the following samples: 

Client ID LAL# Method 

BOHOV4 L6496-3 MS,DUP 300.0 Chloride, Nitrate as Nitrogen, Nitrite as 
Nitrogen, Orthophosphate and Sulfate 

L6496-4 MS,DUP 353.2 Nitrate-Nitrite-Nitrogen 

L6496-5 MS,DUP 9030 Sulfide 

L6496-6 MS,DUP 350.1 Ammonia 

Holding Time Requirements 
All samples were analyzed within the method-specific holding times with the following 
exception of Method 300.0 Nitrate as Nitrogen, Nitrite as Nitrogen and Method 353.2 
Nitrate-Nitrite-Nitrogen. The associated 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 

March 1 , 1996 
Date 
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Lockheed Analytical Services 

CASE NARRATIVE 
INORGANIC METALS ANALYSES 
WATERS AND FILTERED WATER 

log-in No.: L6496 
Quotation No.: 0400000-B 

SAF: B96-048 
Document File No.: 0222596 
WHC Document File No.: 331 

SDG No.: LK6496 

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 February 22, 1996. The samples were logged in as 
L6496 and were prepared and analyzed in batches 222 bhT for total metals and 222 
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 with the following exception: 
The matrix spike recovery for aluminum (157%) was outside of acceptance limits for 
batch 222 bhT. The recovery based on the LCS (108.1 %) supports that the analytical 
system was operating within control limits. 

Shellee McGrath 
Prepared By 

March 25, 1996 
Date 
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Lockheed Analytical Services 

CASE NARRATIVE 
RADIOCHEMICAL ANALYSES 

Log-in No.: L6496 
Quotation No.: O400000-B 

SAF: 896-048 
Document File No .: 0222596 
WHC Document File No.: 331 

SDG No. : LK6496 

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, and duplicate samples. 

NOTE: Chemical recoveries and minimum detectable activities (MDAs) , where 
applicable, can be found on the calculation and preparation sheets of 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 34110. 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 due to 
residue weight limitations forcing a volume reduction. The associated samples are flagged 
with a "C" qualifier. No re-analyses were performed . 

Analytical Method Strontium-90 

The strontium-90 analysis was performed using SOP, LAL-91-SOP-0196. The samples were 
analyzed in workgroup 34046. The instrument calibration verification met criter ia. The 
method blank was within QC criteria. The LCS recovery was within QC criteria . The DUP 
recoveries were within QC criteria. No re-analyses were performed. 
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Lockheed Analytical Services 

Liquid Scintillation Counter 

Analytical Method Carbon-14 

Log-in No .: L6496 
Quotation No.: 0400000-B 

SAF: B96-048 
Document File No. : 0222596 
WHC Document File No.: 331 

SDG No.: LK6496 

The carbon-14 analysis was performed using SOP, LAL-93-SOP-0209. The samples were 
analyzed in workgroup 34132. 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 lim itations . 
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 34127. The instrument calibration verification met cri t eria. The 
method blank was within QC criteria. The LCS and MS recoveries were with in QC criteria. 
The DUP recoveries were within QC criteria. The quench value was within curve lim itations. 
No re-analyses were performed. 

Yvonne M . Jacoby 
Prepared By 

March 13, 1996 
Date 
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L6496-l 
TEMP 2 · 

LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (lnOl) 

Mar 11 1996, 02:41 pm 

Login Number: L6496 

··-

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

BOHOV4 > 20-FEB.;;.96 22;..FEB-96 

Location: 156-017 
Water 1 S SCREENING 

£6496~2 .·. 
*TEMP 2 

Location: 
Water 
Water 

BOHOV4 ... 

156RAD1-04 
l S 6010 ICP METALS 
1 S 6010 ICP TRACE 

Hold:18-AUG-96 

Hold:18-AUG-96 
Hold:18-AUG-96 

28-MAR-9 < 

L6496~3 
TEMP 2 
Location: 

BOHOV4 \. 20-FEB-96 22-FEB-96 .. . . 28-MAR-9 

Water 
Water 
Water 
Water 
Water 

RFGl0-101B 
1 S 300.0 CHLORIDE 
1 S 300.0 NITRATE 
l S 300.0 NITRITE 
1 S 300.0 PHOSPHATE 
1 S 300.0 SULFATE 

L6496-4 BOHOV4 
TEMP 2 · 
Location: RFGl0-101B 
Water 1 S 353.2 NITRATE 

L6496;..5 BOHOV4 
TEMP 2 
Location: 156V-I030 
Water l S 9030 SULFIDE 

L6496-6 BOHOV4 
TEMP 2 
Location: RFGl0-101B 
Water 1 S 350.l NH3/N 

BOHOV4 

EXPENDED 

Hold:19-MAR-96 
Hold:22-FEB-96 
Hold:22-FEB-96 
Hold:22-FEB-96 
Hold:19-MAR-96 

20-FEB-96 22~PEB-96 

Hold:19-MAR-96 

20-FEB-96 22-FEB;..96 

Hold:27-FEB-96 

20-FEB-96 22-FEB-96 

Hold:19-MAR-96 

20-FEB-96 22-FEB-96 L6496-7 
TEMP 2 
Location: 
water 
Water 

1 · S GR ALP/BETA LAL-0060 Hold:18-AUG-96 
1 S SR-90 LAL-0196 Hold:18-AUG-96 

L6496-8 
TEMP 2 
Location: 156-023D 

BOHOV4 20-FEB-96 22-FEB-96 

Page 1 

28-MAR-9 

28-MAR-S 

28-MAR-~ 

28-MAR-~ 

28-MAR-
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LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (lnOl) 

Mar 11 1996, 02:41 pm 

Login Number: L6496 
Account: 596 Bechtel Hanford, Inc. • Richland, WA 
Project: BECHTEL-HANFORD · Bechtel Hanford Project 

L6496-9 . · .. BOHOV4 
TEMP 2 
Location: 156-0230 

L6496-10 .. · ... BOHOV4 
TEMP 2 
Location: 156-0230 

L6496-11 BOHOV4 
TEMP 2 
Location: 156-0230 

L6496:..i2 
TEMP 2 
Location: 

BOHOV4 

Water 
Water 

155 
1 
1 

S C-14 LAL-0209 Hold:18-AUG-96 
S TRITIUM(H3) LAL-0066 Hold:18-AUG-96 

L6496-13 
EMP 2 

Location: 
Filt H20 
Filt H20 

L6496-14 
Location: 
Water 
Water 
Water 

B.OHOV5 

156RAD1-04 
15 S 6010 ICP METALS 
15 S 6010 ICP TRACE 

REPORT TYPE . 

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

. ... 20~FEB~96 22f-fEB.,.96 

Hold:18-AUG-96 
Hold:18-AUG-96 

2~:..FEB~9622~FEB-96 

28-MAR-9 < 

28-MAR-9 ( 

28-MAR-9 • 

28-MAR-9 

·· 28-MAR-9 

~ ~Dt)e.D '=,oto l~P -nL~c..€ Fofl- t"Un.Poi~ 
0~ f>,~~'-\SlS 

Page 2 . 
Signature: 

Date: 
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LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (ln0l) 

Feb 22 1996, 07:07 pm 

Login Number: L6496 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

t.~b¢t.a.:t:.:tirY.\i ... · .......... ·.·•·•·•·•·•·•· .. •·•·•·•· ... ·.·.. ::•••:•:••·011·ent' .... •··•··•~ ·.· ...... ·.· · 
~~ Pl$.JNumber/ ••••• :$~$p?ti!:')'.fil.Unb~r >• 

:t¢qll ect : tt: ,R$¢~ive : c·:· :>·i·oue .• 
<P~te{J ::P.~t:$ PR. Date 

L6496-1 B0H0V4 
TEMP 2 
Location: 157 
Water 1 S SCREENING 

L6496-2 
TEMP 2 
Location: 
Water 

L6496-3 
TEMP 2 
Location: 
Water 
Water 
Water 
Water 
Water 

L6496-4 
TEMP 2 
Location: 
Water 

L6496-5 
TEMP 2 
Location: 
Water 

L6496-6 
TEMP 2 
Location: 
Water 

L6496-7 
TEMP 2 
Location: 

157 
1 

157 
1 
1 
1 
1 
1 

157 
1 

157 
1 

157 
1 

157 

B0H0V4 

S 6010 ICP METALS 

B0H0V4 

s 300.0 CHLORIDE 
s 300.0 NITRATE 
s 300.0 NITRITE 
s 300.0 PHOSPHATE 
s 300.0 SULFATE 

B0H0V4 

s 353.2 NITRATE 

B0H0V4 

S 9030 SULFIDE 

B0H0V4 

s 350.1 NH3/N 

BOH0V4 

20-FEB-96 

Hold:18-AUG-96 

20-FEB-96 

Hold:18-AUG-96 

20-FEB-96 

Hold:19-MAR-96 
Hold:22-FEB-:..96 
Hold:22-FEB-96 
Hold:22-FEB-96 
Hold:19-MAR-96 

20-FEB-96 

Hold:19-MAR-96 

20-FEB-96 

Hold:27-FEB-96 

20-FEB-96 

Hold:19-MAR-96 

20-FEB-96 

Water 
Water 

1 S GR ALP/BETA LAL-0060 Hold:18-AUG-96 
1 S SR-90 LAL-0196 Hold:18-AUG-96 

22-FEB-96 

22-FEB-96 

22-FEB-96 

22-FEB-96 

22-FEB-9 6 

22-FEB-96 

22-FEB-9 6 

L6496-8 B0H0V4 20-FEB-96 22-FEB-9 6 
TEMP 2 
Location: 157 

Page 1 

28-MAR-96 

28-MAR-9 E 

28-MAR-9 f 

28-MAR-9 

28-MAR- 9 

28-MAR- 9 

28-MAR-S 

28-MAR- ~ 
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LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (ln0l) 

Feb 22 1996, 07:07 pm 

Login Number: L6496 
Account: 596 Bechtel Hanford, Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

tabqratory/ < /I? 
$a.:ntpJ:e/ N)ilD,ber '/ 

L6496-9 
TEMP 2 
Location: 

L6496-10 
TEMP 2 
Location: 

L6496-ll 
TEMP 2 
Location: 

L6496-12 
TEMP 2 
l,ocation: 
Water 
Water 

L6496-13 
TEMP 2 
Location: 
Filt H20 

L6496-14 
Location: 
Water 
water 
Water 

157 

157 

157 

157 
1 
1 

157 
15 

1 
1 
1 

B0H0V4 20-FEB-96 22-FEB-96 

B0H0V4 20-FEB-96 22-FEB-96 

B0H0V4 20-FEB-96 22-FEB-96 

B0H0V4 20-FEB-96 22-FEB-96 

S C-14 LAL-0209 Hold:18-AUG-96 
S TRITIUM(H3) LAL-0066 Hold:18-AUG-96 

B0H0V5 

S 6010 ICP METALS 

REPORT TYPE 

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

20-FEB-96 

Hold:18-AUG-96 

22-FEB-96 

Page . 2 

Si,gnature: 

Date: 

22-FEB-96 

22-FEB-96 

28-MAR-96 

28-MAR-9 6 

28-MAR-96 

28-MAR-9 E 

28-MAR-9 ( 

28-MAR-9 
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Bechtel Hanford, Inc . CHAIN OF CUSTODY /SAMPLE ANALYSIS REOUESL 64~ b Page __ 1 _ of _ _ 1 _ 

Data Turnaround 

Collector Company Contac t Telephone 
0 Priority 

1-J . /2,,--::.z, .. / ~ . f("~h 1/::A1, Bob Raidl (509) 372-9641 • Normal 

Project Designation Sampling location SAF No. 
100-HR-3 Groundwaier Sampling , Round 10, Phase 2 100 D B96-048 

Ice Chest No. Field logbook No . Method of Shipment 

smt-Hrq ~i - /dc-P<"i Federal Express 

Shipped To Offsite Property No. Bill of lading/Air Bill No . 
Lockheed \AR6rO ·OG'f 0· W cJ.Cf0f./v;'5/4f;f 
Possible Sample Hazards/Remarks 

Preservation 
HN03 Cool 4°C H,so, '1 H,so. HN03 Cool 4°C Cool 4°C HNO~ ~ 

Type of Container 
- la' 

G G P/G p P/G P/G G P/G G t:f r, 
= 

No. of Container(s) u ~ 
1 1 1 1 1 5 1 1 1 4. 

- • It 
Special Handling and/or Storage 

Volume -..i 
Maintain samples between 2°C and 6°C. 500ml 500ml 500ml ll ll ll ll 20ml 500ml 

ICP 
Anions (IC) N02 • Sulfide Ammonia Gross Tritium, Activity ICP j"--..., 

Metals 
· Cl. SO,. N03 Alpha , C-14 Scan Metal st,J"-
NO,. NO,. 

(Filtereifr.: SAMPLE ANALYSIS (Unfilter- PO, Gross 
ed) Beta, 

Sr-90 

Sample No . Matrix' Date Sampled Time Sampled 

BOHOV4 w ~- .<la. ·"7l I 115 ·7 '>- >o ><::.) -..-.;;::, ,..><:, ><' Y ' 

BOHOVS w -~- :)~ c:; {. 1115 Jc 

SPECIAL INSTRUCTIONS Matr i)( • 
CHAIN OF POSSESSION Sign/Print Names ·1 ZnA c + NaOH s = S011 

Relinquished By Date/Tim e ISoo ~~_,P,# 0--- Date/Time ,.,o~ SE ...- $i;!d1men1 

SO ~ Sol,d 

R h 11"' If?.~ L.1 '-.. #'> -a...1-, .. /41. 1/. A,_✓,.,dJ,I..,_ 2-Z.&>4t:" Sample analysis for pho sphate, nitrate, and ni trit e by EP A 300.0 is being S L .z Sludoc 

'J!!:JJ.~' ~ Da> /T ime
1 

<!) fc?O i,,Received By Date/Time 
reques ted for info rm ation onl y . The ERC Contracto r ack no wledges that the 48- w z w.u er 

hour holding time w ill not be me t . 0 =- 0 11 

~ 
1'?.µj,fli,.,, Z-<-l-?6 / A "' Au 

OS = Or um S 0 11c:1 s 

'Rel inquished By Date/Time Rec eived By Date/Time Th e Ac tivity Sc,,n 1s for all samples listed on this c h;,111 o f custody . DL - Orum L,qu1ds 

T ,. T issue 
WI ,.. Wipe 

' Reli nquished By Date/Time Received By Date/Tim e L :a l 1qu1d 

~ 
V ; Vegeta11011 

X "' Oth<r 

v LABORATOR Y Re cei ved By,,A--v'Jl,v-,_ A Titl e 

(_...__ <- k)J ·~ "1 

Date/Time 

~ ' SECTION ') ~ --1JI, 2' · l c - '1 l. / o o .. ,5-
~- FINAL SAMPLE Dispo sal Me thod Disposed By Dat e/Time 



~nvironmental £RC 
Restoration Team 
Contractor I • 

Interoffice Memorandum 

TO: W. S. Thompson 
R. F. Raidl 

N/J-8 
~ • DATh 

coP1F.S: J. E. Parsons 
F. G. Zwiesler 
T. L. Lafreniere 

X0-23 
X0-23 
X0-23 

FROM: 

Job No. 22192 
Writtm Rapomc RC41ir<d: ~O 

C("l; : NIA 
Oll: 100-HR-3 

TSO: NIA 

ERA: NIA 
Suhjoa Calo: .18.IO 

November 28, 1995 

S,K.DeMers n,~ 
Radiological Co~s 
TI-05/373-1913 

sUBJECT, 1995 Phase 2, Round 10 sampling for 100-HR-3 

There is no need to perform total activities prior to offsite shipment to NRC licensed labs of 
samples taken from the attached list of wells. 

All wells listed in the attachment were reviewed for radiological content based on the previous 4 
years of sampling data. No well listed has a fJ activity in excess of 100,000 pCi/1 (< . I 
uCi/sample based on a 1 liter sample size) nor any a activity in excess of 10,000 pCi/1 ( < .01 
uCi/1 based on a 1 liter sample). All wells show activities < 2,000 pCi/gm ( < 2 nCi/gm D.O.T. 
limit). The highest activity in recent samples is 44,000 pCi/1 /3(H3

) and 10 pCi/1 a. 

Radiological monitoring during sampling will only be required if the wells are located in 
radiological areas or if the wells themselves are labeled with radiological stickers. 
Monitoring requirements for down hole work such as pump removal will be determined based on 
the history of each well on a case by case basis. 

Attachment -
skd 

1995 Phase 2, Round 10 well list for 100 HR-3 

001 7 
0~5J ;qfr 



Page 2 

100-HR-3 GROUNDWATER SAMPLING, PHASE 2, ROUND 10 

199-D5-13 
199-D8-4 
199-D8-5 
199-D8-6 
199-D2-5 
199-D2-6 
199-D5-12 
199-D5-14 
199-DS-15 
199-DS-16 
199-D5-17 
199-D5-18 
199-D5-19 
199-D5-20 
199-D8-3 
199-D8-53 
199-D8-54A 
199-D8-54B 
199-D8-55 
699-91-46A 
699-93-48A 
699-96-49 
699-97-SlA 
699-101-48A 
199-H4-9 

0 0 1 '.'.) 
J.. 0 



SAMPLE CHECK-IN LIST 

WHC.-SOW:-93-0003 
Revision 4· 

Date/Time Received: ,.l-J.).-9[~ (ftcQ SOG# : _ _.K/_,, ...._e;.,__;.;2'. ____ __;__ 

Work Order Number:_-:;n...:....:..:..t/_,_1: _____ _ SAF I: t~ ?t -c-4:8:-

Shipping Container ID: S/~2 L.._ t Xf Chain of Custody l __ tJ..._.1 ...... ,...,.-i ____ _ 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

Custody Seals on shipping co_ntainer intact? 

Custody Seals dated and signed? 

Sample temperature ___ ___,;;;:;:.;.....-='£.=---------

Vermiculite/packing materials is 

Each sample is in a plastic bag? 

Sample holding times exceeded? 

Samples have: 

Yes [x.] No [ ] 

Yes [)(] No [ ] 

Wet [ ] Dry [\_] · 

Yes p..] No [ ] 

Yes [,~] No [ ] 

tape hazard labels 
-y-custody seals -:~_-_appropriate sample labels 

~ 

Samples are: 
~ in good condition __ leaking 

broken __ have air bubbles 

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

Yes[)('.) No [ ] 

Notes: n-~;..L..L,!__ ______________________ -'--__ 

33 

001r 
.l '-

CJ- J ,) \{j,,l 



Sample Login 
Login Review Checklist 

Lot Number L { fr& 
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 

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? 

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

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? 

YES. NO N/A Comment 

A-

L 

-4-

..L 

4-

-4 
YES rill NIA Comment 

SAMPLE RECEIVING CHECKLIST X,ES NO NI A Comment 

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

. 
Q -), ~ --'('6 ~ 

date secondary review signature 

1· 22-1& 0 0 2 
date 



Lockheed Analytical Services 
Sample Receiving Checklist 
Cliait J':lnme: iv P<-t,..._ If,.) ,: () 

COOLER coNDmoN UPON RECEIPT 

Temperature of cooler upon receipt: 

temperature of temp. blank upon receipt: 

custody seals intact 

chain of custody present 

blue ice (or equiv.) present/frozen 

rad survey completed 

SAMPLE CONDITION UPON RECEIPT 

all bottles labeled 

samples intact 

proper container used for sample type 

sample volume sufficient for analysis 

proper pres. indicated on the COC 

VOA's contain hcadspacc 

are samples bi-phasic (if so, indicate sample ID'S): 

MISCELLANEOUS ITEMS 

samples with short holding ti.mes 

samples to subcontract 

ADDITIONAL COMMENTS/DISCREPANCIES 

? A 
Completed by / date: /- _ f._L ) ,.. -, - - -- ..... 
Salt to the client (date/initials): 

·-? 

290 4651 461 

Job No. - L fu 1/ r ?-. Cooler ID: //, r'jl 
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•• Client's signature upon receipt:· 
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BOHOV4 -

BOHOV5 -

REPORT TYPE .J 

fil ,!'"\ ~,·, 1\ 
m .1- 1·11 1k~ 

1m· .ii!\,, ,~.· I 

Lockheed Analytical Laboratory 
SAMPLE SUMMARY REPORT (su02) 

Bechtel Hanford, ·Inc. * Richland, WA 

•b 
l6496-l Water 
l6496-2 Water 
l6496-3 Water 
l6496-3. Water 
L6496-3 Water 
L6496-3 Water 
L6496-3 Water 
L6496-4 Water 
l6496-5 Water 
l6496-6 Water 
L6496-7 Water 
L6496-7 Water 
L64.96-12 Water 
l6496-12 Water 

l6496-13 Fil t H20 

L6496-14 Water 
L6496-14 Water 
L6496-14 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 METAL~ 

EDD - DJSK DEL. 
INORG TYPE 2 Rf 
RAD RPT TYPE 2 

00:2 
{_) j- J- d ')l 



.. NON-METALS 

·WATER 



LOCKHEED ANALYTICAL SERVICES 

Sample Results 

!Client Sample ID: BOHOV4 !Date Collected: 20-FEB-96 

!Matrix: Water !Date Received: 22-FEB-96 

N/A 

Chloride mg/L 300.0 5.6 0.020 23-FEB-96 34057 

Nitrate-N mg/L '300.0 0.52 0.020 H 23-FEB-96 34059 

Nitrite-N mg/L 300.0 < 0.002 0.010 HU 23-FEB-96 34058 

Ortho Phosphate mg/L 300.0 0.033 0.10 HB 26-FEB-96 34060 

Sulfate mg/L 300.0 65. 0.10 23-FEB-96 34061 

Arrmonia Nitrogen mg/L 350. 1 0.12 0.0~0 28-FEB-96 34062 

Nitrate-Nitrite-Nitrogen mg/L 353.2 0.54 0.050 26-FEB-96 34063 

Sulfide mg/L 9030 < 0.60 3.0 u 24-FEB-96 34098 

oo:4 

L6496-3 

L6496-3 

L6496-3 

L6496-3 

L6496-3 

L6496-6 

L6496-4 

L6496-5 



!Client Sample ID: BOHOV4 

!Matrix: Water 

!Percent Solids: N/A 

LOCKHEED ANALYTICAL SERVICES 

Sample Results 

!Date Collected: 20-FEB-96 

!Date Received: 22-FEB-96 

-rt••••••••~~11•~~•••••••·••- .. ·······•·••r.er,•••••••••l-~01~)1•f •~~I~~!•:•••~~i~~~~~••••• •~~~t~•••1

1•~••·•~!~,1~1••
1

•~•~•••••• 

ALUMINUM, TOTAL mg/L 6010 4 0.089 0.027 0.20 BN* 1 15-MAR-96 34692 L6496-2 

BARIUM, TOTAL mg/L 601 o 1J 0.093 0.016 0.20 B 1 15-MAR-96 34692 L61t96-2 

BERYLLIUM, TOTAL mg/L 6010 l'.j < 0.0010 0.0010 0.0050 u 1 15-MAR-96 34692 L6496-2 

CADMIUM, TOTAL mg/L 6010A < 0.0040 0.0040 0.0050 u 1 15-MAR-96 34692 L6496-2 

CALCIUM, TOTAL mg/L 6010,:} 43. 0.013 5.0 1 15-MAR-96 34692 L6496-2 

CHROMIUM, TOTAL mg/L 
' 

6010J'.\- 0.016 0.0030 0.010 1 15-MAR-96 34692 L6496-2 

COBALT, TOTAL mg/L 6010A < 0.0040 0.0040 0.050 u 1 15-MAR-96 34692 L6496-2 

COPPER, TOTAL mg/L 6010f'.l 0.0039 0.0030 0.025 B 1 15-MAR-96 34692 L6496-2 

IRON, TOTAL mg/L 6010A 0.070 0.0050 0.10 B 1 15-MAR-96 34692 L6496-2 

MAGNESIUM, TOTAL mg/L 6010A 17. 0.041 5.0 1 15-MAR-96 34692 L6496-2 

MANGANESE, TOTAL mg/L 6010 A- 0.065 0.0010 0.015 1 15-MAR-96 34692 L6496-2 

NICKEL, TOTAL mg/L 601011 < 0.014 0.014 0.040 u 1 15-MAR-96 34692 L6496-2 

POTASSIUM, TOTAL mg/L 6010 A 11. 0.40 5.0 1 15-MAR-96 34692 L6496-2 

SILVER, TOTAL mg/L 6010A < 0.0030 0.0030 0.010 u 1 15-MAR-96 34692 L6496-2 

SODIUM, TOTAL mg/L 6010 A 35. 0.040 5.0 1 15-MAR-96 34692 L6496-2 

VANADIUM, TOTAL mg/L 6010 A 0.035 0.0040 0.050 B 1 15-MAR-96 34692 L6496-2 

ZINC, TOTAL mg/L 6010 A 0.018 0.0030 0.020 B 1 15-MAR-96 34692 L6496-2 

Antimony mg/L 6010 fl < 0.0020 0.0020 0.060 u 1 21-MAR-96 34695 L6496-2 

Arsenic mg/L 601oi:1 0.0050 0.0020 0.010 B 1 21-MAR-96 34695 L6496-2 

Lead mg/L 6010 A < 0.0010 0.0010 0.0030 u 1 21-MAR-96 34695 L6496-2 

Selenium mg/L 6010~ < 0.0030 0.0030 0.0050 u 1 21-MAR-96 34695 L6496-2 

Thallium mg/L 6010A 0.0045 0.0030 0.010 B 1 21-MAR-96 34695 L6496-2 

OOSJ 



I Client Sample ID: 

!Matrix: Filt H20 

I Percent Solids: 

BOHOVS 

N/A 

LOCKHEED ANALYTICAL SERVICES 

Sample Re.sul ts 

!Date Collected: 

-~ · I Date Received: 

20-FEB-96 

22-FEB-96 

!00;:;](: 1 ;''.!;;;}: lAS) . •LAS} · ,/ / ;· .. < 'L':'.~ j~:tAK}P Sampp:) x~ 
ALUMINUM, DISSOLVED mg/L 6010 A 0.030 0.027' · 0.20 B 1 15-MAR-96 34696 L6496-13 

BARIUM, DISSOLVED mg/L. 6010 A 0.083 0.016 0.20 B 1 15-MAR-96 34696 L6496-13 

BERYLLIUM, DISSOLVED mg/L 6010 ft < 0.0010 0.0010 0.0050 u 1 15-MAR-96 34696 L6496-13 

CADMIUM, DISSOLVED mg/L 6D1D~ < 0.0040 0.0040 0.0050 u , 15-MAR-96 34696 L6496-13 

CALCIUM, DISSOLVED mg/L 6010Cj 38. 0.013 5.0 1 15-MAR-96 34696 L6496-13 

CHROMIUM, DISSOLVED mg/L 6010 t} 0.0041 0.0030 0.010 B 1 15-MAR-96 34696 L6496-13 

COBALT, DISSOLVED mg/L 6010 (.1 < 0.0040 0.0040 0.050 u 1 . 15-MAR-96 34696 L6496-13 

COPPER, DISSOLVED mg/L 6010 t:} 0.0034 0.0030 0.025 B 1 15-MAR-96 34696 L6496-13 

IRON, DISSOLVED mg/L 6010 A 0.020 0.0050 0.10 B 1 15-MAR-96 34696 L6496-13 

MAGNESIUM, DISSOLVED mg/L 6010 C) 15. 0.041 5.0 1 15-MAR-96 34696 L6496-13 

MANGANESE, DISSOLVED mg/L 6010,:} 0.058 0.0010 0.015 1 15-MAR-96 34696 L6496-13 

NICKEL, DISSOLVED mg/L 6010 A < 0.014 0."014 0.040 u 1 15-MAR-96 34696 L6496-13 

POTASSIUM, DISSOLVED mg/L 6010 A, 9.6 0.40 5.0 1 15-MAR-96 34696 L6496-13 

SILVER, DISSOLVED mg/L 6010(1- < 0.0030 0.0030 0.010 u 1 15-MAR-96 34696 L6496-13 

SODIUM, DISSOLVED mg/L 6010 8 .31. 0.040 5.0 , 15-MAR-96 34696 L6496-13 

VANADIUM, DISSOLVED mg/L 6010 A 0.030 0.0040 0.050 B 1 15-MAR-96 34696 L6496-13 

ZINC, DISSOLVED mg/L 6010,::} 0.031 0.0030 0.020 1 15-MAR-96 34696 L6496-13 

Antimony mg/L 6010 A < 0.0020 0.0020 0.060 u , 21-MAR 0 96 34697 L6496-13 

Arsenic mg/L 6010 A 0.0037 0.0020 0.010 B 1 21-MAR-96 34697 L6496-13 

Lead mg/L 6010 A < 0.0010 0.0010 0.0030 u 1 21~MAR-96 34697 L6496-13 

Selenium mg/L 6010 A < 0.0030 0.0030 0.0050 u 1 21-MAR-96 34697 L6496-13 

Thallium mg/L 6010 A- 0.0042 0.0030 0.010 B 1 21-MAR-96 34697 L6496-13 

OOC7 



LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc. * Richland, \JA 

Bechtel Hanford Project (Project BECHTEL·HANFORD) 

Client Sample ID: BOHOV4 

Date Collected: 20-FEB-96 

Matrix: 

Gross Alpha 
Gross Beta 
Total radio-strontium 

Water 

07-MAR-96 GR ALP/BETA LAL-0060 34110 
07-MAR-96 GR ALP/BETA LAL-0060-34110 
27-FEB-96 SR-90 LAL-0196 34046-

Page 2 

3.7 
8.7 
0.42 

LAL Sample ID: L6496-7 

Date Received: 22-FEB-96 

Login Number: L6496 

2.6 
2.6 
0.58 

3.7 
3.5 
0.98 

C 

00 '":! :-; 
' ·..I 

pC /L 
pC /L 
pC /L 



C-14 
H-3 

LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc. * Richland, IIA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Client Sample ID: BOHOV4 

Date Collected: 20-FEB-96 

Matrix: llater 

28-FEB-96 C-14 LAL-0209 34132 
09-MAR-96 TRITIUM(H3) LAL-0066_34127 

Page 3 

28. 
0 

LAL Sample ID: L6496·12 

Date Received: 22-FEB-96 

Login Number: L6496 

BS. 
170 

110 
220 

007G 

pCi/L 
pCi/L 



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

LAL-91-SOP-0060 
Matrix : Water Date Prep Started : • ;/c ~c, C 

Workgroup Number: GR AL iBETA LAL-0060 34110 
.....,,.,.,.,..,...,,...::,---'-------

Prep Due Date : 03/19/96 

L6496-7 
Lab Ctrl Sample 
Method. Blank 
L6496-7 
B0H0V4 

3411 0DUP1 ?:t DUPl 

34 11 0LCS 1 :\ti LCS 1 

3411 0MBB )3: MBBl 

34110MS1 :we MSl 

L6496-7 ($ SMP1 ,M 

\6' 

----------

i I• 1-
34110-01 ~ .16,o 
34110-02 .'l~O 
34110-03 
34110-04 -"-0 
34110-05 ., . ii':.() 

{9i 
1----------+------+ ........ t----+-----,t--+----+-----,~----+--+------+----------· --

JQ. 

tcs:Nucnde:: ,,, .•.·=·=·=•,·.· .. ,: A-.- 1L.11 

LGS Activitv · . · °i ."51 ~r: i---l _ 

0 
0 
C".) 

Balance Number : 1..W02(JOL\y ( 
. _____ ( 

12 0 ,..,,r .. I-'- MS Activity <, .. •. ))., .. l5 ,4() of.. I-'-- ~ -~7 oC /..J.. Count:Aiilsf( 
. 

Pipette Number: 7lf'JCY-r< ( ) 
( ) 

LCS added by: /LJ 
Witnessed by : =tJ£:::===== 

Checked by: . ~ ......,,..._~----
V95224 

Cnt Rm Custody\Date : _p""""""-'"--~""'-~~-"'-"---



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

LAL-91-SOP-0060 
Date Prep Started : 3/6/96 Matrix : Water 

Workgroup Number : ....,G""'R_,A,..,.L.,..P"""'/B""'ET=A~LA.!--0060 34110 Prep Due Date : """0=31"""'1-9""""19=5,....--------

: .. =.••=·.·,··,=.•.••,•.;=•.= .. :,=.,:,•.
1
,=.:,=•,·.•,·•,=·.•=·==.•·.=·•:••=•;,.•,••=.•·=•=.••,i=.••,•=;=•·!.•,••=•·!.•.s.;=;=•·=CL·:.·,•.:.A=••.•.•=•·= .• ,=:,:,••=M==·,'.=.==•·oe.·••.·•.e.: .. N .. ·•=;,·.•.•u.,·.= ... •.T.=.:,·•,=.=e=•:·•.•,:=·=•,:,;,• .. •.·•.•.•.•.•.•.•=:•.•.=.: .• ,·.,:,.,:,• •. •.•,••,••=:,•,:=:,•.=••=:'·••=.•.:.•=·==•·•,=.•,.•,•.·.:.·=.· l'il

1

ii l! l:i ~,!: ::::: !:l!l/1:/!J !ill:! •.•.•=,••=.:•.:·•••·•,:=:,.:,,:,:.:,.:·•,.••,,i•:••••i••=.•=.•.:,.••,,i,¢.',•••=.•=.•=.A=.•=,'•,H·:·,=.•=.;•,,•,.L,.: .• ,.'.,.•.•=.l:;, .• ,·.,,•,,,.· .. •,.~,.',=•·.'=;=,··•,;,,••,i.••=,•·;,.,,•·.:,/,,:,.•.,,•.•:•,:=•=:.:=,••,.;=,•:·••••:.•• I •jtI~3f••tt 1i•tflfl!!f 
1

••Jilli~l:Ji/l/ ••: . . m1:1::::::::::::••::i ']) :::::::::::•:•:••!III •r:: •u:t]tJt•t:::: :J:tfiit:~~f\J rn••·••HiimfuijJ{j -L6496-7 34110DUP1':'T DUP1 34110-01 2 0.160 8.5900 8.6655 . 0.0755 . 
Lab Ctrl Sample 3411 0L(.;::;1 ··••o2.•• LCS1 . 34110-UL. 2 0.250 8.6593 8.6987 0.0394 
Method Blank 3411 0MBB #( MBB1 34110-03 2 0.250 8.5704 8.5704 0.0000 
L6496-7 34110MS1 }~ MS1 34110-04 2 0.160 8.5175 8.5915 0.0740 
B0H0V4 L6496-7 At SMP1,M 34110-05 2 0.160 8.5728 8.6463 0.0735 

:15,: 

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

9.8 pCi/mL 12.0 pCi/mL 
LCS:IQ•#f:ttf•ftt• •.· .. · ... ·.·.· .. 95-721-13-1 

Balance Number : 40020046 ( ) 
( ) ------Comments: 

Pipette Number : 

1 .0 ml; I 1 /05/'.Jt; 
Am-241 Sr-90 

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

71008 ( ) 
( ) -----

.. 

; 

LCS added by: .... c .... D ___ _ 
Witne~sed by' : NA -----0 

0 
co Ana~st;i;-~-=~·_r-£2--.-=_:------C-h-ec_k_e_d_b_y_:::::9:,::_/~~---_-_-_-___________________ V_S_

5
-
22

_
4
_ 

·~~ 

"" 



LOCKHEED ANALYTICAL LADORA TORY 
ALPHA ACTIVITY CALCULATIONS FOR GROSS ALPHA/BETA ANALYSIS 

LAL-91-SO P-0060 

Workgroup No: GR ALP/BETA LAL-0060 34110 

•·_ .PAA~t;. ltt! rt PLANCHEr 
-·"LldJIO··. ·1:::} · LAt ID 

::;::;:;:;:;::::::::.:.:-::· • •.• ••• :::::::::-:-:-:-'.-:-❖:.:.:-:-:-:-:-.-.: •• _. ,,::•,111111•••-•1••,111 
3411 ODUP1 LB1-D1 34110-01 100 18 6.3 0.109 3.04 2.50 2.51 3.02 3.72 DUP1 C 03/07/96 
I34110Lc;s1 Le1-c1 134110-02 100 317 4.8 0.148 37.89 4.27 4.67 1.~~ 1.56 LCS1 U~/07/96 
3411 OMBB LB1-C2 34110-03 100 4 5. 1 0.215 -0.09 0.49 0.49 0.88 1.10 MBB1 03/07 /96 
3411 OMS1 L81-C3 34110-04 100 226 4.5 0.108 57.86 7.77 8.29 2.58 3.29 MS1 C 03/07/96 
L6496-7 LB1-C4 34110-05 100 20 5.9 0.107 3. 71 2.61 2.62 2.95 3.66 SMP1 ,MS 03/07 /96 

;· 

Comments: 34110LCS1 Alpha LCS Recovery = 37.9/38.9 = 97.4 %. 34110MS1 Alpha MSl Recovery= 54.1/52.5 = 103.2 %. 
L6496-7, 3411 ODUP1 RPD = 19.9 %, RER = 0.13 

MBB = -0.09 pCi/L = > less than RDL(HAMDC). 

Da~ Completed 
Ar@ Signature 

C'.) 
Cl 

V95224 

Checked by: ---t~~~ __ 



LOCKHEED ANALYTICAL LADORA TORY 
BETA ACTIVITY CALCULATIONS FOR GROSS ALPHA/BETA ANALYSIS 

LAL-91-SOP-0060 

Workgroup No: GR ALP/BETA LAL-0060 34110 

.. t.••·.:•.• .. •·.•·:•·.•',.:.•,.':•••.=:,.,•,::,.•·::.\:,.'•.:.,•• .. •.:1•.:,D:,:·••.,:.•.:.•: ... •,•.•., .. ::••.··•:·•·.• ://:'=:::ttA<::.t<•::'=1•'0•:::::::./.:.': ··············•·•'.:(,:•m••.••.;•:·•n•.::'.:'l·:· ... •····•• .. •·.••: ••••e::s•'•'~t•••=•:•: ••/'J~'i,•::.: t.=:x•?Jl'·L·::::K:::=::::::' ···2·s•""M""··· ·.···.;•··s ... 1.G ... M ...... ,., ... · . . •.•.·.·.·,.·a··;;-;,:;c··········· •••••••••••••·e"''~•j{:::'":•.=:: •=••••••••••••:;;:,::t;.:•e''''•::::•:::::::•, : PARENT?? 1:1:~:•:1:: \P.G\NCHi:T CTifi/lE( COUNTS c6.DNts Iii /A>.::>a\ •:.·:··•:.•: .• :;•:.•:.·•A:.~.::,;C:·:.:.:.Tlg.::'.IcVITY;.::.:.r::~.:::::.•:·:·',::.•:,.,.:,.•: lRl{lfI J;m;Y:::~~,r• tt•:rnMMtt ::t?MbA•)t-b •ffc6DNif) 

~"'" .: !
1
ii!!i••:•::i••····· ::•:••· ,.:.:::,. ,;,::::: .!!l!i.!!it!i•! :. • •. !i/iijliif :: ·•~ii1t:••···· ···•· iiii:if1t::2!i :::::;;¢i;;j:::: ::1:::1:::i111:::::• !iii1::::1:ti¢.lWllill!l:l•11 :

11
11:111::1::sl~:11!

1
1/ii/•11111; 

34110DUP1 LB1-D1 34110-01 100 264 105.7 0.409 0.258 10.68 2.59 2.65 3.29 3.48 DUP1 03/07/96 
34110LL~1 LB1-C1 34110-02 100 1058 102.6 0.415 0.250 38.13 2.~U 3.47 2.05 2.16 LL~1 03/07/96 
34110MBB LB1-C2 34110-03 100 83 99.1 0.420 0.258 -0.68 1.13 1.13 1.98 2.10 MBB1 03/07/96 
34110MS1 LB1-C3 34110-04 100 992 101.9 0.405 0.258 57.87 4.50 5.35 3.26 3.45 MS1 03/07/96 
L6496-7 LB1-C4 34110-05 100 232 104.9 0.401 0.258 8.66 2.52 2.56 3.34 3.53 SMP1,MS 03/07/96 

Comments: 34110LCS1 Beta LCS Recovery= 38.1/42.0 = 90.8 %. 
l6496-7, 3411 0DUP1 RPD = 20.9 %, RER = 0.39 

MBB = -0.69 pCi/L = > less than RDL(HAMDC). 

Date Completed 
A~ Signature 

C) 

C'J 

'2:>-,s=:t(o 
~\OCL~p 

3411 0MS1 Beta MS1 Recovery = 49.2/52.1 = 94.5 %. 

V95 4 

Checked.by: ----9~f-· ______ _ 
. \ 

~~ 
·~ 



CERTIFICATE OF CAJ,TRRATION 
ALPHA· STANDARD SOLUTION 

Radionuclide 

Half Life: 

Am-241 

432. 7 ± O.S years 
7241 

Customer: LOCKHEED ENGINEERING & SCIENCES Co. 

P.O.No.: 06LAB1245 

Catalog No.: '~ Reference Date: November 1 1991 12:00 PST. 

Source No.: 388-1()()..1 Conlamed Radioactivity: 0.997 ~-

Deacriptima of Sobdion 
a. Mass of solution: 

b. Chemical form: 

c. Carrier content: 

d. Daisity: 

Ralioimpariam 

S.0001 
AmCl3 in O.SN HCl 
Nono added 

1.0077 

NOIIID detected 

0.1994 

Weighed aliquots of the solution wmi assayed usina a liquid scintillation counter~ 

Um:atainly of Mwemtal 
a. Systematic uncertainty in instrument calibratioa: ±2.0" 
b. Random uncertainty in assay: ±0.7~ 

c. Random uncertainty in weigbmg(a): ±o.o• 
d. Total uncertainty at the 99 ~ confideooo level: ± 2. 7" 

NIST TAONbititJ, 
Thia calibration is implicidy traceable to the Nalioaal Insaituto of Standuda i114 Teclmology. 

Notm 
l. Nuclear data were takm from "Table of 1sotopea•, Sevmdl Edition, edited by Virginia S. Shirley. 
2. IPL participates in m NIST meuurement usunnco program to establish and mpingin implicit 

ti'aceability for a llUIDbm:of nuclidell, hued oa. the blind U11ay(md later NIST certificalima) of Standud 
Refmn:e MaliDriaJ&.;(Mili NRC .ReguJatmy Guido 4.15) 

~-.-·. 

-~~:)· =t! 

ISOl'OPB PllODUCl'S LABORATORIBS 
1800 Na. Ly ... Sbmt.,. 
Bwbat. NiiJma 91SC)t. 
81 843 - 7000 

~;zt_A.!.cw Q M.ffY CONTROL 

ooss 



CER'flFICATE OF CAJ,IBRATION 
BETA STANDARD SOLUTION 

Radionuclide 

Half Life: 
Sr-90 

28.5 ± 0.2 yetUB 
7090 

Customer: LOCKHEED ENGINEERING & SCIENCES Co. 

P.O.No.: 06LAB1245 

Catalog No.: Refereoce Date: November 1 1991 12:00 PST. 

Source No.: 388-99-2 Contained Radioactivity: 1.018 ~-

Oe&criptioa of Sohmoo 
a. Mass of solution: 5.0012 
b. Chemical form: 

c. Carrier oootmt: 

d. Density: 

SiCl.2 in 0. IN HCI 

Nono added 
0.9996 

gram1m1 o 20•c. 
Rwtioiqmiri,w 

. Nooe (Y-90 daughter in equilibrium) 

Y-90 daugbta in equilibrium 

0.203 

Mdbod of Nilnaca 

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

Uncatainly of Mcw:.:cw.al 
a. Systematic tmcertainty in instrumen1 wibration: ± 1.5% 

b. Random uncertainty in 1SS&y: ±0.5% 

c. Random uncertainty in weigbing(s): ±0.0% 

d. Total uncertainty at Ibo 99% oon6deoc4 level: ±2.0% 

NIST .,-,. ahititJ 
This calibntion is implicitly traceable to Ibo National lnstihrte C)f Standuds and Tedmology. 

Natm 
1. Nuclear data were tum from •Table of Isotopea•, Seventh Edition, edited by Virginia S. Shirley, 
2. IPL puticipatea in an NIST measurement assunmcc program to establish and maintain implicit 

traceabilliy ~r a ~ of ouclides, based on the blind assay(and later NIST certification) of Standard 
Referaa MateriaJL (As in NRC Regulatory Guide 4.15) 

OOSJ 
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SECON0AR ---

1 · 

STANDARD DILUTION RECORD 

Isotope: 

Parent ~umber 

Dilution Source Information 

l4lt,1y) 

Al\\-24' 

92. · 35.3 - Bl·\ 

Vendor or Certificate LD. # of Parent Standard: 

Diluted Source Logbook 1.0. #: 

Balance Verification?: 

Diluent Used: 

C 
I 

l -- _l.!:===========;:==============================!I 
i 
I 

r-
r •Diluent: 
L 

• Density of diluent lg/ml): 

i ·· a: Parent Specific Activity: 
\_ ~• 

! b: Amount of Source Transferred: l- -· 
~--' c: Total amount of Dilution: 
I 
I 
1 
r· 

i d: Total Volume of Dilution: 
i. 

e: Activity of Dilution (a • b / cl: 

f: Activity of Dilution la • ·b l d): 

Dilution Logbook 1.0. #: 

Dilution 

1,02.~0 g/ml 
I\,..- t.-4\ ¥11-,0 '1'-

1002, • ., '- llt!d .-z. pCi/g e, 1/5/9~ 

4.a10 ' ... 4,0CS g 

500.0\ g 

Af\•Ul 'affi - ,o 
8-1" 8-\~ pCi/g @- 1/5/96 

S••o .pCi/ml 

94-~11 - 'B-1 

f 

• 5(-/1-'o ui. ~,\:1or:\A.W',, ~H-,:~ re.fe.rlid. i:: ~~,.. s..- ~o ... d-~~,~ '1'·2.. 

r· 
I 

I 
I ' . 

Prepared By: q-,c..1oJL · Preparation Date: l/~/% 

Rev;ewed By: ~· ~ Review Date: 

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

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

Heaa ana Understooo By 

Signed Date Signed 

'age 

Date 

0090 

! 
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Continued From Page-----

INITIAL STANDARD DILUTION RECORD 

. : <i Standard Information: ·'\\,:: .. 

' 

Isotope: ::W -90 • Vendor: iflL 
\. ()le, 

,,. 
Activity of Standard Received: .a--eot~ uCi Vendor 1.0. I -
Weight of Standard Received (g): 5. Clc17- g LAL 1.0. I: ~~(b4~· 

Standard Activity (pCi/g): 2..o~r= i; pCi/a NIST Traceable 7 Yes 

Halflife in Years or Days: 2.~ .t yrs Certificate #: 3ee-99-2. 

Reference Date: 1\/1/91 Receiver's Name: I=='Rc!:. 

- Date Received: 12-/ .91 

Primary Dilution , 

Balance Verification?: 

Diluent Used: 

a: Decay Corrected Standard Activity (pCi/g): 

b: Weight of the Source Transferred (gl: 

c: Total diluted weight (gl: 

d: Total Diluted Volume (ml) 

e: Activity of Dilution by Weight (pCi/gl la • b / c ]: 

f: Calculated Density of Solution (g/ml) lc / d]: 

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

h. Dilution Logbook 1.0. #: 

Prepared By: 9. 7 Q..; ~ 
Reviewed By: w ~...,_, 

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

Signed Date 

I M 

I. 5% 

4-9 

IOQ.o\ 

.9'1-1 ml 

~12.'5. 0 e_, I 5 .9C, 

/ml 

Ci/ml 

- et-1 

Preparation Date: _.1/"'"'s-/ __ 9 __ G. ____ _ 

Review Date: . L/2-/ 'i t. 

Check Date: --------

Signed Dale 

0 9 l 



!_ 

&'IUU;:UUUK 1'40. 
~ontlnued From Page ____ _ 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information . 

Isotope: 5r .. ~O 

Parent Barcode Number 

Vendor or Certificate I.D. # of Parent Standard: - 9 ~ . ¢~ j1 - 91 • I 3 ee, - ~ - 2. 

94 - 0b'l1- :,1 - I Diluted Source Logbook 1.0. #: 

Bafance Verification?: 

Diluent Used: 

Dilution 

•Difuent: 

*Density of diluent (g/ml): g/ml 

a: Parent Specific Activity: pCi/g @. i 1/s/9~ 
b: Amount of Source Transferred: (o,012. g 

c: Total amount of Dilution: 109-10 g 

d: Total Volume of Dilution: \O(o•G,\ ml 

e: Activity of Dilution [a• b / c): Q-=-00""'-·-0-=9e-;)_.,,,.____,P_C_i/--=g __ l..L/....:S~/_9..;..C, __ _ 

f: Activity of Dilution (a • b / di: 

Dilution Logbook I.D. #: 

Prepared By: 

Reviewed By: 

514.G:, pCi/ml 

:} 4 • ~ (pJ J - 9 2. - I 

Preparation Date: 

Review Date: 

,, 5/91. 

1/C"Jq L 
I 

'If the diluent remains unchanged from ~he 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 
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.• 
I 
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; 
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~ - ~, 

I 6 1,1 l '2- ., I 00 ~ 6 • CJ ;7 "~. I- h ti ~ t1 0 

~ /, ..... ,C-, / 
,_ 

/ ,., 
• I <, c,-., ,,,. t -L,. 

fl 

-TL - -:- I II 0 - 0 I I) [/ - - _j 1.. ,,, 
-U F. a.. - " ,., 7 . I - ~ I l/\ i.-.... - ..,... ' ra.- .o- ~ - ,f 

. ,_ 

'iJ"t &I, [ Ii JI OJ t ---o 
>- ' 

- _71,-,.r_J l - - 7:- I> /,0 Ot,. L , 0, s It} J(-c 92.. 
, 

0 .. 

'1 g 
I t/ ,, t ) .:::;_ I ,o '-I - a I C" I 

.. j t-o -1- '() le 
,_ ~ • ,c;-

{:, ' ~ ,,,-;::t ,; '';: ~ . -- cC ti F ) ' ~ .,,,. , 41., -::> I 

4 I., CJ ~ ~ - ~ ;;;(_ t1 IO b •I ~ 
V 0.1 f :f) rt7J 

j ::.,, ('"' 

(/ 2 

A ;:I; ::1 - ~ fj l ~ '<, ff )'/ "' w. 12 37 /-, 'J ::- o. .. X t'"',' ,-.,, ,. 
0 J cJ C: , " v"' iJJi ·J {/ . 

r Do - ,.. 0;;; ("~ R' I J. ?177 ~ ~ ri_,- I ~ ~, ,/,.. > ~ C, n. t; t H .. ( : ' -0 -> r .o ~-K I cc ~· ~ - ~.1 

0 - - C ~-. 9c 1e..: 'I 181 (c 1,; J 
Ou I /1 / :.J -,_ 

(). ,o< () ~ n - -.. 
/,,. ~ qg le 

, 

/11 r, fr -:::: 9, ~ )0 .. ... ""' ,..... lD .I ~ ., ,, I 
I u ~ 

{J , 
I 

__.,,,. 
~ --~ -- :--

~ ----- . -~ -- ...... 

--- :--

---- --
---~ 

----
.---~ I 

,.,.,,..,. ~ ,~~ - J 
!,..,,-' ' 'tr\. \ ·continued on Page 

I 

Read and Unde -y 0093 
A •. -

1 L1Jlp.,_ r\. h u .fl~ 5/..IL.t~ 9 ,L/4t o- . .' Signed-. . ,. Date - • • Signed , D• t• 
·-.. -- . '·" .. ,.,., 



. ~ . 

N~tebo~k No. 2":>.....) 
Continued From Page __ _ 

ISOTOPE DILUTION RECORD 
~~' f1m-2cf-\. . .· 
Secondar:y/Workini Level Dilution:· ,~ 

Date: Lf A -13 Preparer•, Name: & . {.() U>"--[f 
Pipet Check / Balance Wt. Check Done. ( v') 

Diluted Source ID (log#): Cf. {;...22..5'- 6 b ~ ( __,-
. . . 

Diluent used: 0 · t; N H C f · 

A: Source activity: 2/Jo c> J.{!m /3 ( 177'1- f, pC. / '} ) 
B: Amount of source transferred: /0 · 323 ..6"°~ 

C: Total amount of dilution: {Do . IO 21 r 
D: Activity of dilution (A*B/C): 2 237' l O d.p,-n-,( r 
E: Density of Diluent: /, oo(o j / ht--t 

. t F: Activity by volume (D*E): 2 2 tf tJ • 14 df tYI / tttf( 
AW. 

Dilution Log Book ID: !/:2 33tf - 92,... 3£"3- N-" / • '--,~ 

Reviewed by:. ~ Date:. '/(7 /13 

I 

.. 81 

··:·.~-"•\ uw~{.l.dW~m~~~~~t4-.f-/J~l,L+==t=--...P::=¥+~~ur~~~~:;--r11~, 

Date 
(' !f'J 
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Note· ook No u l.,/- 1 13 

' I I I I I I I I 
SECONDARY /WORKING LEVEL ,_ 

-- STANDARD DILUTION RECORD 
.,._ 

\ 

-
Dilution Source Information - ,,,. 

----- Isotope: Ati1-2'-II m,J Sv-V-9° - AJ.oo 30 · Parent Barcode Number A/lo D 't', ,._ 
:,:_ p1,.. 3 Y'< -lvv_ I "'t":-'2'/{ - Vendor or Certificate I.D. # of Parent Stan_dard: Sv-~- 'f.:, N.:,:.J, .S~t"f, ':f't l'/G 

A,., -2 ", 1" t-02.2-i"-~ 0 -1 .__ 
Diluted Source Logbook 1.D. II: S>-'t_-i-> i L - o ,__2 ~ - 3.::, -:z_ 

-
¼.) Balance Verification?: -

-· 
6, {/-itJ03 - Diluent Used: I rJ 

·, Dilution - ! 

..,- i./1..,~ Sr(tJo,)/,..t. •Diluent: 0, JN II NO 3 .,._ 

- • Density of diluent (g/ml): Nit 
A,..-2'{ I 9u~r&l1c.z: - ✓ 

a: Parent Specific Activity: 5,. - 9 0 , o ~ ~ _v,C-/4 £.. ~ 1/,/q o - A"" -1'-I t 0,5'1..,.. L - b: Amount of Source Transferred: s.--qo 6,(-ir-t-tL 

- 500 
'-'.L c: Total amount of Dilution: _g_ 

,___ 

,..._ d: Total Volume of Dilution: £ 0 0 "'L 
- e: Activity of Dilution [a • b / cl: /JA 

'1,9I f e..i/,-..L - AH-(-24/f 

'l/1!'10 f: Activity of Dilution (a • b / d): C::r '{- 9o 11 pc/~ ~ -
,__ 

Dilution Logbook I.D. #: '1_5 - 12 I - l3- l ,__ 
I 

,__ 

tr-~ t L.z. 1 L_9 $' Prepared By: Preparation Date: 
~ 

q7o_,4.,£ ~ Reviewed .By: Review Date: SLz_.4 /9.S' 
' ,.._ 

' 
• 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 conv~rsio~. 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 --, 1 I r 

Read and Understood By 

0095 
Signed Date Signed Date 



CER'flFICATE OF CAIJBRATION 
ALPHA STANDARD SOLUTION 

RMlloauclide Am-241 

Half Ufe: 432. 7 ~ O.S ytan 
Customer: LOCKHEED ENGINEEIUNG & SCIENCES Co. 

Ca1a101 No.: '7241 

Source No.: 388-100-1 

o.:ripliaa olSomnoe 
a.-Mua of 10luticm: 
b. Chemical form: 
c. Carrier c:anfall• 

d. Density: 

P.O.No.: 06LAB1245 

Rden::acc Date: November 1 1991 

Coat•incd Radioactivity: 0.997 

5.0007 
AmCl3 in 0.5N HCl 
Naaealidad 
1.0077 

11:00 PST. 

,.a. 

,ruwml • 20-C. 
Redioi,w:iDa 

Redicwrtide Ct• e •t•h• 
0.1994 

Mlldmd of Celi•• i-w 

Uwtliliiiiq ol M t 

L Sys«emecic ~ ill iamumm& ca1ibrlliaa: ±2.01' 
b. Radom IIDCel1lildy in ... ,: ±0, 7 S 
c. Random~ iD weipiq(1): ±0,0S 
d. Total um:aum&y a& lbl 991' c:anfidlnre &.v.: ±2. 7S 

NJ.IT.,.,. ··-
Thia calibndiaa ii implic:idy ncmble t1D Im NMioneA IMiMa of Slaadlida ad T~. 

N-. 
l. Nuclear clala ..._. talraa fraa "Table of 11o&apa•, s.v.dl Edmaa. edilld by Vifainia S. Sbidey. 
2. IPL putic:ipuea ill a NIST IWIIU'elDml •-lnDCD propam ta elllbtia nd nnincwin implici& 

"'lf'Mllility far a Dllllllllr of 11uclida. bwd Oil tba bliDd -Y<• llflw NIST Cll1ificltiaa) of StlDdanl 
RellnDl:e MlfllrillL (Aa ill NllC RepJamry Guide 4.15) 

~L CON'fflOL 

0096 
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__..i--

tJF 

I u -~ i I 

I 

f~~-+-+--+--t-t-t--t---1-t-t-+-+-+-+~..L...L_L..ll[\I l!~.1'1~~\W Continued on Page 
-, I 

... I 

I\ -,, 'JJ..J . fl-.._ 
Q - Signed 

---·--------

Read and Understooc Sy 

,5/J/1z-
Date 

0097 
7 /I J/1>t 

Date 



THIS IS A PHOTOCOPY OF THE CERTIFICATE 
WHICH 1S BEING MAILED TO YOU UNDER 
SEPARATE COVER. 

National inititute of i,tanbar~ &: ~ec~nologp 

C!tertif icate ·~ 

Standard Reference Material 4919-G 
Radioactivity Standard 

Strontium-90 

4919-G 

Radionuclide 

Source· identification 

Source description 

Solution composition 

Solution in NIST borolilicate-glaa ampoule (I)• 

Strontium-90 plus yttrium-90 plus appnmmaaely 
95 "I each of non-radioactive strontium IDII_ 
yttrium per pam ~ 1-molar bydrodiloric 11:iji <21 

Radioactivity conc:eotratioa 

Reference time 

Overall uncertainty 

Photon-emitting impuritia 

Alpha".particle-cmittin& impurities 

Half life 

Meauring imtrument 

Apprmimately 5.0 lfUII 

4.514 x to' Bq &4 

1200 EST August 1, 1990 

1.05 pen:ent <3' 

None omened <'> 

Nooe omened (S) . 

28.5 :t: G.2 yean (tt 

~ liquid-lCintillation counter 

This standard reference material w prepared in the Center for Radiation ~ Ionizing Radiation 
Division, Radioactivity Group, Dale D. Hoppes, Group Leader. 

Gaithersburg, MD 20899 
· -:ruary, 1991 

William P. Reed, Acting Clief 
Office of Standard Reference Materials 

oo~s 



30 / /) Notebook No. LA-L-if.,4:£,-0/ Pr 
PROJECT ---~-·-___._9i...;;_V _ _,.{c ........... azJJB...-· -#-IU...._c.d=-1,=;ln..._...._:,---?_i....:;..,..;;~~oaJ.~ /M~lfrtlnued From Page __ _ 

J/ 
7 

/t:. --~:lq I • I,~;, "'Hi, J ~ 
~ I "ir-;, 1/.ak _rY J ff-, .<;'l - )./ '6 }/{v, ,13 J •' 

10 

- 1 '/ , 

r- .,.,,.,(1-,;1-~.... I-it 4> , ... ,n 1 J. V-'io 1. l1.1b .~,rz,~, l'l_µ 

I ' 1,,/" I.I I 
I IJ,{ c;- I 'a / Ir) 3 J2 -

. 
T)I 

, 
-i--, . 

(.,' 

/ I I 

I// no 1-,.-,/, ,\.\ ,, 

1 

- - I' / ., IU' - , 

f • V ' I. 'J 

LJ (/ IC. 

0 ' 

~ .. au --'J.J..J 
10-,~- \ ( Q.~ f.""[plht/,/tl lo(,, o/ff /<>i.6~) 

Read and Understood By If OOSQ 

·1 - Signed 
lt/(1 fy·· 
(f/ /2/¥/f/ 

Date 

a 
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LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LOG FOR STRONTIUM ANALYSIS 

TOTAL RADIOSTRONTIUM - LAL-91-SOP-0196 

Date Prep Started : Q _ l 1 r ff. -b Matrix : _W_a_te_r ________ _ 
WorkGroup: SR-90 LAL-0196 34046 Prep Due Date: 02/27/96 

,~·,{/.::::-CUSTOMER·. . . PARENT NO ·QC· :.\·,CHILO..,:.· ,,:ALIOUOT.<· ·.·,='\.SR:,::.,:=,,:.; · .. ,,fflRIUM· ·YTTRIUM , .. •··PLAi"OHETf .::'Pm\NCHET,= ',·!:.:: :,.:•.ReSIPUE< ..;-,-:.:.t.COMMEN.TS.:;< .. ,, 

L6428-2 34046DUP1 l DUP1 34046-01 ~ IMO /Y-'7 2-z:7-'f-b 1~: 10 /n-~~1(>ro b-f'1gbin 
Lab Ctrl Sample 34046LCS1 :2<. Les, 34046-02 I V6i1 o h.~~( 80 l '>7}(1.P ... 
M.ethod Blank 34046MBB 3. MBB1 34046-03 1 l't,! 1 O l}?rrr. "To h .. >), iff. 7~ 

B0H6L5 L6428-2 . 4. SMPl 34046-04 / ,~ '. 2 o 1.f ~' , .. ,:i, t>, •11r' , 
00Hov4 L6496-7 s 34046-os '\.. 1 JJ '{/.';,/ 1'1,: 1. o t.-r't~,?.>o h.th3 , 1 

6. 
7. 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 

Conc&Vol of Carrier a-012254 Jo.~,..,g_ -o . .;-~ Act&.Vol.ofLCS:> 'AJ-7Srir:/,,.,o._ /.()h(.12.· 
Carrier Exp Date> .,. Q _ ~~ '-<it? ' LCS Ref Date,:. '\/ lJ .I( -9</.. t.-21-f'b 
Carrier ID#• .. : =. :, .. • Qi{-?. 'itf - U> .Couht Anlstf / 

Balance Number :_'f~6J>".&...117J)c;;;.._ol,,.::;__:,./ ___ ( / Pipette Number : 1'111.G ( c..Y' / 
l3'fYff 1 .v 

Carrier and LCS added by: fu ) z.-z.1,9 I-, 
Witnessed by /.,.).rm ,l-;2. 1~'1(;, 

Comments: ---------------------------------------------
An a I y st : ----'f~-' __ 2_-_2-_l_ .... _%_ Checked by : ~j_ 

---+--,,i(f'~ ·... -

V96024 

Cnt Rm Custody\Date: ·~ ;:). ;:;Q:-°I te 

.·-~ 
• ..,,,__ •:;I 

-~_;,; 

-~✓~ 

-::~= 
-:r~~ 
~~ 
·~. 



LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION LOG FOR STRONTIUM ANALYSIS 

TOTAL RADIOSTRONTIUM - LAL-91 ~SOP-0196 

Date Prep Started : 2/27 /96 Matrix : Water __,.;~---------
WorkGroup : SR-90 LAL-0196 34046 Prep Due Date : 02/27 /96 

11m1~1 Kif }t;~J~T .... ~?, ~~;; ,;;~,.~~Ii iliii~ itmij: ii11; W••a• i &li,I!:ie 
L6428-2 34046DUP1 1 DUP1 34046-01 0.5 0.5 2/27 /96 18:20 6.8588 6.86856 0.00976 
Lab Ctrl Sample 34046LCS1 2 LCS1 34046-02 0.5 0.5 2/27/96 18:20 6;8698 6.87845 0.00865 
Method Blank 34046MBB 3 MBB1 34046-03 0.5 0.5 2/27 /96 18:20 - 6.8747 6.88442 0.00972 
BOH6L5 L6428-2 /4 SMP1 34046-04 - 0.5 0.5 2/27/96 18:20 6.83943 6.84896 0.00953 (!, 

BOH0V4 - L6496-7 ' 5 34046-05 0.5 0.5 2/27/96 18:20 6.84333 6.85316 0.00983 
6 
7 .@I 

.'8 ,__-------+-----+-,i_-9-+---+-----+----t,-----+------+---+----+-------+--+-----+----------1 __ ,r--~ 
1---------+-----t----;1---1-----+----+-----1..----+---+-----+----1---1------1..---------1 ,,.•~ 10 ¾-~ 

11 
12 
13 
14 
15 
16 
17 
18-
.19 
20 
21 
22 
23 
24 

Conc&Vol of Carrier 24.50 mg/ml; 0.5 ml Act &:Vol ofLCS/{{ 26.78 oCi/ml; 1.0 ml (fret(Anlst({J AW 
Cattier Exo_ Date - · 30-Sep-96 
Caniet 10# : · •. · 94-658-20 

ITL]C]SgR~e!fCD2at;e=·•···±)±/Zf2:\.i. ======~Ot1~~At,Dtlr~-9~42=====j i-s ... ta..,..it_: ":_O_at_e __ ): .... r:: __ r ___ 2 __ /2_7..;../9_6 __ --,1 

,!.CS ID#\,.·> v. i ;; 94-677-44-1 CounfAntsf{, LV 
Balance Number : --------40020021 Pipette Number: 139746 I I Carrier and LCS added by: AW -------134488 I I Witnessed by : DSM 2/27 /96 

. Comments: --------------------------==~----~--------
0 
~ 

C) 

Analyst: ~Y {&( ~ 
'.()1·H1~ 

Checked by =--p..i.....r;ii..c;JL--____ _ 
V98024 

Crit Rm Custody\Date : -----------



LOCKHEED ANALYTICAL LABORATORY 
COUNT DATA AND CALCULATIONS FOR STRONTIUM ANALYSIS 

TOTAL RADIOSTRONTIUM • LAL-91-SOP-0196 

WorkGroup : SR-90 LAL-0196 34046 

LB1-C1 34046-01 DUP1 0.797 150 23396 153 0.443 02/27/96 21:40 1.049 377.31 4.88 19.12 0.93 0.98 
LB1-C2 34046-02 LCS1 0.706 150 3096 149 0.437 02/27/96 21:40 1.049 54.75 2.07 3.39 1.05 1.10 
LB1-C3 34046-03 MBB1 0.793 150 168 152 0.443 02/27/96 21 :40 1.049 0.26 0.57 0.57 0.93 0.98 
LB1-C4 34046-04 SMP1 0.778 150 22370 157 0.439 02/27/96 21 :40 1.049 372.85 4.94 18.94 0.98 1.02 
L• 1-D1 34046-05 0.802 150 184 158 0.444 02/27/96 21 :40 1.049 0,42 0,58 0,68 0,94 0,98 

COMMENTS 

Date Completed 

Analy~ Signature 
~ . 

34046LCS1 Sr-Tot LCS Recovery= 54.75/51.18 = 107.0 %. 
L6428-2, 34046DUP1 RPD = 1 .2 %, RER = 0.1 2 

MBB - 0.261 pCi/L = > less than RDL(HAMDC). 

~-::>.B-% 
?\CG.,L ::::O~. 

V98024 

Checked by : ~b~),...V __________ _ 

-~.J 
.~ 
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1r1r;H1t~ 1s A ~HarocaPY aF THE cERT1F1cATE 
WHICH 1S BEING MAJLEO TO YOU UNDER 
SEPARATE COVER. 

National lfngtitute of i,tanbar~ &: ~ec~nologp 

C!tertif icate 

Standard · Reference Material 4919-G ,. 

R~dloactlvity Standard 

Strontium-90 

4919-0 

Radionuclide 

Source identification 

Source description 

Solution composition 

Solution in NIST borosilicate-glass ampoule <W 

Strontium-90 plus yttrium-90 plus approximately 
95 µg each of non-radioactiYc strontium mnd 
yttrium per gram of 1-molar hydrochloric ~ {2) 

Mass 

Radioactivity concentration 

Reference time 

Overall uncertainty 

Photon-emitting impurities 

Alpha-particle-emitting impurities 

Half life 

Measuring instrument 

Approximately 5.0 grams 

4.514 X to' Bq ·•I 
1200 PST August 1, 1990 

1.05 percent <3) 

Noncobsened<'> 

None observed <S> 

28.5 ± o.2 years (6) 

4~ liquid-scintillation counter 

This standard reference material was prepared in the Center for Radiation Rcsearcb, Ionizing Radiation 
Division, Radioactivity Group, Dale D. Hoppe.,, Group Leader. 

Gaithersburg, MD 20899 
· niary, 1991 

W'dliam P. Recd, Acting Chief 
Office of Standard Reference Materials 

•Notes on back 
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NOTES 

<1> Approximately five milliliters of solution. Ampoule specifications: 

(2) 

(3) 

· body diameter 
wall thickneu . 

barium content 
lead oxide content 

·, other heavy clements 

16.S ± 0.5 mm 
O.<,O ± 0.04 mm 
less than 2.5 percent 
lea than 0.02 percent 
trace quantities 

Solution density is 1.014 ± 0.002 wJDL at 21.S °C. 
~ , . ' 

The overall uncertainty was formed by taking three times the quadratic combination of 
standard deviations of the mean, or approximations thereof, for the following: 

a) liquid-scintillation measurements 
b) gravimetric measurements 
c) dead time 
d) background 
e) detection efficiency · 
f) decay-scheme data 
g) half life 
h) radionuclidic impurities 

0.01 percent 
0.05 percent 
0.10 percent 
0.01 percent 
0.30 percent 
0.10 percent 
0.01 percent 
0.10 percent 

<•> The limit of detection for photon-emitting impurities is: 

0.01 y s·1g·1 between SO and 1900 kcV. 

<
5> The limit of detection for alpha-particle-emitting impurities is: 

0.05 a s·1g·1• 

<6> NCRP Report .No. 58, 2nd Edition, February 1985, ~ 365. 

For further information please contact Dr~· Larry Lucas at (301) 975-5546. 

4919-G 
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NOTES ON THE USE 
. OF 

STANDARD REFERENCE MATERIAL 4919G, STRONTIUM-90 
' ' 

I, .F· 

The activity of the strontiuin-90 in ~he ampoule is given per gram of solution. If tran-sfers are made 
by volume; the density given on the 'certificate can be used to compute, the activity per unit volume. 
The activity given is the strontium-90 activity only. Because the strontium-90 is in equihl>rium with 
its yttrium-90 daughter, which is also a beta-particle emitter, the activity given should be doubled to 
get the corresponding total beta-particle~mission rate. 

If the solution is to be used for making quantitative sources, it should be kept tightly sealed so that 
evaporation, and the consequent change in the radioactivity concentration, is minimized. Glass 
containers are best for storage. 

Dilute solutions of strontium-90 are often assayed by liquid-scintillation counting. We recommend 
that carrier solution containing approximately 1 mg of non-radioactive strontium be added first to 
the liquid-scintillation cocktail. We typically use a carrier solution containing 4 mg of strontium per. 
mL of 0.5- molar hydrochloric acid. When. 0.25 mL of this solution is added to 10 mL of emulsion­
type liquid-scintillation cocktail, the resulting 1 mg of strontium per vial is generally sufficient to 
prevent the radioactive strontium-90 from plating out on the vial· walls. · A set of liquid-scintillation 
vials that cover a range of sample-solution masses should be prepared and monitored over several 
days to ensure that the efficiency is constant. 

The beta-particle counting efficiency will be somewhat less than unity. A correction for the loss of 
low-energy beta particles can be computed using the integral-discriminator-extrapolation technique 
(G. Goldstein, Nucleonics 23 (1965) 67) or using the liquid-scintillation efficiency-tracing technique 
with tritium (B.M. Coursey et al, Int. J. Radiat. Isotopes 37 (1986) 403). 

The activity concentration giv~n on the certificate is as of 1200 hours Eastern Standard Time,· 
August 9, 1990. To convert from ESf to your local time, the table given below can be used. 

TO CONVERT FROM E'Sf TO: 

EDT 
CDT 
CST­
MDT 
MST 
PDT 
PST 

UTC 

Add 1 hour 
Same as EST 
Subtract 1 hour 
Subtract 1 hour 
Subtract 2 hours 
Subtract 2 hours 
Subtract. 3 hours 

Add 5 hours 
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ISOTOPE VOLUME DILUTION RECORD , 

Isotope: s r -ro Vend~r: N1S r Reference Date: l?ao BT J'-1-(f 
. Total Activity: tv A Vend~r ID: Sr?H 'f-1f 1- C7 Receive Date: lo -3 o - I~ q ( 

Total wt.(gl ,.....fo t NISTtraceible YIN Cert# '19/9-q , t½ -2<f·5.:f: ~tl..~..s 

3 · · " Ct,' 
Activity UNITS/g "f 5'1'1-{/0 6'g---converted to dpm/g 2 ·Ja~~(O Recejver's Name ,"'Ptnt ~ 

PRIMARY DILUTION: Prepared by volume 

Date: fl ft 1 [? ( Preparer•. Name. ,J '-'-- Va,., Nr . . 
a: Decay corrected activity: Q '1 af X fo5" dpm/g ( • if < 1 00yr decay correct to preparation date) 

b: ·wt. of Volumetric: ___ b_..0.__._.2;.._i;z....i/_4..;....__ g Balance wt check done U!I 

c: Wt. Volumetric + source: _...;;6;..a~.,___• =24 ....... ~ ..... o ___ g pnyent; l M H< ) 
d: Wt. of source transfered· (c-bl: 'f- ''f / J b g e: Wt. of diluent + source: rJ / A g 

f: Vol. of diluent + source: ( () O ml g: Activity of dilution (a•dtel: N/A dpm/g 

h: Density (e/11: N/1+ ,liml i: Activity by volume (g•h): £33·2£ •!Et. dpm/mL /, 

Dilution log Book ID:·. ?f - 2]5-;Jo-( (~f<H ff /f ~ .. A) -6000 
'' 'i J°C.' · t"'\ 

B: Wt. of Volumetric: rJ(A g Balance· wt check done l.!0 
rl(ft C: Wt. Volumetric + source: ---,-,..:.. g onuent; ~ • · [fJ Efrl O .J 

D: Wt. of source transfered: N(A ----~ g E: Wt. of diluent + source : rJ/A o I 

I F: Vol. of source transferred: __ ....,_ ml G: Vol. of diluent + source : J.,5:0 ml 

H: Activity of dilution (A •FtE): ,J I A . dpm/g I: Pen' ~ (E/G): t!:/a g/ml 
I ( -6. QCAJ 

I: Activity by volume (A ·F/G),(H·n or (A ·o/E): c•d· V '+'· 0 ~&..(ml 

Dilution log Book ID: CjJt-225'- 63 
i--ac.r., .l!ool' 'f r4..c.✓ , ·. · , ·. 

~eviewed by\ ·~ Date: 

7 '{y, 
~-o~/~ sr~ 7o 
23. o~/,,._{ Y- 7 ° 
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Isotope: 

SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Dilution Source Information 

s~- t/o 

Parent Barcode Number <Je.,. PJA A A o , I./ c. 

Vendor or Certificate 1.0. # of Parent Standard: Sf!../1 491~-G 

Diluted Source Logbook 1.0. #: 

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 (a • b / cl: · 

f:. Activity of Dilution (a • b / di: 

Dilution Logt4 f.D. I;. 

Prepared Bv: 

Reviewed By: 

g /,/10 
/ l'l HCL 

Dilution 

iJA g/ml 

o·~s- o~ 3 g 

/2 ¥, 1/i' fl-, g 

N/J ml 

:2. '/. 2. 7 peu, ,C.:/4.L 
~--y. l-1 pCi/ml 

9Y-o ~11-2~-1 

Preparation Date: 

Review Date: 

t 1.../< /1y 

[2::$,tf 
'If the diluent remains unchanged from th• diluent used for th• dilution source, then I weight dilution of a volume unit source 

can be performed without a density conversion. If the diluent changes, 11 weighted proportion density conversion is necessary. 

0109 
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Description 

'<.. ~ ... d. S i .S t 1 -r 

Ac.S~51 
K_'.'-) 

cc-

U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory-Las Vega, 

Nuclear Radiation Auaument Division 

Calibration Certificate 

P,,nc.., ........ ~dc1•( Strontium-90 Hall-••••( 28 6 l _ . years _ 

_ 21__.l l nano curie, I 
L--... s __ ... l "'' "' . .._..,,..,_, ...... -~,_9_4_o_o_J_-_1 _____ _ 

Measurement Activity of principal radionuclide 

Useful Ufe 

~MIT - ••"' af this aolulioft 

5. 40 ! I nano c ... •••I o1 I Strontium-90 

110400......,,rs1-I April 1, 1994 

Activity of daughter radionuclide 

__ s_. _4_0 _ _.11 nano--1 ......... 
ol ............. --- I Yttrium-90 

Total mass of this Mf!,tioft 

\ Approxim~t~ly 5 • O •--1 
Method of measurement· 

l 
I 

The activity of the primary solution was measured 
by liquid scintillation counting. 

The activity of the dilution was measured by 
liquid scintillation counting. 

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. 

)/0 

C c01·-~ C: , :g (!_ ... i_ 



Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remarits 

Revised 1/M 

The manufacturer stat'es 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 activity 

·~ 
1121 I less than I 

equal to % I of the principal activity 

1(3) I 1ess than I 
equal to % I of the principal activity 

The activity of impurity (11 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 • ctivity had • standard errOf' (aml not 9ruter than t. l O • l % I 
(The 99. 7% confidence limits are given by t(sm) whaf• t is obcainlld from the student t factor 
for the degrN of freedom (n-1 )). 

The maximum uncertainty due to the asseuable systematic en"ors (dilution. countint. and 
known uncertainty of the standard) is obtained by the a.pmate arithmetic summation of the 
positive and negative systematic error ( + 6 - 6 • ). Thne have been estimated not to UCNd 

l•3o8 'Kilor l-3.8 "' 
the overall uncertainty (often called accuracy) is an .. imat• of the poaibte divergence of 
the quoted result from the true value. h is a combination of random en"or [ t(sml] at the 99. 7% 
confidence limits and the worst cue estimate of the SY'lt•matic erron ( + GJ • - 6 • ) 
The overall uncanaimy is theref«• calculated on the buia of+ [tesmt +&]. - [t(sm) +o:I 
and is ( + 4 • O "' • I- 4 • O %lot the quoted radioactive concentration. 

This standardization is based on the fotlowing USUIIIIMiona of the principle nudide, its 
daughtev nudides and impurities (no allowance for emw in theM aaumc,tions or the 
auumption of quoted half-life have been included in the S1atemen& of accuracy above). 

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

car,.., content PIN' gram of solution: 

30 micrograms strontium 

Preservative: 

Date Certificate Prepared 

Approval Signature 

Other components: 

0.1 M HCl 



1.···''« "" ~ ·i I i· "'i ,~,,. ii ''°'') 11··~ «'\ 

j 
··!~~ l~lllll 1!11.~ ii i t " .i1- J~~~ ~1:1 , I -

32 . c; 1t·~,,,~ , '~,,, tl ·~~ lB,~ .. :,1 l · ~Joteb.:ci< ~lo. 0 Ll::11= 
• p A OJ.ECT __ ._. _r_-__,,(P.__._· -· _· ___ ,.;._ .. · __ · ----- Continued From Page ---

INITIAL STANDARD DILUTION RECORD 

1. Standard lnformatron: 

Isotope: 0 ,~ Vendor: 

Activity of Standard Received: I} uCi 

. . 

Weight of Standard. Received (g).: !5.•.0,, g LAL 1.0. #: 

Standard Activity (pCi/g): 

Halflife' in Years or Days: 

Reference Date: ~I .... (~q Receiver's Name: ---------
Date Received: 

Primary Dilution 

Balance Verification 7: 

Diluent Used: O· l t1 Jc.,\ 
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: 

Ci/ 

ml 

Ci/ml 
.. 13~ ~1'-4-<?2-- I 

h. Dilution Logbook. 1.0. #: . _cµ_-:::,~'ttl:-::-~r::::-,r-- ~f c.+ 1 

Prepared By: ~ tJ) ~ ~reparatiOn Dato: b--1 ~ ' ~ :\-
- \_ Reviewed By: ~ ~ Review Date: ~/3 o/~ '-{ 

Purity/Cross Check,~rformed By:________ Check Date:·--~-----

Signed Date Signed• 

, .... ,. 
10112 
Date 
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Noteboo:< No. _· __ _ 
Col"'tin1,;ed From Pa;e -----c-

SECONDARY/WORKING LEVEL 
i , 

STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: , Sr - 9'o 
~- 4.,.qt 

Parent Barcode Number 

Vendor or Certificate I.D. # of Parent Standard: 

Diluted Source Logbook I.D. #: 93-4-]'f: -fl -( 
Balance Verification?: 

Diluent Used: tJ.f N Hcf 

Dilution 

• Diluent: 0.1 t1 Hc:.1 
l 

•Density of diluent (g/ml): ti/A. 
a: Parent Specific Activity: 

' ( 

.53 b · 'i 'I- pG:. /mL 
b: Amount of Source Transferred: 5. 0 0 18' g 

c: Total amount of Dilution: loo· 20 g 

d: Total Volume of Dilution: 

e: Activity of Dilution la • b / cl: 

I I 

. tl!A 
I 

f: Activity of Dilution (a • b / di: 2 6. 18 p_.~c--1--!-!mJ~;...,__--
. I 

Dilution Logbook 1.0. #: 1lf-~11- 44 - \ 

P,epa,ed By,.· ~,;.) w O:t 
Rev;ewed By, ~ t/:±i.~~ Rev;ew Date, 

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

Preparation Date: J-2-rf 

can be performed without II density conversion. 

Signed Date 
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• 
LOCKHEED ANALYTICAL LABORATORY~ 

SAMPLE PREPARATION WORKSHEET FOR C-14 ANALYSIS 
SOP-O2O9 

Prep Start Date : Matrix : _W_a_t_er _____ _ 
· WorkGroup : C-14 LAL-0209 34132 Prep Due Date : 14-Mar-96 

ltli\!ilili1 ~~?~!1!1 ·. : .. · .. ;E~.m.:·· .NO l!:!1I[~~i![I :·'·'.~ti'f ~,:_.· t~t: t1=i ,==· .,:,:,:,,.':,·.;,:.,.:.,_~.fg:;:rr}at::;:m:.is~.:):.:,.,::,.l.:.:.:.l.:.:,.,.,. ,.;,·!.·.•,.i,·•··•oa··,N,.;,:,.·,(::El'.g::rr::.8:i~ms.:.:.:::°s;::~.: .• ,r ... ·.:.i,:,::,:.·,:.·.i, ,,.:,·!,.·•,1.·.'•,! .• ,

0

,!, •. v,:.:.·.:,:,.:,:,.;.s·o'·:;:·::,:,

1

.·.L.·(Jl~·l.·,::,.t,:,.··,;,.•·,E,··=··=E:o.:·:,: .• _1,i,:,:::_'l,:,!:.:.:, .•. : ·:·•···:·i.•::~:.:,i,.:,: .• ,t,·.,.:::•·•,:,:,.·,=,:.~_r.:.::Mf'.::'OT:::,:,·.:,:,.·:,':.:.:, •.• ,:,·!,::l:'i,:!,:.,· !lllri4.I.l.!.1 
- ,.,!} •:••:J:•:t•;j!ilt I!!:•:::•:·:::::: rnfa~t, •=· :tJfafu;vr :uit~;}i ' I .. , :•::::•:::••·/::):/()):),•:}:}:\:' 

L6496-12 34132DUP1 1}•1\ 34132-01 , tJ I 

Lab Ctrl Sample 34132LCS1 ?•2t 34132-02 
Method Blank 34132MBB ;U3\ 34132-03 
L6496-12 34132MS1 t•4•• 34132-04 'I 
B0H0V4 L6496-12 {5. 34132-05 

1.0) ··•l---------+--------f~-+----+------1-------1----+-----+----+-----+------+-------ll-----,-------t JJ( 1 

J2} 

18 

20 

22\ 
23\ 
24> 

MS\ijef(Oatel{•••t<l · Jf/!5/12.. LCSRefOate@ fl/J'J/42. 
c~1A•Ms•10:#••% ::?':/: , f'-1- IP r?-1 Tr-f CH4'LCS ID# 11./-t 77 · ,,~, 

Balance Number: ________ ( ) Pipette: _______ ( ) ________ () _______ () 
MS and LCS added by: _10_,V _____ _ 

Witnessed by: a? ---=-------
0 .... 
1--.... 

Comments : -eocktail 5 ml Cerl:loSorb/15 111L I lionicfluor, ·,iel 2Q ml fJOI;.' [)t~Ecr ':i/J/K£ ,~Mt s.Ah-1//c t /0 ml f t!lltm ;,/J 

CJl Checked by : --~-,.,.--?} ___ _ 
V95224 

Cnt Rm Custody\Date : _;a_,,__,,__.V:.____°rl=-=:...-__..:;;c)---....___.__9--'---'(.::,~--

-•~ 



LOCKHEED ANALYTICAL LADORA TORY 
SAMPLE PREPARATION WORKSHEET FOR C-14 ANALYSIS 

SOP-0209 

Prep Start Date : 2/27 /96 Matrix : _w_a_te_r ____ _ 

. WorMl{-14 LAL-0209 34132 Prep Due Date: 14-Mar-96 

llm!Elimlli&lli 11\tilll~lllftl'l• f !lllllll••mEct 
l6496-12 34132DUP1 flk DUP1 34132-01 0.01 
Lab Ctrl Sample 34132lCS1 /2 lCS1 34132-02 0.01 
Method Blank 34132MBB @3.: MBB1 34132-03 0.01 
l6496-12 34132MS1 HA: MS1 34132-04 0.01 
B0H0V4 l6496-12 }5 SMP1 34132-05 0.01 

20( 

26.10 pCi/ml; 1 .0 ml MY 
15-Nov-92 2/27/96 

94-677-18-1 lV 
Balance Number : ________ ( ) ________ () Pipette : _______ ( ) _______ () MS and lCS added by: MY 

Comments : Cocktail - 5 ml CarboSorb/15 ml HionicFluor; vial 20 ml poly. 

Analyst : ~y -fuyz_ V)J '-( 
~,.,. 9 _ _;.,," 

Checked by =-..... ~~ . .,......✓ ___ _ 

-------Witnessed by : CD -------
V95224 

Cnt Rm Custody\Date : -----------

·~ 
~J 
. r= 
,=-.~~ 

-~""'='4 
~ 

· .. ~· 



WorkGroup : C-14 LAL-0209 34132 

LOCKHEED ANALYTICAL LADORA TORY 
. CALCULATION WORKSHEET FOR C-14 ANALYSIS 

SOP-O209 

34132DUP1 DUPl 34132-01 02/28/96 04:27 20 747.38 0.629 2.53 60.87 64.40 87.17 96.51 106.22 
34132LCS1 LCS1 34132-02 02/28/96 04:49 20 745.35 0.629 39.82 2731.35 202.19 231.46 96.51 106.22 
34132MBB1 MBB1 34132-03 02/28/96 05:12 20 747.11 0.629 1.82 10.03 58.72 83.04 96.51 106.22 
34132MS1 MS1 34132-04 02/28/96 05:35 20 745.59 0.629 37.75 2583.11 197.08 224.85 96.51 106.22 
L6496-12 SMP1 34132-05 02/28/96 05:57 20 746.31 0.629 2.07 27.93 60.78 84.51 96.51 106.22 

ICB· 02/28/96 . 06:20 20 755.06 0.629 1 .16 

AVE ICB = 1.68 CPM 
COMMENTS 34132LCS1 C-14 LCS Recovery= 2731.35/2608.96 = 104.7 % 34132MS1 C-14 MS1 Recovery= 2555.19/2608.96 = 97.9 %. 

L6496-12, 34132DUP1 RPD = 74.2 %, RER = 0.19 

MBB = 10.026 pCi/L = > less than RDL(HAMDC). 

Date Completed : .;:?-2. 'c:::, ~(,,:; 

Anal~ Signature : ~~ , ~~ 
;..~ ~ 

V95224 

Checked by : -----r..-9--,,<;,S,,,...J'-·-----

·,s\.~ 

~~~ 

.-~ 

'"~ 
Ll:s4 
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Radionuclide 
Half Life: 

C-14 

S 730 ± 40 years .· 

7014 

407-124-2 

Customer: 
P.O.No.: 

LOCKHEED ENVIRONMENT AL 
06LAB2959 

Catalog No.: 
Source No.: 

Reference Date: November 15 1992 
Contained Radioactivity: l.093 
Contained Radioactivity: 40.4 

12:00PST. 

µCi. 

kBq 

Description of Solution 
a. Mass of solution: 
b. Chemical form: 
c. Carrier content: 

S.0242 
Benzoic Acid Carboxy..C-14 in 0.lN NaOH 
None added 

d. Density: · l.002 &'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 uncertainty in insUument calibration: 
b. Random uncertainty in assay: 
c. Random uncertainty in weighing(s): 
d. Total uncenainty at the 99% confidence level: 

NIST Traceability 

± 1.8% 
±0.5% 
±1.0% 
± 2.2% 

This calibration is implicitly traceable to the National lnstimte of Standards and Technology. 

.. 

µCi/lJ. 

Notes / 
I. Nuclear data were taken from --rable of Radioactive Isotopes", edited by Varginia S. Shirley, 1986. 
2. IPL participates in an NIST measurement assurance program to establish and maintain implicit 

traceability for a number of nuclides, based on the blind assay(and later NIST certification) of 
Standard Reraace Materials (As in NRC Regulatory Guide 4.15). 

QUALITY CONTROL 

;V'N- 17) /7C, 7-

ISOTOPE PRODUCI'S LABORATORIES 
1800 North Keystaae Street 
Burbank. California 91504 
(818) 843 - 7000 

Date Signed 

0 l! 9 
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Notebook No. L.f 7 j 

ISOTOPE WEIGHT DILUTION RECORD 

Isotope: C - Ii .-
Vendor: ___ ......... =, ;;;.....;eL....--_L ____ _ 

Total Received Activity: i . O '1 ~ µ.. L ·• 

Wt. Received: __ S'_;_O_:l.. ____ '-\.....___ g~ 

Activity in Units/g: • ;l.115 ~ (.. '• / 0 
Activity convened (dpm/g): -f:15.1 . 't S 1 

Vendor ID: 41° 7 - / ;l '-f - J.__, 

NIST Traceab~ Cert. I I"'"' l «- ; Hcj­
Reference Date: If - ( 'S" - 't .') _ 

dpm/g Receive Date: 'I / i 8 le, L ----,.., -~-----
Half life (Yrs or days) t ½ • 57 3 Cl .r :+ u ~ : Receiver's Na~e: ~ ;· =, ~ i .- ... 1 c -~ 

P-RI_M_A_R_Y_Q_IL_U_Tl_O_N_;________ - B~. -check done ( 7----------~-----:--

a: Source activity: 4 ~ .1 , 'i: S ~ 
: ) 

dpm/g • (if t ~ • < 1 OOyr decay to prep. date) 

b: Wt. of Source transfered: · 4. 9 0 9 SJ g 

Diluent used: _____ D ___ , .... I ..... N-+-c _o__,_)+,.__ ______ _ 

c: Total diluted weight: ____ i __ I """'lo __ ,_s ........ 3 _______ g 

d: Activity of dDution (a 1 b/c): __ ;l;:,.....o-J-j __ 3_4:........,7 ____ dpm/g :t.. ~ :2.. "7t. 

e: Calculated density of solution: ___ ... f __ . _,9._.c_.:2 ____ g/ml 14M HN02 • 1.1294 :t .0007 g/mU 

f: Activity by volume • (d•e): _ .... ;1,--=· ._Q--...i _3____..8 ... 8...._ ____ dpm/ml 

j 3 - ':i 14- d:~ - \ ✓-Dilution Log Book ID: L,; i.... -

Preparation Date: i c / :i.., / 'f ~ ·Preparer's Name. -~ · ---,-------

SECONDARY OR WORKING LEVEL DILUTION ------- Balance wt.-check done-fi 7-H-------/ , . 

a:. Source a(:Jivity: ___________ .,,_ __ dpm/g • (if t~ • < 100yr decay to prep. datel 

c:.Total dDuted weight: 

d: Activity of dilution ___________ dpm/g 

__________ g/ml 14M HNO, • 1.1294 :t: .0007 g/mLI 

___________ dpm/ml 

Dilution Log Book ID: _____________ _ 

0120 
I l 

Date Date 



INITIAL STANDARD DILUTION RECORD 

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 I.D. #: --------------1 AA0114 

Standard Activity (pCi/g): 2.17E + 05 Ci/ NIST Traceable 7 ------------1 Yes 

Halflife in Years or Days: Certificate #: ------------1 5730 rs 407-124-2 

Reference Date: 11 /15/92 Preparer's Name: -----------1 Mark Young 

Date Received: 11 /18/92 

Balance Verification?: Yes ---------------
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) Cc/ d]: 

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

h. Dilution Logbook I.D. #: 

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

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

0.1 N NaOH 

2. 17E + 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 

LAL-93-<M74-23-l 

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

0121 



SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Isotope: C-14 

Parent Barcode Number AA0114 

Vendor or Cenificate I.D. # of Parent Standard: 407-124-2 

Diluted Source Logbook I.D. #: LAL-93-04 7 4-23-1 

Balance Verification?: Yes 

Diluent Used: 0.1 N NaOH 

•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 DilutioR · (a • b / d): 

Dilution Logbook 1.0. #: 

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 

LAI-9•-0677-18-1 

Preparation Date: 11 /19/94 

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. 



SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD. 

Dilution Source Information 

Isotope: C- 14 
Parent Barcode Number 

.. : . \~ 4A O \If i 
Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook I.D. #: 

Balance Verification?: 

Diluent Used: 

Dilution 

·onuent: ,__.fJ..ii.;;~~pw~')..t..;....__.=.lJJ.;..;::.<i..&.;:::kv~_w....;.U...;..___._l.:._t"it~PUM;;':4 ~~• L~ ~ 
•Density of diluent (g/ml): rJ /A g/ml · · " 

1,,/_ 12, 11 ' :, ~ J....1 ! ~ ~ ,f .1(1" ' () 
a: Parent Specific Activity: ~ '. .........Df_C,"""'...;;3;...~_· ...;.o_· ' __ __,:;f';...;r...;.il=-g __,.P;..,;Ci~·../-,,Q,ft;.:\)C.,, __ _ 

I 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. · 1: 

0."7a 1~ 
dSO · ff 

tJ IA 
I 

cf)~ ·/0 

g--

g 

ml 

pCi/g 

pCi/ml , 

/I-~ I 7 
Preparation Date: Prepared By: ~ LU~ 

Rev;ewed By:~:"- ilLJ.:..... - Rev;ew Date: 11,}tt. / 1• 

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

can be performed without a density conversion, If the diluent changes, a weighted proportion densitv conversion is necessary. 
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LOCKHEED ANALYTICAL LABORATORY 
SAMPLE PREPARATION WORKSHEET FOR H-3 ANALYSIS 

SOP-0066 

Prep Start Date : 3 /g/c,c,,, Matrix : Water -------
WorkGroup : TRITIUM(H31 LAL-0066 34127 Prep Due Date : 19-Mar-96 

L6496-12 
Lab Ctd Sample 
Method Blank 
L6496-12 . 
B0H0V4 

0 
i-­
[) 

(J1 

34127DUP1 fJ/ 34127-01 .056 .Of() 
34127LCS1 ,2\ 34127-02 l 
34127MBB :(3 34127-03 \V . 
34127MS1 4\ 34127-04 .06 I t:{'),,_, ~--'- ,_, "'J. . 

L6496-12 {Sil 34127-05 .050 ,I, 

1.5 

19\ 
20: 
21/ 
22 
23? 

1.0.-<-

Pipette : , IOC>S)'.' ( I _______ () 

Checked by : ---%-++"U _____ _ 

CoiihfAHa~==-------_J 
MS and LCS added by: CO __ ::::;__ ___ _ 

Witnessed by : N ~ ---------
V95224 

Cnt Rm Custody\Date :_--~-+.r-~-...;;;3+/&,4e+(ti"'-li:lf(jJ~---

_.~~ 
~~ 
~ 

-~ 
~~~ 

:r-~l 



LOCKHEED ANALYTICAL LABO RA TORY 
SAMPLE PREPARATION WORKSHEET FOR H-3 ANALYSIS 

SOP-0066 

Prep Start Date : 3/8/96 Matrix : _w_a_te_r ____ _ 
WorkGroup : TRITIUM(H3) LAL-0066 34127 Prep Due Date : 19-Mar-96 

-illtl!lllrtllil11111111111•1i11T&'11 
L6496-12 341270UP1 :JJJ DUP1 34127-01 0.01 
Lab Ctrl Sample 34127lCS1 /2( lCS1 34127-02 0.01 
Method Blank 34127MBB t3 Ml3B1 34127-03 0.01 
l6496-12 34127MS1 /4\ MS1 34127-04 0..01 1ml MS added to 
B0H0V4 l6496-12 · U5i SMP1 34127-05 0.01 50ml MSS then 

)i6i distilled. 

11) 

20: 

22) 

Conc8LVbtof:t.CSJ 4.69 oCi/ml; 10.0 ml CD 
3/8/96 

fflJ tCS,:iOH::/:U:JtJ: 95-721-17-1 lV 
Balance Number: ________ ( I Pipette : 71 008 ( I ------- MS and lCS added by: _C_D _____ _ 

:::> -r .) 
r--

________ () _______ () 
Comments: Cocktail - Packard Ultima Gold XR; vial - 20 ml poly. 

Analyst : ~Y- :IDG) (!_f) 
t') A-H4. c;;:,~n-+--t'7 \A 

Checked by : --'~--+-Y~----

Witnessed by : -------
V95224 

Cnt Rm Custody\Date : -----------

L~ 
,.-c~ 

~-cJ· 
~ 



LOCKHEED ANALYTICAL LABORATORY 
CALCULATION WORKSHEET FOR H-3 ANALYSIS 

SOP-0066 

WorkGroup : TRITIUM(H3) LAL-0066 34127 

34127DUP1 
34127LCS1 
34127MBB1 
34127MS1 
L6496-12 

COMMENTS 

DUP1 34127-01 03/09/96 03:33 30 749.33 0.193 1.12 35.75 121.21 169.38 195.77 216.95 
LCS1 34127-02 03/09/96 04:05 30 744.83 0.186 15.92 3617.83 355.81 396.41 202.05 223.90 
MBB1 34127-03 03/09/96 04:36 30 743.11 0.184 0.84 -31.26 117.96 166.83 204.75 226.90 
MS1 34127-04 03/09/96 05:08 30 743.34 0.184 18.05 4192.61 383.01 427.74 204.95 227.12 
SMP1 34127-05 03/09/96 05:40 30 746.55 0.189 0.95 -4.19 118.65 167.55 199.95 221.58 

:, 

AVE ICB = 0.97 CPM 
34127LCS1 H-3 LCS Recovery= 3617.83/3793.49 = 95.4 %. 34127MS1 H-3 MS1 Recovery= 4196.80/4412.4 = 95.1 %. 
L6496-12, 34127DUP1 RPD = 253.1 %, RER = 0.12 

MBB = -31.262 pCi/L = > less than RDL(HAMDC). 

V95224 

Date Completed : s3 =' l ~9 y, 

Checked by: --~~f,---------Analyst ~nature: 81!\A.< ~o q 
. ) 

. .=;..-a=~ 
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U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory-Las Vegas 

Nuclear Radiation Assessment Division 

Calibiation Certificate 

'" --

Description 
f>riftcipal redio-dide I Tritium ( H- 3 ) I Hall-1tl1 I 12. 4 3 years 

Nominal •C1ivi1y 

HOfflinal •olo,me 

1110 

I s 
11 nanoeur;., I 
I ml in amc,oule.rt,on&.e ~mbc•l&.--::2:.::G~O~G=---..::l ______ _ 

Measurement Activi1y of principal radionuclide 

Useful Life 

.-aMty per o,em ol 11\is solution 

curiu I o1 [_T1,,,r-...1,j ... t_1..,· J.1o1;.i.IDL.-------.-I 

.,~OOhoufsPSTonl June 3, 1992 

Aaivity of daughter radionuclide 

The principal actwily -• KCOfflpaniod 81 IM QUOled 1iffla by 

.._ ____ . .,11 ____ -_;.,_1 ......... 
ol IM dev9"ta, nuclide I._ ___________ I 
Total mass 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). 

0 haH tiwa1 •iN:• it •H oc.u;....:1 by EMSL-1.V 

becember 1999 

01~9 



u.s~: DEPARTMENT OF COMMERCE 
N'atlonal ln;st11ute of Standards & Technology 

. Gaithersburg,. MD 20899 · 

REPORT.OF TRACEABILITY 

U.S. Environmental Protection Agency 
Environmental Monitoring Systems Laboratory 

Las Vegas, Nevada · 

Radionuclide Hydrogen-3 

Source identification 2606-1, prepared by EMSL 

Source description Liquid in 5-mCtlame-sealed glass ampoule 

Source mass Approximately 5.0 grams 

Source composition . Hydrogen-3_ iri water 

Reference time . 0700 EST June 3, 1992 

NIST DATA EMSL DATA 

Radioactivity concent,ration 810.5 Bq g·1 

Expanded uncertainty 0.64 percent <t.2>• 

Photon-emitting impurities None observed <4> 

Measuring instrument 41r/3 liquid-scintillation counters 
calibrated with SRM 49260 

Half life 12.43 ±"0.05 years <S> 

810.3 Bq g·1 

4.3 percent (3> 

None observed 

Liquid-scintillation 
counting · 

Differe_nce fro~ NIST -0.05 pe~nt <6> 

For the Director, • 

Gaithersburg, MD '20899 
January 1994 

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

•Notes on next page 
0130 
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Notebook No. Q 12 J 

Continued From Page 

INITIAL STANDARD DILUTION RECORD 

St~ndard Information: . 

Isotope: Vendor: 

Activity of Standard Received: 

Halflife _in Years or Days: 

Reference Date: oo ~ '.l fz-. Receiver's Name: --=-=~~~-----t 

Date Received: 

Primary Dilution ._ ... -

Balance Verification 7: 

Diluent Used: 

\ 
Decay Corrected Standard Activity (pCi/g): 

Weight of the Source Transferred (g): 

c: Total diluted weight (g): 

d: Total Diluted Volume (ml) 

ff A 

e: Activity of Dilution. by Weight (pCi/g) [a-~- b / c ]: 

f: ~~ed Density of Solution (g/ml) [c / d]: 
'z) /.] 

4, 93.9 

4g · 377 
~pr s/=12.s 

Q, I ?J 
0, 9 q77 7 

Ac. s2..99 

Uo~-1 

g 

g 

ml 

pCi/g 

g/ml 

g: Activity of Dilution by Volume (pCi/ml) [e • fl: ~/9o pCi/ml O't. 1o/, Iv-
h. Dilution Logbook 1.0. #: c.~~ L~l.-qs-012_, - 1 

~ , o.. f/L"'JL 
Prepared By; Mk.£ /S. t1GY~P/eparati_on Date: 1/ 7/35 

I I ~-P~~ -t:1-~-----
Reviewed By: ~ w=,.,_ Review Date: _...;yp,,-1,7~/u.:z1~---"'--

Puritv/Cross Check Performe? By=-----,----'--- Check Date: --------fl_ l 3 l 

Signed Date Date -



~~ 11 I ;; ll :1 ';ii ~ ·;:if I! ti ' 
,:.t ,~Ill !'· !Ii~. I rl1 1k ·lll)r ~} I~,..!, ffi ~r1 .. 

PROJECT ____ I{_-1--=----i.l_J.&.(6~· !._·. -~---

Notebook No. _ 0
_7_Y __ · 

Continued From Page ___ _ 

17 

I I I I I 

--- SECONDARY /WORKING LEVEL 
'---· STANDARD DILUTION RECORD 
- ! 

! - ; 

Dilution so·urce Information ' '--

,_. 
Isotope: r\-3 LC..S 

-

- Parent Barcode Number Acs 2-'J:) (~r- Z,/9i) I 
i 

-
Vendor or Certificate I.D. # of Parent Standard: i~f ~'"''v I 'Z.~e,(e. - I 

- bl C 
'--

Diluted Source Logbook 1.0. #: ~s:, J 2 5- \ 
.t- r\u--

,_ 

Balance Verification?: je';2. L\/:' 
., 

\ --- J-' 

- I 
Diluent Used: , ~ v-.1.rt'"'.I..,\__ 

-
,__ 

Dilution 

~ •Diluent: ':DAAf' ~0--\l. ·t:,)2-~ ----
•Density of diluent lg/mil: 0-~971 g/ml - -

~ a: Parent Specific Activity: 2.1~0 pCitef~I 

- G.-t , A .• 
b: Amount of Source Transferred: ~ '7-- ""- \ . gV ~ C.\e--SS ' ri p-e-:t 

' >-

"- c: Total amount of Dilution: 5Cooo y,,,. \ ,4r' 
,__ 

d: Total Volume of Dilution: . ¼00 .-,.,j ml 
,._ 4. G,9 _y 

e: . Activity of Dilution la • b / cl: 2-~ pC1/g' v1\. I ..._ .. -

,-.... f: Activity of Dilution (a • b / d): 
-~ 

4-lq9 pCi/ml. &ft/2.f;S 1./r7 ..---
>---

Dilution Logbook 1.0. #: es- <t>,21 - 17- 1 

-

~m1 - Prepared By: Preparation Date: iL I L9/p 
• 

- #C(( Reviewed By: Review Date: -
-- 'II the diluent remains unchanged from the diluent used for the dilution source, then a weight .dilution of a vol.xne unit source 

can be performed without e density conversion. II the diluent changes, a weighted proportion density conve:si-in is r,-.:cessary. i -
Read and Understood By. 

n 1 3 2 
Signed Date Signed Date -- ---



I .._j_ ,rn, , u. 

Signed 

I 

I 

v V .J I 

lf'IIMR 

r, -
. '1/;j t\/'-'(. 

,J 

I -
I 

✓ 

olt12 

Notebook No. L);L. -7!-o~ 

ti 'q 6:-=tt }-<:__ 

q,.~ 0)1''9 ' 

Continued From Page ~/1----

iv f' .1 rDo)? 
'\ 

,v.lb.c, + 

I 

,t>("4_, 1.o r;z.. ;~At 1_1e1: IN'stq 1 
' ,: - --, II/ 

Continued on Page 

Read and Understood By 

I Date 

()J".'': 

! i!Y/r( J ·-

Date 
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Notebook No. oc..,::z 
Continued From Page ___ tJ---jtf-~---

; , 'l 1 , I . 9 I I I 
1 

I------''-------l SECONDARY /WORKING LE~, V~E-L~~_..___,_,/ )·u0-

~---

L 
I 

STANDARD DILUTION RECORD Jo/._J~ 

Dilutiori Source Information 

Isotope: 

Parent Barcode Number --~9~l_-_o_~_l~5_-~8~-~l ___ t_X_P_·:::/~fe~ 

Vendor or Certificate 1.0. # of Parent Standard: 

Diluted Source Logbook I.D. #: 91 - O-Z.2.5-3- I 

Balance Verification?: 

Diluent Used: 

Dilution 

•Diluent: 

•Density of diluent (g/ml): g/ml 

a: Parent Specific Activity: 

b: Amount of Source Transferred: I.O g 

c: Total amount of Dilution: /50 

d: Total Volume of Dilution: J15o ml 

e: Activity of Dilution (a • b / c): 

f: Activity of Dilution (a • b / d): 2:u.,,. 2,, pCi/ml @. z./~h<a 

Dilution Logbook I.D. #: 9 4 - <l:>f- 7 7 - 9C::Z,- I 

Prepared By: (t 7 Q., ,~ Preparation Date: Z/z.9/9~ . 
Rev;ewed 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. 
Heaa ana unaerstooa By 

Signed Date Signed Date 




