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Lockheed Environmental Systems & Technologies Co. 
Lockheed Analytical Services 0044357 
975 Kelly Johnson Drive Las Vegas, Nevada 89119-3705 
Telephone 702-361-0220 8~582-7605 Facsimile 702-361-8146 

LOCKHEED MARTIN~ 

Ms. Joan Kessner 
Bechtel Hanford, Inc: 
345 Hills 
P.O. Box 969 
Richland, WA 99352 

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

July 31, .1995 
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L4838 
0400000-B 
895-067 
0629596 

BHC Document File No.: 242 
LK4838 SDG No.: 

The attached data report contains the analytical results of samples that were submitted to 
Lockheed Analytical Services on 29 June 1995. 

The temperature of the cooler upon receipt was 4°C. Sample containers received agree with 
the chain-of-custody documentation. Sample containers were received intact. Samples were 
received in time to meet the analytical holding time requirements. 

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

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

If you have any questions concerning the analysis or the data please call Kathleen Hall at 
(509) 943-4423. . 

Re lease of this data report has been authorized by the Laboratory Director or the Director's 
designee as evidenced .by the following signature. 
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Lockheed Analytical Services 

~---- - - -----------------, 

Log-in No.: L4838 
Quotation No.: Q400000-B 

SAF: B95-067 
Document File ·No.: 0520596/0525596 

BHC Document File No.:242 
SDG No.: LK4838 

" 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 pac~age has been authorized by the Laboratory Manger or a designee, as 
verified by the following signature." 

cc: Client Services 
Document Control 

Sincerely, 

J:',vw,--}tv.....,,,,_ f<.f!. 
Kathleen M. Hall 
Client Services Representative 
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Lockheed Analytical Services Log-in No.: L4838 
Quotation No.: Q400000-B 

SAF: B95-067 
Document File No.: 0520596/0525596 

BHC Document File No.:242 
SDG No.: LK4838 

CASE NARRATIVE 
INORGANIC NON METALS ANALYSES 

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 
One water sample was received for LK4838 and analyzed in batch 629 bh for selected 
analytes as requested on the chain of custody. Quality control analysis was 
performed on the following sample: 

Client ID LAL# Method 

BOG079 L4838-5 DUP, MS 180. 1 Turbidity 

BOG079 L4838-3 DUP, MS 300.0 Chloride, Fluoride, Nitrate-Nitrogen, 
Nitrite-Nitrogen, Orthophosphate and Sulfate 

BOG079 L4838-7 DUP, MS 350. 1 Ammonia 

BOG079 L4838-4 DUP, MS 353.2 Nitrate-Nitrite-Nitrogen 

BOG079 L4838-6 DUP, MS 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 

July 10, 1995 
Date 

007 



Lockheed Analytical Services . Log-in No.: L4838 
Quotation No.: Q400000-B 

SAF: B95-067 
Document File No.: 0520596/0525596 

BHC Document File No.:242 
SDG No.: LK4838 

CASE NARRATIVE 
INORGANIC METALS ANALYSES 

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 

• One water sample was received in good condition on June 29, 1995 and logged in as 
L4838. 

• The samples were prepared as LAS Batch 629BHT and analyzed for selected analytes 
as requested on the chain of custody. Sample BOG079 (L4838-2) was used for matrix 
spike and duplicate and serial dilution. All data flags due to the performance of the 
above-mentioned QC are associated with every sample digested with this batch. 

Holding Time Requirements 

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

Internal Quality Control 

All internal quality control were within acceptance limits. 

Hongsheng LI 7/31 /95 

Prepared By Date 
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Lockheed Analytical Services Log-in No.: L4838 
Quotation No.: 0400000-B 

SAF: B95-067 
Doc·ument File No.: 0520596/0525596 

BHC Document File No.:242 
SDG No.: LK4838 

CASE NARRATIVE 
INORGANIC METALS ANALYSES 

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 

• One water sample was received in good condition on June 29, 1995 and logged in as 
L4838. 

• The samples were prepared as LAS Batch 629BHD and analyzed for selected analytes 
as requested on the chain of custody. Sample BOG080 (L4838-22) was used for 
matrix spike and duplicate and serial dilution. All data flags due to the performance of 
the above-mentioned QC are associated with every sample digested with this batch. 

Holding Time Requirements 

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

Internal Quality Control 

All internal quality control were within acceptance limits. 

Hongsheng LI . 7/31 /95 

Prepared By Date 
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Lockheed Analytical Log-in No.: .L4838 
Quotation No.: Q400000-B . 

SAF: B95-067 
Document File No.: 0520596/0525596 

BHC Document File No.:242 
SDG No.: LK4838 

CASE NARRATIVE 
RADIOCHEMICAL ANALYSES 

The routine calibration and quality control analyses performed for this batch include as 
applicable: instrument calibration, initial and continuing calibration verification, quench 
monitoring standards, instrument background analysis, method blanks, yield tr.acer, laboratory 
control samples, matrix spike sam'ples, duplicate samples. 

Holding Time Requirements 

All holding times were met. 

Chemical recoveries and MDAs can be found on the preparation and calculation spreadsheets, 
respectively, of the attached raw data for each method. 

Analytical Method Gross Alpha Beta 

The gross alpha beta analysis was performed using Standard Operating Procedure (SOP), LAL-
91-SOP-0060. All samples were analyzed in workgroup #24940. No problems were 
encountered during preparation or analysis. All QC criteria were met and no reanalyses were 
performed. 

Analytical Method Strontium-90 

The strontium-90 analysis was performed using SOP, LAL-91-SOP-0196. All samples were 
analyzed in workgroup #24941. No problems were encountered during preparation or 
analysis. All QC criteria were met and no reanalyses were performed. 

Analytical Method Technetium-99 

The technetium-99 analysis was performed using SOP, LAL-91-SOP-0169. All samples were 
analyzed in workgroup #24944. No prob.lems were encountered during preparation or 
analysis. All QC criteria were met and no reanalyses were performed, with the following 
exception: The low LCS tracer ·chemical yield was elevating the LCS recovery out of limits; 
therefore, the average batch chemical yield was used, preventing an out-of-limits LCS. 

Analytical Method Tritium 

· The tritium analysis was performed using SOP, LAL-91-SOP-0066. All samples were analyzed 
in workgroup #24943. No problems were encountered during preparation or analysis . All QC 
criteria were met and no reanalyses were performed. 

n1r. 
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, Lockheed Analytical Se1 ct · tb,,. .,, '-' 

Analytical Method Uranium Isotopic 

Log-in No. : L4838 
Quotation No.: 0400000-8 

SAF: 895-067 
Document File No.: 0520596/0525596 

8HC Document File No.:242 
SDG No.: LK4838 

The uranium isotopic analysis was performed using SOP, LAL-91-SOP-0108 . All samples 
were analyzed in workgroup #24942. No problems were encountered during preparation or 
analysis. All QC criteria were met and no reanalyses were performed. 

Yvonne M . Jacoby 
Prepared By 

July 26, 1995 
Date 

011 
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961: ~~ r 'k ~i Analytical Services 
DATA QUALIFIERS FOR INORGANIC ANALYSES . 

[Revised 08/28/92] 

:•:•.•:•:• ·:· :•:,.,,:•:•.•:·.·=·=·=·,-::•:·:-:•:·:•:·:•:•:::•:·:•:•:•:•:•:•:•:•:·=•:•:·:•:·,·:•:•:.;:•:,·.·.·:-.·.•=::::•:•:•:•:~::•:•:•:•:•:•:•·······•:=.:<::•:•:•:•:•:•:•:-:•:-:•:•:•:•:•:·::•: :.-:•:::•:•:•:•.·:•:::•::ii::•: .• ,.,: :., ... ·.;.:·'•:•:•:•:·=·::•:•:: 
· :no· r ·: r.:ts' 'e·· \ o·=·=·=·n= ·= t t=·· ·ti=·= e=·= .1: ;;;;;:;;:1:.;j1•·c· ;;;i tn· a· ·1· ·a<0 'e==--··g·=··o· ~ ~ ·g· > F- o· rm··· ····s·· \ t 

·({\:/~ I : _/\~ ( •. _ :./::;•:::::-:.:-.i\ <-:-:-.:,··· :::~aJJ\~-:-:• .. ~ /-:-:.:-.:·:-:-. ·-:-:-;.: ·:: ~ -:-:- ❖-·-: ~ .'-~ ·: ·- . . . .. _} ): 

For CLP Analyses Only - Reported value is less than the contract required detection 
limit (CRDL) but greater than or equal to the instrume.nt 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 
increas_ed 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 (RPO) for duplicate analysis exceeded acceptance -
limits. 

Correlation coefficient (r) for the MSA is less than 0.995. 

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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96 I~~~ r 157z A I . I s . 'Loe 11,eeu na ytica ervices 
DATA QUALIFIERS FOR RADIOCHEMICAL ANALYSES 

[Revised 08/28/92] 

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. 

Constiment 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-spe_cified maximum holding time 
requirement. 

Chemical yield exceeded acceptance limits. 

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. 
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Sample D1Spos1t1on ecord 

Section 1 - BACKGROUND 
SAF #: B9S-067 
OU: 100-BR-3 
Project ID: 100-HR-3 LFI 
Task ID: 6 

Control #: 9S-0040 
Revision #: 
Date Initiated: 07 /OS/9S 

Sampling Event: 100-HR-3 Groundwater Sampling-Phase 1 
Laboratory: Quanterra/Lockheed 
Project Coordinator: R. C. SMi~ 
Task Manager: R. E. Peterson 

Section 2 - SAMPLE INFORMATION 
Nmnber of Samples: 4 - Qunaterra; 2 - Lockheed 
ID Nmnbers: Q - B0G041, B0G04.2, B0G077, B0G078; L - B0G079, B0GOS0 
Matrix: Water 
Collection Date: 06/27 /9S 

Section 3 - ISSUE 
Class: Validation Direction 
NCR Nmnber: N/A 
Type: Temperature Excursion 
Description: Samples were stored for twelve hours in a refrigerator with temperatures of 7-8 degrees 
Celcius. 

___,_N-'/ . .-A.._ _________________________ · _______ l 
NCR Validation (Print/Sign) Date 

Section 4 - DISPOSmON 
Type: Use As Is _ 
Description: With concurrence from R. E. Peterson, task lead, proceed with analyses and docmnent 
excursion with this SDR. 

B C Smitl!I . ,1'~ 
Project Coordinator (Print/ ) Date 

B E Peterson ftMAatv 
. Task Manager (Print/Sign) Date 

___,_N.a.,1'/,.-A.,__ _________________________________ I 

QA (Print/Sign) 

Section S - INSPECTION (ls.me Class: Nonconformance Only) 
Inspection Nmnber: 
·_Inspection Results: 

'NIA · 

Inspector · (Print/Sign) 

Date 

' .. •··· 

014 I 

Date 
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[95] From: Kenneth F Trapp at -wHC279 6/28/95 4:07PM (1762 bytes: 1 ln) 
fo: Robert C (Clay) Smith at -wHC321 
cc: Kenneth F Trapp, David A St John 
Subject: Samples Out of Range in Temperature. . . 
---------------------- --------- Message Contents .-'-----~-~-------~--------------

Text item 1: Text_l 

Dear Clay, 

All the samples stored in Refrigerator 3 at 4701-C ·were exposed to out 
of range temperatures for a 12 ·hoor period, from 2000 on June 27 to 
0800 on June 28. The temperature ranged between 7C to SC. Here is a 
list of the affected samples by SAF: 

895-067 (100-HR-3 Groundwater Sampllng, Phase 1) 

80G041 
80G042 
80G077 
80G078 
806079 
806080 

Quanterra 
" 
• 
" 

Lockheed 
" 

Only the analysis for Anions, N02-N03, Turbidity, Sulfide, and Ammonia 
are temperature dependent. 

895-077 {100-HR-3 Groundwater Sampling - TPH) 

806790 
806791 
806792 
806793 

. . 
TPH is temperature dependent. Shipped to Quanterra. 

895-078 {116-8-5 Crib) 

116-85A-10 
ll 6-85A-12 . 5 
116-85A-14.5 
116-85B-10 
116-B5B-12.5 
116-85B-14.5 
116-BSC-6 · . 
116-85D-10 
116-85D-12.5 
116-85D-15 
116-85H-10 

· 116-85H-12.5 
. 116-BSH-15 . 
-.116-856-10 
116-856-12.5 
116-856-15 

·All of these samples are temperature dependent. Shipped to FAST. 01~ 
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LOCKHEED ANALYTICAL SERVICES 

LOGIN CHAIN OF CUSTODY REPORT (lnOl) 
Jun 29 1995, 01:57 pm 

Login Number: L4838 
Account: 596 Bechtel Hanford, · Inc. * Richland, WA . 
Project: BECHTEL-HANFORD Bechtel Hanford Project 

L4.838-1 .. .. ..... · · BOG079 
temp 4; SAF# B95~0.67 
Location: RFG01-07B 
Water 1 S SCREENING 

L4838;_2/ ·>\ BOG07.9 
temp 4; SAF# B95-067 
Location: RFG01-07B 
Water 1 S 6010 ICP METALS 

L4838·;;;_? = :(:==: :: )\ . . = BOG079 
temp 4; SAF# B95-067 
Location: RFG01-07B 
Water 1 S 300.0 CHLORIDE 
Water 1 S 300.0 FLUORIDE 
Water 1 S 300.0 NITRATE 
Water 1 S 300.0 NITRITE 
Water 1 S 300.0 PHOSPHATE 
Water 1 S 300.0 SULFATE 

Il48.38~4{ ..... :}): ., .. · .. ·····./+. ·' BOG079.·· 
temp 4; SAF# B95-067 
Location: RFG01-07B 
Water 1 S 353.2 NITRATE 

t!!~s:~·7: §~F# :~95~6~1 s0Go19 

Location: RFG01-07B 
Water 1 S 180.1 TURBIDITY 

L4838-Ef \ : ..... •• . . . . . B0G079 .. 
temp 4 ; · ·sAF# 595-067 
Location: RFG01-07B 
Water 1 S 9030 SULFIDE 

L48 39...;7\,i):=tJ\HFif??t\ .. ,= ==. ·BoG079 · 
temp 4; SAF# B95-067 
Location: RFG01-07B 
Water 1 S 350.1 NH3/N 

B0G079. L48.38.-8: . . 
temp 4;SAF# B95-067 
Location: 1~7 

27-J.UN-9.5 29-JUN-95 

Hold:24-DEC""".95 

-: ··.· ·. . ~7~&JUN-95 2.9-JUN-95 

Hold:24-DEC-95 

·•·· >27.-JUN-95 29-JUN-95 

Hold:25-JUL-95 
Hold:25-JUL-95 
Hold:29-JUN-95 
Hold:29-JUN-95 
Hold:29-JUN-95 
Hold:25-JUL-95 

. : = :t1-J.UN.;.~s:: 29:...JUN-95 

Hold:25-JUL-95 

21:..JUN.;..-9=5 29-JUN-95 

Hold:29-JUN-95 

· .. · .. ·. 27-JUN-95 29""".JUN-95 

Hold:04-JUL-95 

27;;.JtJN;...95 . 2.9-JUN-95. 

Hold:25-JUL-95 

27-JUN-9S 29-JUN-95 

Water 1 S GR ALP/BETA LAL-0060 Hold:24-DEC-95 

Page 1 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

o·3-AUG-95 

017 
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LOCKHEED ANALYTICAL SERVICES 

LOGIN CHAIN OF CUSTODY REPORT (ln01) 
Jun 29 1995, 01:57 pm 

Login Number: L4838 
Account: 596 Bechtel Hanford, · Inc. *· Richland, WA 
Project: BECHTEL-HANFORD ~echtel Hanford Project 

Water 
Water 

1 S SR-90 -LAL-0196 Hold:24-DEC-95 
1 SU-ISOTOPIC LAL-0108 Hold:24-DEC-95 

L4-8.38:,;...9· / :·/ ..... BOG079 
teinp 4; sAF# a9s-os1 
Location: 157 

L48.38-10> ·• .· BOG079 
.temp 4; SAF# B95-067 
Location: 157 

t4'8:38.;..11 BOG079 
temp 4; SAF# B95-067 
Location: 157 

L4838-l.:2 • . ·.· ..... · BOG079 
temp 4; SAF# B95-067 
Location: 157 

L4838:;-13. .... •.·. ...... BOG079 .-.:· 
temp ··· 4; . ·sAF# B95-067 
Location: 157 

L483'8,;_1A ·aoG079 
temp 4; · SAF# B95-067 
Location: 157 

L48'38~1!5 :_ ..... _ .. ·. BOG079 
temp 4; SAF# B95-067 
Location: 157 

L4•8:J8,;...·1:6 . · · BOG079 
temp 4; · ·sAF# 895-067 
Location: 157 

2·7-JUN-95 29-JUN-95 

. 27-JUN-95 29-JUN-95 

27-JUN-95 29-JUN-95 

27-JON-95 29-JUN-95 

27-JUN-95 29-JUN-95 

27-JUN-95 29-JON-95 

•. :-. . . • 27.;..JUN-95 29-JUN-95 

27-JUN-95 29-JUN-95 

L483·s~t.T .:::::)/}}\}({:;- . BOG079 27-JUN-95 29-JON-95 
temp 4; SAF# B95-067 
Location: 157 
Water 1 S TRITIUM(H3) LAL-0066 Hold:24-DEC-95 

· L4'8j8,;...·18 .BOG079 
temp 4; SAF# B95-067 
Location: 157 
Water ·1 S TC-99 LAL-0169 

\ 2T-JUN-9:S 29-JUN-95 

Hold:24-DEC-95 

Page 2 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

03-AUG-95 

0.3-AUG-95 

Ole 



LOCKHEED ANALYTICAL SERVICES 
LOGIN CHAIN OF CUSTODY REPORT (ln01) 

Jun 29 1995, 01:57 pm 

Login Number: L4838 
Account: 596 Bechtel Hanford, -Inc. * Richland, WA 
Project: BECHTEL-HANFORD Bechtel Hanford Project . 

-
L4838-19 · ......... . BOG079 
temp ·4; SAF# B95..:.o67 · · · · ··· 

: 47""'.J.UN-9:5 .. 29-JUN-95 03-AUG-95 

Location: 157 

L4838-20: , ,;:/ ... ··•··.·.. .. . . . BOG079 .. ·. 
temp 4; SAF# B95-067 
Location: 157 

L483:8-2l.\ ... .. ... . · ... •.:.•.• .. .. ·. . : .. · BOG079 . 
teinp ··4; SAF# B95-067 
Location: 157 

L48Ja;.;.22::· :· ·• · .· a:ocoso 
temp 4; SAF# B95-067 
Location: RFG01-07B 
Filt H20 15 S 6010 ICP METALS 

L4s·3a.:..23••· ·, :/ .· 
sAF# a9s:.cr6·1 
Location: 
Water 1 
Water 1 
Water 1 

REPORT TYPE 

S EDD - DISK DEL. 
S INORG TYPE 4A RPT 
S RAD RPT TYPE 4F 

Hold:24-DEC-95 

· :t~~J.UN;.;.'95 29-JUN-95 

Page 3 

Signature: 
Date: .•.••··· .=·.· .. L.c -2.... ~ 4 ~ 

03-AUG-95 

01~ 



Radioactive Material Screening Worksheet 6/29/95 

Job Name WHC-06295-L4838 
Sample Solid or -Time Size Cg or mil Counts . CPM DPM Activity (uCi/gm or mil ActiviW (uCi/sample) RAD 

liquid p p · p · .. p . .. .. alp . : <£ : p _ alp Number (min) Aliq . Smp a a a a : Y or N 

L4838- 1 liQuid 5 10 20 4 113 0.8 22.6 1 -8 4 .28E-08 Lmt>A 4.28E-08 8 .56E-07 l.Ml>PI 8.56E-07 NO 

.... ~ 
"D",, 

LN --t=" _,_ .. -"" - ·!:Q 
I' :11, ... 1 

' 

.. 

Totals . 4.28E-08 0.00E+00 4.28E-08 8 .56E-07 0.00E+00 8.56E-07 
.. · RDL (soilJ< · Alpha . Beta , . ..__..,___ ........... ___ _ 

5.89E-05 1.60E-04 Analyst's Signature: 
',,:::=.::Alpha ··· Beta<'. 

5.89E-07 1.60E-06 Review Signature: 
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,___~ )._ q Pago I of ~ 
Bechtel Hanford, Inc. CHAIN OF CUSTODY /SAMPLE ANALYSIS REQUEST l<,1::, ~,,q, 

ta Turnaround 

0 Priority 
Collector fr:; 

} A- Kizzo 
Company Contact Telephone • Normal ,c ~e R. E. Peterson (509) 372-9638 

Project Designation l Sampling Location SAFNo. 
I 00-IIR-3 Groundwater Sampling, Round 9, Pha~e 1 lOOH B95-067 

Ice Chest No. Field Logbook No. Method of Shipment 

~FL· Je:,l.:r Federal Express 

Shipped To Offsite Property No. Bill of Lading/ Air Bill No. 
Lockheed IA/9 ,-0-0;04.--,,'fJ J.00 Lf ~ ?i :1 · J. °l Ci' 
Possible Sample Hazards/Remarks Preservation HNO, Cool 4°C "2SO, Cool 4°C •1 "2SO, IINO, Cool4°C HCI Cool 411.Q: 

Type of Container 
G G PIG PIG p -

P/G P/G G PIG p ;-:, 

No. of Container(s) 
1 1 1 1 1 1 9 I 4 I ;l: 

Special Handling and/or Storage 
Volume .. 

Maintain samplings between.2°C and 6°C. SOOmL SOOmL SOOmL 250mL IL lL lL SO0mL · IL 20m~ ,,. .,.. 
ICP Ani0111 (IC)• NO2 - NO, Turbidity Sulfide Ammonia GroSI Alpha, Tritium Tc-99 Activit~ P, Cl, SO,, Gros, Beta, 
Metals NO,, NO,, Sr-90, Scan 

SAMPLE ANALYSIS (Unfilter- PO, U-2351238 
ed) 

Sample No. Matrix• Date Sampled Time Sampled 
. 

. . -•·· 

B0G079 l- 6· d-)·5"r <:::>?s7 v y 'f "f y \c- 'f 'K. \: So 

SPECIAL INSTRUCTIONS Matrix• 
CHAIN OF POSSESSION Sign/Print Names •t ZnAc+NaOH 

rt;- f,/;.1/<jt 
s - Soil 

Relinquished By ,46.. .e 1-zz. Date/lime Rnsy Da~~ llL(J 
SE -, Scdimtnt 

Sample analysis for phosphate, nitrate, and nitrite by EPA 300.0; and turbidity by EPA SO - Solid ,9r;r1u{.!; / .f- fh) b . z✓- ? c- /LJ(" K. 1/. A/J~/)cTt<4o., c ~e,- SL - Sludg< 

Rel'.~y Date/lime / I Lf U Received Hf I ' I • Dateffime 180.1 is being requested for information only. The ERC Contractor acknowledges that W - Water 

the 48-hour holding time will not ~ met. 0 - Oil' 

h .(), /F,:,;.a,)U .C../r).f,/t(7 A - Air 

T~l' ft"ltf~ /aft;/ f ,11-'~5, OiAt c£ 1.a~( -{.;,,y _ 
DS - Drum Solids 

~ ~elinquislt'ei By t t Date/lime Received By Date/lime DL - Drum Liquids . 
T - Tusu< :::.,, 

/) h<"/~r'j/ k.rM'e '\ JC7c,_ ovtl 'l't/ (c,,,;, r'flf;e WI - Wipe 
" Relinquished By Date/lime Received By Date/lime L - Llquid 

Dv f.:Ja/hfJ ie7. V - Vqctatioo 
X - Other 

~ .LABORATORY Received By ~") Title Date/Tjmc 

1(1--1 SECTION ,1-.lN, ....,. - ,,/ ~ [ - .. t-...-.1)... ~ -l't Y<:; Io V.tJO 
..._ ~INAL SAMPLE 1:5isposal Method Disposed By · Date/fime 
( ---. DISPOSIDON 

.. 
.\ ~ ,__ 

- --



Page _2_ of _2_ 

Bechtel Hanford, Inc. CHAIN OF CUSTODY /SAMPLE ANALYSIS REQUEST 
Data Turnaround 

D Priority 
Collector k:- l. e-e J /?.22o 

Company Contact Telephone • Normal A R. E. Peterson (509) 372-96311 

Project Designation . Sampling Location SAP No . 
100-HR-3 Groundwater Sampling, Round 9, Pha~e 1 !OOH B95-067 

Ice Chest No. Field Logbook No. Method of Shipment 
~Fe( · /0/d Federal Express 

Shipped To Offsite Property No. Bill of Lading/ Air Bill No. 
Lockheed l~JCff-O-0;J..Cl4:-1'1j 'J.P/0 - '1?., 1')·- ).~ ;-
Possible Sample Hazards/Remarks Preservation 

HNO, "r ~ 

Type of Container O r, 
G -· - - I 

No. of Container(s) 
1 

:i: 
....s: 

Special Handling and/or Storage 
Volume 

,L> r, 

Maintain samplings betwccn _2°C and 6°C. 500ml • -· ICP U t 
o: • 

Metals Y- 1 
SAMPLE ANALYSIS (Filtered) 

Sample No. Matrix• Date Sampled Time Sampled 

B0G0II0 w 6 -;) )- ~(" G 93) ';n 

CHAIN OF POSSe5SION Sign/Print Names 
SPECIAL INSTRUCTIONS Matrix• 

- S - Soil 

Relinquished By f1tJf( Datcffime ~~By Jj ~ Da;~ /)..'1'1 
Refer to Activity Scan listed on page 1 of 2. SE - Sodimcut 

Att-R, ~z. re a" O ·rt') 45· , fl . lJ/;,~,;_ 'k... I m/JIJ t; -q,;- h. ;- " 
SO - Solid 

/2-.<; \' ').?t1/1 SL - Sludge 

R~li~;;y /2 Datetrime Received Bf f I• Date/Time cu 1 d-rc:,,y 
W - Water 

·Thf vCA"1f /es we tf' ~f7~ed 0 - Oil 

.. '.A .u-~n,1 8'/1.'75/'?r; l{ '-(I) 
ro A - Air 

r- Relinquished .lly I Datetrime Received By Datcffime ber M f J1 JP'c o'1d 7) vc I ,{e,>/ 
DS - Drum Solids 

Te mpg.I' u7 U II' j 1 
DL • Drum Liquids 

f\ , T - TISSUC 

f) ' WI - Wipe 
~ Relinquished By Daterrime Received By Datcffime )tt:11,1 ~, L· • Liquid 

V - Vtgt:111io11 

,... X • Other 

is:r') LABORATORY Received By ~jl Title I Daterrime 

ll l SECTION . S,~,I, r _,t..1·-- L.-Z<1 -',;- I o 'tvJ 
-l ) flNAL SAMPLE c cYisposal Method Disposed By . Daterrime . 
~r-- DJSPOsmoN ( fJ 

. , 

l""1 



,---------- ------- ·----- ---

·9613~46 .. 1586 
- --- ----- - -- ·- ------------------------. _---1 

Page 2 

WELL LISTED IN THE 1995 100-HR-3 ROUND 9 SAMPLING 

199-H3-1 
199-H4-10 
199-H4-13 
199-H4-15A 
199-H4-15CS 
199-H4-16 
199-H4-17 
199-H4-45 
199-H4-46 
199-H4-47 
199-H4-48 
199-H4-49 
199-H5-1A 
199-H6-1 
199-H4-3 
199-H4-4 
199-:H4-5 
199..:H4-6 
199-H4-11 
199-H4-14 
199-H3-2A 
199-H3-2C 
199-H4-12A 
199-H4-12C 
699-96-43 
699-97-43 

.... 

022 
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-9613446.1587 

Environn:iental ERC 
Restoration Team 
Contractor I ~ 

Job No. 22192 
Wliuc--~ SO . 
CCN: NIA 

Interoffice Memorandum 

TO: 

COPIE.5: 

W. S. Thompson 

R. L. Biggerstaff 

. N3-06 

H4-91 

. . 

DA'IE: 

FROM: 

SUBJECT: 1995 Round 9 sampling for 100-HR-3 

June 13, 1995 

S. K. De Mers (,\..___,,..------=....­
Radiological Co~ 
N3-06/376-2764 

OU: lOO-Hll-3 
TSD: NIA 
EllA; NIA 

-~ Caio: 58'0 

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

All except one of the wells listed in the attachment were reviewed for radiological content based 
on the previous 4 years of sampling data. No well listed has a {3 activity in excess of 100,000 
pCi/1 ( < .1 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 773 pCi/1 {3 and 50 pCi/1 a. 

The remaining wells are in locations that do not provide a credible path whereby they could 
become contaminated at the above listed levels. 

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. · 

skd 
.lo 

024 
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9613446.1588 WHC-SOW:-93-0003 
Revision 4 

SAMPLE CHECK-IN LIST 

Date/Time Received: {,g • 19 ·'l~ / 04Uu r - SOG#: rv]t: 

work Order Number: ,-..,,1.k --'---"------- SAF #: e '.1-i= -~ 2 
Shipping Container ID: ~o"'W 1( Chain of Custody I AAA-
1. Custody Seals on shipping co_ntainer intact? Yes kl No 

2. Custody Seals dated and signed? Yes P1 No 

3. IJ or Samp 1 e temperature _____ :I__,___'-" _____ _ 

[ ] 

[ ] 

4. Vermiculite/packing· materials 1s Wet [ ] Dry [.>) 

5. Each sample 1s in a plastic bag? Yes [>J No [ ] 

6. Sample holding times exceeded? Yes [ ] No DJ 

7. Samples have: 
tape __ hazard labels 

==zcustody seals X appropriate sample labels 

8. Samples are: 
X in good condition __ leaking 

__ broken . __ have air bubbles 

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

Yest><(' No [ -] 

Notes: - --------------------- ---=----

Sample Custodian/Laboratory:--L.:...-=-....:....~~~-#--· _US __ Date: ~ - 2.,,q -rs 

· Tel ephoned To: ~c,.-vrlk \kl \ On l -2.,~ ·~r By A~~v )A,/lr 
I 

33 
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9613~~6,~ 1589 

L O C · K . H E E D Al A R 7 I N 

Sample Login 
Login Review Checklist 

Lot Number L 'i <l¼ 

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 checlclist 
should be affixed to each login package prior to distribution. · 

For effective login review, at a tninimum, 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 arc 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 ail 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 QI CUSTODY 

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

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

SAMPLE RECEIVING CHECKLIST . 

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

primary review signature 

YES NQ, N/A Comment 

l 
r -

1_ 

y 

L 

L 
m rm NLA Comment 

_x 

1 

YES fill N/A Comment 



Lockheed Analytical Services 
Sample Receiving Checklist 

0 Clit.nt Name: (l_ , \ _ \...... \ ~ ~ 
COOLER CONDmON UPON RECEIPT 

Temperature of cooler upon receipt: 

temperature of temp. blank upon receipt: . 

custody seal, intact 

chain of custody preacAt 

blue ice (or equiv.) preacmt/frozm 

rad survey completed 

SAMPLE CONDmON UPON RECEIFI' 

all bottles labeled 

samples intact 

proper container ulOd for -.nplc type 

sample volume sufficient for analysis 

proper pres. indicated on the COC 

VOA'• contain headspece 

are samples bi-phuic (if 10, indicate sample ID'S): 

MISCELLANEOUS ITEMS 

samplea with 1hort holding time• 

5A111ples to subcontract 

ADDmONAL COMMENTS/DISCREPANCIES 

A • 

Completed by / date: ~~ 
Seat to the client (date/initials): 

Job No. 

'-!~( 

Ya 

'I. 

" I/ 
y 

Yee 

'I: 

" )c-

'I. 
>< 

Yea 

le · I 'f ·7 ~ 

Holl:a: • • coall#:I l6o ~ CSR of -o- die,rip•t:loa ~ lfJCID rocef" 

L'--l"JJ~ Cooler ID: 

No • ColDIIICllll/Dilcrq,anciea 

No • Commaita/Dilcrepua,cim 

~ 
~ 

No • ColDIIICllll/Dilcrq,anciea 

y 
X' 

•• Clicat'• signature upon receipt: 

.. • pJouo RIY.low rbJ. illf«-llae Mid N11111 ril t.ulauJJc to Ibo~ CSR (70:V '61-1.146 

C) 

N 
~ 

version 2.0 (11/11/94) 

I 

Pagel of 

' 



BOG079 -

BOG080 -

REPORT TYPE -

Lockheed Analytical Laboratory 
SAMPLE SUMMARY REPORT (su02) 

Bechtel Hanford, Inc. * Richland, WA 
. . . 

. . 

L4838-l Water SCREENING - . 
14838-2 Water '6010 ICP METALS-
L4838-3 . Water 300. 0 CHLORIDE-
L4838-3 Water 300. 0 FLUORIDE -
L4838-3 Water 300.0 NITRATE -
L4838-3 Water 300. 0 NITRITE-
L4838-3 Water 300.0 PHOSPHATE· 
L4838-3 . Water . 300.0 SULFATE-
L4838-4 Water 353.2 NITRATE -
L4838-5 Water 180 .1 TURBIDITY · 
L4838-6 Water 9030 SULFIDE -
L4838-7 Water 350.1 NH3tN -
L4838-8 Water GR ALP/BE A LAL-
L4838-8 Water SR-90 LAL-0196 -
L4838-8 Water U-ISOTOPIC LAL-0 
L4838-17 Water TRITIUMiH3) LAL-
L4838-18 Water TC-99 L L-0169 -

L4838-22 Fi lt H20 6010 ICP METALS , 

L4838-23 Water EDD - DISK DEL.-
L4838-23 Water !NORG TYPE 4A RP 
L4838-23 Water RAD RPT TYPE 4F 

028 



Sample Results 

!Client Sample ID: BOG079 !Date Collected: 27-JUN-95 

!Matrix: Water !Date Received: 29-JUN'-95 

!Percent Solids: N/A ,I 

Cons.ti tuory\. • .',/;f /! 111! I i !0;:;Il 
... 

. . ~~):]!! ) Method. •·· ·• :Project (·:· Data . .. 
.:.: • 

ii!lli~~f1D 
c:: Resul-t. • Date·,<\' LAS 

·.:'.·, . . Reporting . cuali f i ~r<~> ·Analyz~ SaJll)lel ID 
< . · .. · ... · >··•· '/ .. ·. ···• •···· .•.• ........ ·•····· ··. ·. . ·- t : ::>·-::: -:-: 

. : Lim.i t: / : .. -:.::\·//} 

Turbidity NTU 180.1 0.61 N/A 29-JUN-95 24771 L4838-5 

Chloride rng/L 300.0 5.6 0.020 29-JUN-95 24769 L4838-3 

Fluoride mg/L 300.0 0.27 0.10 29-JUN-95 24772 L4838·3 

Nitrate-N mg/L 300.0 3.0 0.020 29-JUN-95 24766 L4838-3 

Nitrite-N mg/L 300.0 < 0.002 0.010 U. 29-JUN-95 24767 L4838-3 

Ortho Phosphate mg/L 300.0 0.034 0.10 B 29-JUN-95 24768 L4838-3 

Sul fate mg/L 300.0 32. 0.10 29-JUN-95 24770 L4838-3 

Anmonia Nitrogen mg/L 350.1 < 0.020 0.050 u 06-JUL-95 24789 L4838·7 

Nitrate-Nitrite-Nitrogen mg/L 353.2 3.3 0.050 05-JUL-95 24790 L4838-4 

Sulfide rng/L 9030 < 1.0 3.0 u 01-JUL-95 24793 L4838-6 

03C 
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-96 I 34ll6. I 593 
Nonmetals Analytical Data 
Technical Review Checklist 

(Analyst) 

Analyst Name (Print): Anai-ysls Date: O<. \ t.~ . <::ii ·• 
Client(s} Name: LAL Batch ID: (.,1..c,~~\... ·. 

Method No: Instrument: · l(_ - s~~ \ ,_ 

: .•. ,. . . 
=-:::,:· .. .·.· pescrfptf on Yes No '. . :.::. ,·: Comments 

Completeness Review ./ 
1. Was required method/SOP followed? 

2. Are all raw data available and labeled properly (e.g., .,, 

methods used, units, sample IDs, dilution factors, reruns)? 

3. Are all nonconformities in the raw data noted and/or / 
explained? 

4. Were all the client samples analyzed for all constituents / 

and QC as specified on the LAL Bench Sheets? 

Data Quality Asse·ssment ./ 

5. Were samples properly preserved and analyzed within the 
method-specified holding time? 

6. Are instrument calibration criteria met? ✓ 

7. Are initial and continuing calibration verification data v-
(bracketing the samples of interest) within criteria? 

8. Are bracketing initial and continuing calibration blank data / 
within criteria? 

9. Are matrix spike and/or matrix spike duplicate (if required) / 
recovery data withir, criteria? 

10. Are method blank data within criteria? ✓-

11. Are duplicate precision data within criteria? ✓ 

12. Are laboratory control sample data within criteria? / 

-

· 13. Has spike verification been performed adequately? ✓ LAL ID(s): Mlnitials: 
L4 t~i--3 

14. Has the status been updated in the ACS? ✓ 

Notes and comments: .. 

m - -

Ana;;::-SlgnldUro:~!" ~ ~dory Revlawer's lnltials/Det~/dj'.;I~ 6 ~ 
H:\0-111\QA\dMecNIIJno 



Analyst · Name (Prin 

Client(s} Name: 

Method No: 

961344 ~ d Analytical LaboraJory 

Nonmetals Analytical Data 
Technical Revie·w Checklist 

(Analyst) 

. Analysis Date~ 
. LAL Batch ID: . 

:•· =: ::,?), .·· pescrfptlon 
..... .. . 

· ,i Yes · No : .. 
, Comments 

:..; .. · . 
.•· 

. •.· ... .. .. 

Completeness Review 
✓ 

1. Was required method/SOP followed? 

2~ Are all raw data available and labeled properly (e.g., 
methods used, units, sample IDs, dilution factors , reruns)? / 

3. Are all nonconformities in the raw data noted and/or 
explained? / 

4. Were all the client samples analyzed for all constituents / 
and QC as specified on the LAL Bench Sheets? 

Data Quality Assessment 
✓ 5. Were samples properly preserved and analyzed within the 

method-specified holding time? 

6. Are instrument calibration criteria met? ,. 
7. Are init ial and continuing calibration verification data 

(bracketing the samples of interest) within criteria? 
, 

-
8. Are bracketing initial and continuing calibration blank data 

within criteria? 
, 

. 9. Are matrix spike and/or matrix spike duplicate (if required) 
recovery data within criteria? ✓. 

10. Are method blank data within criteria? ✓ 

11. Are duplicate precision data within criteria? or' 

12. Are laboratory control sample data within criteria? ~ 

13. Has spike verification been performed adequately? 
./ LAL ID(s)// SVP Initials: 

l4t'3~~7 
✓ 

V 

14. Has the status been updated in the ACS? 

Notes and comments: 

-= -

. f/lt- _:;2/;i./jS-
Secondary Reviewer' a Initials/Date _1 5 

H:10-al\OA\datKNll.ino 

• 

·I 

I 

I 



Method: 9030 Reactive, Total . 
Batch: 629-fw1 , 629-bh 

Sample Analysis: 

pb 10.05 ·100 10.0 

·Analyst: Mike Nys 
Analysis Date: 7/1 /95 

l4838-6S 8.00 200 200 ml 4.083 mg/l 102.6% REC 
ccv,,:,,/J?tr iti@ts1.0~20/ ,Jf/ii@i,L\1:00: :::'•\: 
CCB 10.10 100 1 

Q.C. Standards: 

True Value of lCS • 7.96 mg/l from 1.00 ml stock #95136 at 796 mg/L. 
True Value of ICV • 11.34 mg/l from 1.50 ml stock #95298 at 756 mg/L. 
True Value of CCV • 19.9 mg/l from 2.50 ml stock #95136. 
True Value of MS= 3.98 mg/l from 1.00 ml stock #95136 diluted to 200 ml. 

Calculations: 

Sulfide (mg/L) = [(A*BHC*D) • 16,000] / ml sample• 4 

Where: 
A = ml iodine added; 
B = normality of iodine; 
C = ml titration; 
D = normality titrant; 
4. • The dilution factor ~ the reactivity _part of the analysis 

(50 ml sample to 50 ml of scrubber solution, then diluted to 200 ml) 

Sulfide (mwJcg)_= [(A*BHC*D) • 16,000] / g sample• 1.333 

Where: 
A • ml iodine added: 
B = normality of iodine; 
C = ml titration; 
D· • normality titrant; . 

.. 1.333 • The correction factor from the titrimetric part of. the analysis 
(final volume of scrubber solution is 200 ml, but only 150 ml 
is used for the sulfi~e analysis [200/150 = 1.333).) 

(,19A-18t mg/L >> \ 97:6%'REC. ,· 
-0.199 mg/l 

146 



96 I 3~'46.1596 
Standardization of Thiosulfate: 

100.0 1.0 0.010123 

Titration: 
· mi's· Avef {:: :Jhjosulfate. 

---11-.-40 ___ 1_1 __ 4 __ 0 __ 0-o: Normanty: 

11.40 0.02489 
11.40 

Standardization of Iodine: 
10.00 ml 

Titration: 
· mi's, . · . Ave. · :.,, . 

.. 
10.05 10.050 
10.05 
10.05 

-· Iodine 
·. Normality: 

0.02502 

147 



L 

Analyst Name (Print). · 

Cllent(s) Name: 
. .· .. 

Method No: -~S3/ 2_ 

9 /' -ctlULtYl'l~~ld Analytical LaboraJory 
· b l~r, .,. ~ 

Nonmetals Analytical Data 
Technical Review Checklist 

(Analyst) 

· An~ysls Date: · 

LAL Batch ID: 
.· .. ·--·- ... 

lnsti't!ment: . ·•.·.•--· ·.-.:, .. 
-~ : 

··: : ... ,:)}.{ :·. . ·: .. :J/I p~crtption· . /it( ... :(:y< .(} ···• . .. ... .c.:• •. :. ..•• 
.·· .. ·•.--::::·• . : Yes 

·,· 
•· No· . •.;, . Comments ·.· ·-·. •• :" ·-•- · ·-; 

Completeness Review / 
1. Was required method/SOP followed? 

2. Are all raw data available and labeled properly (e.g., ✓ 

methods used, units, sample IDs, dilution factors, reruns)? 

3. Are all nonconformities in the raw data noted and/or / 
explained? 

4. Were all the client samples analyzed for all constituents .,.. 
and QC as specified on the LAL Bench Sheets 7 

Data Quality Assessment ✓ 

5. Were samples properly preserved and analyzed within the 
method-specified holding time? 

6. Are instrument calibration criteria met? ✓ 

7. Are initial and continuing calibration verification data 
✓ 

(bracketing the samples of interest) within criteria? 
-

8. Are bracketing initial and continuing calibration bla.nk data 
✓ 

within criteria? 

9. Are matrix spike and/or matrix spike duplicate (if required) 
✓ 

recovery data within criteria? 

10. Are method blank data within criteria 7 ✓ 

11. Are duplicate precision data within criteria? r 

12. Are laboratory control sample data within criteria? ✓ 

13. Has spike verification been performed· adequately? 
✓ 

LAL ID(sJ: SVP Initials: 
lA 'ts~ 45 ~ L\ € (. J-f 

14. Has the status been updated in the ACS? / 

Notes and comments: · 

== - -

D1 b<, 
?/~/'15' 

nalyst' 1 Signature/Date Secondary Reviewer's Initials/Date 12~ 
11.....iOl-42-14 



9613~46,~ I 598 CLP 

1 CLIENT ID ·NO. 
INORGANIC ANALYSES DATA SHEET 

BOG080 
Lab Name: L.A.S . ---------- _ Contract: . BECHTEL HA 

Lab Code: LOCK Case No.: 629BHD SAS No . : SDG No.: LK4838 . 

Matrix (soil/water) : WATER 

Level (low/ med) : 

% Solids : 

LOW 

o. o· 

Lab Sample ID: L4838-22 

Date Received: 06/2~/ 95 

Concentration Units (ug/L or mg/kg dry weight) · : UG/L_ 

CAS No. · Ana'lyte Concentration C Q M 

7429-90-5 Aluminum 29.0 u p 
7440-36-0 Antimony- 58 . 0 u p -
7440-38-2 Arsenic - 98.0 u p -
7440-39-3 Barium - 25.8 -B . p 
7440-41-7 BeryllI'urn 1. 0 u p -
7440-43-9 Cadmium 5 . 0 u p -
7440-70-2 Calcium- 43400 p -
7440-47-3 Chromium 9.1 B p -
7440-48-4 Cobalt - 6.0 u p -
7440-50-8 Copper= 3.0 u p --7439-89-6 Iz-on 13 . 7 B p 
7439-92-1 Lead 56.0 -u p -7439-95-4 Magnesium 10300 p 
7439-96-5 Manganese 2 . 0 u p -
7440-02-0 Nickel 15.0 u p -
7440-09-7 Potassiurn 4960 -B p 
7782-49-2 Selenium 108 B p -
7440-22-4 Silver - 4.0 u p -
7440-23-5 Sodium-- 14800 p -
7440-28-0 Thallium 50.0 u p -
7440-62-2 Vanadium- 10.0 B p -
7440-66-6 Zinc - 4.0 u p --

- -
- -
- -

Color Before : Clarity Before: Texture : 

Color After : Clarity After : Artifacts: 

Comments : 

FORM I - IN 

187 



96 I 344t. I 599 CLP 

1 CLIENT ID NO. 
INORGANIC ANALYSES DATA SHEET 

BOG079 
Lab Name: L.A . S. Contract: BECHTEL HA ----------
Lab Code: LOCK Case No.: 629BHT 

Matrix (soil/water): WATER 

Level (low/med) : 

% Solids: 

LOW 

SAS No.: SDG No.: LK4838 · 

Lab Sample ID: L4838-2 

Date Received: 06 / 29 / 95 

0. o. 

Concentration Units (ug/L or mg/kg dry weight) · : UG/L_ 

CAS No. -

7429-90-5 
7440-36-0 
7440-38-2 
7440-39-3 
7440-41-7 
7440-43-9 
7440-70-2 
7440-47-3 
7440-48-4 
7440-50-8 
7439-89-6 
7439-92-1 
7439-95-4 
7439-96-5 
7440-02-0 
7440-09-7 
7782-49-2 
7440-22-4 
7440-23-5 
7440-28-0 
7440-62-2 
7440-66-6 

Color Before: COLORLESS 

Color After: COLORLESS 

Comments: 

Ana·lyte Concentration C 

Aluminum 31.9 B 
Antimony- 58.0 u 
Arsenic - 98.0 u 
Barium 27.0 B 
Beryll'Ium 1.0 u 
Cadmium 5.0 u 
Calcium- 42800 
Chromium 14.5 -

I - u Cobalt 6.0 
Copper= 3.0 u 
Iron 144 
Lead 56.0 u 
Magnesium 10600 
Manganese 5.3 B 
Nickel 15.0 u 
Potassium 4980 B 
Selenium 87.0 u 
Silver - 4.0 u 
Sodium-- 15300 
Thallium 50.0 u 
Vanadium- 10.5 B 
Zinc - 7.6 B 

-
-
-

Clarity Before: CLEAR 

Clarity After: CLEAR 

FORM I - IN 

Q M 

p 
-p 
-p -p -p 
-p -p -p 
-p -p 
-p 
-p -p -p -p -p -p -p -p -p -p 
-p -

-
-
-
Texture: 

Artifacts: 
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1 
Analytical Laboratory 

10 

etals Analytical Data 
Technical Review Checklist 

(Analyst) 

Analyst Name (Print): J. L,nl7'ner Instrument: 7JJ 1cp 61€ 

Batch Number Client Name Code Comments 

Method: Goto 

Bench&'- ACS 
. incl- YIN i»0a1-, YIN 

70/icds ( D,luiu:m~ )- Ok or N.z y y 

706 tt /3~ If f.t~f!r>Dtu) /0 ( .306 ;, - ZN) RED/ 

6-29hl-l T y y 

6'251:,hD .. y y 

1 O Prep Blank data wa• not within criteria 
11 Laboratory Control Sample wa• not w ithin criteria 
12 Duplicate Precision w111 not met 
1 3 Matrix Spike recovery w11& not within criteria 
00 Other 

D•c:rip1ion v. No Comments 

Completeiwe• Review .., 
1 . Were the standard operating procedur111 (SOP) followed? 

2. Ara!!! raw data available and labeled property (e.g., methods u111d, 
units , 111mple IDs, dilution factor, , reruns)? 

., 
3. Ara all abnormalit ies in the raw data noted and/or explained? ,I 

4. Were !!! the cli ent samples analyzed for all constituents and QC as I 
1pecif iad on the LAL Bench Sheet•~- -

Data Quality AHNement 
5. Was the sample properly prHerved and analyzed within the method- I 

specified holding t ime? 

6 . Were the in1trumant calibration criteria met? ,I · 

7 . Are the initial and continuing calibration verification samples data 
bracketing the umplH of interHt within criteria? 

I 

8. Ara the bracketing initial and continuing calibration blank data w ithin ,I 
criteria? 

·s. For /CP Only: Are the interference check atandard recovery data w ithin 
✓ criteria? 

Notes and comments: 

(t~ P6 ( .IG~Y.) u (m Pl, ( 22'1'.) Our ,~ :s.;,,mp/• ,.,,,.,,e ( ,,,,.,,.,.,,n ) u NDN • vn, /.,,,.,,'/ y 

0 ' A . ~ - "I' B l.1nl.· - .306 I'/'" . ZN 

I certify, to the b..r of my lcnowled11•, thl,t th,, tMUI .,. •ccept•bl• •nd in compliance with th,, Jebo,etory p,o6de. •nd client requ-t•. 
except .. noted above. 

c> · Analyst ~ ignature/Date 

/~ ,./ t.,,.., ,,,,.~, 
Sec;;i;dary Reviewer ln1t1als/Date 

~ -- J . trc-, 't-~ ,J~ 
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I -

IC~RUN LOG 

Dale: /2 ,/41 iS 

Analyst: . J Lmc/n,c 

Start lime: --'-'4.;;...'C -'"-8.;;...· ____ ,;___,.._ 

End lime: · 2232 ~..;;..;;;..;=---------

Sensitivity Check (10 ppa II• 110 ,,_ c.): _2;;;.;.._g, __ e _______ -,--________ _ 

ICP File Folder: _ .... J;..:;"""'5.._.t9'-"g'"""~ ...... =o=e;:-~--------------

I BATCH# I COMMENTS I 
7otJ eds ( D,/ulu:N.5 ) IJK /., N.1 - CuMplcic. 

7o&II /;Jecl,,e:.i /?eyu,red - .306 f'ph Zn ,,., pref' hl,;;nJ. 

62ihh T Ok - C,,,rnp/•l<l-

6'2JhhD "J< ·- C "'"'PI d 'C 

--
ul --

-
_, 

~ ,s ., 

-

-----
~ 

--------
ANALYST: ~+ _/ · « .£,. dL,aah«c 
~ , DATE: ,, 1.1:,,1 15 

TIit samplt loadillf Ibis on ltpt ill II J•riltf billdtr 11tzt ID tht illstnuntfll ONI will bt bolllld GS 11ttdtd. 

REVIEWER: ____________ _ DATE: ________ _ 

LAL-95-LQG-0733 

000147 20t' 
Page -----



9613~46 ~ 1602 

ICP RUN LOG - QC REFERENCE PAGE 

11 30
6 

11 

_J SOURCE WT NUMBER PREPARATION EXPIRATION 
DATE DATE 

/CV w,sr/ ,-..----; ~ 11.,,,t,Jt,.! "1S'~A ., 11,"'" i0/ 1/q5 

MICV M18'T' qs11-a A I Z"/91r t,/ 1 /q, 

CRI J,.,,-•n,.,·~ v~"'"•'U ' . '-1511& A I z.e,/q,(" q / I /q, 

/CSA " Cf to,~-,"°' IT - 4-1, /qt, 

ICSAB ,1 'HO tfn S,tJj - CJ/ i/qs . 

STDA .. '1~0b2. .,/ ,;,,. 't/ I /q~ 

STDB ., 'i501J'i-i3 1 I '-Its "1l1/G!; 

SP/KEA I.,.,- .. ,.;, V-,.-tvrt!'!. <t50E<<t :1/so/9s "ti,/~~ 

SPIKE B Pia"''" - "-~"' . As sec: _ 91018'7,02; - :z/zes/q6 

SPIKEC , ....... C.<>11\;~ v~.,tvr('<, ~ 5'"08<\ 3/ ,c/~s 11/1/"'5' 

Arc.EE ~:i.e. ., qs-,~3 s I .z/9s- '1/1/'¾5 

TC.LP S.,: i k.c. II 'l $'II 8 4/ze/95 q It /q5 -

Page pnpand by: ___ JiA«.«-=.:111t===·:::..->~-------I 
IJate: ---=O;.,c.7....,,l'.,uy~l_,,'1_,,.S' __ _ 

Reviewer: ___ ..:__ ______________ _ Date: _______ _ 

LAL-95-LOG-0733 2or 
Page 000306 



LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc. · * Richland, WA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Client Sample ID: BOG079 

Date Collected: 27-JLIN-95 

Matrix: 

Gross Alpha 
Gross Beta 
Total radio-strontium 
LI -233/4 
LI -235 
U-238 

Water 

19-jLIL-95 
19-JUL-95 
11-JLIL-95 
12-JUL-95 
12-JUL-95 
12 - JLIL -95 

GR ALP/BETA LAL-0060 24940 
GR ALP/BETA LAL-0060=24940 
SR-90 LAL-0196 24941 
U-ISOTOPIC LAL70108 24942 
LI-ISOTOPIC LAL-0108-24942 
LI-ISOTOPIC LAL-0108=24942 

Page 2 

1.3 
5.1 
-0. 14 
1.47 
0.45 
1.05 

LAL Sample ID: L4838-8 

Date Received: 29- JLIN-95 

Login Number: L4838 

1.4 2.3 
1. 7 2.4 
0. 52 0.92 
0.38 0.17 
0.21 0. 11 
0.32 0. 17 

C pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 
pCi/L 

30f 



H-3 

LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc. · * Richland, ~A 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Client Sample JD: BOG079 

Date Collected: 27-JUN-95 

Matrix: ~ater 

21-jUL-95 TRITIUM(H3) LAL-0066_24943 

Page 3 

520 

LAL Sample ID: L4838-.17 · 

Date Received: 29-JUN-95 

Login Number: L4838 

.240 pCi/L 

309 



Tc-99 

96134461tl605 
LOCKHEED ANALYTICAL SERVICES 

RAD DATA REPORT (ra01) 

Bechtel Hanford, Inc. · * Richland, WA 

Bechtel Hanford Project (Project BECHTEL-HANFORD) 

Client Sample ID: BOG079 LAL Sample ID: L4838-18 

Date Collected: 27-JUN-95 

Matr ix: Water 

19-JUL-95 TC-99, LAL-0169 .:..24944 

Page 4 

5.3 

Date Received: 29- JUN-95 

Login Number: L4838 

8 . 6 10. 

• 

• I 
• I 

pCi/L 

310 



'""'11L I "" - , 

9613446.~ 1606 ~c.. l q -.~~ l q ~~ 
National If ngtitute of ~tanbarbg & · Qrec'f1nology ... . 

arertif icate 
THIS IS A PHOTOCOPY OF THE CERTlr·ICA · .. 
WHICH IS BEING MAILED TO YOU UNDER . 

. SEPARATE COVER. 

Standard Reference Material 4321B 
Alpha-Particle Solut1on Standard . 

Radionuclide 

Source identification · 

Source description 

Source mass 

Solution composition 

Natural Uranium 

SRM 4321B . 

Liquid in S-mL flame-scaled glass 
ampoule 

Approximately S.3 grams 

Natural uranium in 1-molar nitric 

~ 
0.01998 g 1·1 

I 
·I 
I 
I 
I 
I 

Uranium concentration 

Reference time 

Radioactivity concentration 

1200 EST January 1, 1992 101;.. t."-

U-238: 246.7Bq1·.1 ~ ~ ~'\S ·" ~\61 
u-23s: 11.Js Bq c' I 
U-234: 237.6 Bq t' · 

Overall unccnainty 

Measuring instrument 

Half life 

U-238: 0.87· percent (l> • 

U-23.S: 0.96 percent 
U-234: 1.86 percent 

~ spccttometer, silicon surface-barrier 
detecmr, and 41,(a+JJ) liquid-scintillation . 
counter (1) 

U-238: (4.468 : 0.005) z 10' years (J) 

U-235: (7.f1J7 : 0.011) z 10' years 
U-234: (2454 % 0.006) z 10' years 

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

Gaithersburg. MD 
Febnwy, 1992 

William P. Reed, Clief 
Standard Reference Materials Program 

•Notes on back 
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• 
. . .~ . 

NOTES 

Individual uncertainties have the significance of one standard deviation of the rriean, or 
an approximation thereof. The combined uncertainty is th~ individual uncenainties _ 

· shown below added in quadrature. The overall uncertainty is taken to be three times the 
combined uncertainty. · 

"nURrl= OF UNCFRTATNTV T'1N( t-M.T.ATNT'" (%) 

U-238 U-235 U-234 

aj uranium assay of SRM %0 0.02 0.02 0.02 

b) uranium atom ratio 0.01 0.07 o.so 
c) quantitative dissolution 0.25 0.25 0.25 

d) gravimetric measurements 0.10 0.10 0.10 

e) half life J" 0.11 0.16 0.24 

Combined uncertainty 0.29 0.32 0.62 

x.3 x3 x3 

Overall uncertaintv n.R7 nQ6 1.86 

SRM 4321 was prepared by quantitatively dissolving a carefully cleaned and ·weighed 
piece of wcll-ctiaracterizcd natural uranium metal. This natural uranium metal was 
formerly issued by the National Bureau of Standards as SRM 960. The solution in ~RM 
4321B was carfully examined using thennal-ionization mass spectrometry, silicon surface­
barrier alpha-paniclc spectrometry, and 4,r(a+P) liquid-scintillation counting. The values 
that we recommend for the U-234/U-238 atom ratio and alpha-paniclc-emission-ratc ratio 
in SRM 4321B arc (5.29 ::t 0.02) x 10-' and 0.963. ::t 0.003, respectively. (Sec the 
Information for Users of SRM 4321 and SRM 4321B, Natural Uranium Solution.) 

Table of llac:liolctiYe Isotopes, E. Browne and R.B. Firestone, John Wiley and Sons, Inc., 
New Yort (1986). 

. For funhcr information please contact Dr. LL Lucas, (301) 915-5546; or J.M. Calhoun. (301) 
975-5538. . 

SRM4321B 
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96 I 3Y4t. I 608 

- NOTES 

( l) Individual uncertainties have the significance of one standard deviation 
of the mean, or an approximation thereof. The combined uncertainty is 
the individual uncertainties shown below added .in quadrature. The · 
overall uncertainty is taken to be three times the combined uncertainty • 

Source of uncertainty 

a) original,· calibrat,ion of SRM 960 

b) quantitative dissolution 

c) gravimetric measurements 

d) half life 

Combined uncertain,ty 

Overall uncertainty 

. Uncertainty 

U-238 U-235 

0.01 0.05 

0.01 0.07 

0.07 0.07 

0.07 0.07 

0.12 0.13 

* 3 * 3 
0.36 0.3~ 

(%) 

U-234 

0.28 

0.07 

0.07 

0.41 

0.51 
* 3 
1.53 

(2) SRM 4321 was prepared by quantitatively dissolving a piece of natural 
uranium metal (SRM 960) that had been characterized by quantitative 
assay and by mass spectrometry. 

(3) Radioactive Decay Data Tables, D.C. Kocher, DOE/TIC-11026 (1981). 

For further information call Larry Lucas at (301) 975-5546. 

SRM 4321 
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UNITED BTATBB DEPARTMENT OP COMMERCi I 
Naclanal lnaclcu .. of • -nd•rd• •~d T-hnalagy 
G•~g. M_.v,eno 20899 · · · . .I 

Dear Customer: 

. . 
The Standard Reference Material(s) (SRM'(s)) for which you have requested a Material Safety 
Data Sheet (MSDS), 4321B, U-238 is excluded from 
coverage in our regular ~SOS system of more than 100 sheets for o_ne or more of the foilowing ­
reasons: 

1 D 

2 D 

3 D 

4 D 

5 D 

6 

1 D 

The SRM is an anicle, as. that word is defined in paragraph (c) of section 
1910:1200 of title 29 of the Code of Federal Regulations which does not release or 
otherwise result' in exposure to a hazardous chemical, under normal conditions of 
use. 

The SRM has been determined to be non-hazardous by the National Institute of 
Standards and Technology under paragraph (d) of section 1910.1200 of title 29 of 
the Code of Federal Regulations. The SRM will not release or otherwise result in 
exposure to a hazardous chemical under normal conditions of use. · 

The SRM is a pesticide or hazardous waste labeled according to regulations issued 
by the Environmental protection Agency. 

The SRM is a food, food additive. or drug labeled according to regulations issued 
by the Food and Drug Administration. 

The SRM is a wine labeled according to regulations issued by the Bureau of 
Alcohol. Tobacco. and Firearms. 

The SRM is a radioactive material labeled according to regulations issued by tile 
Nuclear Regulatory Commission. The Shipper's Declaration form included with 
the shipment states chemical form, physical state, and activity of SRM. 

The SRM is a tobacco or tobacco product,. wood, or wood product which is 
exempted by paragraph (b) (S) (ii) and (iit) of section 1910.1200 of title 29 of the 
Code o{ Federal Regulations from the provisions of that section. 

. If we can be of aaistancc to you in regard to this matter, or any issue related to SRMs, please do 
not hesitate u, write u, ine. 

Sincerely, 

~'2)-~7 
Stanley. o: · Rasberry · · · 
Chief . . ' 

Office of Standard Reference Materials 
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· 9613LJ~6,. )6 IQ 
INITIAL STANDARD DILUTION RECORD 

Standard Information; 
I 

Isotope: U-238 ·vendor: NI.ST I ________ _; 

Activity of Standard Received: 0.035338 uCi Vendor 1.0. # I 
Weight of Standard Received (;): 5.3 g · LAL 1.0. I: AA9804 I 
Standard Activity (pCi/g): 6.67E + 03 NIST Traceable ? yea 

Halflife in Years or Days:- 4.468E + 09 rs Certificate I: _ _,,;.,,;~_;..;--------..,,i SRM4321B 

Reference Date: 1 /1 /92 Receiver's Name: --------1 Kevin FrH 

Date Received: 8/19/93 

Primary Diution . •: .· . .. 

Balance Verification 7: _y_ .. __________________ ____,;r 

Diluent Used: 1 M HN03 ~ 
a: Decay Corrected Standard Activity (pCi/g): _6_.6_7_E_+_0_3 ______ peu=,.a _________ l 
b: Weight of the Source Transferred (g): _5_.2_3_7_0;..;.7 ____ _.q..._ _________ __,;r 

c: Total diluted weight (g): _1_3_2_.0_3 ______ __.p __________ ---f·'· 

d: Total Diluted Volume (ml) _1_2_8_.2_8 ______ ......;ml..,;;. __________ , 

e: Activity of Dilution by Weight (pCi/g) [a • b / c J: 2.645E + 02 pCl/g I 
I: Calculatlld °""""'(,,, ~~-- (Jlmll le / di: :,:.0:2:9:E:+:oo::::::::a:,:ml::::::::::::::::::::1

1 

g: Activity of DiludMWVolurN (pCJ/ml) [e • f): 2.722E+02 pCJ/ml _ ___,;,~......;;..;;;.. _ __,:;..;;..;..,_;;.. _______ __,;~ 

h. Dilution Logbook 1.0. I: LAL-93-474-14-1 

Prepared By: _______ _ Preparation Date: ___ 8_/2_0,;;.;/9.;;.;;;.3 __ 

Reviewed By: -------- Review Ona: _______ _ 

Purity/Cron Check Performed By: ______ _ Check Da18: ______ _ 
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Notebook No. G 1 7 :~~OJ=CT U - 23 [ 96 I 3~46,,.1611 -------=-_..__ ___________ _ 
Continued From P3ge ____ _ 

SECONDARY/WORKING LEVE:L 'El 
STANDARD DILUTION RECORD ~ .. ·-\ 

Dilution Source Information 

Isotope: {)-239' 

Parent Barcode Number 

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

Diluted Source Logbook I.D. #: f3-'-174 -tlf - I 
Balance Verification?: 

Diluent Used: l H HJJ0,3 

Dilution 

•Diluent: 

• Density of diluent (g/mll: 

a: Parent Specific Activity: 272-- 2.) 

b: Amount of Source Transferred: g 

c: Total amount of Dilution: 

d: Total Volume of Dilution: tf }A ml 
l 

e: Activity of Dilution la • b / cl: die pCi/g 
{ 

f: Activity of Dilution (a • b / d): / [ • Lf: ':f pCi/ml 
t 

Dilution Logbook 1.0. #: 1 '-f - , .7 7 ... 3 ° - / 

P,epated By: ~ ~ ~ 
Reviewed By: 9f,c-W---

Preparation Date: 

Review Date: 

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

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

Read and Understood By 

347 
Sir.:ne1 Date " ._ I~, 



Continued From Page __ _ 

I I I I I I I I I I I l I 

CALIBRATION OF U-232 

2 mL of U-232 at 66~5 dpm/mL (91-225-36-1 , AA0078) ;_.,.as run through the AG1-X8 column in 9M 
HCl for removal of daughter pro4ucts. U-232 was stripped off with 0.5 M HCI at the end of the procedure. 
This solution was taken down to .dryness. It w.as then brought up in 2 M HNO3 to 500 mL. Calibration of this 
tracer was performed with 0.5 mL U-238 (11.44 pCi/mL, 9-ki77-30-l) and samples~ counted for 10 hours. 

CHILD ID U-232 GROSS 0-238 GROSS CALCULATED 0-232 
COUNTS per O.S mL COUNTS VALUE IN pCi/0.SmL 

0160S95 1727.7 I 1956.6 5.05 

U260S95 1806.8 '2007.8 5.15 

0360595 1720.9 1911.2 5 . 15 

U460S95 1568.8 1869. 1 4.80 

0560595 1557.7 1888.8 4.72 

U660595 1413.9 1660.8 4.87 

4.96 pCi ± 0.18 
pCi/mL 

The value calibrated for this tracer was 9.92 pCi/mL with a precision ol ±3.6% 

U-232 Logbook Reference # 95-721-11-1 

Read and Understocc 2",-

Date 

348 
Date 
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Radioactive Source Test Report 
. ' 

Model No .: NA 

Product Code No.: 92/232/19 
R~1oisotope: 

Description: U-232 alpha tracer solution 

ANSI Classification NA 

U-z.32 -Nominal activity: 10 . kBq 

Capsule: 

Ss:,ecial Form Cenificate No.: NA 

Clusifiations arr !»2d on the testing of s;,«imen sources and gi11e the ,~els expected from production sources. 

Recommended working life: NA 
SM other side for explanation 

Source Measurement Leakage test Contam,n,1,on 
Serial 

U-232 t test 
number 

Activity date type I type type 
Concentratio 

5ft other side for descr,ot,on of tests 
kBq/g date Pined date passed date passed 

AE 5292 2.04 = 0.02 I 12 June 1981 NA ~A NA 

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

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

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

Customer: Lockheed Analytical Labs 

66610 

.Signed: 

Michael Snyder, Product Manager 
Amersham Corporation 
2!36 Soult, Clearbrook Oriv9, Arlington Heights. IL 60005 
1,{800) 32~ (Toll Fr .. ) 

Amersham Canada Umtted 
1166 SouU1 Service Road WNt. Oakville, ONT L6l 5T71-{416) 847-1166 
Ti-it c...,. , ,JA.f'V"\ "Ul'7 .. '71,;r'\ ,,...,,..,,-.., .,...__,_, , • .JOJV"t' .,o., "'" ~~ , _ _. -1 r - - • • · 

Customer's Order No. : 06LAB1244 

Due: November 8, 1991 

349 
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. ,,...., ___ _ 1.,on11nueo t-rom Page __ _ 

I I I II 11 I I · I 

CALIBRATION OF U-232 

2 mL ofU-232 at 6635 dpm/mL (91-225-36-1, AA0078) was run through the AG1-X8 column in 9M 
HCI for removal of daughter products. U-232 was stripped off with 0.5 M HCI at the end of the procedure. 
This solution was taken down to dryness. It was then brought up in 2 M HN03 to 500 mL. Calibration of this 
tracer was performed with 0.5 ~ U-238 (l 1_.44 pCi/mL, 94-677-30-1) and samples were counted for 10 hours. 

CHILD ID U-232 GROSS U-238 GROSS CALCULATED 0-232 
COUNTS per 0.5 mL COUNTS VALUE IN pCi/0.5mL 

0160595 1727.7 1956.6 5,05 

0260595 1806.8 2007.8 5.15 

0360595 1720.9 1911.2 5.15 

0460595 1568.8 1869.1 4.80 

0560595 1557.7 1888.8 4.72 

0660595 · 1413.9 1660.8 4.87 

4.96 pCi ± 0.18 
pCi/mL 

The value calibrated for this tracer was 9.92 pCi/mL with a precision of ±3,6% 

U-232 Logbook Reference # 95-721-11-1 

Continued on Page 

Read.and Understood By 

Date Signed 

I I 

'350 
Date 
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Descript io n 

U.S. Environmental Protection Ag.ency 
Environmental Monitoring Sy~tems Laboratory -Las Vegas 

Nuclear Radiati_on Asseument . Division 

Calibr auon Certificate 

I<_ -.. J ~ 5 i .5 I 't "­

A c.. sl) 1 

K \~~) -

"·-••• '"•-•I Strontium-90 "'•11
·
1
•
1
•( 28 6 - ... _ --=---· _.. ___ y._e....,a ... r ... s __ 

HOffllft81 ec,,;,.,,. 2 7 11 nano Cuties I 
H-•· .... .-. 5 I ""'"' ._.;.., ...... _ .... ,, 9 4 0 0 3-1 . 

Measurement Ae1ivi1y of principal ndionuclide 

Useful U fe 

~......,- ................ . 
5. 40 ! I nano co,, .. ,, - I Strontium-90 

••OICO.....,,l'ST-1 April 1, 1994 

Activity of daughter radionuclide 

Tl\ep,_..,.._,, _ 

__ s_._4 __ 0 _ _.11 nano--1 ........ 

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

Toc• I mass of this Mlutioft 

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

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 wa• prepared for the 1994 ASTM 
Collaborative Study of a test method for the 
determination of Sr-90 in water. 
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Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remarks 

• Revised 1 /8' 

96 I 3lf 46 .• 16 I 6 

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

Im I less than I 
equal to % I of the p~incipal activity . 

1(2) I less than· I 
equal, to % I of the prjncipal acti~ity 

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 cenifiad value of the radioactive 

concentration of the principal activity had a standard •ror (amt not greater than t I o • 1 % I 
(The 99. 71' confidence limiU are giwn by t(smt where t is obcained from the student t facto, 
for the degree of frNdom (n-1 )). 

The maximum uncertainty due to the aseuable systematic errors (dilution. couming. ~ 
known uncertainty of the standard) is obtained by the seperate arithm«ic summation of the 
positiw and negatiw systematic error ( + & - & ' ». TheN hhe been estimated not to UCINd 

1•3.s "'°' 1-3.s "' 
the overall uncenainty (often called accuracy) is an Nlimate of the possibte divergence of 
the qu«ed result from the true value. It is a combination of random error (team)] at the 99.7% 
confidence limb and the wom cue estimate of the IYllematic WTon ( + i . - 4 • > 

The oweran uncertainty is therefore calculated on die .... of+ [team> +I]. - [tesml +cSj 
and is 1. 4 • o "'. 1- 4. o "'of the Quoted radioeelive concencration. 

Thia mndardiution is bned on the following aaumptlona of the principle nudide. its -
daughter nucHdes and impurities (no allowance for error in theN aaumpcions or the 
aaumption of QUGled half-life hhe bNn included in the mtemenl of accuracy 1bovel. 

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

Cllniar ODIWIII per gram of solution: 

30 micrograms strontium 

Preservative: 

Date Certificate Prepared 

0.1 M HCl 

477 

Approval Signature 

1994 ~ 
R ~ -

I 

I 



--- - - - ~ -

82 ' ~ Ci 96134~6., 1617 
PAOJECT __ )_('_-_l~P ___________ _ 

Notebook No. 0 l1-1l/-: 
Continued From Page ___ _ 

INITIAL STANDARD DILUTION RECORD 

Isotope: 

Activity of Standard Received: 

Standard Information: · 

- 0 Vendor: 
__;::...i....L.-___J-----1 

~ uCi 

r-L Weight of Standard Received (g) : !5 0 g .LAL 1.0. #: ---------
L Standard Activity (pCi/gl: NIST Traceable 7 

----'---'-'-...:..---'--""'----1 

Halflife in Years or Days: 

Reference Date: ,,.- / ,, { ~ q Receiver's Name: _ __.___,__...;,_ _____ _ 
Date Received: · 

Primary Dilution 

Balance Verification 7: s 
Diluent Used: O · l t1 JG I 
a: Decay Corrected Standard Activity (pCi/gl : 

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 VohJme (pCi/ml) le • f) : 

pCi/ 

0 g 

ml 

031• 
/ml 

h. Dilution Logbook 1.0. #: Cf LJ/1)1> 

Prepafed By:~ lLJ~ Preparation Date: G ,- IC: , ~ ~ 
.'- ' Reviewed By: lf' ~ Review Date: __ b_/_3 ___ 0 /..__1_'1 __ 

Purity/Cross Check '~rformed By:________ Check Date: _______ _ 47e 

Signed Date Signed 

, ... . 

, ._ · -~a-te -J 
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Notebook No. O <f 1 r' 
Continued From Page __ _ 

I I 

SECONDARY / WORKING LEVEL 
STANDARD DILUTION RECORD 

Isotope: 

From NIST traceable standard?: 

Vendor or Certificate I.D. I of parent standard: 

Diluted source logbook I.D. I:" 

Balance verification?: 

Diluent used: 

A,,..-2.4I 
r - 'l.., 

~~~~~~======:ma 

-::ff/__ . > 8-/<.JO-/ 
1=.s, S 11 l'1 G 
CJ1 ~· 0.225"_ <.o-/ 
q· - 4 -:u ;- -. J ~ - '.l. 

0. I N /-llt.)0,:1 

t-l ·oiluent: • 
·oensity of diluent (g/ml): 

a. Parent standard activity: 

b. Amount of standard transferred: 

c. Total amount of dilution: 

d. Activity of dilution [a • b / c]: 

Dilution logbook I.D. #: 

Prepared by: 

Reviewed by: 

).J /J 
A ... -:i '{f 

-10 

-s-oo ,...L 

~-. OL/7 

Preparation date: 

Review date: 

•u th, diluent remain, unchan,ed from the dilucnl uted fot the dilution 110Yrcc, then • weiJht dilution of• volume unit 10Yrce ean be performed wilhout • 
densil convcnion . J(the diluene chin ea 1 -wti hied r1ion densil convcnion is necem 

· LAL-91-SOP-0174 

-- • •• • • • -•--• •• u~O 

Read and Understood By 479 

Date Signed Date 

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



I· 

) / t(. 

Radionuclide 

Half Life: 
~oaNo.: 

Am-241 
432. 7 ± 0;5 yan 

7241 

Cu.s&o~ LOCKHEED ENGINEERING & SCIENCES Co. 

Source No.: 388-100-1 

DmcripCim of Sob!hCW 
a. Mua of solution: 
b. Chemical form: 
c. Carrier c:cmra,c• 

P.O.No.: 061.AB1245 
Refeimce Dace: November 1 1991 
Coatained Radioactivity: 0. 997 

S.0007 
AmC13 in O.SN HCl 
Naaeadded 
i.oon 

11:00 PST. 

,,ct 

d. Demity: . 
,ram/ml O 20-C. 

Radioumpuriaim . 
Noao detected 

Pree tnAD Dnptm 
None detected 

Rectionsrtich Coece•14i.w 

0.1994 

Medal olCelie,.._ 

Washed aliquoca of tbe IOlutioa were auayed llliDs a liquid aciaciUetion c:ouncer. 

UaxtlaiaJ olM t 
a. Sy.,..,.,,tic uncer1aiDty in iJlmwmal calibncioa: ±2.01' 
b. Rudom uncer1aiDty in uay: ±0.71' 
c. Raodom tmcertaimy in weipiq(1): ±0.01' 

d. Total martaimy a die 99J. confidna level: ±2. ~-

11aia c:alibnaiCla ii implicitly tncmb&e to die Naticaal lmiieu&e of Slaadudl and Tecimok>o. 
Nalll 

l. Nuclelr di&& we Cltaa fna "TabJo of Iaocop.•. ~ Ediliall, ediaed by Viqinia S. Shirley. 
2. IPL puticipae,a ill• NIST waremm& wunnce propun tD eat1btiab wl maincaia implicit 

tnceebility for a number of nuclidel, bued 011 tbe blind -y(aad later NIST c:ertificalicn) of SC&Ddard 
1Wamc1 Maacriala. (A.I ill NRC Rqul.uory Guido 4.15) 
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S I J... 
CER'I'IFICATE OF CAJ.IBRATION 
ALPHA STANDARD SOLUTION 

Raclinartide 
Halfufl: 

. Am-241 
432. 7 ± o., y .... 

7241 
311-lOO-l 

~ LOCKHEED ENOINEEJUN<; A SCIENCES c 
P.O.No.: 061JJU24S . · 

C.awosNo.: 
Source No.: 

R.elswll DIii: N~----1 1991 12:0D PIT. 

c.Carria'cc::t ar 
cL Dmli&y: 

-Coacamed RNtimccivicy: 0.997 · 

,.ooa1 
AmCIJ ill O.$N HQ 

~addllt 
1.ocm 

-...... 

ledini J ··5-
...... .c. 

Ncm d721:lld 

Re+ rt CwEIEif •- • 
0.1994 

¥¢ .. afCIZ f • 

ta- . J afN 2 

L Sff? f c --,g· 11 • iallllllllllll calilnliaa: ±2.0• 
b. Rendnw WAI . 2J ia-,: ±0. 7S 
c •ee+w wwwr · rr ii w;:· l(itJ= to.o• 
cL Ta.a •: e · ,, ... 99,.onefd e..: ±2.7S 

Nlff Ti I P5g 
1'ilrel3 "ra'tf .. f' ·ety111111o11:11c•tia.5 ID•Mdww·s aft ... 

I. N ............. ,__ .,. .... oflre 121•. S.. t ENra, ..... .., V'qiaiaS. SlimJ. 
· 2. IPL yd ·• t ii a NIST __ __. ---m,..,.... ID s tr \ _.. . . impiicis 

· en t'lift .._. t, offt'f'dn, --••IIIIW-,(•--Nlffc:anft IDra)QfSI I Ii 
IC N; t I (AlilNI.C ......,0...4.15) 

·-... &is 9 n r t om · 473 

IL.:-'::-::-::-::-::-::-::-::~~•~~-===' ~-~~=•=-:.•~;..-..... ----------=----------------=--=--=--=--=-~~~~~-=-=-=-=-=-=-=-=-=-=-=-= 



Radionuclide Am-241 Customer; LOCKHEED ENGINEERING & SCIENCES Co . . 

Half Llfe: 432. 7 ± 0.5 yean 
C&ta.101 No. : 7241 
Source No.: 388-100-1 

Dmcriptim of Solutiaa 
a. Mass of solutioa: 
b. Chemic:al form; 

c. C&rrier c:ootmt: 

d. Dmsity: 

Radioiq,uriDm 

P.O.No.: 06LABl245 
Reference Date: November 1 1991 

Cont&incd Radioactivity: 0. 997 

5.0001 
AmC13 in 0.5N HCl 

Nooe added 
1.0077 

Nooe detected 

None detected 

0.1994 

Mcdaod of c.alilnaim 

Weiped aliquots of tbe solution were assayed usin1 a liquid &eintillatim counter. 

U..::aaimy of Uwaac:maa& 
L Sys&ematic uacertaimy in imtrwnent calibration: 
b. lwldom unc:ertainly in assay: 
c. Random uacertaimy in weiabinl(1): 

d. Total uacertaimy at tbo 99 '5 coofidmce level: 

NIST Tmccwbitity 

±2,0" 
±0,7" 
±0,0" 
±2,7" 

Thia calibn&im ia implicitly tncable to tbe Natioaal lmtituto of Standuda and Technoloa. 
Noa 

11:00 PST. 

·,,o. 

,ru.. 

1. Nuc:1~ data were takm from "Table of 1sotopes•, Sevaub Edition, edited by Vi.JJiaia S. Shirley. 
2. IPL participates in u NIST measurement assurance program to establish and · maintain implicit 

tnceabiliay for a aumbel' of nuc:lidea, hued CG the blind assay(and la&ct NIST certification) of Standard 
RoCenDce Materials. (Aa in NRC Re,ulatory Guide 4.15) 

- · - ·. 

ISOfOPB PRODUCTS IABORATOIUES 
1100 No. x.e,... Stred.. 
Bwtwt. Calii;,mia 91504 
11 843 -7000 

~;ztAl..DJ Q AUfY CONTROL 
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I' C'IJ 
0) 

I LB40Q0.1 Am-241 Gross. Alpha Calibration Data (Filename gacal193.lb1) ~ 

' 

I 

10· Desc Count Alpha - Beta HI Time Date CPM CPM EFF EFF Net A>>B EFF Flt X-T Flt 
Time Counts Counts Voltage Alpha Beta Alpha Beta Weight X-Talk (qd-exp) (qd-exp) 

A1 ACAL01 25 0 24 1417.5 14:06:25 7-12-94 0.00 0.96 0.0000 0.0000 0.0010 
A1 ACAL14 25 · 12947 4934 1417.5 13:06:32 7-13-94 517.88 197.36 0.1990 0.0755 0.0001 0.3792 0.2173 0.2579 
A1 ACAL02 25 14521 3695 1417.5 14:41:54 7-14-94 580.84 147.80 0.2232 .0.0564 0.0090 0.2528 0.1987 0.2546 

A1 ACAL03 25 11434 2909 1417.5 13:52:40 7-14-94 457.36 116.36 0.1758 0.0444 0.0188 0.2523 0.1804 0.2521 
A1 ACAL04 25 11807 3006 1417.5 13:24:15 7-14-94 472.28 120.24 0.1815 0.0458 0.0190 0.2526 0.1801 0.2521 
A1 ACAL05 25 9909 2343 · 1417.5 12:29:47 7-14-94 396.36 93.72 0.1523 0.0356 0.0374 0.2340 0.1512 0.2503 
A1 ACAL06 25 8523 2047 1417.5 12:02:21 · 7-14-94 · 340.92 81.88 0.1310 0.0311 0.0555 0.2374 0.1282 0.2521 
A1 ACAL07 25 7210 1930 1417.5 11:24:13 7-14-94 288.40 n.20 0.1108 0.0293 0.0738 0.2644 0.1093 0.25n 
A1 ACAL08 25 7008 1799 1417.5 10:50:44 7-14-94 280.32 71.96 o.1on· 0.0273 0.0739 0.2533 0.1092 0.2578 
A1 ACAL09 25 5435 1528 1417.5 16:53:15 7-13-94 217.40 61.12 0.0836 0.0231 0.0931 0.2767 0.0932 0.2679 
A1 ACAL10 25 . 5319 1487 1417.5 15:51:27 7-13-94 212.76 59.48 0.0818 0.0225 0.1070 0.2751 0.0835 0,2783 
A1 ACAL11 25 4838 1442 1417.5 15:18:33 7-13-94 193.52 57.68 0.0744 0.0218 0.1284 0.2931 0.0711 0.3000 
A1 ACAL12 25 5221 1527 1417.5 14:50:59 7-13-94 208.84 61.08 0.0803 0.0231 0.1283 0.2879 0.0712 0.2998 
A1 ACAL13 25 3no 1299 1417.5 14:00:15 7-13-94 150.80 51.96 0.0580 0.0196 0.1467 0.3382 0.0625 0.3249 

Efficiency Regression Output: X-T Regression Output: 
C"J Constant -1 .5253 Constant -1.3552 Regressions for all efficiency curves & the A 1 
C'-,...1 

Std Err of Y Est 0.07579 Std Err of Y Est 0.0293 crosstalk curve are quaQratlc exponential fits. '.....o: -•• R Squared 0.97426 R Squared 0.9239 

'° No. of Observations 13 No. of Observations 10 :::r-
:::r- Degrees of Freedom 10 Degrees of Freedom 7 ACAL 14, ACAL05, & ACAL06 were not used for the 
~ 

"-0-
crosstalk curve ~ poor data points. 

er-. X Coefflclent(s) -10.1580 11.2837 X Coefficlent(s) -1 .6119 21.7165 
Std Err of Coef. 1.6846 11.3911 Std Err of Coef. 0.8114 5.3127 

· j •r j~,: .~·,1 
', ·: :·· , 1 

Am-241 standard Is 1.0 ml of LAL-93-LOG-474-86, 2602 dpm/ml on date of calibration. 



. --------- --- - ---- ----....--"..,07 9613446, .. I 6"i! IS A PHOTOCOPY OF THE CERTIFICATE 
WHICH 1S BEING MAILED TO YOU UNDER 
SEPARATE COVER. 

National lJn~titute of i,tanbarmr & ·urec~nologp 

Standard Reference Material 4919-G 
Radioactivity Standard 

Strontium-90 

4919-G 

Radionuclide 

Source identification 

Source description 

Solution composition 

Solution in NIST borosilic:ate-glass ampoule (1)• 

Strontium-90 plus yttrium-90 plus apprmimMeJy 
95 "' each of non-radioactive strontium am 
yttrium per pm d. 1-molar bydrochloric ~ (2) 

Radioactivity concentration 

Reference time 

Overall uncertainty 

Photon-emitting impurities 

Alpba".particle-cmitting impurities 

HalClife 

Meaauring instrument 

Approximately 5.0 p-a1111 

•.51• X 10' Bq 1"1 

1200 EST August 1, 1990 

1.05 percent <3' 

None omened <'> 

Nooe obsen'CICI (S) · 

41,fJ liquid«intillation counter 

This standard reference material was prepared in the Center far Radiation Raearch, Jooizing Radiation 
Division, ~adioactivity Group, Dale D. Hoppes, Group Leader. · 

Gaithersburg, MD 20899 
· -ruary, 1991 

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

•Notes on back 
.. 
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(I) 

96. I 34~6 .• 1624 

NOTFS 

Approximately five milliliters of solution. Ampoule specifications: 

body diameter 
wall thickness 

barium content 
lead cmdc content 

, other ~ clements 

16s± o.s mm 
O.W ± 0.04 mm 
1ea than 2.5 percent 
lea than 0.02 percent 
trace quantities · 

<2> Solution density ii 1.014 ± 0.002 J/mL at 21.S -C. 

(3) The ovcrall uncertainty was formed by taking three times the quadratic combination of 
standard deviations of the mean, or approximatiom thereof, for the following: 

a) liquid-scintillation measurements 
b) gravimetric mcasurcmcnta 
c) dead time 
d) bacqround 
C) detection cfliciency 
f) decay-scheme data 
g) halt life 
b) radionuclidic impurities 

<'> The limit of detc:ction for photon-emitting impuritic:s ii: 

0.01 percent 
0.05 percent 
0. 10 percent 
0.01 percent 
Q.30 percent 
0.10 percent 
0.01 percent 
0.10 percent 

0.01 y 1·1g·1 between .50 and 1900 kcV. 

<S> The limit of detection for alpba-particle-cmittina impurities ii: 

O.OS a s·1g·1• 

<'> NCRP Report No. 58, 2nd Edition, February 1985, p. 365. 

For further information please contact Dr. Lany Lucas at (301) 975-5546. 

4919-G 

.. 

,_ . 
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-9613446.1625 
NOTES ON THE USE 

. OF 
STANDARD REFERENCE _MATERIAL 4919G, SfRONTIUM-90-

Thc activity of the strontium-90 in the ampoule is given per gram of solution. If transfers arc made 1 

by volume, the density given on the certificate can ·be used to compute the activity per unit volume. 1 

The activity given is the strontium-90 activity only. Because the strontium-90 is in equilibrium 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-emission rate. · 

If the solution is to be used for making quanti~tive sources, it should be kept tightly sealed so . that 
evaporation, and the consequent change in the radioactivity concentration, is minimiud. 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 O.S- 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, Nuclconics 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 given on the certificate is as of 1200 hours Eastern Standard Ti.me, 
August 9, 1990. To convert from ESr to your local time, the table given below can be used. 

TO CONVERT FROM ESf TO: 

EDT Add 1 hour 
CDT Same as PSI' 
CST. Subtract 1 hour 
Mar· Subtract . 1 hour 
MIT Subtract 2 hours 
PDT Subtract 2 hours . 
PST Subtract 3 hours 

UTC Add S hours 
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Description 

-96 I 3~~6 .• 1626 

U.S . Environmental Protection Agency 
Environmental Monitoring Syst.ems Laborat_ory -Las Vegas 

Nuclear Radiation A11e11ment Division 

Calibration C~rtificate 

A (. S~5 1 
-K -'-) .----

"•onc,s,e l ...... - ... 1 Strontium-90 HeU -••••( 28 6 . . years 
HOfflonel ea,w,1y · I 2 7 ! ! nano c ... ,., j 

1 ....... ·-.. •-✓-....... -·( .. _9_4_o_o_3_-_1 _____ _ 

Measurement Activicy of Pfincipat radionuclide 

Useful Life 

Act~ - ..... .,,, , ............ 

1 s. 4 o ! ( nano cur, .. j -' ( Strontium-90 

.,ocoo.....,,f'ST-! April 1, 1994 

Actnnty of daughter radionuclide 

The.,-.., K1MIT-• _,_. ac the--••- a. 

__ s_._4_0 _ _.11 nano--1 "•••• 

.,,,.._,.... • ...,..... I Yttrium-90 

Total fflHS of this eofution 

I Approximat~ly 5. 0 •-1 
Method of measuremeni · 

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

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

~ .... we• MIU••"-• ...... 111¥ (MSl -lV 

I August 1994 

This dilution· was prepared for the 1994 ASTM 
Collaborative Study of a test method for the 
determination of Sr-90 in water. 

58~ 

C) 7_, iC-c 



Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remaru 

Revised 1/8' 

96 I 3Y~6.~ 1627 

The manufacturer states that activities other than that of the principal nuclide 
and of its daughter nuchdes. if any, ·were estimated/known to be ,,,, I less than I 

equal to % I of the principal activity 

1121 I less than I 
equal to % I of the prin·cipal activity 

(131 I 1ess than ( 
equal to % j of the princ1~al ac_11vity 

The activity of impurity 11) is not 12) is not (3) is not 
included in the quoted figures of the. principal activity. 

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

concentration of the principal activity had a standard •ror (sm) not greater than ! I o • 1 % I 
(The 99.7" confidence limits are given by t(sm) where tis obulined from the student t factor 
for the CNgrN of freedom (n-1 )>. · 

The maximum uncertainty due to the esseuable systematic errors (dilution. counting. and 
known uncertainty of the standard) is ~ained by the separate arithfN'tic: summation of the 
positive and negative systematic error ( + o - o • ). These have been estimated not to eJICNd 

1•3.a "lor 1-3.a "' 
the overatl uncenainty (often called accuracy) is an Nlimate of the possible divergence of 

the quoted result from the true value. It is a combination of random error ( t(sm)] at the 99. 7% 
confidence limits and the worst cue estimate of tha systematic errors ( + cl • - c5 • 1 
The overall uncertainty is therefore calculated on the buia of+ [tCsm) +&]. - (t(sm) +c5~ 

and is I + 4 • O "' • I- 4 • O "I of the quoted redioeaive concentration. 

This standardization is based on the fo&lowing aaumptiona of the principle nuclide. rts 

daughter nudides and impurities (no allowance for error in theN aaumptions or the 

assumption of quoted half-life have bNn included in the aatement of accuracy aboYe). 

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

Carrier content per gram of aoiution: 

30 micrograms strontium 

Preservative: 

Date Cenific:ate Prepared 

Other components: 

0.1 M HCl 
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n:iceo-:c,< ,'; o . ...l.LJ,£7Cf:::-· ---·-
Cvn tin1.; ed Fro m ?age __ _ 

INITIAL STANDARD DILUTION RECORD 

Standard Information: 

Isotope: 0 Vendor: 

Activity of Standard Received: I.I- uCi 

Weight of Standard Received lg): -_,.;;;!5;...- _O_......::::g;...__----,1 LAL 1.0. #: 

Standard Activity (pCi/g): 

Halflife in Years or Days: -I 

Reference Date: ,,.. / " { ~ q Receiver's Name: 
-....a.......:.-...;..._---,-----t 

Date Received: 

Primary Dilution 

Balance Verification 7: 

Diluent Used: O · l t1 JG' 
a: Decay Corrected Standard Activity (pCi/g) : 

b: Weight of the Source Transferred lg): 

c: Total diluted weight (g) : 

d: Total Diluted Volume (ml) 

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

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

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

pCi/ 

ml 

Ci/ml 

, ) '-q 

"13 - '-/1~ -'?2-- / 
h. Dilution Logbook 1.0. I: _(',,l..:J~~~t-:=--.;.ir-t--4-...:__ ~I'+ 1 

· Prepa_red By: ~ 0~ :reparation Data: b r , ~ ' ~ ~ 
" · Reviewed By: ~ ~ Review Date: __ <,_/_3_0 ... 1/_~_'-I __ 

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

,· 587 
Signed • Date Signed Date 



----· - -- -· ---- ----- - - - --, 
Notetoo~ No. ___ _ 

Cor t;r. 1.:ed From Pa;e ____ _ 

SECONDARY /WORKING LEVEL 

STANDARD DILUTION RECORD 

Dilution Source Information · 

Isotope: Sr - 9'o 
f?.1-.~-,-~t 

Parent Barcode Number 

Vendor or Certificate I.D. # of Pa-rent Standard : [fA- Jt/OO 3 - / 

Diluted Source Logbook I.D. :: 93-4-7'1: -R 2 -t 
Balance Verification? : 

Diluent Used : ().( H He.I 

Dilution 

• Diluent : 0.1 t1 He_! 
• Density of diluent (g/ml) : ti/A . 

' ( 

a: Parent Speci fic Activity: .5} b -tf 'I- pG: /ML 
b: Amount of Source Transferred: 5. 00 18' g 

c : Total amount of Dilution: IOO · 20 g 

d : Total Volume of Dilution: 
~I 

e: Activity of Dilution (a • b / cl: JJ !1± -
' 

f : Activity of Dilution (a • b / d): 2 6 . 73 o___,C-1-'-/ ~~---
- r I 

Dilution Logbook I.D .. I: 111--011- 44 - \ 

Prepared By ~~ w 61' Preparation Date : J-2-rf 

I 

I 

~ 
Rev;ewed By: ~ w~..... . Rev;ew Date: 

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

A_'? ~s~ 
___ s_1g_n_ed ___________ o_a1_e ___________ s1_g_ned __ ..:.__ ____ 1,_

111 ___ o_a1_e ___ j ~ 

c:an be performed without I density conversion. 

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



-96 I 34~.6-~ 1630 • ' ,, 

CERTIFICATE OF CALIBRATION 
_ BETA STANDARD SOLUTION 

ludioauclidc 

Half Life: 

Tc-99 Cusulmer: LOCKHEED ENGINEERING & SCIENCES Co. 

Ca.t&Jog No. : 

(2.13 ± O.OS) 1 10·5 yean 

7099 

P.O·.No.: 06LA81036 

Reference Da.te: September -1 1991 12:00 PST. 

Source No.: 389-22-1 Coa&aioc:d Radioactivity: 1.003 .ci. 
Descripuoa of Solution 

a. Mau of solulioa: 4.9929 

b. Chemical form: NH4Tc04 in 0.1 M NH40H 

None added 

,ru.. 

c. Curler comcm: 
d. Dcmity: 0.9974 

Radioimpurities 
None detected 

Radioac1in Daq.bten 
None 

Radionuclide Coacmtratioa 
0 .201 

Method of Calibratioa 

Weiped aliquo&a of tbe 10lution were assayed u.aiq a liquid sciariUation coumer. 

UIICa'taimy of Me:uuremm& 
a. Systemaaic unc:ertaiDCy in inllnamall calibntiOll: ±2,1" 

b. Random uncertainly in aaay: ± 1.0" 

c. Random uaa:rtaialy in weiahiq(1): ±0,0" 

d. Total uncertaialy ll tbe 99" coafideocc level: ±3.1" 

NIST Traceability 
This calibration ia implicitly traceable to tbe National ImtitW.e of St&lldarda and Teclmology. 

Notes 
1. Nuclear da&a were taken from •Table of 1socope1•, Scvcotb Edition. edited by Virii,nia S. Shirley. 
2. IPL puticip&teS iJl an NIST mcasuRment assunnc:e prosram to establish and rnaincain implicit 

trac:abilily for a mamber of nuclida, bated oa tbe blind uaay(and 1a&.er NIST certification) of 
Studud Reference Ml&eriall. (Al iJl· NRC Rqulatory Guide 4.15) 

~-~✓ 
. QUALITY CO~L 

ISOTOPE PRODUCTS LABO RA TORIES 
1aoo No. Keysaoae Street., 
Burbaak, Callforaia tl.504 
811 843 - 7000 
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CER1'IF'ICA TE OF CALIBRATION· 
BETA STANDARD SOLUTION 

Radionuclide 

Half Life: 

Tc-99 Custo~r: LOCKHEED ENGINEERING & SCIENCES Co. 

Catalog No.: 

(2.13 ± 0.OS) x 10·s yeus 

7099 
Source No .: 389-22-1 

Descripuoo of Soiuuoo 
a. M- of solution: 

b. Chemical form: 

c. Curler con&eDl: 

d. Density: 

Radioimpurities · 

Radionuclide Cona:ntratioo 

Method of Calibnatioo 

P.0.No.: 06LAB1036 

Reference Date: Septanbcr 1 1991 

Col11ainl:d Radioactivity: 1.003 . 

4 .9929 

NH4Tc04 in 0 . 1 M NH40H 

None added 

0 .9974 

None detected 

None 

0.201 

Weiped aliquou of the solution were uayed usin, a liquid scintiflarioa counter. 

Uncertainty of Meuuranmt 
L Sys&emll:ic: uoccrtainty in imtrumcDl calibration: 

b. Random UD0Crtainty in auay: 

c. Random UDCCrtamly in weip.ing(s): 

d . Total UD0Crtainty al the 99" coofidena: level: 

NIST Tracability 

±2.1" 
±1,0" 

12;00 PST. 

,,.ci. 

Thia calibration is implicitly traceable to the National Imtitwe of Standarda and TeclmolOff. 

Notes 
1. Nuclear da&a wete taken from •Table of 1.&o&opc1•, Scveotb F.ditioo, allied by Virpoia S. Shirley. 
2. IPL panicipa&el io an NIST measu.remeat UIUnD0C pro1ram to caablilh and maintain tmplicit 

tracability for a aumbcr of nuclidea, baaed oo the blind uaay(aod la&er NIST certification) of 
Staadud Rcferaa Materials. (Al io NRC Rcpbaory Guide 4.15) 

ISOTOPE. PRODUCTS LABORATORIES 

·- No. Key~ Street., 
~ Califonia 91!04 

111 14.l - 7- 61f 



11 ttoo4 J 
96134 boiiHtft"i'..,.. WEIGHT DILUTION RECORD 

lsotope:_~_C_-_7_J....._ __ _ Vendor: ___ I.._-.... P __ L _____ _ 

Total Received Activity: r- [ H: c... , • Vendor ID: 3! 9-22 - I. 

Wt. Received: t'\,, 5' g - NIST Traceab~ -Cert. # Cm f' i "''r 'a . 
Activity in Units/g:_C, .... ~_. 3. ___ 6_-.:r..Q_. __ 2_o....,/,._µU( y . Reference Date: C/' - /- 9 / . . 

, ~.1.}-'i.?,' . /A-20 -(()9 
Activity converted (dpm/g) : _______ dpm/g Receive Date: N I~ u / l 

" . 3 .r . ~ ~t-'{~ . n,:, . 
~~~~--'.~~~~~!_'.½ Co<· I ~.!.~--~ Re'.'_eive~'• Nam".'._~ ,.J /,e r·~ 
PRIMARY DILUTION: Balance wt. check done ( ✓, · ~ 
a: Source activity:_. __ 2.,a_· o_ .... ~ _X_<_O_.r_.,f ___ e:...._· +l~o/t--- &film,<a~(if t~ - < 100yr decay to prep. date) 

b: Wt. of Source transfered: '-f , ? 3 2-C fr g 

Diluent used: 0 · [ H 1-Jlfy o H 
c: Total diluted :~ ______ (_tfU_rn..J_ _____ ,v- ltw 

• 

d : Activity of dilution (a*b/c): ____ -'-tJ----.,/....._A.__ ___ dpm/g 

e: Calculated density of solution: _____ IJ_/ __ t} ____ g/mL 14M HN03 - 1.1294 ± .0007 g/fflll 
l 

f : Activity by volume = (d*e): 't 9/D pC Im 
F I 

Dilution Log Book ID: __ 1 __ /_-_2_25 __ -_'f_l_-_J ___ _ 

Preparation Date: f -Z 3 - 9 2- Preparer' s Name. V K, 1{iitcitu, C oJ 

SECONDARY OR WORKING LEVEL DILUTION Bahmce wt, check done < 

Log Book ID of source being diluted: 'I I ... ~:a. 5 - 'I .:i..- I 

a: Source activity: 99 IO (?e- ; /,n.L 
F- I "dpm/g • (if t ~ • < 1 OOyr decay to prep. data) 

b: Wt. of Source transfered: __ ..,_/..,., o._o.__.;----"-irc\~------g 

. Diluent used: O , I ,a ti U ~ fJ ff 

c: Total diluted weight: _____ S-_o_ . ...;;c..;_~=-'-----g 

d: Activity of dilution (a*b/c): ______ tv..,....~-~---- dpm/g 

e: ·calculated density of solution:_· ___ k ....... -1~1-....,,""/....,.,.,. ... ,..... __ ~g/mL. 14M HNO, • 1.1294 ± .0001 g/mU 

. Cl.Xb/L c.• m""LL 
f: Activity by volume =--,...1't•r. ___ l_~ ........... ~---• ..... 8 _______ _ 

· Dilution Log Book ID: __ C,....:1_-.... a:: ... · ,.1_5..._-_4 __ ~_-__.1 ____ _ 

Preparation Date: f - ~i -1 :2.. 

Reviewed By : __ .... ~_,._,,... ______ Review Date: sir 



9613446.1633 
SECONDARY/ WORKING·LEVEL 
STANDARD DILUTION RECORD 

Isotope: 

From NIST traceable standard?: 

Vendor or Certificate I.D .. I of parent standard: 

Diluted source Ioebook I.D. I:" 

Balance verification7: 

Diluent used: 

-Oiluent: 

l)cnsity of diluent (g/ml): 

a. Parent standard activity: 

b. Amount of standard transferred: 

c. Total amount of dilution: 

d. Activity of dilution [a • b / c]: 

Dilution lo&book I.D. I: 

• 

1c .,fl 

7f-?2s: .-4(-/ 
Md .. 

~ 0 · I H NrJ<tOld 

0-/ 

Prepared by: Preparation date: tf - ( 7-- 9 ___ _,;_..__ ...... 

Reviewed by: Review date: 

"Uthe diJue• ,.__,.. uacbanpl f,- lbe .mu.. Uld flw the l'&lulioa eouru, the• • -.ip1 l'!Mio• ol 1 ..,_ IIClil aaurce cu bt ,-rl'omwd wilhouc a 
dc111i · conwnioll. lflht diluefll chin , 1 -.i · · de • comenioft I• w•- . 

LAL-91-SOP-0174 

APP- 2 

s2r 



Isotope: 

From NIST traceable standard?: 

Vendor or Certificate I.D. I ofparcnt standard: 

Diluted source Ioebook I.D. I:" 

Balance verification?: 

Diluent used: 

'"Diluent: 

·0cnsity of diluent (&/ml): 

a. Parent standard activity: 

b. Amount of standard transferred: 

c. Total amount of dilution: 

d. Activity of dilution [a • b / c]: 

Dilution l<>&book I.D. I: 

• 

I ' ' \ - • • l . / 

-4l -I 

. Preparation date: ______ .;._....,;.__,_ __ -I 

Review date: 

.., .. diluent Nffllilll undla~ fl'NI .. 4iMII 11114 1w .. i"iluuaa -• ... • weipl 4illllioa o/1 .._ Nil -- cu be ,-(onnM wilhou& I 

dcnail conwnioft. ltlha 4ilue,. ctui 1 1 wet d ion de · c01Walioll ii w 

LAL-91-SOP-0174 

APP- 2 
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n11s ,s A PHOTOCOPY OF THE 
1

CERr1i1cA" I 
. R£.t.'.J) ~,1..,h 

WHICH JS BEING MAILED TO YOU UNDER 

. ~EPARATE COV£R. 

, ational ~una:u of ~tandards 

<1I erf if iraf e 

Standard Reference Material 4288 

Radioactivity Standard 

Radionuclide 

Source identification 

Source description 

Solution ccmposition 

Mass 

Radioactivity concentration 

Reference time 

Measuring instrl.lnent 

Randall uncertainty 

Systematic uncertainty 

'l'0tal uncertainty 
(Randan plus systematic) 

Photal-anitting implrities 

Half life 

Technetium-99 

4288-83 

Liquid in NBS borosilicate-glass 
ampoule 

59.31 JJ9 of TcMI> as potassil.lD 
pertechnetate per gram of ~rox­
imately 0.001 molar KCE (1) 

~9/~ grams 

3.759 X 104 Bg g-1 

November, 1982 

Liquid-scintillation counter (2) 

0.27 percent (3) 

1.35 percent (4) 

1.62 percent 

None observed CS) 

(2.lll :t 0.036) x 1oS years (6) 

'lhls Standard Reference Material was prep1red in the Center for Radiatia1 Research, 
Nuclear Radiaticm Division, Radioactivity Group, Dale D. Hoppes, Group Leader. 

Washington, D.C. 20234 
Novent>er, 1982 

George A. Oriano, Qlief 
Office of Standard Reference Materials 

*Notes on~~ 

(/). ').. 



.. .,; •• I ~ . .. . 

(1) 

(2) 

96 I 3~~6,~ 1636 
The KTc:04 was prepared by M.W. Heitzmann of the U.S. Food and Drug Administra~ion 
fran Ni4Tc:04 obtained fran oak Ridge National Lat-oratory. The solution density .· 
is 0.998 g an-3 at 21.8'C, and the KTc:04 concentration is 0.00060 roolar .. '111e W . 
spectrum of this material exhibited only the characteristic doublets at 243 and 
287 nm CA) .1' - · . 

'I\.lo li~id-scintillation counters were calibrated using the method of J.A.B. 
Gibson CB,C,D>. Three different raclionuclides were used as the standard: 3H, 
14c, ·and 60eo. The results obtained using the three raclionuclides agreed to 
within 0.32 percent. The 14c result was used for confirmation only. · The 
value given here is . the unweighted mean of the 3g and . 60co results. 

<3> Half the 95r-percent confidence interval for the average of the 3e result and 
the 60co result. '111e standard deviation of the mean of the 3a result is 0.15 
percent based on 6 degrees of freedan, and the standard deviation of the mean 
of the 60eo result is 0.09 percent based on 9 degrees of freecbn. 

<4> The systematic uncertainty is the average of that for the 3e result, 1.20 
percent, and that for the 60eo result, 1.49 percent. 'lhese values are linear 
sums of estimated upper limits of uncertainties due to the following: 

a) reference material for 
standard radionuclide 

b) source preparation 

c) theoretical model 

d) garrma.-ray contribution to 
beta-particle detector 

e) quenching 

f) interp:Jlation fran 
calibration curve 

_3_5 __ 

0.63 

0.07 

0.30 

0.10 

0,10 

·1.20 

_60c __ o __ 

0.68 

0.17 

0.20 

0.24 

0.10 

0,10 

1.49 

CS) The master solution fran which these standards were prepared was examined with 
germanil.lD ganma.-ray spectraneters and no impurity was found. Limits of detec­
tion as a 1atio of gamna-ray-emission rate to techneti~99 activity are 

(6) 

l .x 10-6 between 90 and 300 keV 
l x 10-7 between 300 and 1900 keV. 

NBS-measured half life based. on the foD!lula T ½ = N ln (2) /A~ where N is the 
number of atans, carpitedus1ng an atC1tU.c mass for techneti~99 of 
98.906254 ± 0.000002 grams _and the gravimetrically detetmined mass of 
technetium-99, and A is the activity detecnined by liquid-scintillation 
counting. '!he value recarinended by the Oak Ridge Nuclear Data Project is 

. (2.13 ± 0.05) X 105 yea.rs. (E) 

~ References .on last page 
4288" 

622 
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The following _ ,1./l _ organizations contributed to the characterization 
of this Standard Reference Material. 

J.A.B. Gibson 
Atanic Energy Research Establishment 
Envirormental and Medical Sciences Division 
Harwell 
United Kingdan 

M.W. Heitzmann 
U.S. Food and Drug Administration 
Division of Drug Chemistry 
Washington, D.C. , 

J.C. Leak 
U.S. Food and Drug Administration 
Division of Onc9logy and 

Radiopharmaceutical Drug Products 
Rockville, MD , 

For further information please contact Dr. Bert M. Coursey at (301) 921-2383. 

REFERE;OCES 

A. Boyd, G.E., J. Chem, E)::3 •• .3.6., 3 (1959). 

B. Gale, H.J. and Gibson, J.A.B., Atanic Energy Research Establishnent Report 
AERE-R5067 Cl965), Harwell, United Kingdan. . 

C. Gibson, J.A.B. and Marshall, M., Int. J. J\Wl. Radiat. Isot"l)es, 2l, 
321 (1972). 

D. Gibson, J.A.B., CQnµited colmting efficiencies as a function of merit 
figure for 14 beta-particle-emitting radionuclides (July, 1980). Un­
µ.iblished data. 

E. Kocher, D.C., Radioactive Decay Data Tables OCC/TIC-11026, p. 108 (1981). 
Available fran Nl'IS, Springfield, VA. 

4288 
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-- -------------- -.---~ - -

96134 lfu 6 
Isotope:._=• :,:~:::111,a,_---..JjL....~...&.....· _ 

WEIGHT DILUTION RECORD 

Vendor: fv l ST 
S~- . 

Total Received Activity: f • 8 S' ~- ,;- e, \ Vendor 10: 't ?, 8 f,. 
1..1,.. (b,o~-"~U) .Sc~ 

Wt. Received: -, ,.., I ~ g - NIST Traceable Y...11:i Gert. I ':f ;?-.88 - 8 ~ 
- • '4 

Activity in Units/g: ,3, ] S 9 X / 0 Bi/~ 
X' G..o,/2. . .l.~ • • •• o IC. ~ '- f'~• I~ 

Reference Date: N oy _I ~ :.,. · · 

Receive oaf.?, z 1J a '.b,2 '!a--_3 " ·I~ q Z I Activity converted (dpm/g): 1, 1 YB t -10 c. pr · ,..,,,.~~ 
"Tot..4. 

Halflife (Yrs or days) t% • .:L(( I !. S "'f (S • 

PRIMARY DILUTION; Balin~• wt. check done 

a: Source activity: · J , 0 I Ca ~ Co · ! e c . .'(~ apc::!J~ • (lf t ~ • < 100yr decay to prep. date) 

b: Wt. of Source transfered: '-f, 9&,, 9Q g AA0128 

Diluent used: __ ___:e:,_,._, .... 1 .... m~ .... &J ..... ti ..... ~..._.,0_.Hu.,_ ___ _ :11111111 
c: Total dHuted weight: 14 tp ·. ~ t g 

d: Activity of dHution (a*b/c): 3, 31 ~ 1 · Pc.-\/~ '1> . . /()0,tt. t '1'1, $l,) 
e: Calculated density of solution:. __ __.,._c:r __ q.:..;S:z....;;~:;.._· ____ g/ml" Mill I IH6J 

f : Activity by volume = (d•e): 3 I 3 5 s: Z, ~ . ~c;_V;?;\M~r,, 
Dilution Log Book 10: l Pt 1..·; 9 'J,, - :3 S: ~ - / 00 - I 

. --. ---........~ .__._. ' 
U.S. OqanmaalolCommcn:ie 
Natioaal r..iuue olStaadlrdl 

aDd Tcclmoqy A~iz.s, 
~c RadioactM,y Standard 

Amoal 3.759 I tu' 8q g"l 

Preparation Date: Wu,/g~ Date November l, 1982 
Preparer' s Name._jCJ.-~~:4?~~-=:::-,...-=:--::--=•~ SRM 4288 . 

~ CAU'I10N 

SECONDARY OR WORKING LEVEL DILUTION 
RADIOACTIVE 

Balance wt, check aone , -, -

Log Book ID of source being diluted: · l,,-, '= q ~ - ,3 S :b - . IO O - f 

• •• -· · 
,I ~~~L a: Source activity: 3, 3S S ~ :"':1 · r • at t1' • < 100yr decay to prep. det•I 

H, . 

b: Wt. of Source tran1fered: __ ....:.~.;..._3=-J...._1;...l.;.__ ____ g 

Diluent us,d: __ ....:D::;..a.., .._I ...:,n:.L.I.....JN~ff~:f .... · :i.:.P.l.lrf~---

c: Total dlU18d weight: ___ r~f-, ?>~1--- g 

d: Activity of dilution (a•b/c): ____ _.v/4~----- dpm/g 

e: Calculated density of solution: ____ ,;~-------- g/ml (4M HNO, • 1.1294 :t .0001 gJmU 

f : Activity by volume = ld*e): _ · /'----'D;;;..,_.-=8 ___ 3_-+f'_C_;_,.f_.lll.___Ld,aM/Mls l"l!i> 

Dilution Log Book 10: J... & L · , ;z - ,3 5 ~ - I oo - ;l.,,,,_ 

~ ---Preparer's Name: ~0 • 

Reviewed By : ~I (,~ . , 

i 

Preparation Date: 1,/(,/'13 

Review Date: ~/ (6
1
(?3 
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NDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

Oiluti-on Source Information 

Isotope: 

Parent Barcode Number 

Vendor or Certificate 1.0. ii of Parent Standard: 

Diluted Source Logbook 1.0. #: 1:; .. 153 - ( D() - I 

Balance Verification?: 

Diluent Used: o. I H NU-'f:OJ.f 

Dilution 

•Diluent: 

•Density of diluent (g/ml): g/ml 

a: Parent Specific Activity: 

. (!t,i 11-1,-,.,. 
µCity o G- /m ~ 

J 

b: Amount of Source Transferred: g 

c : Total amount of Dilution: g 

d : Tota l Volume of Dilution: tJIA ml 
. I 

e: Activity of Dilution la • b / cl: 

f: Activity of Dilution (a • b / d): 

~i't pCi/g 

pCi/ml 

Dilution Logbook 1.0. I: 

Prepared By: ¥ (i)~ 
RevieWed By: ~ Review Date: / l /2 7/f'I 

Preparation Date: /1-ll-rlf 

•If tbe diluent remains unchanged from the diluent used for the dilution source, then e weight dilution Qf a volume unit source 

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

626 



(I) 

(l) 

---- .. ' 

NOTES . 

The uncertainty ~nalysis methodology and nomenclature used for the reported 
uncertainties arc based on uniform NIST guidelines and arc compatible with those 
adopted by the principal international mctrology standardiz.ation bodies [cf., B.N. Taylor 
and C.E.-Kuyatt, NIST Technical Note 1129 (1993)). 

The combined standard uncertainty, u. = 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 lif~ 

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. 

Overall uncertainty rcpcmed by EMSL 

<4> The limit of detection for photon-emitting impurities is: 

. 0.08 y s·1g·1 for energies between 90 and 2700 kcv. · 

<'> Unte.:;_tFr, M.P., Councy, B.M., Schima, FJ., and Mann, W.B., Int. J. Appl. Radiat. 
JJQL,~11 (1980). . . · 

·• . r 
:~ 

<'> This result demonstrates the traceability of EMSL to NIST, for this measurement, to 
within 6\'C 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. 

66C 



fl 
·- -- ------------------------- - ---~n--r-r--------

1 -~uu6 I ru I Notebook No. . "-!.....::.-,J- 1 
PROJECT ____ , __ ~_l .1--'-. .,.;___;:._fr·_r ____ - :1,( 

Continued From Page !!!.lS .. 

INITIAL STANDARD DILUTION RECORD· 

Standard lnfonnatlon: 

Isotope: 3 Vendor: 

Activity of Standard Received: • 11 uCi Yv,1~5 

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

Standard Activity (pCi/g): 2. ¾JC:. Traceable 7 · e..s 

Halflife in Years or Days: rz.. rs Certificate I: Uc - 1 

Reference Date: 00 G, J n.- Receiver's Name: 

Date Received: 

Primary Oaution 

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) 

f fA 

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

f: ~ Den shy of Solution Cg/ml) le .' di: 

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

q777 /ml 

Ci/ml :>'t.. 

h. Dilutio·n Logbook 1.0. #: c. fc-v~ L.4-L-'1 S - 012.. -
c;1 '. 0- rlt':ll_ 

Prepared By: Mk£ IS. Hm-~P/eparation Date: 1/ s/35 ' I 7-P~D -"'1--~~---
Reviewed By: ~ W---- Review Date: _...;--z/+----7:...,~/~~~---

Purity/Cross Check Performed By: Check Date: 6 6 J --------

Signed Date Date 



, . 

I : 
I 
I 

i 
I 

Notebook No. 9721 
Continued From Page ___ _ 

I I I I I I I I I I I I I I I I I I I I I I I I J I· 
SECONDARY/WORKING LEVEL 
STANDARD DILUTION RECORD 

-

Dilution Source Information 

Isotope: Ii- 3 lC..S 
-

Parent Barcode Number Ac. S'Z' ~ 

Vendor or Certificate l.D. # of Parent Standard: ZC.oc,_ I 

Diluted Source Logbook I.D. #_: LAL-)~-11.\- ' 
Balance Verification?: Hjµ 

, Diluent Used: DA..~w~ 

Dilution 

•Diluent : Et~ ThaJl wit:... 

•Density of diluent (g/ml) : o.,~ 
a: Parent Specific Activity: Z..\JO L"/~ r I 

b: Amount of Source Transferred: S-o i-1 _y G-l~ss Cll).l'. A ~ 
-

c: Total amount of Dilution: q <X'.>O -1 ~ 

d: Total Volume of Dilution: ~ ocs() _Q__ 

c:/.,.J e: Activity of Dilution la • b / cl: z,710 ~-~bL'l. 2-r I I I 

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

Dilution Logbook 1.0. #: ,s-,-z..1- 11..- \ 

q7 C-1_--9:_ Prepared By: Preparation Date: ~1_-a, I '75 
i 

Reviewed By: ~~ Review Date: ~ /:zG /<,~ 
'If the diluent remains unchanged from tho diluent used for tho dilution source. then • weight dilution of a volume unit source 

can be performed without a density conversion. If tho diluent changes, 11 weighted proportion density conversion is necess11ry. 
.. 

Read and Understood By 
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PROJECT_-=----~ r+-=f~=i----,;~~----

. ' . 

N01e000K NO. ____ _ 

Continued From P!!ge -----

SECONDARY /W.ORKING LE'.'i-, -,, 
STANDARD DILUTION RECORD 

Dilution Source Information 

Isotope: 

Parent Barcode Number 

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

Diluted Source Logbook 1.0. #: 'ls-o?.21-1 

Balance Verification? : 

Diluent Used: 

!=========================================' - - ---- --

rr========================================;i ·--- . -· 
Dilution 

•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 / dl: 

Dilution Logbook 1.0. #: 

Prepared By: 

Reviewed By: 

~ B/4;( lJA ktc 
I g/ml 

5Z I z 0 pCi/g 

/a.o g 

Io o g 

1 o o ml 

pCi/g 

.;2. I 7 · pCi/ml 0::-.. t../'l /))... 

9'/-0,77-?il 

Preparation Date: 

Review Date: 

,/;2.1/10 

e:, I 2::5 /9s 
• 

• 1f the diluent remeins unchanged from the diluent used for the dilution source, then a weig.ht dilution of a volume unit source 

c~n be performed without a density conversion. If the diluent changes, a weighted p,oportion density conversion is necessary. 

neaa ano unoerS1ooa tsy 
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Descr ipt ion 

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

Nuclear Rad iat ion Aueument Division 

Cal ibration Cert i ficate 

"•-••• , • .,~_d..;, I Tritium ( H - 3 ) I "•"·••••[ 12. 43 years 
,...,..,.1aai¥tcy h10 

1 s 
11 nanoc....,, j 
I ,... '" •-vtellloulc ~-•l._-=2~6~0:..;::.6_-.,:1:.,._ ____ .....,,1 

Measurement Activity of principal radionuclide 

Useful Ufa 

I ....... , .... , __ 9 _ _,I I oaoa cv,.••1-'L : . . Tr1tp1m 

.,0400 ....... ,-s1-I June 3, 1992 

Activity of daughter radionuclide 

.._ ____ -... 1 .. I ____ a,,_ .. _• I .......... 

................ ~ 
Total mus of this solution 

I APPROX I 5.0 
Method of measurement ·. 

The activity of the primary splution 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 
.j 6 Technology (NIST). 

0 Mil we1 MICe ii•• ••iflN.., lMSl•lV 

becember 1999 
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Purity 

Random Errors 

Decay Schemes 

Chemical 
Composition 
of Solution 

Remarks 

.. -
96134~6 .. 16~5 

The manufacture, states that aeti;,ities other than that of the principal nuclide 
and of its daughter nuclides. if any, were estimated/known to be: 

.. I 1_1_1 _n_o_n_e ______________ ..,I ~~~atl~a;' .. I ___ ".-I of ihe princip~I activity 

.,I 1_2_1 _________________ _,I ~~sia~~~n .. I ___ "_I of the prin~ipal activity 

1(3) I less than 1· I ._ __________________ _.. equal to ... ---"- of the principal activity 

The activity of impurity (1) is not (21 is not (3) is not 
included in the quoted figures of the principal activity. 

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

concentration of the principal activity had a Standard error (sm) not greater than t I O • 4 "I 
(The 99. 7" confidence limits are given by t(sm) where t is obtained from the student t factor 
for the degree of freedom (n-11). 

The maximum uncertainty due to the assessable systematic err~ (dilution, counting, and · 
known uncertainty of the standard) is obtained by the separate arithmetic summation of the 
positive and negative systematic errOf' ( + d - d • ). These have been estimated not to exceed 

I + 2 • 9 "' or I- 2 • 9 % I 
the overall uncenainty (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(sm)] at the 99. 7" 
confidence limits and the worst case estimate of the systematic errors ( + 6 . -6 • ) 
The overall uncertainty is therefore calculated on th• basis of+ [t(sm) •6]. - [t(sm) •6~ 
and is I • 4 , 3 "-I• I- 4 

1 
3 "I of the quoted radioactive concentration. 

This standardization is based on the following assumptions of the principle nudide. its 
daughter nuclides and impurities (no allowanc. for error in these usumptions « the 
assumption of quoted haJf-life have been induded 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. 

C.,ier content per gram of solution: 

100 percent -H2o 

Preservative: 

Date Certificate Prepared 

Approval Signature 

Other components: 

Barium less than o.og4 perce 
· Lead less than 3xlo- percer 

65F 
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96 I 34461t I 6Ll6 
U.S. DEPARTMENT OF COMMERCE · 

National Institute of Standards & Technology 
Gaithersburg, MD 20899 .. 

REPORT OF TRACEABILITY 

U.S. Environment.al Protection Agency · 
Environment.al 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-scaled 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 

E.xpanded uncertainty 0.64 percent <U>• 

Photon-emitting impurities None observed <4> 

Measuring instrument 4-rr/3 liquid-scintillation counten 
calibrated with SRM 49260 

Half life 12.43 ± 0.05 years <'> 

4.3 percent (l) 

None observed 

Liquid-scintillation 
counting 

Difference from NIST -0.05 percent <6) 

.,_. 
. -· '"JC;: .- . 

··~-

Gaithersburg, MD 20899 
January 1994 

For the Director, 

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

•Notes on next page 

ssr 
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National JJmrtitute of Stanbar~ &: utecfJnologp 
. r,u~ rs A fllCT~CC?Y -~t 1~:.; l: ... fu_,\;,;1t 

C!tertif icate 
., ., .. ... · 

~1t:Cff IS :::::~ P,TAILED TO . YO!J m-mrn 
~fp•r!•Tf ""''""!!I .• ,,,.. •• JV~ .:r:. 

Standard Reference Material 4927D • 
Radioactivity Standard _ 

.Radionuclide 

Source identification 

Source description 

Volume 

Radioactivity concentration 

Reference time 

Overall uncertainty 

Measuring instrument 

Half life 

Hydrogen•l 

SRM 4927-D 

311-water flame-sealed in 
NBS glass ampoule U>• 

3 mL 

6.286 X 10' Bq g·l 

1200 EST January l, 1989 

0.82 percent <Z> 

4~a liquid-scintillation 
counter <~> 

12.43 ± 0.05 years <4 > 

This Standard Reference Material was prepared in the Center for Radiation Research, 
Nuclear Radiation Division, Radioactivity Gr~up, Dale~- Hoppes, Group Leader . 

.. 
< 

Gaithersburg, MD 20899 
. J~nuary, 1989 

Stanley D. Rasberry, Chief 
Office of Standard Reference Materials 

*Notes on back 
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ISOTOPE SECONDARY/WORKING LEVEL DILtrnON RECORD . 

Secondary/Workin1 Level Dilution . 3H-- r n"f: c.-,lf\ 
·• 

Date: l,/,s/,?, Preparer's Name: ~ 

Volumetric , ravimetric ethod (Circle One).a. .. ,~ ,1..~1cJ ,. •• 

Pipet Check/ Balance Wt • .Check Done o.--{ 

Diluted Source ID 0og#): 'f ( - :L;LS' - r · "11,.r a•t p,., .. ._:t o,·1 f,.."' . 
~~ h\- 4'1~1 

Diluent used: 0, ,:. W,.;tu; · 
f<.t O .. ~: ~""' I, 1q S t!f 

A: Source activity: 0,SJ& c.: • S, oo Z>'I! XIOS' p c.:ltttL 

B: Amount of source transferred: .3. i10 8 \ 

C: Total amount of dilution: / 0 0 '! , QO 0 
D: Activity of dilution {A *B/C): / BS l f' C..i /wt L 

Dilution Log Book ID: 'fl· ? 5 3 - G} 8 -1 

Reviewed by: ~._,fas Date: (e/2s-fq? 

Oeu.j ~, +. f./,s/, 3 /SB l ('-~/rnL (. 7,1a) 
e-·0 ' .1111 

• If ·t.1 pe-:/.,;t ,._ .-
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