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INTRODUCTION

Previous analyses of groundwater samples from the 1100-EM-1 Operable Unit

have indicated that the samples exceeded drinking water standards for gross

beta activity. It has been suggested that technetium-99 (Tc-99) may account

for the bulk of that activity. The goal of the work described in this report

was to confirm the total beta activity of groundwater samples from the

1100-EM-1 Operable Unit and determine to what extent Tc-99 contributes to that

activity. Analyses were performed to determine the presence of several other

radiochemical species, should Tc-99 be found not to be the predominant

contributor to the total beta activity.

Technetium-99 concentration was determined by Inductively-Coupled Plasma

Mass Spectrometry (ICP-MS) according procedure PNL-ALO-281. Total beta

analysis was performed according to procedures PNL-ALO-106, PNL-ALO-462, and

PNL-ALO-463. Technetium-99 was also determined by chemical separation and

counting according to procedure 7-40.39. The supplemental analyses performed
included: tritium (H-3) by procedures PNL-ALO-441 and PNL-ALO-443,

strontium-90 (Sr-90) by PNL-ALO-465, liquid scintillation analysis of the beta

energy spectrum, and gamma energy analysis (GEA) by PNL-ALO-465.

Samples were selected by the client for each method of analysis. The
final data packages for analyses of these samples are presented in the
appendixes of this document, organized by analytical method and each including
summary results and raw data for that method. A summary of the findings
follows.

The complete records for this project can be obtained from Pacific
Northwest Laboratory (PNL) by referencing PNL Project Number 19432.
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SUMMARY

For each sample, the client technical contact identified its source well
number; these are cross-referenced to client sample identification and
Analytical Chemistry Laboratory (ACL) sample number in the "SAMPLE NUMBERS"
section of this document. He identified the following wells as representative
of the plume containing high total beta concentration: MW-10, MW-li, MW-12,
MW-13, MW-14, and MW-15. He also identified the following wells as
representative of up-gradient conditions: MW-8 and MW-9.

The results of the ICP-MS Tc-99 analyses and the total beta analyses are
summarized in Table 1, expressed in picocuries per liter (pCi/L) of sample.
Also presented are the differences between the total beta and the Tc-99
results (Total Beta - Tc-99).

For samples identified as being in the plume, the agreement between the
total beta and Tc-99 analyses is good. For these analyses, total beta
concentration ranged from 75.3 to 138 pCi/L, with a mean of 105 pCi/L, while
Tc-99 concentration ranged from 84 to 149 pCi/L, with a mean of 116 pCi/L.
The mean difference between total beta and Tc-99 concentration for analysis of
plume samples was -11.6 pCi/L. This mean difference, and the preponderance of
negative differences suggests a small bias in one or both of the methods. We
have not determined the exact nature of the apparent bias; suggested
explanations include matrix sensitivity of the total beta procedure or effects
related to preservation of the samples, the bias is not apparent if samples
from the November sampling, which were unpreserved, are considered separately.
While the differences ranged from -42.7 to 36.0 pCi/L, this variability is not
substantially different from that seen between repeat samples of the same well
and duplicate sample analyses, and it is substantially larger than the
apparent bias between the methods; it is likely that statistical variability
associated with these analyses accounts for much, if not most, of the
differences seen between the total beta and Tc-99 analyses, beyond the
apparent method bias.
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The samples identified as being representative of up-gradient conditions
exhibited detectable, but relatively low, concentrations of total beta and
Tc-99; these analyses are also in good agreement.

Samples from the following wells exhibited total beta and Tc-99
concentrations similar to those found in the plume samples: MW-20, FF5-8A,
SNP-9, and SNP-15. The following wells exhibited low total beta and Tc-99
results, similar to up-gradient wells: MW-19, MW-21, MW-22, FF5-7A, and
SNP-24. The sample from well S27-E14 does not resemble either of these
profiles, having total beta and Tc-99 results of 33.9 and 20 pCi/L,
respectiVely.

- Liquid scintillation results confirm the agreement between the total beta
and Tc-99 results for plume samples. The beta energy spectrum analysis of
plume samples shows only one identifiable peak, coincident with the
theoretical location of a Tc-99 peak. Samples from wells SNP-9 and SNP-15
show similar peaks, but appear to have one or two additional peaks. The
sample from well S27-E14 exhibited a very broad beta spectrum with no
definitive peaks, though the signal was above background in the Tc-99 region.

No peaks were detected above detection limits in the gamma energy
analysis (GEA) of any of the samples and no samples exhibited strontium-90
(Sr-90) results above detection limits.

There were no tritium results above detection limits except for one
sample from well MW-13, which showed concentrations of 5100 and 4800 pCi/L for
replicate analyses of the sample (Client ID B01BW5; ACL Number 92-2747);
however, the result of tritium analysis of another sample from this well
(Client ID B015T5; ACL Number 92-2731) was below the detection limit. Tritium
analysis of one sample from well MW-10 (Client ID B01C38; ACL Number 92-2750)
gave a result at the detection limit of 450 pCi/L; however, other samples from
this well showed no detectable tritium.

Technetium-99 determinations by procedure 7-40.39 could not be completed
due to difficulties associated with the Tc-95m standard. The standard is used

4



for spiking all samples, to correct for differences in recovery during the

separation step for each sample.

In summary, for samples taken from wells identified as being within the

high beta plume (MW-10, MW-li, MW-12, MW-13, MW-14, and MW-15), total beta

concentration appears to be approximately 105 pCi/L (+/- 20 pCi/L) when

determined as Tc-99. Technetium-99 appears to account for most, if not all,

of this beta activity. There is no data in the results obtained from this

study to suggest that there is any other significant contributor to the total

beta activity found in these samples.
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TABLE 1. Summary of Tc-99 and Total Beta Analyses

Client Well Total Beta Tc-99 Difference
ACL No. ID Number (DCi/L) (DCi/L) (DCi/L)

92-2724' B01572 MW-8 10.8 17 -6.2
92-2725 B01573 MW-9 5.72 15 -9.28
92-2726 801574 FF5-7A 11.4 24 -12.6
92-2727 601575 FF5-8A 85.2 121 -35.8
92-2728 B015S9 MW-10 90.1 125 -34.9
92-2729 B015TI MW-il 123 128 -5
92-2730 B015T3 MW-12 107 149 -42
92-2731 B015T5 MW-13 75.3 118 -42.7
92-2732 B015T7 MW-14 100 139 -39
92-2733 BOIST9 MW-15 78.2 84 -5.8
92-2734 B015V1 SNP-9 105 115 -10
92-2735 B015V3 SNP-15 153 141 12
92-2736 B015V5 SNP-24 4 <DL
92-2737 B015V7 MW-19 11.7 <DL
92-2738 B015V8 MW-20 139 155.5 -16.5
92-2739 B015V9 MW-21 8.87 <DL
92-2740 B015WO MW-21D 10.2 <DL
92-2741 B015W1 MW-21S 8.65 <DL
92-2742 B015W2 MW-22 17.8 <DL
92-2743 B015W3 T BLK <DL <DL
92-2744 B01BV6 MW-10 108 135 -27
92-2745 BO1BV9 MW-11 115 140 -25
92-2746 BOIBW2 MW-12 138 121 17
92-2747 B01BW5 MW-13 102 104 -2
92-2748 BO1BW8 MW-14 128 99 29
92-2749 B01BX1 MW-15 76.1 86 -9.9
92-2750 B01C38 MW-10DUP 122 86 36
92-2751 BOlCIl MW-19 14.1 17 -2.9
92-2752 B01C28 S27-E14 33.9 20 13.9

Summary for Plume Samples:
(MW-10, MW-l1, MW-12, MW-13, MW-14, MW-15)

Average 104.82 116.46 -11.6
Standard Deviation 20.48 22.48 26.6
N 13 13 13
SEM 5.7 6.2 7.4
CV 0.20 0.19 -2.29
Maximum 138 149 36.0
Minimum 75.3 84 -42.7

<DL -- Less than Detection Limit; total beta - 3 pCi/L, Tc-99 - 10 pCi/L
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1100-EM-1 SAMPLE NUMBERS

Client ID ACL Sample Number Well Number

B01572 92-002724 MW-8
B01573 92-002725 MW-9
B01574 92-002726 FF5-7A
B01575 92-002727 FF5-8A
B015S9 92-002728 MW-10
B015Ti 92-002729 MW-11
B015T3 92-002730 MW-12
B015T5 92-002731 MW-13
B015T7 92-002732 MW-14
B015T9 92-002733 MW-15
8015VI 92-002734 SNP-9
B015V3 92-002735 SNP-15
B015V5 92-002736 SNP-24
B015V7 92-002737 MW-19
B015V8 92-002738 MW-20
B015V9 92-002739 MW-21
B015WO 92-002740 MW-21D
B015W1 92-002741 MW-21S
B015W2 92-002742 MW-22
B015W3 92-002743 T-BLK
B01BV6 92-002744 MW-la
B01BV9 92-002745 MW-11
B01BW2 92-002746 MW-12
B01BW5 92-002747 MW-13
BO1BW8 92-002748 MW-14
BO1BXI 92-002749 MW-15
BOIC38 92-002750 MW-la
BOIC11 92-002751 MW-19
B01C28 92-002752 S27-E14
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CHAIN OF CUSTODY

Conpany Contact 9.H. FORD Telephone 509-376-6465
Sample CoLLected by L. WALKER Date Tim

Saapie Locations 1100-EM-1

ice Chest No. id Logbook d -

Remarks N/A
Sill of Lading No. N/A offait. Property No. N/A

Method of Shipment HAND DELIVER

shipped to PNL/&aLS LAB ,J-.Z 0  Vt

SAMPLE IDENTIFICATION

BO 152".4
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Ret ipquisted by: Receive# by: A, . Date/Time:
U uiz'/ / / & &: - <,'t7 %. /&<A er- V//? t/ /7,-7

R.e uedyby, Receiv by: oat./Tim:

Relinquished by: Received by: Date/Time:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Company Contact B.. FORD Telephone 509-376-6465
Sample Collected by L. WALKER Date / fTime

SeepLe Locations 1100-EM-1

Ice Chest No. Ld L Sbook and

Rmarks N/A

Bill of Lading No. N/A Offsite property No. N/A

Method of Shipmnt HAND DELIVER

Shipped to PNL/arfrLAB O //

SAMPLE IDENTIFICATION

B0 5 23
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Relinquished by: C Rcal Receiv b Date/Tim:

Rel uishedby:, Received by: Date/Tift:

Re( inquished by: dby: Date/Tim:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Cctpany Contact 8.H. FORD Teleph*oe 509-376-6465
Sample CoLlected by L. WALKER Date T im

Sapi. Locations 1100-EM-1

Ice Chest No. )6 i FieLd Logbook and

Remarks N/A
BILL of Lading Mo. N/A Offsite Property No. N/A
Method of Shipment HAND DELIVER

Shipped to PNL/ -LAB

SAMPLE IDENTIFICATION

BO15/V
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION
Retinquished by: RceI ed b : Date/Tima:

Rhtgulshed by: - Received by: Date/Tine:

Ulinquished by: Received by: Date/Tim:

Ralinquished by: Received by: Date/tim:

/u-/it-/ r>

A01-003



/ ~ ~ /

CHAIN OF CUSTODY

caT"any contact &.K. FORD TeLephone 509-376-6465

Sampe ColLected by L. WALCER Date c TiasC/ j

sWnLC Locations 1100-EM-1
Ice chest S. . Fid Logbook and

Remarks N/A
Bit of Lading NO. N/A Offite Property No. N/A

Method of Shipment HAND DELIVER

Shipped to PNL/-35- LAB .- 9

SANPLE IDENTIFICATION

BO15 5
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

RWLinquished by: Re&Ci ad by: Date/Tim:

Retiished by Received by: Date/Time:
A-cn'.-,ct &--~ 3 { ip /iEt fqj/ /3

Retinquished by: Received by: Date/time:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Ccapany Contact 8.N. FORD TeLephone 509-376-6465

Sampte Collected by L. WALKER Date 1 2 / TIm c'7 3
Semple Locations 1100-EM-1

Ice Chest No. Field Logbook and
Pae o. -,

Reamarks N/A

BilL of Lading No. N/A offaite Property No. N/A

ethod of Shipment HAND DELIVER

Shipped to PNL/&f5- LAB -;A <

SAMPLE IDENTIFICATION

80 i 59
1, 3L., P. WATER, Tc-99

CHAIN OF POSSESSION

Relinquished by: Recei d by:, Date/Time:

Ret is by Received by: Dat*/Tie:
7:4 ,4tz/ ~ 1 L 12o 15;

Relinquished by: Rec ived by: Date/Time:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Ccaqpny Contact B.. FORD Telephone 509-376-6465
Sarple Cottected by L. WALKER Date Tim

SaRple Locations 1100-EM-1

Ia Chest No. - Fi.Ldl ogbook ando
____Page___o.__T__-a e No

Rearks N/A

BilL of Lading No. NA Offit Property No. N/A

Method of Shipeent HAND DELIVER

Shipped to PNL/425rLAB 'L-"

SANPLE IDENTIFICATION

80157/
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Relinquished by: Recei : Date/Time:
Mc~k/ f D< /K E7_r 7 2 3/9/ 2

Relinquished br Received by: Date/Tim:
AE - A W- 12 /9 139/3,

RRcinquished by; 2 ed by: Date/Time:

ReLinquished by: Received by: Date/Tim:
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CHAIN OF CUSTODY

Cocpny Contact R.K. FORD TeLeph6oe 509-376-6465
SaipLe Cottected by L. WALKER Date *f/z 3 /9 Tif. 0I

sap1e Locations 1100-EM-1

Ic chest No. Fi.Ld.Logbook and7
Page No. -7 t

Renarks N/A

BILL of Lading Mo. N/A Offsite Property No. N/A

Method of Shipaent HAND DELIVER

Shipped to PNL/*5 LAB ,' -.c-

SAMPLE IDENTIFICATION

BO /,g J
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Reti 'shed by: Receir by: oate/Time:

Ret inuI. ad by: RTeived by: Date/Timn:
Cr. )V " 12 129 1- j 9q,

ReLinquished by: Received by: Date/Tim:

ReLinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Cop.ny Cotact 9.H. FORD Tekephone 509-376-6465

Suapte Collected by L. WALKER Date 192 3 / / Tim.

Sanple Locations 1100-EM-1
Ice Chest No. /C d Logbook nd

Renarks N/A

Blit of Lading No. N/A Offsite Property No. N/A

Method of ShipMent HAND DELIVER

Shipped to PNL/1; LAB /z-2u-9x

SAMPLE IDENTIFICATION

BO /5/t#
1, 3L, P. WATER, Tc-99

CHAIN OF POSSESSION

ReLingiished by: Recflecdbyl Dat/Tl e

Rhlshad by Received by: Date/Tim:
Vf f a f |5$

ReLfnquished by: Rl..ived by' Date/Timst

Rea inquished by: Received by: Date/TiM:
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CHAIN OF CUSTODY

CoMany Contact B.-- FORD Tetephone 509-376-6465
SampLe CotLected by L. WALKER Data 1) Tise

saiple Locations 1100- EM-I

Ice Chest No. Fid Logbook and 7
Page go,.-

Rnarks N/A

Bit of Lading No. N/A offaite Property Mo. N A
method of Shipment HAND DELIVER

Shipped to PNL/AJ LAB e -

SAMPLE IDENTIFICATION

BO /57
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Retin,5utshed by: Rcelnddv: ,4*%4et- /27i /9 /t:

/ei ihdb . .eeve y Date/Time:

/ Received bit: Oa( ei( uet 13 V'r

ReLinquished by: Date/Tim:

ReLinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Coepany contact R.N. FORD TeLephone 509-376-6465

SaMtpLe ColLected by L. WALKER Date ' C), -Cf/ Time j

Sanpe Locations 1100-EM-1
Ice Chest wo Field Logbook and LC -As. -

Page Mo.

Rem rks N/A
itt of Lading mo. N/A Otfsite Property No- N/A

Method of Shipment HAND DELIVER

Shipped to PNL/325 LAB , - 9

SAMPLE IDENTIFICATION

1, 3L, P, WATER, Tc-99

A01-010

CHAIN OF POSSESSION
>)figxvtihe$k: it R !cei .db Date/Tim:

ReLinpi shed-by: Received by: Date/Time:

Reirquished by: Received by: Date/Time:

Retinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Company Contact B.H. FORD TeLephone . 509-376-6465

Sample Colaectea by L. WALKER Date ' C-'3 ( Time / C5

Style Locations 1100-EM-1

Ice Chest No. FieLd Logbook and
Page No.

. Remarks N/A

GIt of Lading No. N/A Offaite Property No. N/A

Method of Shipment HAND DELIVER

Shipped to PNL/42-5-LAB 2 .

SAMPLE IDENTIFICATION

BO 15 V)
1, 3, P, WATER, TC-99

CHAIN OF POSSESSION

Retinquished by:X< 7*Ca,, Received by: Date/TimiV 'if

by: Received by: Date/Time:
__ _ __ _ __ _ _ it 12/S 9

Relinquished by: Ricelved by: Date/Time:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Company Contact B.H. FORD Telepone 509-376-6465

Supple Colltected by L. WALKER Date 3. - o -q I lye

$ampl* Locati ons 1100-EM-1
Ice Choet Mo. T~jhed Logbook ef/l#P-*e N& C-M37c) pP S/!o

Rarks N/A

Bill of Lading Mo. N/A Offite Property N/A

Method of shipment HAND DELIVER
.,22Shipmed to PNL/-kl4 LAB 1.-20 

SAMPLE IDENTIFICATION

B0 5(13
1. 3L, P, WATER, Tc-99

CHAIN OF POSSESSION
ReLinquished by: 7 4777 Received by: Date/Time

C , Th WI / r /&t ?t0- r-
Re nqu shoo. ; Received by: Date/Time:

Z4'r hr .-.. _ /Z! 13'I
Relinquished by: R ceived by: Date/Tim:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Couipany Contact B.H. FORD TeLephone 509-376-6465

Sasple Collected by L. WALKER Date 30-7/ Tim I-c)

sampe Locations 1100-EM-1

Ice Chest o. -Fid Logbook aC
Pag N o.

RemarksN/A

BiLL of LadIng go. N A Offsite Property NO. A

Method of Shipment HAND DELIVER
Shipped to PNL/ii5 LAB f-Ze) - 0

SAMPLE IDENTIFICATION

80 / 5 /5
1, 3L, P, WATER, TC-99

CHAIN OF POSSESSION
Relinquished by: .V, Received by: Date/Time: /0-/- 9"

'I- 7/z < / 44t.tt 4 4 '' Cy~O2 C off $
R ingqshed p: Received by: oste/Time:

_______<_- _____Ed / C -x 12220/9/ /S

Retinquished by: Re ivd by: Date/Time:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Company Contact R.K. FORD Telephone 509-376-6465
Saple Collected by L. WALKER Date /.0 Time Q

saepte Locations 1100-EM-1
Ice Chest No. d gbook and

Rumarks N/A
Sill. of Lading No. N/A offal it Property No. N/A

Method of Shipeent HAND DELIVER

Shipped to PNL/3e- LAB - c -

SAMPLE IDENTIFICATION

BO /5 v 7
1, 31., P, WATER, Tc-99

CHAIN OF POSSESSION
ReL bv: ,/YReceived by: , Date/Tim:

____ ___ ____ __ ///K t Atlfdcher v-gc gq,

Ret i h d by. Received by: Data/Tim:

Relinquished by: Received by:J Date/TI..:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Corpany Contact 9.H. FORD Tetephone 509-376-6465

Saiple Collected by L. WALKER Date - 2 '-9 Tim 0C 3 )

Saikpe Locations 1100-EM-1

lce Chest No. d end c /3.
Remarks N/A

Bill of Lading NO. N/A Offeite Property WO. N/A

Method of Shipent HAND DELIVER

Shipped to PNL4 LAB

SAMPLE IDENTIFICATION

BO / 5'E
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Rel ise# y:.Received by at*/Tim:

Ry inquished by: Received by: Date/Tim
r,7 rf ad by/:e j. 12 2, F/ I3

Relinquished by: Received by: Date/Tim:

Relinquished by: Received by: Date/Time:
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CHAIN OF CUSTODY

Coepany Contact B.H. FORD TeLephone 509-376-6465
Saupit Collected by L. UALKER Date 31(3// Ti e1113

Stale Locations 1100-EM-1

Ice Chest NO. Pield Logbook and

Remarks N/A
BIE of Lading No. N/A Offsite Property NO. N/A
Method of Shipment HAND DELIVER

Shipped to PNL/a LAB -. 21 6

SAMPLE IDENTIFICATION

B0 V
1, 3L. P, WATER, Tc-99

CHAIN OF POSSESSION

Relinquished:Rc vedby Oat./Tim:

'e -'i'-- y ,: iL Received by-.

Relinquished by: Radeived by: Date/Tim:

ReLinquished by: Received by: Date/Time:

A01-016

I !t ~/ ,



9&-. C27 /c

CHAIN OF CUSTODY

Ccpany Cotact B.M. FORD Telephone 509-376-6465

S.mpte ColLected by L. WALKER Date 3/t/ Tim 7
Sample Locations 1100-EM-1

Ice Chest No. FieLd Logbook and '6  -
______Pag__N_._-____ Pa / MO

Remarks N/A

SILL of Lading 10. N/A Offsite Property No. N/A

Method of Shipment HAND DELIVER

Shipped to PNL/45- LAB s -

SAMPLE IDENTIFICATION

80 5-
1, 3L. P, WATER, Tc-99

CHAIN OF POSSESSION

ReLinquished by: Rec *v : Date/TI

AnfQsitfled by: Received by: /T
7"'K'6__ __ __ , At1,. .M 4 . (.1 /7 ?, I3
ReLinquished by: R feiejyd by: Date/Tim:

Relinquished by: Received by: Date/Tim:

AO1-017

) ll- i /-/



0-' 7 / / tN / T /

CHAIN OF CUSTODY

compny cootact Sa. FORD Tetepho. 509-376-6465

Saple Cotected by L. WALKER Date ,12 3/F/ /5

Saflie Locations 1100-EM-1
lee Chn~o. '/ts -/ FieLd LOok d Wrc &IP cheatNo. 

d Looo u 7o 7
Ra.rks N/A
BilL of Lading go. N/A ffsite Property No. N/A
Method of Shipient HAND DELIVER

Shipped to PNL/3e5- LAB 2- zc - 5'/

SAMPLE IDENTIFICATION

Ba /5'-
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Ret inckished by: Rn ved Date/Time:

Re inquishd: Received by: Date/Time:
~ If I-,, , 4 12 /yr|/q 13_?z.

Retinquished by: Received by: Date/Time

Relinquished by: Received by: Date/Time:

A01-018



22- C27tQ / 3-/7,

CHAIN OF CUSTODY

coapany Contact R.N. FORD TeLephone 509-376-6465

Swvple ColLected by L. WALKER Dote- - TI.. / Tm

saepte Locations 1100-EM-1

Ice Chest No. Field L book And tL C N 370

Recarks N/A

ilt of Lading No. N/A Offslte Property No N/A

Method ofShipnt HAND DELIVER
3.1

Shipped to PNL/i5 LAB /2- --

SAMPLE IDENTIFICATION

B0 / 5t4)
1, 3L, P, WATER, Tc-99

CHAIN OF POSSESSION

Reti shed Received by: Date/Time:
~~ /). Lc~lker g~tsK A 4r- Ti

Retinquishqpy: Received by: Date/Tim:

Ret inuished by: Received by: Date/TIMe:

elinquished by: Received by: Date/Time:

A01-019

/ -/7 3 /7-



7W eZ- -7-

CHAIN OF CUSTODY

Coapany Contact B.H. FORD Telephone 509-376-6465
Sample Collected by L. WALKER Date 3. < ( Tim U) 30

SmopLe Locations 1100-EM-1

Ice Chest o. Fie d Logbook T L 7v-//V
Remarks N/A
Bill of Lading No. N/A Offsite Property No. N/A

Method of Shipieit HAND DELIVER

Shipped to PNL/at5 LAB /.2-2v-v

SANPLE IDENTIFICATION

BO I5"J
1, 3, P, WATER, Tc-99

CHAIN OF POSSESSION

Relinquished by: / Received by: Date/Time:
S)c(K(r 7<t # /3ch p o-q

Re Qis Id b1 Received by: Date/TIme:
' 7 -Zw 2I ~7 s/2 "41 u

Relinquished by: ved b Date/Tim.:

Relinquished by: Received by: Date/Tim.:

A01-020

0r



922- Lt7Y'/

Westinghouse
Hanford Company CHAIN OF CUSTODY

Custody Form initiator PH BUTCHER
Company contact PH BUTCHER Telephon. (509)376-5045
Project Designtion/Sampling Locations 1100-EM-1 CoLLection oate 1/ -(3 -' /

Ice Chest No. fe- FieLd Logbook No. k&f.C -A/- 370

BILL of Lading/AirbitL No. NA Offsit. Property so. NA
Method of shipment HAND DELIV$
shipped to PNL/3e5 BLDG t'o y/
Possible SaipLe Hazards/Remarks N/A

SamLe Identification

BO '61
-&--4-, P, WATER, Tc-99, HNO3

1) '-IL

Field Transfer of Custody Chain of Possession (Sign and Print Names)
Re~i ish by-- Received by: Dt/ie

R .~rb ,7 Date/rime±
1 e7 , ish'4d y:Received by: Date/Tim!:

___,____. __,, _____ ia ao /t / /3zz
Relinquished by: Renived by: Date/rim.:

ReLinquished by: Received by: Date/Time:

Final SawyLe Disposition

Dis:osat Method: Disposed by: te/Tim:
Comments:

of0e " gc41d

A-6000-407 (12/90) (EF} WEF061
Chain of Custody

A01-021

) 14 4- / F/

&C')a4 1 101 aJ W14&



9 -2-67yj/,t .. / 7>/

Westinghouse
Hanford Company CHAIN OF CUSTODY
Custody Form Initiator PH BUTCHER
cowpany contact PH BUTCHER Tetephone (509)376-5045
Project Designation/Satpiing Locations 1100-EM-1 coLtection oate it- - t,

Ice Chest No. 2ce x t Ie Field Logbook No. wstc -AI-3 70

BiL of Lading/AirbiLl wo. NA Offaite Property No. NA
Method of Shipnent HAND DELIVER
shipped to PNL/19 BLDG
Possible Sa"Le Mazards/Rearks N/A

Saopte Identification

B016VF
-5,--L-P, WATER, Tc-99, HNO3

S(J -Q(

Field Transfer of Custody Chain of Possession (Sign and Print Name)

Aellnquishad by Received by: Date/Tim:
1 ~ Z'4& A. /4/4 /,4< / c/

jR ! ish' Receied by: Data/TiW:

12. 2- 9/ /32_2
ReLinquished by: Date/Tim:

Relinquished by: Received by: Date/Tift

Final Sonple Disposition

- DiSposeL Method: Disposed by: Date/Tiire:

Consents:

z:d ot2t~

A-6000-407 (12/90) (EF) WEF061
Chain of Custody

AoI-022



P7 - e7 / 1 14 1 /

Westinghouse
Hanford Company CHAIN OF CUSTODY
Custody Fom Initiatdr PH BUTCHER
corpany contact PH BUTCHER Telephone (509)376-5045
Project Designation/Samrpling Locations 1100-EM-1 Collection Date h/ /Z ///
lee Chest go. < e . Field Logbook No. -t+-c- 37o ) I |

M(11 of Lading/AirbilL No. NA Offsite Property no. NA
Method of Shipment HAD DELIVER
Sh ipped to PNL BLDG
Possible Sampie Hazards/Remarks N/A

Saple identification

a =;. P, WATER, Tc-99, HNO3

// 4L

[] Field Transfer of Custody Chain of Possession (Sign and Print Names)
Relinquished by: Receiyed by; /Ti/e: // /T y/

Roll "shed by:n Received by: Date/Tim:

Relinquished by: bived Date/Tim:

Relinquished by: Received by: Date/Time:

Final Samcke Disposition

Disposal Method: Ohspsed by: Date/Time:
Coiants:

"Jat cvj~mt ""

A-6000-407 (12/90) (EF) WEF061
Chain of Custody

A01.023



92-.- I071 7 j 3-/7/

Westinghouse
Hanford Company CHAIN OF CUSTODY
Custody Font initiator PH BUTCHER
Company Contact PH BUTCHER T eLephone (509)376-5045
Project Designation/Santing Locations 1100-EM-1 Coltection Date 1/111/?
Ice Chest No. )§& oc Field Logbook No. .7tt--J.-- (P /1 ,o
mill of Lading/Airbill go. NA offsite property go. NA
Method of ShipMent HAND DELIVER
Shipped to PNL/Z BLDG ,>.y
Possible Smaple Mazards/Remarks N/A

Saople Identification

BO j/cQ%
3, IL, P, WATER, Tc-99, HNO3

FieLd Transfer of Custody Chain of Possession (Sign and Print wages)

1.P6CZkby-/ A Rece<v by: Date/Tim.:

/-Received by: Date/Tim:

77 7ZX_ Q. 1.2 I .0 /9/ /3.22
Relinquished by: Received by: Date/Time:

ReLinquished by: Received by: Date/Tim:

Final Suaele Disposition

Disposal Method: Dispsed by: ate/Tim:

Conments:

A-6000-407 (12/90) (EF) WEF061
Chain of Custody

A01-024



!,4 + ; , P/

Westinghouse
Hanford Company CHAIN OF CUSTODY

Custody form initiator PH BUTCHER

Company Contact PH BUTCHER Tekephone (509)376-5045
Project Dasignation/Sampling Locations 1100-EM-1 Collectio.-. &ate (/- / 2 - 9 /
Ice Chest No. jY * tfc/v Field Logbook No. cW1C/ M-jr /P //.z
Bill of Lading/AirbilL No. NA Ofisite Property No. NA
Method of Shipment HAND DELIVER
Shipped to PNL/.itt BLDG ;/-a/
Possible SawpLe Mazards/Remarks N/A

sample identification

80 J 0 ' e
,ri-L, P, WATER, Tc-99, HN03

Field Transfer of Custody Chain of Possession (Sign and Print Names)

2.1, ishe l Received by: Date/Time:

Re iuthed by: ,Received by: Date/Tim.:
L'~ }{. I L h-oe / &s z z-

Relinquished by: ccived by: Date/Time:

Relinquished by: Received by: Date/Time:

FinaL Srpte Disposition

Disposal Method: Dis d by: Date/Time:
Comments:

A-600-407 (12/90) (EF) WEF061
Chain of Custody

Aol-025



/143,7/r

Westinghouse
Hanford Company CHAIN OF CUSTODY
Custody Form initiator PH BUTCHER
company contact PH BUTCHER Telephone (509)376-5045
Project Designation/Saapling Locations 1100-EM-1 collection Date // - /2 - 97
Ice Chest No. )Qe C 0 Ae Field Logbook No. /4/ C -tIV - . 70 /)
BiLL of Lading/AirbiLl No. NA ffsite Property No. NA
Method of Shipment HAND DELIVER
Shipped to PNL/-il-BLDG ',"' y
Possible Smople Mazards/Rcmarks N/A

SanpLe identification

B013x i
3, 1 L, P, WATER, Tc-99, HNO3

Field Trarsfer of Custody Chain of Possession (Sign and Print Naies)

ReRece by: Date/Time:

Re lin s d Recei ved by: Date/Time: I fsf

Ak~I "<50-, /I , f 91 2 0/-?/ 4 13 2 Z
Re(Inquished by: R ived by: Date/Time:

Rejivquished by: Received by: Date/Time:

Final Sauple Disposition

Disposal Method: Disposed by: Date/Time:

Coments:

wrytd 0'/ a

A-6000-407 (12/90) (EF} WEF061
Chain of Custody

A O-026

A) 0+e ,



/q '' / r1

Westnghouse
Hanford Company CHAIN OF CUSTODY

Custody Form initiator PH BUTCHER
Company Contact PH BUTCHER Telephone (509)376-5045
Project Designation/Sampling Locations 1100-EM-1 CottectionDate j///3-' /
Ice Chest No. fe // Field Logbook No. jI/It-/A/- 37O
Bill of Lading/Airbitl No. NA Offsite Property No. NA
Method of Shipment HAND DELIVER
Shipped to PNL/4 BLDG ') /

Possible SampLe lazzrds/Renarks N/A
Sample Identification

B0/C3i
1, 4L, P, WATER, Tc-99, HNO3

SField Transfer of Custody Chain of Possession (Sign and Print Names)

';tizshd b /> I4Received by: Date/Time:
____ ___ ____ ___ t& ZL 14 Ak et///'/ , P a'G

ReLinquiah -, Received by: Date/Time:

Q . 4/1 X$A / 2/_.'PA?3 !z

Relinquished by: Rei eived by: Date/Time:

Relinquished by: Received by: Date/Time:

Final Semple Disposition

Disposal Method: Disposed by: Date/Tim:

Comments:

60<dS

A-6000-407 (12/90) (EF) WEF061
Chain of Custody

A01-027

A)0 f f- 5-9- e



5442 0 &ZS/
2 / r/

Westinghouse
Hanford Company CHAIN OF CUSTODY
Custody Form initiator PH BUTCHER
company contact PH BUTCHER Telephone (509)376-5045
Project Designation/Saapling Locations 1100-EM-1 coitection Date 1/-f Z - ' /

Ice Chest No. > /L4 Field Logbook Mo. Wj C-- V-3 7 )

BiLL of Lading/Airbilt No. NA Offsite Property No. NA
Method of Shipment HAND DELIVER
Shipped to PNL BLDG Ac4B/
Possible Saple Iazards/Remarks N/A

Sample Identification

BO /Cl/
3-r-4-f, P, WATER, Tc-99, HNO3

i -

Field Transfer of Custody Chain of Possession (Sign and Print Names)
Ret. sh by: Received by: Dat-/timw:

,7'' Z 60 , /A/ r &-g'& e _ / __/7_ _ _

Ati ished by: Received by: Date/Tim:

44e QL/.2s. O/s9/ /317.
Relirquished by: R eived by: Date/Tim:

Reinquished by: Received by: Date/Time:

Final Sanite Disposition

DisposaL Method: Disposed by: Date/Tim:

Coments:

bA, be

A-6000-407 (12/90) (EF) WEF061
Chain of Custody

A01-028

7 112

Z61'7d C-) e



Westinghouse
Hanford Company CHAIN OF CUSTODY

Custody Form initiator PH BUTCHER
company Contact PH BUTCHER Tetephone (509)376-5045
Project Designation/SampLing Locations 1100-EM-1 Cotlection Date je- /-9/
Ice Chest No. fE: ,' .l Field Logbook No. f-IV-2IO
5IMI of Lading/Airbilt no. NA Offsite Property No. NA
Method of ShIpment AND DELIVER
shipped to PNLh BLDG ,-Vjosy
Possible Smole azards/Remarks N/A

Sample identification
BO ) " '

1,71t, P, WATER, Tc-99, HNO3

/)

(] Field Transfer of Custody Chain of Possession (Sign and Print Names)
Re i iV, Recvby: Date/Time:

__ _ _ __ _ _ __ __' ,_ ___ L ///o
Re Received by: Date/Time:

ny -- . /rf . za, 1 ,0 12> / /3 a 2-
Relinquished by: Date/Time:

Relinquished by: Received by: Date/Time:

Final Samole Disposit ion
Disposal Method: Disposed by: Date/Time:
Comments:

A-6000-407 (12/90) (EF) WEF061
Chain of Custody

~c~d4 cI aye

A01-029



Date Sample(s) Received: i___ _ Oate Analysis Results Required

Sample I.g-in Alinmier(i)t t

Client Sample Nomber (s): Cl ient: / / i

In-ilouse Sample ihaner: 1 / -

Responsible Technical Group Leader(s):

PIL Project Number:

GA PIan: m(C $ 03

MA-70 Impact Level: (Circle One) I

Sample Archive Requiremente:

Sample Type: (Circle On.)

SMPtL; PREP METH TD

(circle One) Lab ShilIded

Acid Digest ion

ICP
GrAA

rusion

__A 22
Other

Distillat ion

_Cu

_ I
Water Leach

ion Exchange Separation

Solvent Extract Sep.

VOA

_Hethanni Dilution

__ievadecane fytract.

Semi-VOA

hydrogen Analysis

Tritium Analysis

Archive

__ urnutp Dissolution

GLer

lione

Y

So.1 G,

- god Received by:.

- OR - ED Vnrk Order Mumber:

ASA/ARr/Sow/rll/tol.:

ii 111 Other QA Criteria: __ __

Ps __* Storage Require.*nts: Yes No

a, Solld in Slurry Sol - Sludge Waste otus,

Radiochemical

- EA

_Tot Alpha

_iot Deta

_U by laser Ilior.

_ -129

C-l
_<Sr-90 0 " -

711e-3

_Am. Cm. AEA

Np, AEA

_Pu. AEA

Pu. Ms isttoric

_U. MS isotopic

_Se- 75/79

_Sn-126

1__1,226

__ib-93m/q4

Ii -59/61

.Xlc-99

_r93

_Burnup

_phi

_Other

--.

ANALYSIS

Inorqnic

CP Cations

SlCp/MS

_GrAA

Flame AA

__ig (CVAA)

IC Anions

__IC/TOC/TIC (Soln)

_EP Toxic Metals

_CN

_Free Cis

Cr (IV)

re(II)/r.( Ii)

pil

_Conductivity

0i

__Density-S.G.

IYtx Sol id ,

Particle Size

_Surface Area

_ Fuels Assay (Pu/U)

0/M

H//0//C (Metals)

__Gas Chromitnqgraphy

_Trace Metals/Na

_XRF Screening

_XRO

Other

Orqanic

_GC/uS VGA

__rC/HS SVGA

_GC Organic

-PCII's

Pesticides

lox

__EX

_POX

TOC

_AC Screen

Other

Shielded Lj

- Iti Solids

-iiler Numbe
Djosimeatry Sr

_Retain Fissi

-pip

_Carbon Anal)

_TC

-TIC

_TIt

_C-14

1/23/91

*$c40Q1-eek4 / 5 ~

A01-030
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/~~ L/ -, , -,I! / 4 ,J ,

PNL-ALO-051, Rev. 0
Exhibit I
Page I of I

SAMPLE RECEIPT FORM

Delivered by: P H 13v-r H t: T Date/T ime:. 12 /2 , 4/ - I ,

Received by: _ , L . a v 1 .2 /1f

Customyr Sample Number(s): Bt/FW! FO5%-W 7 i//w 8017C'VO- SI/ V;

ALO Sample Number(s): ?2-02:q 92-02?vgZ2  9-a-Qz?4 ?2-cz?4 9-ozl6
92-o77 Yo

1. Customer Chain-of-Custody Form: Present / Absent -

2. Additional Shipping Forms (list):

3. Custody Seals on Shipping and/or Sample Containers and their Conditions.

Present Absent

If Present, Condition: t i-

4. Sample Tag(s) ID Numbers if not Recorded on the Chain-of-Custody Record
or on Sample Vial.

Notes:
H/A

S. Condition of Shipping Container (ie., broken container, dented, breached
plastic bag, temperature of sample container as defined in Section 3.0 in
PNL-ALO-051, etc.)

e/tK
6. Condition of Sample Vials.

7. Verification of Agreement or Nonagreement of Information on Receiving
Documents.

8. Resolution of Problems or Discrepancies.

RETURN COMPLETED FORM TO PROJECT MANAGER

A01-034

1-14; __ /I o / - , - I L / " , )



PNL-ALO-051, Rev. 0
Exhibit 1
Page 1 of I

SAMPLE RECEIPT FORM

Delivered by: A 1 -t r ' Date/Time: )zKei4 - /3/-

Received by: .A1 ! / V/

Custpmer Sample Nymber(s) Tip RPu /t 9.j -7 7$' BW) Z30/ fl6
SOi a 4X 'S U$ 2Of &.// 33!5V9 v0/C35
ALO Sample Number(s) : I '- : 9 - 24-'/ 9 T0

1. Customer Chain-of-Custody Form: Present Absent

2. Additional Shipping Forms (list):

3. Custody Seals on Shipping and/or Sample Containers and their Conditions.

Present v' Absent

If Present, Condition: $ f

4. Sample Tag(s) ID Numbers if not Recorded on the Chain-of-Custody Record
or on Sample Vial.

Notes:

5. Condition of Shipping Container (ie., broken container, dented, breached
plastic bag, temperature of sample container as defined in Section 3.0 in
PNL-ALO-051, etc.)

6. Condition of Sample Vials.

7. Verification of Agreement or Nonagreement of Information on Receiving
Documents. t;

8. Resolution of Problems or Discrepancies.

//A

RETURN COMPLETED FORM TO PROJECT MANAGER

A01-033



, L- -,j2S72
4 It4 tt t) /e/+ 7-1i

PNL-ALO-051, Rev. 0
Exhibit 1
Page 1 of I

SAMPLE RECEIPT FORM

Delivered by: P. H. 3w4+cSer Date/Time: '2/2o /, - 133S

Received by: X. H. 4* . 14j/. .2i/0/

Customer Sample Number(s): -A n TI oi57.3 3 o 1 5 7S , 30 /57q
Bois 3 ? ;01572 72-02 lfl

ALO Sample Number(s): 92-02,2q, 92-02925 / 9p02 C,
92- 0 2+28 92-2 72y

1. Customer Chain-of-Custody Form: Present vk. Absent

2. Additional Shipping Forms (list):

3. Custody Seals on Shipping and/or Sample Containers and their Conditions.

Present ~ Absent

If Present, Condition: CK

4. Sample Tag(s) ID Numbers if not Recorded on the Chain-of-Custody Record
or on Sample Vial.

Notes: 1A

5. Condition of Shipping Container (ie., broken container, dented, breached
plastic bag, temperature of sample container as defined in Section 3.0 in
PNL-ALO-051, etc.)

OK

6. Condition of Sample Vials.

7. Verification of Agreement or Nonagreement of Information on Receiving
Documents.

CK

8. Resolution of Problems or Discrepancies.

RETURN COMPLETED FORM TO PROJECT MANAGER

AOl-034



(' P/ ", / 7-> (' ,I

PNL-ALO-O51, Rev. 0
Exhibit 1
Page 1 of 1

SAMPLE RECEIPT FORM

Delivered by: P M Burr ur- f Date/Time: 2 fa f7 - 13'Y5'

Received by: 4, KAY i:--

Customer SampleNumber(s): B0S 157T 13ol 515 8 tr6 te B015V Bo5V3
301 3YV7 b05V I Bo/t-T 7
ALO Sampfe Numberts): 92-p2?3O 12-D-2l31 9a-273 ?2-273s 9 2-023 ,
9-cn2?3 , ?a- O fl3V ?.2-02?3L

1. Customer Chain-of-Custody Form: Present V Absent

2. Additional Shipping Forms (list): 4 C

3. Custody Seals on Shipping and/or Sample Containers and their Conditions.

Present V Absent

If Present, Condition: P/C

4. Sample Tag(s) ID Numbers if not Recorded on the Chain-of-Custody Record
or on Sample Vial.

Notes: N /A

5. Condition of Shipping Container (ie., broken container, dented, breached
plastic bag, temperature of sample container as defined in Section 3.0 in
PNL-ALO-051, etc.)

OK

6. Condition of Sample Vials.

7. Verification of Agreement or Nonagreement of Information on Receiving
Documents.

8. Resolution of Problems or Discrepancies.

RETURN COMPLETED FORM TO PROJECT MANAGER

A01-035

I i ,I-i, / 9 Y ' / 7-1



Page I of 1
,j(.# , / 7(

Chain of Custody Number IlOOEM-01
ALO CHAIN OF CUSTODY

92-02724 ICP MS B01572
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER -6Z 47

DATE

RECEIVER 5/_92-_
/ OATE

92-02725 ICP MS B01573
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER -___ j'
DAT7

RECEIVER - t/-
/ DATE

92-02726 ICP MS . B01574
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 7_'___
X DT

RECEIVER /5 _ _

I /DATE

92-02727 ICP MS B01575
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER __

RE EIA
TE

RECEIVER __ _ _ _ _ _ _1/5 t-
W ~E

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-OO1



Page _L of I Chain
ALO CHAIN OF CUSTODY

t 1,5 /- q

92-02728 ICP MS BO1SA
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMVLE DESCRIPTION

SENDER A X 44 E
9ATE

RECEIVER _5
DATE

92-02729 ICP MS B015 1
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLt DESCRIPTION

SENDER
ATE

RECEIVER 95
DATE

92-02730 ICP MS 8015T3
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER Z_
/ 'DATE

92-02731 ICP MS B015T5
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER _

RECEIVER /// __ _/5_92_

// 'DATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

AO2-OO2

of /
of Custody Number 1 00M-0



Page IL of _L. Chain
ALO CHAIN OF CUSTODY

/ 7-)
of Custody Number IIOOEM-03

92-02732 ICP MS 8015T7
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 7

,5ATE
RECEIVER 2__/ 'DATE

92-02733 ICP MS B015T9
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER _- -7
DATE

RECEIVER __ _ _ _ _ _ __________

7 , / 'DATE

92-02734 ICP MS 8015V1
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER /-/_fz
DA E

RECEIVER 1/ 151
/ DATE

92-02735 ICP MS B015V3
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER x
DATE

RECEIVER 5 7 2
/ DATE

Original - Project Management Office
Copy .- Sender
Copy - Receiver

Applicable Test Instruction

A02-OO

I I I S 2



Page IL of _1
- I / T

Chain of Custody Number 1IOOEM-04
ALO CHAIN OF CUSTODY

92-02736 ICP MS B015V5
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER -____
,ATE

RECEIVER ?t -
7 '' I DATE

92-02737 ICP MS 8015V7
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER ~- -

;TE
RECEIVER - ?--

'DATE

92-02738 ICP MS 8015V8
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER ___

O AT

RECEIVER
t ( DATE

92-02739 ICP MS B015V9
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER

RECEIVER _--

I ATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-oo4



Page j of I Chain of Custody Number I100EM-05
ALO CHAIN OF CUSTODY

92-02740 ICP MS B015W0
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER Y2 L

RECEIVER 1115 __/

/ / DATE

92-02741 ICP MS B015WI
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER

RECEIVER _

DATE

92-02742 ICP MS B015W2
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER _.-_____

RECEIVER / __

' ATE

92-02743 ICP MS B015W3
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER

RECEIVER __9 __Z_ 2-
I ATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-oob



Page _J_ of _IL Chain of Custody Number IIOOEM-06
ALO CHAIN OF CUSTODY

92-02744 ICP MS BO1BV6
ALO SAMPLE NUMBER ANALYSIS REQUESTED SANPLt' DESCRIPTION

SENDER 4--
157TE

RECEIVER 9 2-D ATE

92-02745 ICP MS BO1BV9
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DAT

RECEIVER 5 9
DATE

92-02746 ICP MS BO1BW2
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER /--/ _

DATE

RECEIVER 1/15/21
DATE

92-02747 ICP MS BO1BW5
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER

RECEIVER 5/2-
O ATE

Project Management Office
Sender
Receiver

Applicable Test Instruction

A0z--oo6

Original
Copy
Copy



Page _L of 1 Chain of Custody Number 1100EM-07
ALO CHAIN OF CUSTODY

92-02748 ICP MS BOIBWS
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPT ). 4  411 11

SENDER A

RECEIVER E,
I DATE

92-02749 ICP MS BO1BX1
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE D R

SENDER ~

RECEIVER ]
/ 'DATE

92-02750 ICP MS B01C38
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPT tN

SENDER
1 DATE

RECEIVER t 15 2-
CATE

92-02751 ICP MS BOIClI
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTI ,0

SENDER _., - - _- _

RECEIVER _ _7/' JATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-oo7

/7T/



Page _1_ of _._. Chain of Custody Number l100EM-08
ALO CHAIN OF CUSTODY

92-02752 ICP MS BO1C28
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER -

RECEIVER E52
VATE

ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER
DATE

ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER
DATE

ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER
DATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

AOZ-OO8



Page _ of __ Chain
ALO CHAIN OF CUSTODY

of Custody Number 1100EM-09

92-02724 GEA B01572
ALO SAMPLE NUMBER ANALYSIS REQUESTED SANPLV DESCRIPT C

SENDER
DATE

RECEIVER _a//(? -L.
DATE

92-02725 GEA 801573
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER -/a
DATE

92-027i6 GEA B01574
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER

RECEIVER ;LDATE
DATE

92-02727 GEA 801575
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER /v-,
DlAT E

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-Oos

Lr-V

Zr

1-i--
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Page _L of L
ALD CHAIN OF

Chain of Custody Number IIOEM-10
CUSTODY

92-02728 GEA B01519
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMVLt DESCRIPTION

SENDER I 'z Z,

RECEIVER
DATE

5oo

92-02729 GEA B0151

ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER __ _ _ _ _ _ _ _____ _?--

DATE

RECEIVER
DATE

92-02730 GEA B015T3
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER X Iio A 
CATE

RECEIVER _ _ __ ___ _

DATE

5cof 3

92-02731 GEA B015T5
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 1A." " 1c1xr28 IN.
DATE

RECEIVER _ _ _ __,
DATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-olo

'a -/?

rzot W



Page _L of L Chain
ALO CHAIN OF CUSTODY

of Custody Number IIOOEM-l

92-02732 GEA B015T7
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER Azr s/
DATE

RECEIVER _ATE
DATE

92-02733 GEA B015T9
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER jxeU& 5c i-t
DATE

RECEIVER
DATE

92-02734 GEA B015V1
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER //UErs TE" 149-4,
DATE

RECEIVER _ -_ _

DATE

92-02735 GEA B015V3
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER -
DATE

RECEIVER /a,$? f2-
DATE

,K x 00 /89

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

Ao02-Oll



Page j_ of J Chain of Custody Number 1100EM-12
ALO CHAIN OF CUSTODY

92-02736 GEA BOISV5
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER . _~ ~_
DATE

RECEIVER -4 -z'
DATE

92-02737 GEA B015V7
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 2 rz -PZ
DATE

RECEIVER // A'T
DATE

92-02738 GEA B015V8
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 2

RECEIVER 
1DATE

DATE

92-02739 GEA B015V9
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER _.__-//_2

DATE

RECEIVER _-N/ DA * E
DATE

Project Management Office
Sender
Receiver

Applicable Test Instruction

Aoz-o12

Original
Copy
Copy



Page _ of 1 Chain of Custody Number 1100EM-13
ALO CHAIN OF CUSTODY

92-02740 GEA BO15WO
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER ... - &- -
ft DATE

RECEIVER Vl l,? L
DATE

92-02741 GEA 8015W1
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER _ ____ -_ _ __-

DATE

RECEIVER __

DATE

92-02742 GEA B015W2
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 1 ,4- ,/;-DATE1/' DATE
RECEIVER f 4A wl ________

DATE

92-02743 GEA B015W3
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER [r- / -A
DATE

RECEIVER t4 )2--
DATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A 02-01



Page _ of 1 Chain of Custody Number I100EM-14
ALU CHAIN OF CUSTODY

92-02744 GEA BO1BVG
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER . ?- /4/-
DATE

RECEIVEQ VA Eqtx/ric ci '4%DATE

92-02745 GEA B01BV9
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER

RECEIVER 4 D/TE
DATE

92-02746 GEA BO1BW2
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 1(_19 /z
DATE-

RECEIVER -/ft
DATE

92-02747 GEA BO1BW5
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER , J _.,n- JI - / V- 5_7 _

f /77 DATE

RECEIVER 2 X-Xwt-?2.--
DATE

Project Management Office
Sender
Receiver

Applicable Test Instruction

A02-014

Original
Copy
Copy



Page _ of _ Chain of Custody Number 1100EM-15
ALO CHAIN OF CUSTODY

92-02748 GEA BO1BWB
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER , 5 /5- 5---
(f 'DATE

RECEIVER 2-_--
DATE

92-02749 GEA BO1BX1
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER _.- _ /_ _ _--

DATE

RECEIVER /'/f 4Z? -
DATE

92-02750 GEA B01C38
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 1-/ -9t-

RECEIVER 2 / _ _ _ __ _ __ _ __ _ __ _ _

DATE

92-02751 GEA BOlCIl
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER 9 1-
DATE

RECEIVER Y___2 -/
DATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-015



Page _L of _.1 Chain of Custody Number IIOOEM-16
ALO CHAIN OF CUSTODY

92-02752 GEA BO1C28
ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER . 49& 2- /V 2-
U DATE

RECEIVER LX_ _ _ __ __ _L-
DATE

ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER
DATE

ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER
DATE

ALO SAMPLE NUMBER ANALYSIS REQUESTED SAMPLE DESCRIPTION

SENDER
DATE

RECEIVER
DATE

Original - Project Management Office
Copy - Sender
Copy - Receiver

Applicable Test Instruction

A02-016



INTERIM CHANGE NOTICE
(ICN) ICN- PNL-ALO-105. 1

Page 1 of 1

A. Docunt Numlihr: PNL-ALO-105 Revision Number: 0 Effetive
Document Dam of ICN: .. /I2/9.

Tite: Procedure for Preparation of Samples to be counted
Documenrs by Ganna-Ray Spectroscopy Change Requesicd By:
Original Author: E. A. Lepel E. A. Lepel

B). Action:

Please destroy old procedure and replace with the procedure attached.

C l'llec of Change:

To allow for more efficient use of manpower when handling radioactive samples.
Additionally, reduced personnel exposure and reduced liklihood of workplace
contamination would result.

1. Reason for Chaige/Descripiion of Change

To allow for more efficient use of manpower when handling radioactive samples.
Additionally, reduced personnel exposure and reduced liklihood of workplace
contamination would result.

Description of Change: See attached

AppivI Signa ures ~'lp)e of Change: (Check ( ]) one)

(PIasc Sign and Date) ( ) Minor Change Major Change

Ds i ep .1ar 1i ulel 
A-4 IiiiiiCilt-e: e

Appioval
Aul hot ily:

Approvals: - i 'IDate: 4 1

6 >1 ! t A03-001 Dae:



PNL TECHNICAL PROCEDURE
S

Author Date Project Sgr. Date qAD Representative Date

EA Lepel BM Gillespie GK Gerke
Technical Reviewer Date Line Mgr. Date Other ALL SIGNATURES ON Date

KH Abel JM Latkovich FILE WITH DOCUMENT CONTROL
Procedure No. Revision No. Effective Date Page of

PNL-ALO-105 o A03-0 " SEP 2 6 so 191 7

TITLE: PNL-ALO-105, PROCEDURE FOR PREPARATION OF SAMPLES TO BE COUNTED BY
GAMMA-RAY SPECTROSCOPY

SCOPE

This procedure shall be used to prepare samples for gamma energy counting on
germanium spectrometers (See PNL-ALO-464). The samples may be liquids, solids
(soils, sediments, etc.), air filters, vegetation, or other miscellaneous
samples. This procedure was developed by PNL Scientists for the preparation
of samples to be counted by gamma-ray spectroscopy.

APPLICABILITY

This procedure covers the preparation of samples to be counted in the
329 Laboratory Gamma-Ray Spectroscopy facilities.

DEFINITIONS/ACRONYMS

ARF - Analytical Request Form
LRB - Laboratory Record Book
LTC - Large Tuna Can
STC - Small Tuna Can
TI - Test Instruction

RESPONSIBLE STAFF

Counting Room Manager
Cognizant Scientist/Analyst

PROCEDURE

1.0 Tolerances

Tolerances for all measurements made during an analysis shall be
specified in the following manner: 1) A tolerance limit can be stated



PNL TECHNICAL PROCEDURE

with a measurement value given in a method, or 2) if a tolerance limit is
not stated with a measurement value, then the following system of
tolerances shall be in effect:

a. When two or more significant figures are specified, the tolerance
limit is ±5 in the next digit beyond the last one stated. For
example, 5.0 mL means 5.0 ± 0.05 mL; 450 g means 450 ±5 g; 369 mL
means 369.0 ± 0.5 mL.

b. If a single significant figure is specified, the actual measurement
shall be within ± 5% of the stated value. For example, 20 mL means
a volume between 19 and 21 mL.

2.0 Equipment and Materials

Balances - Mettler PC4400 electronic balance. Dual range balance of
0.01-400.00 g and 1.0-4000.0 g

Large tuna can sealer
Small tuna can sealer
Drying oven
Hot plate
Mortar and pestle
Assorted polyethylene bottles
White plastic tape
Large tuna can (LTC) made of aluminum, 5.9-cm dia x 2.8-cm height, 220 g

usable capacity
Small tuna can (STC) made of aluminum, 3.4-cm dia x 2.4-cm height, 80 g

usable capacity
Shatterbox to pulverize rock chips into a fine powder. Made by SPEX

Industries Inc., Mutuchen, NJ
Assorted volumetric glassware and beakers.
pessicatqr.and dessicant

3.0 Sample Preparation Procedures

The large variety of samples that have been processed in the Low-Level
Counting Rooms have resulted in a number of "standard" sample geometries.
The number of sample geometries have been minimized because each geometry
requires calibration of that detector system. Typical sample geometries
are:

Procedure No. R.viuion No. Effective Date Pug. of

PNL-ALO-105 0- SEP .6 19907' 2 7

A03-OOJ
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A

A%
lorV

GeometrV

1) Sealed large tuna can (LTC) s220 g
(solid)

2) Sealed small tuna can (STC) s80 g
(solid)

3) 125-ml poly bottle - 10,20,50,100 ml
(liquid)

4) 500-ml poly bottle - 500 ml (liquid)

5) 9-oz jar - 50,100,150,200 ml
(liquid or solid)

6) 1-in. x 6-in. petri dish (solid)
7) Point source on card
8) Scintillation vial - 1,5,10,20 ml

(liquid)
9) 2-dram poly vial (solid or liquid)
10) 2/5,2/27 and 2-dram poly vial

(solid or liquid)
11) Marinelli beaker - 1 L, 2 L

(liquid or solid)
12) Filter - 47 mm (solid)
13) 3-in. dia puck, 1/2-in. thick

(1/2" x 3") (solid)

Containment

sealed LTC, sealed in a poly bag

sealed STC, sealed in a poly bag

screw cap, tape, sealed in poly
bag
screw cap, tape, sealed in poly
bag
screw cap, tape, sealed in poly
bag
tape, sealed in poly bag
tape on both sides, (plastic bag)
screw caP, tape, sealed in poly
bag
heat seal vial and poly bag
snap cap heat sealed, in poly bag

tape, poly bay

heat-sealed in poly bag
PVC ring, tape, mylar or poly bag

The choice of a specific geometry is based on the type of sample (whether
solid or liquid), the amount of sample available, whether that geometry
has been calibrated for that type of sample, and the amount of sample
preparation required to get the sample into a specific geometry. The
sample geometry is determined for each sample by the cognizant staff
member/analyst. For some kinds of samples, little or no sample
preparation is required before counting a sample.

3.1 Liquid Samples

Liquid samples may be counted directly by putting the appropriate
amount of liquid into the correct container. In addition, liquid
samples may result from other chemical preparation or concentration
procedures. In that case, it is assumed that a procedure is in
effect to cover those additional steps.

Procedure No. Revision No. Effective Data Page of

PNL-ALO-105 0 SEP 2 6 1990 3 7

A03-oo4

PNL TECHNICAL PROCEDURE

TABLE 1: Typical Geometries Used in Gamma Counting

7
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Procedure No. Revision No. Effctivt Date Pag of

PNL-ALO-105 0 SEP 2 6 90 4 7

A03-005

PNL TECHNICAL PROCEDURE

3.1.1 Choose the appropriate sample geometry (container) from
Table 1 based on the volume and type of liquid available and
accuracy required.

3.1.2 Using clean containers, transfer the appropriate volume by
weighing into the chosen container. The sample volume shall
be one of the volumes listed in Table 1 associated with the
selected container geometry unless otherwise specified in a
Test Instruction (TI), Analytical Request Form (ARF), or
other documentation from the client. Seal the container
with the lid, wrap with plastic tape, and label with sample
identification (ID).

3.1.3 Seal the sample and container into a plastic bag to prevent
cross contamination and contamination of the counting cave.

3.1.4 Record in the LRB the sample ID, sample geometry chosen,
weight and volumes taken, and balance number.

3.1.5 Sample is ready for gamma counting (see PNL-MA-599,
PNL-ALO-464). Transfer the sample to the appropriate
storage cabinet in the Counting Rooms (Rooms 13C, 14C, 40,
329 Building) to await counting.

3.2 Solid Samples

Soidsaplssuch asFsois s.d...ts r1ks .re, rsns
@tc., may be counted without any sampie prepatp. Depending on
the d4groe of accuracy of the analysis and the concern with respect
to homogeneity of the sample, the samples mnay b reduced to a fine-
powder using the SPEX shatterbox. In..thC4asesamptty 1s
chosen from Table 1.

After th9 geometry has been chosen, the non-radipactfvq sample must
be dti& before taking an aliquot for couning. Equtva y a
small ilquot (2-5 g) may be used todetermine thenoistre content
while an undried aliquot is counted. f this is.done, the data
obtained must be corrected to reflect "Dry Weight. Generally, it
Is easier to dry the total amount of9 s then take an
al quot for counting.
Howevet' far radioactive samples (expecially hotter samples), it is
best 'to take an aliquot and measure.the 'sample as receive. An
additional smal. fliquot may be used to determine the moisture
content. From the standpoint of personnel exposure and ALARA this
would be preferred method for radioactive samples.

,4
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3.2.1 Choose the appropriate counting geometry (container) based
on the type and size of the sample, and the accuracy
required. Record choice in LRB.

3.2.2 Datermine the moisture conteIttf s .Iff ih-thdried I
sample is nonradioactive, the hoe samplimaybe4died.or

equivalently a small aliquot (Z5 q4 iaybe dried. If.
saMpieis radioactive, a small iqu9 (2-. ) b
for. themoisture determinatio .

Put an aliquot of the sample into a tared container and
determine the WET weight. Record weight and balance number
in LRB. Place the container in the drying oven for about
16 hr at about 1100C. If the sample is dry, remove it and
let i-t cool to room temperature in a desiccator. Determine
the DRY weight and record in LRB. An unstable balance
display is indicative of: a) a container that hasn't cooled
to ambient temperature, or b). hydrostatic changes in the
sample. If this is the case, place the sample back into the
drying oven and dry for at least I hour (maximum of
24 hours). Let the sample cool to room temperature in a
desiccator, and then reweigh. If the difference in sample
weights is :sO.01 g between the first and second weighings,
constant weight has been achieved. The final dry weight
obtained is the dry weight of the sample. If not, repeat
the drying process until constant weight is achieved.
Transfer the sample to a container for storage and label
with sample ID if not doing the next step.

3.2.3 If requested by TI, ARF, or documentation from the
client, and for non-radioactive samples only, pulveriz6 the
sample to a fine powder using the SPEX Shatterbox. Take an
aliquot of sample and place into the sample chamber. Run
the Shatterbox for 2-10 min to produce a fine powder.
Transfer the powder to a container for storage and label.

3.2.4 Transfer a known amount of dried solid to the container in
which the analysis will be made. The container shall be
chosen from Table 1. Typically, this will be the large tuna
can geometry which can hold up to 220 g of dry solid
material. Record in the LRB the weight of the sample and
the balance used, and label the sample with the sample ID.

3.2.5 Sample is ready for gamma counting (See PNL-MA-599,
PNL-ALO-464). Transfer the sample to the appropriate

£1
L

Cu Mo. Revision No. Effective Oate Pig.

PNL-ALO-105 0 26 190 5 7

A03-006



PNL TECHNICAL PROCEDURE

storage cabinet in the Counting Rooms (Rooms 13C, 14C, 4D,
329 Building) to await counting.

3.3 Air Filters

3.3.1 Choose the appropriate geometry (container) for the air
filter to be counted. The 329 Roof Filters have been
counted in the 1 x 6 geometry, where the 47 mm filters have
been counted individually.

3.3.2 Prepare the sample according to the geometry chosen, and
record in LRB. Seal in a plastic bag. Record sample ID on
the plastic bag or sample card that accompanies the sample.

3.3.3 Sample is ready for gamma counting (See PNL-MA-599,
PNL-ALO-464). Transfer the sample to the appropriate
storage cabinet in the Counting Rooms (Rooms 13C, 14C, 40,
329 Building) to await counting.

3.4 Vegetation

Vegetation samples may have minimal or extensive sample preparation
prior to gamma counting. If the preparation steps are extensive,
they shall be covered under an appropriate prpcedure supplied by the
requester.

The amount of sample dictates the geometry (container) to be used.
If there is plenty of sample, it can be pressed into a "Marinelli"
geometry (container); otherwise it may be counted in a LTC.

3.4.1 Based on the amount of sample, choose the sample geometry
(container) in which the samples are to be counted.

3.4.2 To the appropriate geometry container, add the vegetation
material. Determine the net weight of the material by
weighing.

3.4.3 Record in the LRB the geometry chosen, sample weight, and
the balance identification.

3.4.4 Sample is ready for gamma counting (See PNL-MA-599,
PNL-ALO-464). Transfer the sample to the appropriate
storage cabinet in the Counting Rooms (Rooms 13C, 14C, 4D,
329 Building) to await counting.

Procedure No. Revision No. Effactive Date Pago of

PNL-ALO-105 SEP 2.6 9) 6 7

A03-oo7
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4.0 Records

Records will be maintained and controlled so as to conform to
requirements of PAP-70-1701. Laboratory Record Books (LRBs) and Data
Sheets provide a mechanism for control of most records. Laboratory
Record Books will be used in accordance with the Act Now Directive 89.1.

Procedure No. Revision No. Effective Date Page of

PNL-ALO-105 0 SEP 2o i99@ 7 7

A03-OO8
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INTERIM CHANGE NOTICE
(ICN) ICN-PNL-ALO- 106.2

Page 1 of I

A. -7.c2 Ibr:L-ALO- 106 ikcibiun Number: 0 Effective
Ducumuen Acid Digestion for Preparation of Samples for Dale oICN:jL/
Tide. Radiochemical Analysis
Z Ducuninent' IChange Requesed By:
Original Author: N. L. Wynhoff NL Wvnhoff

11. Actiln:
Replace pages 3 and 4.

C. Ai~cet of Chalnge:

Allow analyst to address operational needs during the leaching procedure that the
original procedure did not allow for.

1) R..vaion Ior Chanigc/Die ripto 1O Ch:1ige If sample vol ume is reduced by evaporation, addi tona
solids may precipitate. It may then be necessary to repeat the filtering as in Drevious
steps. Also, it may be useful to reduce leachate volume before dilution to a known
volume.

Add the following before the last sentence in Section 4.5, "If a ppt forms, repeat Step
4.4."
To the end of Sec. 5.7, add, "It may be useful to evaporate the leach solution to a
lower volume before dilution to a known volume. If a ppt forms, filter and discard ppt"
Add the following before the last sentence in Section 5.8, "If a ppt forms, filter and
discard the ppt."

. Approval Signatures .ITpe ol Change: (Check ( j) one)

Please Sig and Daet) (' ) Minwr Change (X) Major Change

Solitig rciicc: Dale: Y11-

Date: 'L
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PNL TECHNICAL PROCEDURE

TITLE: PNL-ALO-106, ACID DIGESTION-FOR PREPARATION OF SAMPLES FOR
RADIOCHEMICAL ANALYSIS

APPLICABILITY

The procedure provides methods for acid digestion of radionuclides in water
and soil/sediment samples for analysis by alpha, beta or gamma counting. For
soil/sediment analysis an acid l.each is employed. This method was developed
by PNL radioanalytical scientists, and is based on over 10 years experience
analyzing a variety of samples for radionuclides by alpha, beta, or gamma
counting techniques.

in

DEFINITIONS/ACRONYMS

ml - milliliter
um - micrometer
ppt - precipitate
g - grams

RESPONSIBLE STAFF

Cognizant Scientist
Analyst/Technician

PROCEDURE

1.0 Tolerances

Tolerances for all measurements made during an analysis shall be
specified in the following manner: 1) State with a measurement value
given in a method or 2) as specified below if not stated with a
measurement value.

(a) Unless otherwise specified, all values for measurements stated in
the methods (volume, weight, time, etc.) are approximate values.

Author Data Project Mgr. Date AD Iepresentative Date

Technical tevi 4 ,sr Date Line Mgr. Date Other Date
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PNL TECHNICAL PROCEDURE

The actual measurements used, however shall be within ± 10% of the
stated value.

(b) When one or more significant figures are given to the right of the
decimal point, the tolerance limit is ± 5 in the next digit located
beyond the last one stated.

2.0 Reagents, Equipment and Materials

Nitric acid - 8 t. 50 mls Type II water and 50 mls reagent grade acid
or multiples thereof.

Hydrochloric acid - 6 M. 50 mls Type II water and 50 mls reagent grade
acid or multiples there of.

ASTM Type II water (ASTM D1193).

Hot plate:

Pyrex beakers, 50 ml, 250 ml (or other appropriate.vessel).

Watch glasses, to fit above beakers.

Filter apparatus - appropriately sized for volume of sample filtered.

Filters - glass microfiber or membrane, 1.5 sm effective retention or
better, sized to fit above filter apparatus (or equivalent).

3.0 Quality Control

Quality control requirements are defined for each specific radiochemical
analysis in the specific radiochemical analysis procedure. The analyst
shall refer to the appropriate analysis procedure for guidance on QC
requirements in that analysis. Analysis procedures are specified for a
sample or group of samples by a TI or ARF. If an analysis procedure is
not specified in a TI or ARF, then the cognizant scientist shall
determine the appropriate procedure to be used for the requested
analysis for the sample(s).

4.0 Water Sample Preparation

4.1 Shake sample and transfer at least 100 ml of well-mixed sample to a
250 ml glass beaker. (If more than 100 ml sample is needed to
reach detectable levels, evaporate, at below boiling temperatures,
the sample to about 100 ml.) Record initial sample volume.
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4.2 If directed by a cognizant scientist, add radionuclide tracer/spike
as required by the requested analysis. The spike/tracer amount
shall be specified by the cognizant scientist. It is should be
close to the expected amount of nuclide present or at the minimum,
a detectable amount (3x5 times the instrument detection limit).
Place the spike/tracer for blanks or standards into 100 ml of Type
II water.

Note: Record exact-volume, isotope and calibrated activity of
tracer solution in the LRB or Data Sheet as specified in the
analysis procedure(s).

4.3 Add 10 ml of 8MHNO3 to the sample. Cover with a watch glass or
similar cover. Heat on a hot plate for 2-3 hours at 100 ± 20C or
until sample volume is reduced to between 25 and 50 ml. Make
certain sample does not boil. Cool sample to room temperature.

4.4 If .visible solids are present, filter to remove insoluble material
except do not filter samples if preparing samples for Sr analysis
only. Samples may not be filtered for any analyses upon client
request in an ARF, SOW or TI.

Note: In place of filtering, the sample, after dilution and
mixing, may be centrifuged or allowed to settle by gravity
overnight to remove insoluble material.

4.5 Adjust sample volume to meet the needs of the radionuclide
separation procedure requested. If a ppt forms, repeat Step 4.4.
The sample is now ready for analysis.

5.0 Soil/Sediment Sample Preparation

5.1 Mix the sample thoroughly to achieve homogeneity. For each
digestion procedure, weigh (to the nearest 0.01 g) a 1.0 to 10.0 g
portion of sample and transfer to a beaker. Record weight in the
LRB or on the data sheet.

5.2 If directed by a cognizant scientist, add radionuclide tracer/spike
as required by the requested analysis. The spike/tracer amount
shall be specified by the cognizant scientist. It is should be
close to the expected amount of nuclide present or at the minimum,
a detectable amount (3x5 times the instrument detection limit).
Place the spike/tracer for blanks or standards into the 10 ml 8 M
nitric acid of the next step.

Procidur. No. Revision No. Effectiv Data Page of
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Note: Record exact volume, isotope and calibrated activity of
tracer solution in the LRB or on laboratory data sheets as
specified in the analysis procedure.

5.3 Add enough 8 M HNO3 to cover the sample (about 10 ml), mix the
slurry, and cover with a watch glass. Heat the sample to to
100 ± 206C) and reflux for 10 - 30 minutes without boiling. Add 10
ml of concentrated HNO3, replace the watch glass, and reflux for
10 - 30 minutes. Do not allow the volume to be reduced to less
than 5 ml while maintaining a covering of solution over the bottom
of the beaker.

5.4 Allow the sample to cool to room temperature. Filter. Save
filtrate in a labelled beaker.

5.5 Return the ppt and filter to the beaker. Repeat steps 5.3 and 5.4
one time, adding filtrate to the previously saved filtrate.

5.6 Return the ppt and filter to the beaker. Add enough water to cover
the sample, mix the slurry and cover with a watch glass. Heat
sample to 100 ± 200C) and reflux 10 - 30 minutes without boiling.
Repeat step 5.4, adding filtrate to the previously saved filtrate.

5.7 If the entire sample leach solution will not be used for a single
analysis, dilute sample to a known volume and record the volume.
It may be useful to evaporate the leach solution to a lower volume
before dilution to a known volume. If a ppt forms, filter and
discard ppt.

5.8 Take aliquots for analysis and adjust the volume of these aliquots
to meet the needs of the radionuclide separation requested.
Aliquot volume will be determined by the cognizant scientist. Use
Type II water for dilution and evaporation for volume reduction.
If a ppt forms, filter and discard the ppt. The sample is now
ready for analysis.

6.0 Records

Records will be maintained and controlled so as to conform to
requirements of PNL-MA-70, PAP-70-1701. All record of weights, volumes,
and spike/tracer conc./vol. shall be on Alpha or Beta Counting Data
Sheets, LRBs or Sample Record log data sheets (depending on analysis
requested). Laboratory Record Books will be used in accordance with the
ACT NOW Directive 89-1.
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TITLE: PNL-ALO-280, INDUCTIVELY COUPLED PLASMA-MASS SPECTROMETRIC
(ICP-MS) ANALYSIS

APPLICABILITY

This procedure is applicable to the receiving and handling of samples, the
operations of the ICP-MS VG Plasmaquad (PQ), and the reporting of analytical
results. Controlling software for this instrument is VG supplied (latest
version). Although some specific and general information regarding the
analytical operations of the VG Plasmaquad are described below, this procedure
is not written to replace VG supplied operations and PlasmaQuad instruction
manuals. Specific analytical procedures are described which include
sufficient information to allow a skilled operator to repeat the analyses
performed using this instrument.

When this procedure is approved in accordance with PNL-MA-70, this procedure
is applicable for the analysis by ICP-MS.

DEFINITIONS/ACRONYMS

MATRIX MATCH - Add to the calibrating standards any major matrix components
present in the samples.

LRB - laboratory record book

AMU - atomic mass unit

RSD - Relative Standard Deviation

TUNE SOLUTION - A solution containing 100 ppb Mg, In, Pb for the purpose of
tuning the instrument and establishing a mass response curve. Any solution
containing 50 - 500 ppb of a low, medium, and high mass element can be used
alternatively as a TUNE SOLUTION.
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PNL TECHNICAL PROCEDURE

RESPONSIBILITIES

Analyst

Cognizant Scientist

PROCEDURE

1.0 Receipt and Handling of Samples

1.1 Receiving Samples

Upon receipt, samples are logged into a Laboratory Record Book
designated for that purpose. Information logged includes the number
of samples, sample identification, date received and from whom,
blanks and standards included (if any), and sample and/or standard
preparation, if necessary. Additional information logged may
include specific instructions for analysis (e.g., a memo, DSI, ARF,
TI, or SOW), and the work order number, if available at the time of
log-in.

1.2 Preparation

1.2.1 Dissolution

If the samples to be analyzed were received as a solid, they
must be dissolved for conventional ICP-MS analysis. (This
is not necessary for laser ablation ICP-MS.) Dissolution
procedures vary greatly between sample types, but the chosen
procedure (or designated in a TI, ARF or SOW) is always
described in its entirety in the sample log-in LRB.

1.2.2 Dilution

If the elements of concern are in sufficiently high.
concentration (>500ppb), dilution is usually necessary. If
the elements of concern are below this concentration, or are
in a matrix that is expected to dramatically diminish the
elements' response signal, dilution may not be necessary.
Dilutions are usually made by volume (rather than by weight)
with calibrated pipets; preferred ultimate matrix is 1.0%
HNO3 The dilutions are described in detail in the
designated LRB.
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PNL TECHNICAL PROCEDURE

Example: loX dilution: 8.5 mLs 5% HNO3 + 1.0 ml sample +
0.5 ml lppm In

1.2.3 Internal Standard

An appropriate internal standard (e.g., In) is added to both
samples and standards for semi-quantitative as well as
quantitative analyses. For quantitative analysis, It is
used to correct for instrument drift and matrix effects.
For semi-quantitative analysis, it is used as a reference
standard. The internal standard concentration is determined
by the operator based on that specific analysis, but is
typically 10-200ppb. The internal standard chosen depends
on the elements of concern and the sample matrix. It is
crucial that the samples do not.contain the internal
standard selected, and that there are no interferences from
other element isotopes, molecular ion species, or matrix
effects. For example, In-115 would not be appropriate as an
internal standard for Sn analysis, because Sn has an isotope
at 115.

1.2.4 Standard Preparation

Standards. chosen depend on the elements of concern, and are
typically prepared with element concentrations in the same
approximate range as that of the samples. For best
quantitative results, at least two different concentrations
of the same element shall be prepared and run to generate a
calibration curve (rather than a simple ratio) for the
calculation of results. Standards prepared for analysis are
dilutions of NBS or other recognized primary standards, or
dilutions of prepared stock solution standards traceable to
said primary standards, and are listed and described in a
separate Laboratory Record Book designated for that purpose.
This "Standards LRB" shows the traceability of all of the
standards used in analysis from how they were made (pipet
calibration and stock solution preparation information) back
through information regarding all of the primary standards
used (Lot Number, concentration, matrix, etc.).

1.3 Procedure File and Sample Analysis Identification

When it is time for the samples to be analyzed, a procedure file is
set up with a unique identification number for that analysis run.
The number is four digits long, followed by a letter, and each digit
has a specific meaning:
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Example: Procedure File #8cl5a

1st digit: Designates the year of analysis (198a)

2nd digit/letter: Designates the month of analysis
(1-9 - Jan-Sep; a-c - Oct-Dec)

3rd & 4th digits: Designates the date of analysis (01-31)

5th letter: Designates the analysis procedure number (set of
samples) of that date (a-g - first-seventh analysis)

6th digit: Designates.the sample in that procedure (set).

For the example listed above, it is the first analysis run on
December 15, 1988. Individual samples are numbered as well, meaning
the sixth sample run in Procedure File #8c15a is designated 8ci5a6.

The sample ALO number is cross referenced in the ICP-MS log-in LRB
with the analysis procedure number (set of samples analyzed that
day) and the sample in that procedure (samples in set are numbered
consecutively).

2.0 Instrument Operation

The following procedures are to be used in conjunction with the VG
Plasmaquad Operating and User's Manuals. The procedures below assume
that the instrument is operating and functioning normally.

2.1 Instrument Maintenance

The ICP/MS shall be maintained on a daily basis. The ANALYST must
ascertain that the individual instrument components are clean before
beginning an analysis procedure. The following is a general
description of the expected periodic maintenance (see VG Plasmaquad
User's Manual):

Clean sample, skimmer cone; Daily
torch, elbow

Clean spray chamber Weekly.or biweekly (depends on sample
history)

Clean ion lens stack Semi-annually/
as needed
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PNL TECHNICAL PROCEDURE

Clean quadrupole ONLY when necessary
(See SCIENTIST)

Change roughing pump oil Semi-annually

Change channeltron As needed

2.2 Tuning the Instrument

The ICP/MS is tuned by aspirating the TUNE SOLUTION and manually
adjusting the lens voltages for optimal sensitivity. The element in
the TUNE SOLUTION having the middle mass (e.g., indium at 115 amu)
is typically tuned first, with the low and high masses being tuned
subsequently to obtain approximately equivalent signal response for
each analyte mass.

2.2..1 Instrument Response and Precision Check: TUNEIR

The instrument response and precision are evaluated by
running the TUNE SOLUTION five consecutive times using the
isotope ratio procedure TUNEIR in IR SCAN found under SCAN
ACQUIRE. TUNEIR hard copies must be signed and dated by the
ANALYST, and logged in a notebook designated for that
purpose. (NOTE: The TUNEIR is not a calibration, but rather
an indication of the instrument's sensitivity, stability,
and overall performance. The maintenance of these records
are helpful in reviewing trends in performance over a period
of time.)

2.3 Program Descriptions

Numerous programs and their subroutines are used for analysis,
depending on the type of results the operator or sponsor wishes to
obtain. A brief description of each program and its uses are
described below.

2.3.1 Element Menu Definition Program

This program is used to define the elements (isotopes) to be
analyzed, either for isotope ratio or multi-element work.
This program also defines the run conditions for acquiring
the data, either range scanning or peak jumping. Follow VG
PlasmaQuad Software Manual to select the elements of
interest.
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The Element Menu Program also sets scan parameters such as
the number of channels, sweeps, length of dwell time, and
mass regions which will be skipped.

2.3.2 Multi Element Analysis Procedure Definition Program

This Program defines the order and type of samples to be
run. Constructing and upgrading procedures are clearly
described in the VG PlasmaQuad Software Manual. Standards,
their preparation and their certification shall be
documented in the LRB.

2.3.3 Isotope Ratio Analysis Procedure Definition Program

This program 'is identical to the multi-element analysis
program with the exception that the number of ratios to be
performed is requested instead of the Conc File name.

The measurement of isotopic ratios on the VG PlasmaQuad
shall be carried out in a similar manner to quantitative
analysis, i.e., the sample shall be compared to a well
defined isotopic standard. The standards, their preparation
and their certification shall be documented in the LRB.
Specific details of the isotopic ratio program procedures
are described in the VG PlasmaQuad Software Manual.

2.3.4 Acquire Programs

Three acquisition programs are addressed through Survey
Acquire, Scan Acquire and Peakjump Acquire programs.

2.3.4.1 Survey Acquire

Survey Acquire is typically used for short
qualitative of semi-quantitative analyses. Scan
parameters can be altered, but neither an element
menu nor an element procedure is necessary for
survey acquire.

Semi-quantitative calculations are also performed
under survey acquire. For semi-quantitative
analysis, an internal standard is added to each
sample; calculations are performed based on the
concentration of the internal standard.
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Mass calibration is also performed under survey
acquire. See 2.3.7 for details.

2.3.4.2 Scan Acquire

Scan Acquire is used when a common element menu and
element procedure is desired for running a
consecutive series of samples. An element
procedure is necessary for quantitative analysis;
scan acquire is therefore the most efficient
acquire program to use for this capability in that
an element procedure is requisite for acquisition.

2.3.4.3 Peakjump Acquire

Peakjumping Acquire does not scan, but as the name
implies, it jumps from pre-selected isotopes and
spends a pre-selected dwell on each individual
isotope mass. This method of acquiring is useful
when isotopes of interest are spaced across a wide
mass range. Longer dwell per amu and fast
acquisition times make peakjumping ideal for small
sample volumes and for minimizing detection limits.

2.3.5 Calculations Program

With the exception of semi-quantitative calculations (see
2.3.4.1), the calculations program includes all calculation
types whether they be multi-element, isotope ratio, standard
addition, or isotope dilution.

2.3.5.1 Multi-Element Calculation Program

When performing multi-element calculations,
appropriate response files must be used. For very
precise and accurate data output, calibration
curves which incorporate standard concentrations in
the range of the sample concentrations are
necessary. In addition, when samples have
significant amounts of dissolved solids (e.g.,
brines), standards which are in similar matrices
must be used to account for ionization factors,
oxide interferences, and sample introduction
(nebulization) efficiencies.
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2.3.5.2 Isotope Ratio Calculation Program

Isotope ratio calculations must include standards
which have certifiable isotopic abundance ratios.
Interference corrections must be considered when
sample matrices are highly variable. All sample
isotopic concentrations must also be in the range
of the standard concentrations used in order to
account for the dead time differences between
predominant versus less predominant isotopes. When
considering low mass predomist is very important
to consider the quadrapole sensitivity. In
general, the response curves near the low and high
masses can be checked using standards.

2.3.5.3 Standard Addition Program

. . The standard addition program enables sample
concentrations from single isotopes to be
calculated using the standard addition technique.
If quantitative analysis cannot be achieved 
directly, then using the qualitative values,
process samples by standard addition.

2.3.5.4 Isotope Dilution Program

In this calculation, a specific isotope of an
element is added to the sample. Knowing the
concentration of this isotope and assuming normal
isotopic abundances of the element(s) of concern,
the concentrations are calculated. This is a very
accurate method for determining elemental
concentrations because quenching effects,
interference corrections, and unforeseen matrix
effects can be accounted for. In the event samples
do not have compositions with normal Isotopic
ratios, isotopic abundances of each analyte of
interest must first be determined.

2.3.6 Utility Program

The system utilities are designed to simplify the use of the
data system, to provide flexibility in data manipulation,
and to enable the operator to define this system
configuration. Spectral interference corrections are input
through the utilities program via Edit Database. Data
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manipulation and system configuration procedures are
detailed in the VG PlasmaQuad Software Manual. Because
spectral interferences other than isobaric interferences can
be incorporated by using the Edit Database option, it is
important that the ANALYST qualifies these "special"
interferences in the final report (Section 3).

2.3.7 Mass Calibration

Before the results are calculated, the ANALYST must first
review a sample spectrum to ensure that the peaks observed
correspond to their respective masses, i.e., that the
instrument is properly mass calibrated. Mass calibration is
performed under Survey Acquire, and should be done if the
peaks observed appear to be shifted from center mass. If
the instrument is operating properly, mass calibration
should not have to be necessary on a regular basis, but
rather only periodically; it should be done if more than 0.5
amu off peak center in accordance with the VG PlasmaQuad
Software Manual.

Mass calibration is usually performed only when the
instrument has been cleaned or repaired. Documentation of
instrument maintenance is in the instrument maintenance log.
The new mass calibration parameters are written to file and
also are in each sample analysis file and printed as a part
of the header for each sample file.

3.0 ANALYSIS PROCEDURES

3.1 Tune machine as described in 2.2. An instrument response of less
than 1 million counts/second/ppm is not acceptable for analysis.
The instrument must be shutdown, cleaned and/or adjusted for better
sensitivity.

3.2 In the Procedure Definition Program, call Element Menu and define
elements and their isotopes for analysis. If qualitative scan is
desired, call survey acquire and proceed directly to Section 3.5.

3.3 In the Procedure Definition Program, call Multi-Element Procedure
Definition (ME PROC DEF) for elemental analysis; call Isotope Ratio
Procedure Definition (IR PROC DEF) if isotopic ratio analysis is to
be performed.

Procedure No. Revision Na. Effoctive Data Page of

PNL-ALO-280 0 SEP 2 6 1990 9 13
A31 022



PNL TECHNICAL PROCEDURE

3.3.1 Multi-Element Procedure

Define Blanks, Standards, and Samples with uniquely
identifiable names, as described in 1.3. Define the element
file (defined in Element Menu Program). For standards,
enter the appropriate concentrations for the standard's
elements and create the Response File. If an internal
standard is to be used, input the element symbol and mass of
the internal standard. The internal standard, if used, must
be present in all solutions at the same concentration.

3.3.2 Isotope Ratio Procedure

Define Blanks, Standards, and Samples with uniquely
identifiable names, as described in 1.3. Define the
isotopic ratio to be investigated.

3.4 Quit Procedure Definition Files and call Acquire Programs

3.5 Call Scan Acquire subroutine for analyses with pre-defined procedure
definitions; otherwise call Survey Acquire arid input element menu
and define run parameters. Aspirate the sample; once it is
ascertained that the sample has entered the plasma, commence
scanning.

3.6 After acquiring data, each of the mass spectra will be automatically
stored on a magnetic device under files defined in the procedure
definition file. The files can be retrieved as raw data or
integrated data (counts/sec/mass unit).

3.7 Perform Calculations

3.7.1 Under Survey Acquire: For semi-quantitative analyses, the
default response curve is used to calculate the results
based on the internal standard concentration. Input the
internal standard concentration, the analysis procedure or
the sample file identification, and commence calculations.
For better semi-quantitative accuracy, a response curve can
be generated using a standard solution containing low,
medium, and high mass elements; see VG PlasmaQuad Software
Manual for details.

3.7.2 Under Calculations: For multi-element analyses, reference
material is used to calibrate the mass responses of the
samples. For each of the elements, a mass response curve is
generated from the responses of the reference materials; at
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least two different concentrations of each element that are
similar in concentration to that of the samples should be
analyzed to generate a proper calibration curve. An RA2
value for each curve is reported; an RA2 value of less than
0.9 is unacceptable, and the results for that element shall
either be omitted in the final report, or reported as
suspect.

4.0 Interferences and Matrix Effects

4.1 Spectral Interferences

Spectral interferences are usually few in number and, in most cases,
small in relative magnitude. Interference factors for normal day-
to-day operations are accessed by analyzing various concentrations
of single element solutions for each of the elements to be
addressed. Only those interferences >0.1% for elements common at
higher concentrations and >1% for less common elements shall be
reported in the final results summary. For more details on
interpreting interferences, refer to the VG PlasmaQuad Software
Manual.

4.2 Acid Concentration

Acid concentration can have effects on the accuracy of the data by
causing quenching of the analytical signal. For standard "ICP/MS"
analyses, in which the calibration standards are in dilute acid, the
samples should be diluted to acid strengths of similar
concentration. In cases where the acid concentration is greater
than 5% and dilution is not an acceptable solution due to loss of
signal, then calibration standards can be made with acid
concentrations which approximate the samples (±10 relative percent);
see 4.3. However, if the internal standard used is similar in
chemical properties to the element(s) of interest, the quenching
effect on the internal standard will be representative of the effect
on the samples, and matrix matching will then be unnecessary.

4.3 Matrix Matching

Solutions with high levels of dissolved sol-ids should be analyzed
against "matrix matched" calibrating standards, because increasing
dissolved solids tend to depress (or quench) the analytical signal.
The simplest way to avoid matrix matching is by dilution. However,
if this is not acceptable, then the matrix effects must be accessed
by spiking the matrix with an appropriate standard and observing the
effect on the elements of that standard. If the effects are not
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PNL-ALO-280 0 2 6 1990 12 13

acceptable, as determined by the qualified ANALYST and the customer,
then matrix matched standards (e.g. digested geologic material) must
be employed.

5.0 Reporting and Archiving Results

The precision and accuracy are assessed for each data set.

5.1 Quantitative Analysis

If the check standard results are accurate, and the RSD of the
results are acceptable (<10%), the results are tabulated and
reported as requested. Results having RSD's of 10-50% are reported
proceeded by the RSD value; results havi-ng RSD's greater than 50%
shall be reported as semiquantitative values. Elements by which the
check standard results differ by 10-50% are either normalized, or
reported as being suspect; elements by which the check standard
results differ by >50% may be normalized, but the results should be
reported as suspect.

5.2 Semi-quantitative Analysis

Semi-quantitative analysis is reported in the same format as
quantitative analysis, but without the constraints on accuracy;
values should be designated as semi-quantitative, with associated
errors as being -50% to +100%. Precision between runs should be the
same as for quantitative analysis.

5.3 Reporting Results

The tabulated results, along with any documentation requested in the
statement of work, are arranged in report format with a cover letter
to the customer. The final report is signed by the ANALYST and
reviewed by SCIENTIST on the basis of accuracy and technical
adequacy.

Copies of the report, as well as the output of the results summary,
the procedure listing, the element menu, the raw data, and all other
computer output are assimilated and filed in a folder and cabinet
designated for that purpose in 3708 Bldg., Room 108.

5.4 Archiving

At least once every two months, the raw data (found in directory
C:\RAWDATA on the computer) is backed up onto a mass storage device
(MSD) for every sample run since the last backup took place. The
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MSD is then labelled appropriately and stored. This MSD is stored
in a file cabinet in room 3708 Bldg., Room 108 designated for this
purpose.

6.0 References

VG Plasmaquad Software Manual.

VG Plasmaquad Operation Manual.

7.0 Records

Records will be maintained and controlled so as to conform to
requirements of PNL-MA-70, PAP-70-1701. Laboratory Record Books (LRB)
and Analytical Report Cards/Data Sheets provide a mechanism for control
of most records. Laboratory Record Books will be used in accordance with
the ACT NOW Directive 89.1.

Procedure No. Revision No. Effective Oat. Page of

PNL-ALO-280 0 SEP 2 6 19W 13 13

A03-026



C4 TFLL§

PNL TECHNICAL PROCEDURE

TITLE: PNL-ALO-281 - ICP/MS DETERMINATION OF 99Tc

APPLICABILITY

This procedure is applicable to the determination of 99Tc in aqueous,
acidified samples, using ICP/MS techniques. Samples in other physical forms
or matrices should be digested, fused, leached or otherwise prepared to result
in an aqueous matrix, preferably acidified with HNO 3 to an acid content not
exceeding 5% vol/vol. This procedure is applicable to the determination of
99TC at concentrations a10 ppt
(170 pCi/L), in solution.

This procedure shall be applied in accordance with PNL-ALO-280 (Inductively
Coupled Plasma Mass Spectrometric (ICP/MS) Analysis) and PNL-MA-70.

DEFINITIONS/ACRONYMS

amu - atomic mass unit

acps - area counts per second (units of integrated ICP/MS signal intensity)

ARF - analytical request form

CERCLA - Comprehensive Environmental Response, Compensation, and
Liability Act

cps - counts per second (units of ICP/MS signal intensity)

ICP/MS - inductively coupled plasma mass spectrometry

IP - ionization potential, in units of electron volts (eV)

m/z - mass (in amu) divided by charge

NIST - National Institute of Standards Technology

PNL - Pacific Northwest Laboratory

Author a Project Sgr. Date qAD Representative Date

nical .viwer IDa Line Wgr Data Other Date
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PNL TECHNICAL PROCEDURE

ppb - parts per billion (pg/L)

ppt - parts per trillion (ng/L)

RSD - Relative Standard Deviation

SOW - statement of work

TI - test instruction

TP - Test Procedure

TUNE SOLUTION - A solution containing 100 ppb Mg, In, Pb for the purpose of
tuning the ICP/MS instrument. Any solution containing 50 - 500 ppb of at
least one low, medium, and high mass element can be used alternatively as a
TUNE SOLUTION.

PROCEDURE

1.0 Define ELEMENT MENU in instrument operations software to include 99Tc
(see PNL-ALO-280 2.3.1 and 3.2). Stipulate data acquisition in either
scanning, peak jumping, or single ion monitoring mode depending on
anticipated 99Tc concentration, other analytes to be determined, and
possible interferences that may require monitoring and correction. Name,
save and record ELEMENT MENU with all operational parameters.

2.0 Define ANALYSIS PROCEDURE as described in PNL-ALO-280 3.3 and 1.3. Run
duplicate sample acquisitions in all cases (sample volume permitting).
Number and frequency of standards, blind standards, spiked samples, and
blanks shall be in accordance with the default QUALITY CONTROL procedures
given below (8.0), or as specified in governing TI, SOW, or ARF
instructions. Name, save and record ANALYSIS PROCEDURE.

3.0 Start up ICP/MS instrument, allow 30 minute warm-up period, and perform
instrument response and precision check using TUNEIR analysis procedure
as specified in PNL-ALO-280 2.2 and 3.1. Verify adequate instrument
response and stability (criterion: response a 1 x 106 acps/ppm for tune
elements In or Pb; stability 5 7 % RSD concentration/isotope ratio
precision for tune elements Mg, In, and Pb). Save and archive TUNEIR
data and results.

4.0 Prepare samples by adding appropriate level and type of INTERNAL STANDARD
as specified in PNL-ALO-280 1.2.3. Internal standard elements/isotopes
should be judiciously chosen based on proximity in mass range and
ionization potential to Tc (m/z 99 and 7.28 eV, respectively). Candidate
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PNL TECHNICAL PROCEDURE

internal standards for this determination include Rh
(m/z 103; IP 7.46 eV) and In (m/z 113,115; IP 5.79 eV).

5.0 Standards solutions shall be prepared, using dilutions of previously
prepared stock calibration standards, to yield standard concentrations
that bracket the anticipated sample concentrations. During analysis, if
a sample concentration exceeds two times that of the maximum
concentration standard, a dilution shall be made of the sample so that it
is within the calibration standard range; if it is below that of the
minimum concentration standard and above 100 ppt, a standard containing
an appropriate lower concentration of 99Tc (e.g., 500 ppt) shall be
prepared and analyzed. Internal standards shall be added to the standard
solutions in exact concentration and form as the samples, in accordance
with 4.0 above. Stock calibration standards that are available for use
in this determination are the following:

52433-43: 12.56 ppb "Tc (BNW LRB 52433, p 43)
.52433-47: 98.74 ppb "Tc (BNW LRB 52433, p 47)
52433-48D: NIST SRM 3.759E4 kBq/g soln (59.27 ppm "Tc [BNW LRB

52433, p 48]).

Working standards shall be prepared fresh weekly, at minimum.

6.0 Prepared samples and standards shall be analyzed by ICP/MS according to
ICP/MS Procedure PNL-ALO-280 2.3.4 and 3.5, the instrument operating
manuals, and SOPs for this instrument.

7.0 Calculation of the acquired data shall be performed via instrument
software in accordance with PNL-ALO-280 3.7. Calibration curves shall be
constructed using standards intensity and concentration data;
linear/quadratic regression fitting shall be performed using this data.
Identity and number of standards, type of fit, and regression
coefficients shall be stored in CALCULATION PROCEDURE RESPONSE files and
output with data results. Reporting of the results shall be in
accordance with PNL-ALO-280 5.3, and shall include the uncertainty of the
results, which are based on deviations between values obtained from
analytical runs as well as those obtained from different elemental
isotopes.

8.0 Quality Control

All analysis and quality control data shall be maintained and available
for easy reference or inspection.

Two quality control options are defined. Option A shall be used unless a
SOW written by WHC defines CERCLA protocols. Option B shall then be
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PNL TECHNICAL PROCEDURE

followed. The analyst will recognize the need to use Option B when a
Chain-of-Custody (COC) defines a Test Instruction (TI). Additional QC
samples may be requested by a client in an Analytical Request Form (ARF)
or a Statement of Work (SOW), and these will be conveyed to the analyst
through a TI.

A. Employ a minimum of one blank per sample batch (20 samples or less)
to determine if contamination is occurring. Run duplicate analysis
upon client request. A spiked sample or standard (NIST traceable)
shall be periodically employed to ensure that correct procedure is
followed and that all equipment is operating properly.

B. For all SOW's written by WHC for CERCLA protocol requests for
analysis, employ a minimum of one blank per sample batch (20 samples
or less) to determine if cbntamination is occurring. Run one
duplicate sample for every 20 samples or for each set, whichever is
smaller. A duplicate sample is a sample brought through the whole
sample preparation and analytical process. A spike sample or
standard (NIST traceable) shall be run for every 20 samples analyzed
or per every set of samples, whichever is smaller.

9.0 Results

ICP/MS results are normally reported in weight/volume concentration
units, typically as ppb or ppt. Radiometric concentrations can
alternatively be computed/reported, using the calculation below for
results in pCi/L units:

(99Tc], pCi/L - ([ 99Tc], ppt * 1x10-9 *A*ln 2)/AW*t 1 /2 *C

where:

AW - 99 g/mole;
t - 6.72 x 1012 sec;
A - 6.023 x 1023 atoms/mole; and
C - 0.037 dps/pCi

which reduces to:

[99Tc], pCi/L - [99Tc], ppt *16.95

A03-030
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PNL TECHNICAL PROCEDURE

TITLE: PNL-ALO-441, RADIONUCLIDE SEPARATION AND ANALYSIS PROCEDURE FOR
TRITIUM

APPLICABILITY

This procedure describes methods used to determine the concentration of 3H in
sample matrices. Primarily, the procedure is designed for dissolved species,
although solid sample analysis can be performed as well. This procedure
describes initial radionuclide separation and radionuclide purification
methods. This procedure was developed by PNL radioanalytical scientists, and
is based on over 10 years experience in analyzing a variety of samples for
tritium by liquid scintillation counting.

DEFINITIONS/ACRONYMS

dpm - Disintegration per minute (number of atoms of a radioactive sample which
decay in a one minute interval)

cpm - Counts per minute (counting rate measured with a radiation detection
instrument)

d/c - Disintegrations per count (i.e., efficiency factor)
LRB - Laboratory Record Book
LSC - Liquid Scintillation Cocktail

RFSPONSTRIF STAFF

Cognizant Scientist
Analyst/Technician

PROCEDURES

Prerequisites: Personnel
Personnel

trained in this procedure may perform the work.
training records are kept in the Section office.

Author Date Project Ngr. Dat. QAO Representative Dat.

4 - A 1I(-M.' -)O 9' yA L -.A.p 1~. -% C Ur)e 6k\/f- tXIc9
Technical Reviewer Date Line Mgr. Date Other oat.
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PNL TECHNICAL PROCEDURE

1.0 Tolerances

Tolerances for all measurements made during an analysis shall be
specified in the following manner: 1) a tolerance limit can be stated
with a measurement value given in a method; or 2) if a tolerance limit
is not stated with a measurement value, then the following system of
tolerances shall be in effect:

(a) Unless otherwise specified, all values for measurements stated in
the methods (volume, weight, time, etc.) are approximate values. The
actual measurements used, however shall be within ±10% of the stated
value.

(b) When one or more significant figures are given to the right of the
decimal point, the tolerance limit is ±5 in the next digit located
beyond the last one stated.

2.0 Reagents

2.1 Low-tritium background water - water that contains less than
required detection limits of tritium as demonstrated by the methods
blank.

2.2 6 M HCI1 - 50 ml low-tritium water (2.1) and 50 mis conc. HCl

2.3 Sodium Carbonate, Na 2C0 3 - Reagent grade

2.4 Hold Back Carrier - 10 g. cupric sulfide, 10 g. sodium carbonate,
10 g. strontium nitrate, 10 g. potassium iodide and 40 g. silver
nitrate, mixed thoroughly until it appears homogeneous (i.e. even-
distribution of color and particle size).

2.5 Packard Opti Fluor liquid scintillation cocktail. (Or equivalent)

3.0 Equipment

3.1 Distillation Apparatus: For aqueous distillation: 125 ml or 250
ml short neck, flat bottom boiling flask, connecting side arm
adapter, condenser and heating mantle or hot plate.

3.2 Polyethylene or glass liquid scintillation vials - 25 ml

3.3 Coincidence-type liquid scintillation spectrometer. (See
appropriate liquid scintillation counting procedure for LSC system
to be used such as PNL-ALO-443.)

A03-03:4
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PNL TECHNICAL PROCEDURE

3.4 Stirrer/Hot plate

3.5 Filter paper - Whatman 934-AH glass microfiber, or membrane filter,
1.5 mm effective retention or better (or comparable).

3.6 Glass vials - 25 ml.

3.7 Volumetric flasks, various sizes

3.8 Balance capable of accurately weighing to the nearest 0.01 g.

3.9 Graduated cylinders - 20 ml, 50 ml or 100 ml. (or other size to
meet volume requirements)

4.0 Sample Preparation

The.procedure is written for 125 ml flat bottom boiling flasks but may
be scaled up appropriately to 250 ml or larger flat bottom boiling
flasks as'necessary for environmental samples or leachate volumes.

The aliquot sizes specified are for low level test-well samples. For
other samples, the cognizant scientist may specify smaller aliquots due
to the radioactivity levels and waste minimization issues. In the
analysis of radioactive samples, the distillate receiving vessel is
different. The receiving vessel is attached such that it is not easily
removed from the distillation condenser and the first 5-10 ml distilled
aliquot is not discarded.

All data for sample preparation shall be recorded on a Tritium Analysis
Data Sheet (Exhibit 1). This attached Data Sheet is an example of the
Tritium Analysis Data Sheet which may be expanded to include more
samples per batch or modified to delete the solid samples section if
only liquid samples are analyzed.

4.1 Quality Control

All quality control data shall be maintained as hard copy and
available for easy reference or inspection (QC samples are recorded
on a Tritium Analysis Log sheet, Exhibit 1 and on the data forms
associated with the appropriate liquid scintillation counting
procedure).

Two quality control options (A and B) are defined below. Option A
shall be used unless a Statement of Work (SOW) written by a client
defines CERCLA requirements. Option B shall then be followed. The
analyst will recognize the need to use option B when A Chain-of-
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Custody (COC) defines a Test Instruction. Additional QC samples
may be requested by a client in an Analytical Request Form (ARF) or
a Statement of Work (SOW), and these will be conveyed to the
analyst through a Test Instruction (TI).

A. Employ a minimum of one methods blank per sample batch (20
samples or less) to determine if contamination is occurring.
Run duplicate analysis upon client request. Except when client
requires Impact Level III analysis, a spiked sample or standard
(NIST traceable) shall be analyzed per batch to ensure that the
correct procedure is followed and that all equipment is
operating properly.

B. For all SOWs written by a client to meet CERCLA requirements
that request analysis, employ a minimum of one methods blank per
sample batch/set (20 samples or less) to determine if
contamination is occurring. Run one duplicate sample for every
20 samples or for each set, whichever is smaller. A duplicate
sample is a sample brought through the whole sample-preparation
and analytical process. A spike sample or standard (NIST
traceable) shall be employed for every 20 samples analyzed or
per every set of samples, whichever is smaller. A matrix spike
duplicate and/or laboratory control sample may be analyzed with
a set/batch of samples if so directed by a Test Instruction
(TI).

A flow diagram of samples and QC requirements is attached
(Exhibit 2).

4.2 Liquid Samples

4.2.1 Put an aliquot of solution into a 125 ml flat bottom boiling
flask. Use a 50 ml aliquot of solution if possible.
Proceed to 4.4 for blank and standard make-up and on to 5.0
for distillation and counting. The cognizant scientist may
specify a second distillation by repeating Step 5.1 - 5.3
again.

4.3 Soil/Sediment/Sludge/Solid Samples

4.3.1 Weigh a 1-50 g. aliquot of sample, as received, into an
appropriate size beaker. Record weight on the Tritium
Analysis Log sheet (Exhibit 1).

4.3.2 Add enough 6 M HCl to cover the sample aliquot plus about 3-
5 ml in excess. Add a stirring bar and watch glass cover.
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PNL TECHNICAL PROCEDURE

4.3.3 Heat on a stirring hot plate at 50-70OC (hot plate setting
of'4-5) for at least 15 min. Do not let the sample go dry.
Add additional 6 M HCl as necessary.

4.3.4 Cool and filter through a Whatman 934-AH glass microfiber
filter (or comparable).

4.3.5 Return filtered solids aliquot and filter paper to the
leaching beaker.. Repeat steps 4.3.2 through 4.3.4 on the
same filtered solids aliquot; combine filtered leachates.

4.3.6 Return filtered solids aliquot and filter papers to the
leaching beaker. Repeat steps 4.3.2 through 4.3.4 using
low-tritium water in place of HCl.

4.3.7 Combine filtered water leachate with the other 2 combined
filtered acid leachates. Bring to a known volume with low-
tritium water using an appropriate size graduated cylinder.
Record volume on the tritium Analysis Log sheet (Exhibit 1).

4.3.8 Put up to 80 ml (if possible) of the combined acid leachates
and water leachate from step 4.3.7 into a 125 ml
distillation flask. Add a spatula tip (~0.5 g) of holdback
carrier.

4.3.9 Connect the side arm adapter and condenser to the outlet of
the flask, and insert a beaker under the outlet of the
condenser. Heat the sample to boiling to distill. Dis'till
5-10 ml into the beaker and discard the distillate. This_
cleans the condenser.

4.3.10 Place a clean beaker under the condenser to collect the next
50 ml (if possible) of distillate.

4.3.11 Transfer distillate to another 125 ml flat bottom
distillation flask. Proceed to 4.4.2 for preparation of
blanks, standards and spikes and then on to 5.0 for the
second distillation.

4.3.12 To prepare a quality control matrix spike or standard
recovery correction factor, if requested by an SOW, ARF or
TI, use the filtered solid from step 4.3.4.and spike with a
known amount of tritium standard as directed by the
cognizant scientist. The spike should be similar in
concentration to the concentration anticipated in the
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PNL TECHNICAL PROCEDURE

samples being analyzed or at a minimum a detectable amount
(3 to 5 times background). Record the spike aliquot on the
Tritium Analysis Log sheet (Exhibit 1). Follow procedure i-n
steps 4.3.2 through 4.3.11 The filtered solid is used as it
provides a tritium free sample to spike.

4.4 Blanks/Raw Water Standard/Distilled Water Standard

4.4.1 If liquid samples are being analyzed and if requested by a
SOW, ARF or TI, prepare raw water standard distillate by
placing 50 ml low tritium water in a 125 ml distillation
flask. Prepare in duplicate. Add (NIST traceable) tritium
standard spikes to each as determined by the cognizant
scientist (activity added to achieve about 1000 dpm/ml).
Record spike aliquots on the Tritium Analysis Log sheet
(Exhibit 1). Distill raw water standards as per section
5.0.

4.4.2 To prepare blanks and distilled water standards, place 60 ml
of low tritium water in a 125 ml distillation flask. Add a
spatula tip (~0.5 g) of holdback carrier.

4.4.3 Connect the side arm adapter and condenser to the outlet of
the flask, and insert a beaker under the outlet of the
condenser. Heat the sample to boiling to distill. Distill
5 to 10 ml of solution into a flask and discard distillate.
This cleans the condenser.

4.4.4 Place a clean beaker under the outlet of the condenser.
Collect 20-35 ml of distillate for use in the following
steps.

Note: A large volume (e.g. 1 liter) of low tritium water
may be distilled and used for several sets of sample
analyses. Therefore, step 4.4.2 may not be
necessary.

4.4.5 Prepare methods blank (background) solutions from 4 ml
aliquot of low tritium background water distillate from step
4.4.4 thoroughly mixed with 19 ml of scintillator solution in
liquid scintillation counting vials. Prepare in duplicate.
Record volume on Tritium Analysis Log Sheet (Exhibit 1).

4.4.6 Prepare two distilled water standards by adding spike to each
of two liquid scintillation counting vials containing 19 ml
of scintillation solution. Each vial shall be spiked with a
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PNL TECHNICAL PROCEDURE

different activity as specified by the cognizant scientist.
The spike activities are normally -50,000 dpm and -100,000
dpm or less, respectively, but may be increased if higher
tritium activity is expected in the samples. Record spike
aliquots on the Tritium Analysis Log Sheet (Exhibit 1).

4.4.7 Add low tritium background water distillate from step 4.4.4
to each standard to make 4 ml total aqueous volume in each
vial. Mix each vial thoroughly.

5.0 Tritium Analysis

5.1 To a sample aliquot from the sample preparation (step 4.2.1, 4.3.11
or 4.3.12) add a spatula tip (~0.5 g) of holdback carrier. If
solution is not already basic (pH>7) add Na2CO3 until basic (check
with pH paper).

5.2 Connect the side arm adapter and condenser to the outlet of the
flask, and insert a beaker under the outlet of the condenser. Heat
the sample to boiling to distill. Distill 5 to 10 ml of solution
into a flask and discard distillate. This cleanses the condenser.

5.3 Place a clean beaker under the outlet of the condenser. Distill
until about 10-25 ml of distillate is collected into a 25 ml glass
vial.

5.4 To prepare sample aliquot for counting, thoroughly mix a 4 ml
aliquot of distillate from 5.3 with 19 ml of scintillator solution
in a liquid scintillation counting vial. Prepare in duplicate.
Record the sample aliquot volume on the Tritium Analysis Log sheet
(Exhibit 1). Save remaining sample distillate pending analysis of
sample counting data.

Note: Less than 4 ml of sample may be used as the aliquot size
depending on the concentration of tritium anticipated in the
samples. Low tritium background water distillate from step
4.4.4 shall be added to each vial to bring to 4 ml total
aqueous volume.

5.5 Count all samples in the liquid scintillation spectrometer for 100
minutes or 2a counting statistics, whichever comes first. Refer to
the Liquid Scintillation (LSC) Counting Procedure appropriate for
the LSC system being used.
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5.6 Using the background-corrected count rates of the standards,
determine the efficiency of the scintillator solution. Use this
efficiency to determine the tritium concentrations of the
background-corrected sample solutions.

5.7 If a sample count rate exceeds 60,000 cpm, the cognizant scientist
shall determine a smaller appropriate aliquot size. This sample
aliquot shall be prepared and counted according to steps 5.4 and
5.5.

6.0 Calculations

6.1 Efficiency factor, E, d/c

E- G
D - 8

where:

0 - distilled Water standard (from 4.4.7) count rate, cpm,
B - background count rate (from 4.4.5), cpm, and
G - activity of distilled water standard (dpm)

6.2 Recovery correction factor for raw water standard, FI

F - fl - B) x E
M

where:

L - raw water standard distillate (from 4.4.1) count rate, cpm,
B - background count rate (from 4.4.5), cpm,
E - counting efficiency, as determined in 6.1, and
M - activity of raw water standard (before distillation), dpm

6.3 Recovery correction Factor for solids/soils/sludges, Fs,

FS . (L - 8 ) x E

L = soil matrix spike distillate (from 4.3.12) count rate, cpm,
B - background count rate (from 4.4.5), cpm,
E = counting efficiency, as determined in 6.1, and
M - activity of spike in soil matrix (before distillation), dpm
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6.4 Activity of Tritium in aqueous sample, A

A- (C- x E x
V x F

where:

C - sample count rate, cpm,
B - background count rate, cpm,
E = counting efficiency, as determined in 6.1,
V - volume of the distilled sample aliquot mixed with LSC in ml

(example: 4 ml), (from 5.4 or 4.4.7)
F - recovery factor, as determined in 6.2,

- factor or factors to account for sample dilutions or needed
to produce the appropriate reporting units. These factors
shall be documented as part of the project record.

6.5 Activity of Tritium in soils/solids/sludge sample, A

A- (C - B ) x VL x E x O
V x F, x W

where:

C - sample count rate, cpm,
B - background count rate, cpm,
E - counting efficiency, as determined in 6.1,
V - volume of the distilled sample aliquot mixed with LSC in ml

(example: 4 ml), (from 5.4 or 4.4.7)
VL - volume of filtered leachate, ml,
F - recovery factor, as determined in 6.3,

- weight of sample leached, g,
Q - factor or factors to account for sample dilutions or needed to

produce the appropriate reporting units. These factors shall
be documented as part of the project record.

7.0 Records

Records will be maintained and controlled so as to conform to
requirements of PNL-MA-70, PAP-70-1701. Laboratory Record Books (LRB)
and.Analytical Report Cards/Data Sheets provide a mechanism for control
of most records. Laboratory Record Books will be used in accordance
with the ACT NOW Directive 89.1.
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PNL TECHNICAL PROCEDURE

8.0 Specific Qualification

This procedure describes the calibration of instrumentation using
radionuclide standards in analysis process control and, as such, is
considered self-qualifying as defined in PNL-MA-70, PAP-70-901.

9.0 References-

"Tritium in Drinking Water, Method 906.0",Prescribed Procedures for
Measurement of Radioactivity in Drinking Water, EPA-600/4-80-032, August
1980.
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TRITIUM ANALYSIS LOG SHEET

Pipet No. Nominal Vol. Calibrated Vol. + Error D a ti2 .eL

50_lambda____

A00 1am ibd _

4 ml

Balance No

Sample No:

beaker + saaple

beaker wt.

sample wt.

leachate Vol.

Sample No:

beaker + samp

beaker wt.

sample wt.

leachate vol.

Backqrounds:

Blank #1 Vol __

Blank #2 Vol

Distilled Water Stds: Spike I. d.

Std #1 nominal vol.

COUNTING ALIQUOTS FOR ALL SAMPLES:

Sample No:

Nominal Vol:

Sample No:

Nominal Vol

AnaIyst 'z Siqnajre

Matrix Spike Sample

Spike i.d.

nominal vol.

leachate vol.

Sample No:

beaker

beaker

sample

No

+ sample

wt.

wt.

leachate Vol.

Raw Water Stds. #1 and #2;

Spike i. d.

nominal vol.

Std #2 nominal vol.

Matri x Sampi

Nominal

Sample No:

N m i na i

e No:

Vol

Vol.

Date

A03-041

IF SOLID SAMPLES:
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Exhibit 2

FLOWDIAGRAM FOR TRZTIUM ANALYSIS

Sample

Liauid

4.4.1 Raw Water 4.2.1 Samvle

4.4.1 spike 5.1 Distill

5.1 Distill count

Count

4.3.1 Solid

4.3.2 Leach -------- Filtered soil

Leachate 4.3.12 Spike

4.3.8 DQstl 4.3.2 Loachats

5.1 Distill 4.3.8 Distill

Count 5.1 Distill

Count

Water Standards and Blanks

4.4.2 Water

4.4.3 Distill

4.4.5 Blanks (2) 4.4.6 A.HQ std 1

spike 50.000 dom

Count Count:

4.4.6 dia..A2LnLtfl.

snike 100.000 dom

iains
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PNL TECHNICAL PROCEDURE

TITLE: PNL-ALO-443, LIQUID SCINTILLATION COUNTING PROCEDURE FOR TRITIUM

APPLICABILITY

This procedure is applicable to the operation of the Beckman LS 8000 liquid
scintillation counting system located in the 329 Building. The procedure was
developed by PNL scientists and reflects over 10 years of experience in liquid
scintillation counting methods.

DEFINITIONS/ACRONYMS

LRB - Laboratory Record Book
LSC - Liquid Scintillation Counting
DR - Deficiency Report

RESPONSIBLE STAFF

Cognizant Scientist
Analyst/Technician

PROCEDURE

1.0 Liquid Scintillation Counting (LSC) System Description

The LSC system is designed for counting 3H, 4C, 11P and other beta-.
emitters. However, virtually all alpha, beta, x-ray, positron, and
gamma emitters, properly prepared, can be counted with good efficiency.

The 329 Building LSC system is a two-channel spectrometer with a 300-
sample capacity. The instrument utilizes microprocessor technology and
is equipped with Automatic Quench Compensation (AQC), H-Number (quench
monitor), Graphic Display, ten factory-installed counting programs
(Library Programs) in an unalterable memory, keyboard operations,
program editing feature, and an interrupt function. The system is
provided with a Teletypewriter for data readout, a Bar Graph Display,
and a Random Coincidence Monitor.

Author Data Project Ugr. Date QAD Representative Dat.

Technical Reviever Dat. Line Igr. Date Other Dat.
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PNL TECHNICAL PROCEDURE

The LSC system is intended for use by operators experienced with the
methodology of in vitro diagnostic, radioassay, and nuclear chemistry
procedures which require nuclear counting of certain reagents with
particular energy bands by liquid scintillation techniques.

1.1 Components in the LSC System

The LSC system is a Beckman LS-8000, serial number 7804114. The
system consists of a 300-sample conveyor sample changer,
photomultiplier tubes, circuit boards and operator/program
selection towers.

1.2 Counter Quench Correction

The system is equipped with an external standardization method in
which a high-energy gamma source ('37Cs) can be automatically
positioned near the sample vial to produce a continuum of Compton
recoil electrons which can excite solvent molecules that will
eventually transfer the energy of excitation to solute molecules to
produce photons. If quenching is present in the sample, the
resulting Compton pulse height distribution is affected in the same
manner as the light distribution of the radioactive sample. The
true quench level of the sample is expressed as a shift in the
Compton edge of the sample relative to an unquenched sample and the
difference in the channel settings represents- the extent quenching
has affected the light output.

The microprocessors in the LS 8000 system analyze the Compton
distribution to determine the location of the Compton edge of the -
sample. This determination is based on measurinv the area of the
Compton edge in special, discrete counting channels to determine
the inflection point of the edge. When compared to the channel
setting of the inflection point of an unquenched sample, the H-
Number or difference in channel settings is determined.

Samples counted with an H-Number can be subjected to quench
correction in order to determine actual sample activity-
disintegrations per minute (dpm) - regardless of quenching in the
sample. Quenched standards, which contain the same type of isotope
as in the sample but whose activity is known, are prepared and
counted to determine count rates-counts per minute (cpm). H-
Numbers are measured for each standard and a quench curve generated
which relates the counting efficiency of each standard to its
corresponding H-Number. This becomes part of the permanent record
in.the software program used for the specific analysis.

__1
Procedure No. Revision No. Effective Oat. Page of
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PNL TECHNICAL PROCEDURE

1.3 Counter Performance Tests

The geometry of the LSC system is fixed and depends on the smooth
operation of the sample changer and the pedestal of which counting
vials are lowered in front of the photomultiplier tube. Any
malfunction of this portion of the LSC system will be recognized by
the control circuits and printed as an appropriate note on the
readout tape.

1.3.1 Sealed 3H and blank standards (Beckman Nos. H277092 and
B11080, respectively, or equivalent) shall be counted before
each set of samples and the count rates compared with
previously recorded counts to verify consistent system
operation. The count rates of these standards shall be
recorded in the Beckman LSC LS8000 notebook. The isotope
standard count rates shall be within 3a of the mean as
established previously, after decay correction, and
background count rates shall be within 3a of the previously
recorded backgrounds.

1.3.1.1 Control charts shall be set up and maintained as
per PNL-MA-597, Vol 1, Section 7.

1.3.2 Discontinue counting the sample set if the sealed standards
exceed the control limits specified in 1.3.1. After
cleaning the vials, recount the sealed standards two times.

1.3.3 If both recounts are in control, counting may continue-on
any remaining samples in the set. If both recounts of each
standard are not within the control limits, any data
collected is disqualified. The samples shall be recounted
after the equipment is repaired or the samples may be
prepared again and reanalyzed. A sign shall be posted on
the LSC system indicating the instrument is out of control
and shall not be used until repaired and recalibrated. A DR
is needed if samples have been counted.

1.3.4 The record of these count rates also assists the Beckman
service representative to analyze specific system operating
parameters during preventive maintenance and troubleshooting
activities. The LSC system performance is also monitored
with each set of samples inserted for analysis. At least
two spiked samples and two blanks, matching the specific
characteristics of the sample set with respect to
scintillator and dissolved sample aliquot, are counted

Procedure No. Revision Io. Effactiv. Date Page of
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PNL TECHNICAL PROCEDURE

scintillator and dissolved sample aliquot, are counted
(corrected for 3H decay) and compared with previously
recorded 3H count rates.

2.0 Sample Counting

2.1 When setting up blanks, standards and samples in the conveyor
sample changer for counting in the liquid scintillation system,
place them in the following order: tower #1, the sealed blank, the
sealed 3H standard, blanks (backgrounds), distilled water standards
(for d/c), samples and then a stop tower. Log positions on the
3000 Tri Carb data sheet (Exhibit 1. It is only used to log in the
blanks, standards and sample positions in the cassette. The
control settings section of the form shall not be filled in for
this instrument).

2.2 Print out the program logged into the system by pressing the
following key on the key pad of the LSC system:

Print Program Summary

If the current operator number is not 1 and the program is not 1
then proceed. If the operator number is 1 and the program is one
and the sample count time is 100 min. then proceed to step 2.7.

2.3 Recall the operator's number using the key pad on the LSC system by
pressing the following keys in the following order:

User Number - #1 - Enter - Proceed.

2.4 Input the correct program by pressing the following keys in the
following order on the key pad:

Library Program - 1 - Enter - Proceed

2.5 Input the correct count time for samples by pressing the following
keys in the following order on the key pad:

Common Parameters - 1 - Enter - 100 (min) - Enter - Proceed

2.6 Print out the program to make sure the parameters are correct by
pressing the following key on the key pad:

Print Program Summary

Procedure No. Revision No. Effective Date f Page of
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PNL TECHNICAL PROCEDURE

2.7 If all is correct on print-out as above, start counting the sample
set by pressing the following key on the key pad:

Auto Count

2.8 When all counting is complete for the sample batch/set, evaluate
the instrument printed data for the sealed blank and standards per
section 1.3.

2.9 Calculate activities of samples, raw standards, distilled standards
and blanks/ backgrounds in accordance with instructions from the
cognizant scientist or as required by the analyte analysis
procedure (e.g. PNL-ALO-441).

3.0 Records

Records will be maintained and controlled so as to conform to
requirements of PNL-MA-70, PAP-70-1701. Laboratory Record Books (LRB)
and Analytical Report Cards/Data Sheets provide a mechanism for control
of most records. Laboratory Record Books will be used in accordance
with the ACT NOW Directive 89-1.

4.0 Specific Qualifications

- This instrument is calibrated using radiochemical standards and as such
is self qualifying as per definitions in PNL-MA-70, PAP-70-901.

5.0 References

Beckman LS 8000 Series Liquid Scintillation System Manual

Procedure No. Revision No. Effective Date Page of
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TITLE: PNL-ALO-462, SOURCE PREPARATION FOR GROSS BETA ANALYSIS

APPLICABILITY

This procedure is applicable to the samples received for gross beta analysis.
The methodology in this procedure is consistent with that outlined in
procedure 9310 of the SW 846 methods manual.

DEFINITIONS/ACRONYMS

cpm - counts per minute
conc. - concentrated

RESPONSIBILITIES

Cognizant Scientist
Analyst/Technician

PROCEDURE

Prerequisite: Personnel trained in this procedure may perform the work.
Training Records are kept on file in the Section Office.

1.0 Tolerances for all measurements made during an analysis shall be
specified in some manner: 1) State with a measurement value given in a
method or 2) as specified below if not stated with a measurement value.

(a) Unless otherwise specified, all values for measurements stated in
the methods (volume, weight, time, etc.) are approximate values.
The actual measurements used, however shall .be within ±10% of the
stated value.

(b) When one or more significant figures are given to the right of the
decimal point, the tolerance limit is ±5 in the next digit located
beyond the last one stated.



PNL TECHNICAL PROCEDURE

2.0 Quality Control

Except where responsibility is specifically assigned to a cognizant
scientist, the analyst may perform all work. All pertinent data,
observations and calculations, e.g., aliquot volumes, shall be recorded
on a Beta Counting Data Sheet (Exhibit 1) or on an Analytical Data Sheet.

All quality control data shall be maintained and available for easy
reference or inspection.

Two quality control options (A and B) are defined. Option A shall be
used unless a Statement of Work (SOW) written by a client defines CERCLA
requirements. Option B shall then be followed. The analyst will
recognize the need to use Option B when a Chain-of-Custody (COC) defines
a Test Instruction. Additional QC samples may be requested by a client
in an Analytical Request Form (ARF) or a Statement of Work (SOW), and
these will be conveyed to the analyst through a Test Instruction (TI).

A. A minimum of one blank per sample batch (20 samples or less) shall
be employed to determine if contamination is occuring. Run
duplicate analysis upon client request. Except when QA Level III is
specified, one spike sample or standard (NIST traceable or
commercially certified) per batch shall also be analyzed to ensure
that correct procedure is followed and that all equipment is
operating properly.

B. For all SOWs written by WHC for CERCLA protocol requests for
analysis, a minimum of one blank per sample batch (20 samples or
less) shall be analyzed to determine if contamination is occuring.
One duplicate sample shall be analyzed for every 20 samples or for
each set, whichever is smaller. A duplicate sample is a sample
brought through the whole sample-preparation and analytical process.
A spike sample or standard (NIST traceable or commercially
certified) shall be employed for every 20 samples or per every set
of samples, whichever is smaller.

3.0 Reagents and Apparatus

Nitric acid, 8N - dilute 500 ml reagent grade conc. HNO 3 with deionized
or distilled water to 1000 ml

Hot plate

Heat Lamp

Procedure No. Revision No. EffPctiv. Oat. page of
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Stainless steel dish, 1-inch diameter, flamed - heat on high setting on a
porcelain top hot plate until color changes to dark brown/black (3-5
minutes). Remove to cool.

4.0 Sample Preparation and Analysis

4.1 Evaporate the sample or sample aliquot to a few ml (1-5) on a hot
plate. Do not evaporate to dryness.

4.2 Quantitatively transfer the sample to a flamed 1" counting dish
using 8N HNO3 . Evaporate the solution under a heat lamp to dryness.

4.3 Count the beta activity (refer to procedure PNL-ALO-463). Record
all pertinent data including sample identification, sample volume,
and all counting data on a Beta Counting Data form (Exhibit 1).

4.4 Calculate total beta activity:

A - cm x d/5
B

where:

A - net beta activity of the sample

cpm - gross counts per minute beta less background cpm (from the
most recent background count which must have been taken within
the last week)

d/c - disintegrations per count, an efficiency factor (see
PNL-ALO-463)

B - factor to account for sample volumes, dilutions, weights,
leach solution volumes and any other factors needed to produce
the appropriate reporting units. These factors shall be
documented as part of the project records on the Beta Counting
Data Sheet (Exhibit 1) or on an Analytical Data Sheet.

5.0 Reference

SW-846, Method 9310, 3rd Edition.

Procedure No. Revision No. Eflective Data Pago of
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TITLE: PNL-ALO-463, BETA COUNTING-PROCEDURE

APPLICABILITY

This procedure is applicable to the operations of the Beta Counting Systems
located in the 329 Building as they are applied to the analyses of samples for
beta-emitting radionuclides. The objective of this procedure is to
communicate both specific and general information regarding the analytical
operations of a beta counting system. The information shall be complete
enough to allow someone skilled in the art to be able to reproduce any work
performed with this type of a counter. This procedure was developed by PNL
analyti-cal radiochemists and is based on over 10 years of experience in
analyzing samples for beta activity.

DEFINITIONS/ACRONYMS

cpm - counts per minute
bkg - background
LRB - Laboratory Record Book

RESPONSIBLE STAFF

Cognizant Scientist
Analyst/Technician

PROCEDURE

1.0 Tolerances for all measurements made during an analysis shall be
specified in some manner: 1) State with a measurement value given in a
method or 2) as specified below if not stated with a measurement value.

(a) Unless otherwise specified, all values for measurements stated in
the methods (volume, weight, time, etc.) are approximate values.
The actual measurements used, however shall be within ± 10% of the
stated value.

Author Date Project Mgr. ont. QAD Iepresentative Date

Technical Revever Date Line Ugr Date other Date
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PNL TECHNICAL PROCEDURE

(b) When one or more significant figures are given to the right of the
decimal point, the tolerance limit is ± 5 in the next digit located
beyond the last one stated.

Except where responsibility is specifically assigned to a cognizant
scientist, the analyst may perform all work. All pertinent data,
observations and calculations, e.g., aliquot volumes, shall be recorded
in a project record in a manner traceable to the sample (i.e., Beta
Counting Data Sheet or an Analytical Data Sheet). All data pertaining
to counter performance tests (control source counts), counter background
counts, and instrument repairs shall be documented in the "Beta Counter
Calibration" notebook.

2.0 Beta Counting Description

Both regular and low-background beta counting systems are located in the
329 Radiochemistry Lab. The background on the low-background systems is
typically. s 1 cpmn while the background on the regular systems is
typically 10-20 cpm. Low-background beta counters are used to measure
low-level concentrations of beta emitting radionuclides in samples.

The beta counting systems consist of end-window gas-flow proportional
counters, pre-amplifiers, amplifiers, timers and scalers. The low
background systems have an additional array of gas-flow proportional
counters which surround the detector and provide pulses which serve to
reduce the registration of counts from cosmic ray and other background
sources by means of anticoincidence gate circuitry. The detectors
operate with P-10 counting gas (90% argon + 10% methane). The counter
windows are aluminized 1/4 mil mylar.

3.0 Geometry Measurement

The efficiency due to geometry of each instrument shall be measured
using the 90Sr + 90Y standard source whenever a detector has been
repaired. The standard source currently in use contained 28312 dpm beta
± 2% on June 14, 1963, traceable to NIST, as referenced in LRB 53293,
page 8. The source is evaporated on a 1-inch stainless steel dish.
Using this source, counting efficiency of all shop-made counters in 329
Building has been maintained within ± 3% of the efficiency established
in 1963. The history of these counters is documented in chronological
Beta Counter Logbooks.

Another NIST-traceable beta source may be used to maintain the system as
long as the efficiency determined with that source is first established
in comparison to the historically-used standard source.

Procadure No. Revision No. Effective Date Page of
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3.1. To establish the geometry, place the beta standard source on the 1"
dish holder assigned to the instrument being tested. Slide the
dish holder into shelf 1 of the counter.

3.2 On the low background counters, press the "Noise Rejection
Disabled" button. Set the counter for a counting interval
sufficient to accumulate a minimum of 10,000 counts and start the
count. Record the date, voltage setting of the power supply and the
count time in minutes in the Beta Counter Calibration notebook on a
Counter Control Data form (Exhibit 1). When the count interval is
completed, record the number of counts.

3.3 Repeat step 3.2 for a total of five counts.

3.4 Obtain the most recent background cpm (within the last week) and
record it. Compute the net cpm for each count as follows:

net cpm - counts - bkg cpm
count time

3.5 Determine the average net cpm for the five counts and record it.
Determine the geometry as follows:

efficiency due to geometry - average net com
dpm in std

A d/c factor is often used in sample calculations instead of an
efficiency factor (c/d). It is defined as:

d/c - dpm in std
net cpm

3.6 Record the geometry. The geometry of the system shall be within
0.549 x 2% (i.e., 0.538 - 0.560). If geometry is not within
limits, a cognizant scientist shall evaluate the counter and shall
perform repairs or adjustments, if necessary, and/or repeat steps
in section 3.0. This evaluation and any actions taken shall be
documented.

4.0 Counter Performance Tests and Quality Control

Control of each beta detector and counting system performance shall be
established by measuring NIST-traceable control sources. These sources

Procedure No. Revi.iqn No. E tive Daw Page of
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consist of 90Sr + 90Y solution evaporated on standard 1" stainless steel
dishes.

Control of system performance shall be reestablished according to
Section 3.0 and steps 4.1 - 4.5 when a new detector is put in operation,
when control source analysis warrants it (see steps 4.4 - 4.6) or when a
cognizant scientist determines that the replacement of an electronic
component makes it necessary.

When instruments are in nearly continuous use, a periodic check of
performance shall be made (at least once a week). If the instrument is
not used for an extended period (2-3 weeks or more), these checks may be
discontinued until the operations are again started. Control checks
shall be made as follows:

4.1 Count the assigned control source (90Sr + 90Y) on each counter for a
time sufficient to accumulate a minimum of 10,000 counts (usually
10 minutes). On the low background counters be sure to press the
"Noise Rejection Disabled" button. Record the date, high voltage
setting, total counts, length of count and the most recently
measured background cpm (within the last week) in the Beta Counter
Calibration notebook. In addition, all instrument settings shall
be recorded.

4.2 Calculate the net cpm for each count as follows:

net cpm - counts - bkg cpm
count time

4.3 After a total of 10 control counts have been recorded, compute the
mean and standard deviation and record on the Counter Control Data
form.

4.4 When each subsequent control count is made, all instrument settings
shall be examined and verification made that none of the settings
established in step 4.1 have been changed (except for the count
time). This verification shall be documented in the Beta Counter
Calibration notebook with the control count data. If any settings
have been changed, this shall be recorded. The system shall be
posted "Out of Control" until a cognizant scientist evaluates the
changes, establishes and documents the effect of any past data, and
determines if any instrument repairs or adjustments are required.

Procedure No. Revision No. IEffective Date Page of
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4.5 For control purposes, any subsequent control count shall be within
2% of the mean value or within ± 2 standard deviations of the mean,
whichever is the larger limit. Suspect data is rerun.

4.6 If a count is not within the control limits, it shall be labelled
"out" on the Counter Control Data form and thc control source shall
be recounted twice and recorded. If either recount is also outside
the control limits, a sign shall be posted on the instrument: "Out
of Control. Do Not Use" and a DR per PNL-MA-70, PNL-70-1502 shall
be prepared. A cognizant scientist shall evaluate the system and
determine if instrument adjustments and/or repairs are required and
shall reestablish control of the counter. This evaluation and
repair shall be documented in the Beta Counter Calibration notebook
and on the DR. All samples counted on this detector since last
acceptable control check shall be reanalyzed or recounted on
detector that is in control unless the cognizant scientist has
determined that the problem is clearly with the control count only.
An example of this would be an error in the control count
calculations.

5.0 Background Measurements

5.1 When a counter is in nearly continuous use, a background of the
counter shall be taken at least once each week. Determine the
background by counting a new, unused, ethanol-rinsed standard 1"
dish. Count for 1000 minutes. Record the date, length of count
and total counts in the Beta Counter Calibration notebook.
Backgrounds are normally recorded on Counter Background forms
(Exhibit 2).

5.2 Calculate the bkg cpm as follows:

bkg cpm - counts
count time

This bkg cpm is used in calculating control count and sample
counting results.

5.3 Before using a detector for sample analysis, a Cognizant Scientist
compares the current background with sample detection limit
requirements and determines if the detector is suitable for the
measurement. If the background is too high to achieve the
requested detection limit, i different, lower-background detector
shall be used, and/or the high-background detector shall be
replaced with a new detector.

Proc.dure No. Revision No. Effective Date Page of
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6.0 Counting Samples

Specific sample preparation and count times vary greatly depending on
the matrices involved and the analyses desired. Specific step by step
radioanalytical preparation procedures have been employed to cover the
samples analyzed.

6.1 Sample Counting Procedures

6.1.1 Place the sample on a counting dish and then place the dish
onto the dish holder. Slide the dish holder into the
counter.

Check to make sure voltage setting is the same as the
current efficiency factor was based on (Exhibit 1).

6.1.2 Initiate the count and record the sample identification, the
date/time of counting, and the length of count. when the
count has completed, record the number of counts and record
the most recent background cpm (within the last week) from
the background data in the beta counter control notebook.
All data shall be recorded in the sample LRB or on the Beta
Counting Data Sheet for the sample.

7.0 Specific Qualifications

This procedure utilizes chemical standards for procedure control and as
such meets the definition to be self-qualifying as per PNL-MA-70,
PAP-70-901.

8.0 Records

All data pertaining to counter performance tests (control source
counts), counter background counts, and instrument repairs shall be
documented in the "Beta Counter Calibration" notebook in Room 16A of 329
Building.

Records will be maintained and controlled so as to conform to
requirements of PNL-MA-70, PAP-70-1701. Laboratory Record Books (LRB)
and Analytical Report Cards/Data Sheets provide a mechanism for control
of most records. Laboratory Record Books will be used in accordance
with the ACT NOW Directive 89.1.
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This procedure describes the generic methods of Gamma Spectroscopy used to
obtain elemental and radionuclide concentrations in test materials (samples).
It is applicable to samples that contain radionuclides emitting gana photons
with energies ranging from about 50 to 3000 keV 4tig t AXAgM& 2< k
with i energ y rag ij; , dret r ILE'M MR R

This procedure is used to ensure that the gamma-ray spectrometry results
obtained for various biological, geological, and other samples are accurate
and reproducible. Although gamma spectrometry is a relatively straight-
forward method used to determine gamma-ray emitting radionuclide
concentrations, it is crucial that all of the counting system components be
operating properly on a day-to-day and year-to-year basis.

This procedure provides an overview of gamma spectroscopy, the spectrometer
systems, and the data analysis programs used in the reduction of data. This
procedure was developed by PNL Scientists, and reflects over 10 years of
experience in gamma-ray spectroscopy of a wide variety of samples.

APPLICABILITY

This procedure is implemented to assure quality and is approved and written to
conform with PNL-MA-70.

This procedure is applicable to the Counting Room Manager and trained and
qualified personnel within the Analytical Chemistry Laboratory and Nuclear
Chemistry Department of PNL.

This procedure is primarily intended to assure that the samples are counted on
the gamma spectrometry equipment in the proper manner and that the data
reduction is performed appropriately.
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- to acquire data via digitized pulses from radioactive
sources in gamma spectrometer systems

rce - aliquot of known mixed radioactive source contained in a
specific counting geometry

ector - Part of the gamma detector system which includes the
actual detector-crystal in a metal cylindrical housing and
its immediate electronics up to the preamplifier

thium Drifted Germanium Detector.

STAFF

om Manager
taff Members/Analysts

diverse nature of experimental techniques that employ gamma
y, it is not feasible to write one all-encompassing procedure in
over all of the possible variables. Rather, a generic procedure
a typical gamma spectroscopy system along with the equipment used.

cussion of spectrometer stability and reliability will also be
ong with its relevance to gamma spectroscopy.

ances

inces for all measurements made during an analysis shall be
fied in the following manner: 1) a tolerance limit can be stated
measurement value given in a method, or 2) if a tolerance limit
stated with a measurement value, then the following system of

ances shall be in effect:

hen two or more significant figures are specified, the tolerance
imit is ± 5 in the next digit beyond the last one stated. For
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eans 369.0 ± 0.5 mL.
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60

b.2 If a single significant figure is specified, the actual measurement
shall be within ± 5% of the stated value. For example, 20 mL means

a volume between 19 and 21 mL.

2.0 Equipment and Materials

Radioactive Standard Sources such as the Amersham Mixed Radioactive
Source which contains the following radionuclides: 57Co, 60Co, 85Sr, 88Y,
'09Cd, "13Sn, 13 Cs, 203Hg, and 24 1AM; and/or other radioactive control
sources containing 241ZM, '3TCs and wCo.

Detectors - Nal(Tl), Ge(Li), intrinsic germanium (IG), low-energy photon
detector (LEPD), multidimensional detector.

Associated Electronics - high voltage power supply, preamplifier,
amplifier, analog-to-digital converter, pulse pile-up rejector/live-
time corrector, and multichannel analyzer.

DEC PDP 11/44, DEC uVAX, or a PC computer for data reduction.

3.0 General Information

A wide variety of gamma counters, each with distinct advantages, has
been developed. According to common definition, the detectors are
called either scintillation or solid-state detectors. The large sodium
iodide scintillation detectors can be used to good advantage where it is
necessary to count large samples since the counting geometry is not as
critical. If the gamma spectrum is simple and of sufficient activity to
overcome the system background, then the NaI(Tl) detector can count more
samples per time than the solid-state diode detectors for a given
accuracy. In general, the NaI(Tl) detector is more sensitive than the
solid-state detector. However, the solid-state detector (diode) will
have significantly better peak resolution.

3.1 The Building Blocks

A. Detector

The detector for the gamma counter may be Nal(Tl), Ge(Li), an
intrinsic semiconductor detector (e.g., pure Ge) or a complex
interconnection of the above detectors to enhance background
suppression and permit coincidence/noncoincidence modes of
operation.

The NaI(Tl) detectors are scintillators which require a
photomultiplier closely coupled optically to the detector to

Procedure No. Revision No. Effectiy. Oat. Pig. of
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change the light pulses occurring in the NaI(Tl) to electrical
pulses. The semiconductor detectors generate hole-electron
pairs, which induce a current proportional to the incident
gamma-ray energy.

B. Power Suoaly

Each detector requires a stable high voltage supply.
Generally, about 1250 volts on the photomultiplier is used, or
2500-4000 volts on a semiconductor-type detector is used.

C. Preamplifier

The preamplifier is a very stable, linear-pulse amplifier used
mainly for conditioning the detector signals and for driving
the amplifier transmission line. Most recent preamplifiers are
designed with an FET input transistor which operates at very
low noise levels and small capacitances. The preamplifier also
is designed as a pulse-pass filter, which effectively reduces
noise levels passed on to the amplifier. Most preamplifiers
have a gain on the order of 1 to 10.

D. Amplifiers

The modern amplifier has two functions: 1) to provide a gain
in signal amplitude of about 1000 with very good stability, and
2) to act as a pulse-shaping network. The gain controls
(coarse and fine) are two of the most important controls used
by the operator, as these controls are used to adjust the
standard peaks to the proper channels for energy peak
calibration. It is important to remember that because the
different electrical system components are interconnected, an
adjustment of one component often affects the others. Thus,
when an adjustment is made in one section, the total system
shall be checked to see that it is working properly.

E. The Analog-To-Diaital Converter (ADC)

The purpose of the ADC is to convert the pulse height of the
amplifier pulse into a train of pulses (the train length is
proportional to pulse height). Once digitized, the pulses are
accepted into the analyzer memory. The zero adjust and the
upper and lower discriminator controls are on the ADC.
Usually, only the zero adjust is changed after the instrument
is set up. Usually, this zero adjust is set to allow the first
channel to correspond to 0 keV.

Procedure No. Revision No. Effective Date Page of
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The discriminator controls are for eliminating excessive noise
counts. Typically, the upper level discriminator should be set
just below the maximum energy being converted by the ADC. The
lower-level discriminator is set to eliminate low-energy noise
signals. Normally, these controls are initially set and
require no further adjustment.

F. Pulse Pile-Up Reiector

The pulse pile-up rejector is a special device connected to the
amplifier and ADC. It contains special circuitry that detects
incoming pulses that are so close together that the regular
circuitry cannot determine that they are separate pulses. If
these pulses are allowed to pass through the system, they would
be recorded as summed pulses; that is, a large pulse of higher
energy than the separate pulses. The pile-up rejector detects
changes in the initial slope of the pulse to decide whether or
not a pulse is to be accepted. 'If the pulse is rejected, the
pile-up rejector turns off the internal timer and the ADC until
sufficient time has elapsed for the sum pulse to decay away.
Without the pulse pile-up rejector, the summed pulse would
likely be counted as either representing the presence of a
nonexistent radioisotope or added to the-total counts in the
spectrum in a channel area, which may or may not correspond to
a real radioisotope. The pulse pile-up rejector is not needed
for low count rates.

G. The Analyzer Memory

The peak height of the counted pulse from the ADC is digitized
so that it can be stored in the memory as a binary number.
This allows a spectrum to be stored in a binary number
distribution that is sorted according to precalibrated energy
channels. At the end of the counting period, the appropriate
channels (2048 or 4096) in the memory will contain the entire
integrated spectrum in digitized form. These data may be
retrieved in the form of counts per channel or may be
transferred to a computer for rapid and complete data analysis.

4.0 Counting Systems

Any of these counting systems may be selected for counting a sample.
Selection is based on sample type and size, anticipated level of
radioactivity, specific radioisotopes of interest, required detection

Procedure Ni. Revision No. Effective Date Pug. of
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limits, etc., and the choice is made by the cognizant staff
member/analyst.

4.1 Multidimensional Sodium Iodide System

A; ichemat4cdgraVo typic a't~ '4*m ggjjuggr
lctnc4 sshqw1p(Efgure The e ec ronic components are

listed with their manufacturer model numbers. These, equivalent,
or superior components are to be used.

A mixed 60Co and 137Cs standard is used for control determinations
for each of the four multidimensional counting systems. Each
standard is housed in a 1" x 6" diameter polyvinyl chloride (PVC)
housing and absorbed onto A1203 powder.

4.2 Low Energy Photon Detectors (LEPD)

T.. 8.Eintrs ic 'Ge detctoK systims ist aryP~hton
Qetectors (LEf'D) andxtypical ~associaJljei qlfllggpnetjJare
diagra4d 1 SwFigurenZ. The electronic components are listed with
their manufacturer model numbers. These, equivalent, or superior
components are to be used.

Natural uranium standards are used for control standards. Each
standard is in a pellet geometry enclosed in 'plastic to prevent
detector contamination.

4.3 Conventional Ge(Li) (or Intrinsic Ge) Detector

Diode "L", a typical Ge(Li) detector, is used for measuring the
gamma energy spectrum between 50-3000 keV. This diode and its
associated electronic components are diagrammed in Figure 3. The
electronic component configuration is shown with listed
manufacturer model numbers. These components, equivalent, or
superior models are to be used with this detector.

A mixed 241AM, '0 Co, and 137Cs standard is used for control
determination. This standard closely approximates a point source
and is mounted on aluminum plates specially designed to fit the
machined plexiglass holder used for diode "L".

4.4 Coincidence-Noncoincidence Ge(Li)-NaI(Tl) Detector

The detection capability of these systems is similar to that of a
standard Ge(Li) type (i.e., "L"). However, the coincidence-
noncoincidence configuration offers better signal-to-noise ratio
for single gamma emissions. Diode "I" and its associated

Proc urA o4 Revision -o. Effective Dat Pag. of
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electronic components are diagrammed in Figure 4. The electronic
component configuration is shown with listed manufacturer model
numbers. These components, equivalent, or superior models are to
be used with this detector.

The control standard of 24 Am, SOCo, and 1'3 Cs is similar to that used
with standard Ge(Li) detectors.

5.0 General Gamma Spectrometry Procedure

5.1 Calibration

Gamma-ray spectrometers must be calibrated so that the peak
energies appear at identifiable channel numbers. Absolute
efficiencies can then be calculated. This is accomplished using
isotope standards with accurately-known disintegration rates. A
typical isotope standard that has been used is a mixed radioisotope
Standard Reference Material (SRM) containing 5TCo, wOCo, 8sSr, M8y
'09Cd, 113Sn, 137Cs, and 203Hg. Each radioisotope has known branching
ratios for radioactive decay and easily recognizable (interference
free) gamma-ray peaks. This SRM is ideally suited for determining
the energy calibration and efficiency of the spectrometer.
Although it is not necessary that the standard contain as many
radioisotopes as indicated above to assure proper operation, it
should at least have radionuclides with gamma energies across the
spectrum being used for measuring unknown gamma energies.
Typ.a..y this covrs the energy range gf 5Q4t Q094keV r about
4 t@42P k2W fr.bi* wnrgy photof dtepe;

5.1.1 Energy Calibration

The gamma-ray spectrometer is calibrated for energy by
adjusting the analyzer amplifier gain to achieve the desired
resolution. Typically, a gain of 0.5 or 1.0 keY per channel
(See Section 3.1.0) is chosen by counting a standard
radioisotopic source (control source) containing at. least

3~ two radioisotopes--one with a high-energy gamma ray, and one
with a low-energy gamma ray. After the gain is set by the
analyst, the analyzer memory is cleared and the control
source is counted per Section 5.2 of this procedure to check
the gain setting. This energy calibration is usually
performed after initial instrument set-up, after a detector
is replaced, or after a detector is found to be out of
control as determined by PNL-ALO-470.4y

Procedur. lb. Rovision I.. Effective Date Page 14
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5.1.2 Detector System Counting Efficiencies

In addition to energy calibration, the gamma-ray
spectrometer absolute counting efficiences as a function of
gamma energy must be determined for each detector and for
each counting geometry in use on that detector. These
counting-efficiency versus gamma-energy data are determined
by counting a "standard" that is made from a
nationally-recognized reference material of known
radionuclide concentration and that is in the same physical
geometry as the "unknown" or samples which are to be
counted. The radionuclide reference material must contain
known amounts of various radionuclides that emit gamma
photons with energies well spaced over the normal range of
analysis. The Amersham Mixed Radioactive Source is an
example of a good reference material for use in making
"standards" to be used in establishing system counting
efficiencies.

The "standard" is counted in accordance with Section 5.2 for
the time required to yield specific integrated gamma-ray
peaks of s5% (preferably s1%) relative error from counting
statistics. The detector efficiency for a given integrated
gamma-ray peak (radionuclide) is calculated by hand and/or
by the computer by dividing the net count rate for the peak
by the product of the activity of the radionuclide in the
"standard" associated with that peak and the gamma-ray
abundance of the radionuclide being measured. Efficiences
for radionuclides not specifically determined by counting
the "standard" are interpolated by the computer from the
efficiency data obtained from that "standard" for the
detector and the specified counting geometry. Once the
detector system counting efficiencies are established via
this "standard," samples can be counted on the same system
and quantitative results obtained as long as the samples are
in the sample physical geometry and counted in the exact
same position relative to the detector as the "standard,"
and the detector stability is maintained via the control
check procedure (PNL-ALO-470).. The currently "calibrated"
geometries (i.e., sample geometries) for the gamma
spectrometer are listed in the "Packaging and Handling
Protocol for the Low-Level Counting Rooms 13C, 14C, and 40,
329 Building," as well as in Procedure PNL-ALO-105, Sample
Preparation for Gamma Counting. Counting efficiency data
and/or curves are on file for the currently "calibrated"

Procedure No. Revision No. Effgetiv* DsOe Pig. ofSEP 2 6 9Z
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geometries in Room 14C of the 329 Building, and are stored
in the counting system computer.

Naf:nrThi&ifl iTiy'for a ileb speci fih 'nfrgy maye be
8 d4ieterined~thstead of an efficiency tiwr s a

fiUnt'4 ik ergy when usin~g r LEP ',hs efffciency
mIiy 'bt'deteiin~ted by a adcluae neplto
4f'dat fromthe "standards" lnstead ofby, "computer."

Generally, detector/geometry counting efficiencies are
determined at initial system set-up, when a new detector is
Installed, when new counting geometries are established for
a given detector, or when a detector system is determined to
be out of control per PNL-ALO-470.

5.1.3 CalibratIon Control Checks

The calibration of the detector system Is monitored and
checked by periodic counting of a system "control check
source." This control source is a gamma-ray emitting source

r (of known gamma-ray energies and efficiencies) mounted on a
holder which Is placed onto the detector in always the exact
same position. Spectral data from the counting of the
"control check source" are examined for consistency of
photopeak activities (integrated net peak areas). The
counting of the control source checks that 1) the system is
functioning properly, and 2) the system remains stable. The
procedure for monitoring/checking the germanium
spectrometers used in gamma-ray counting is PNL-ALO-470. At

- a minimum, the calibration control check (PNL-ALO-470) is
conducted bi-monthly. More frequent calibration control_
checks may be conducted as specified by a Statement of
Work (SOW), Technical Project Plan (TPP) or Project Quality
Assurance Plan (QAPJP), or as determined by the cognizant
staff member.

5.2 Sample and Standards Counting

After verifying that the detector system to be used is in control
by checking the "Detector Reliability Chart" (See PNL-ALO-470), the
basic sample counting/data acquisition procedure is as follows:

5.2.1 Position

Position the sample in front of the detector using the
appropriate sample holder for the required geometry.

Procedur. N.. RevisIon Mo. Efcti,. Oat. Pig. of
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5.2.2 Analyzer Start-Up

Clear the analyzer memory and store a pre-set live-time
value. Start the analyzer counting and record the date and
time on a "Counting Sheet," or record directly into memory,
if appropriate. A typical counting sheet is shown in
Figure 5. Fill in known information on the counting sheet.
Initial the sheet with the individual's initials who started
the count, and sign the bottom of the sheet. The signature
at the bottom is only required once for each Counting Sheet.
For non-radioactive and low-level radioactive samples, the
sample count time is usually 1000 minutes.

5.2.3 Analyzer Shutdown

If the preset time has not elapsed and sufficient counts
have been acquired in the regions of interest to meet
precision requirements, stop the multichannel analyzer from
acquiring data. The multichannel analyzer stops
automatically when the preset time has elapsed. iither
case, record the elapsed tiei flatjLe adTiils
th Ana1yst changng the cont&O\ Athe
Anay is'different than iinS.2.2, e nayst also signs
at the bottom of the sheet. This sigpature at the bottom is
unly done once on each Counting Sheet. Ready the analyzer
to transmit the spectral data to a computer.

5.2.4 Data Transfer and Storage

Transfer the spectral data and accompanying sample
parameters from the analyzer to the data acquisition
computer system, and store the data on a magnetic storage
device (hard disk, floppy disk, etc.).

5.2.5 Data Identification

The following parameters shall accompany the spectral data,
on a hard copy printout from a printer and in the associated
file stored on a magnetic storage device:

a. Identification (sample description).

b. Computer file name (if on computer) unique to the
particular sample.

c. Start time of the count.
d. Time zero, i.e.; end of neutron bombardment for INAA and

RNAA; or,

Procedure No. Revision No. A03Pg of
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Date and time of sample collection for radionuclide
direct counting.

e. Live time of count (actual time the MCA is free to accept
pulses). This should be determined by the MCA and
transferred within the spectra.

f. Real time (the actual duration of count in regular clock
time).

g. Sample mass and/or volume.

5.2.6 Data Analysis

Use a gamma-ray data reduction program to analyze the
Individual spectra and calculate the final concentration
values. The calculated values may be verified by hand
calculations, if necessary. The programs used are:

- -"CANGAS" and/or "RAYGUN" for Instrumental Neutron Activation
Analysis and Radiochemical Neutron Activation Analysis;
"SUM" and/or "RAYGUN" for Natural Radionuclide counting; and
"MDA" for multidimensional analysis. The data .rductlon
etpoyedi ltWE&LEPD systems may include these of aPC
spreadsheet or hand calculations.

6.0 Gamma Spectroscopy Data Reduction

The gamma-ray data reduction programs are used to generate activity
and/or concentration values (d/m/unit, mg/g, %). The following
describes a basic method used to calculate the information from results
in an activity or concentration value. The same calculation may-be
performed by hand to verify the information. Pertinent calculations
performed determine the net count rate, N, and net count rate
uncertainty, oN. The RAYGUN data analysis code is significantly more
sophisticated.

The principle of gamma-peak analysis is outlined below.

Net Count Rate (c/m), R: The net count rate for any particular
gamma-ray is determined by integrating the channels containing the
photopeak and subtracting the background Compton. The net counts, N,
divided by the count time (CT) in minutes yields the net count rate
(c/m).

This technique can be explained by using a simplified diagram of a gamma
photopeak and a Compton continuum (Figure 6).

Procedure No. Revision No. Effective Date Page of
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Finally:

R t aR ' N t aR

In some cases, the system's background (Rekg) must be cor-rected for. In this case:

* 0N* N -N s (CT) ± [a2 + (G X CT) 2  1/2

- where

Rekg System's background count rate (c/m)
N* System's background corrected net

counts

In all cases, this calculation is performed; generally the system's
background count rate is insignificant when counting control standards.
The system backgrounds and their uncertainties are obtained from long
( 1000 min) background counts.

The count rate (R) is then used in the calculation of activity or
concentration as calculated by RAYGUN, SUM, or MDA for "direct
counting," and RAYGUN or CANGAS for comparative analysis as used in
instrumental neutron activation analysis.

Further information on each program is contained in the User's Guide
located in the Low-Level Counting Room in the 329 Building, or from
references, Laul, et al. and/or Hensley, et al.

7.0 Specific Qualifications

This procedure utilizes radiochemical standards for control,
meets the definition to be self-qualifying as per PNL-MA-70,

Procedure No. Revisio No
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8.0 Records

Records will be maintained and controlled so as to conform to
requirements of PAP-70-1701. Laboratory Record Books (LRBs) and Data
Sheets provide a mechanism for control of most records. Laboratory
Record Books will be used in accordance with the Act Now Directive 89.1.
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INTERIM CHANGE NOTICE
(ICN)
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ICN-PNL-ALO-465,4
Page 1 of I

A. Document Number:PNL-ALO-465 Revision Number: _-Q-- Effective
Document Date of ICN: 01/27/92
Title: Strontium-90 Analysis
Document's Change
Original Author: NL Wynhoff Requested By: NL Wynhoff

B. Action

Replace pages 9 through 11 with the attached pages.

C. Effect of Change

To make procedure read correctly.

D. Reason for Change/Description of Change

Reason for change: Sections 4.33, 4.34 and 4.35 were inadvertently left out
in the last ICN.

Description: Insert the attached pages.

E. Approval Signatures

(Please sign and date)

Type of Change:

L Minor

(Check (./)

Change

one)

Major Change

Process Quality
Department:GK Gerket M-e . Of'7:4 f519,-
Approval
Authority:AG King 1 -
Other
Approvals:BM Gillespie / -,Q1-

A03-082

Date:_/_f t-

Date:

Date:__ /
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INTERIM CHANGE NOTICE
(ICN) ICN-PNL-ALO-465.3

Page 1 of I

A. Document Number:PNL-ALO-465 Revision Number: .JQ_ Effective
Document Date of ICN: 11/04/91
Title: Stontium-90 Analysis
Document's Change
Original Author: NL Wynhoff Requested By: SK Fadeff

B. Action
Change step 4.41
Replace pages 9-11

C. Effect of Change
Allows for more complete separation of Na CO, from SrC03 . This will pro-
vide a more accurate product weight and tlerefore, more accurate results.

D. Reason for Change/Description of Change

Na2C03 is not always sufficiently washed away from the SrC03 product. This
procedural change will allow for complete separation.

Replace step 4.41 with the following:

Repeat step 4.40 except pour off the supernate into a clean
beaker. Add a drop of Ca2 2solution and visually check for a cloudy
precipitate. Discard the supernate solution. Repeat washing step until an
insignificant amount of CaCO, precipitate forms in the supernte solution
(as evidenced by visual examination). At this point, Na2CO3 is negligable
in solution.

E. Approval Signatures Type of Change: (Check (,/) one)

(Please sign and date) Minor Change Major Change

Process Quality
Department:GK Gerke - - Date: IA
Approval
Authority:AG King Date: )/
Other
Approvals:BM Gillespie A " , Date :_//5/

Date:_J
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INTERIM CHANGE NOTICE
(ICN) ICN-PNL-ALO-465.2-RO

Page 1 of I

A. Document Number:PNL-ALO-465 Revision Number: _,__ Effective
Document Date of ICN: -9/..2j6/91L
Title: Strontium - 90 Analvsis
Document's Change
Original Author: N. L. Wynhoff Requested By: S. K. Fadeff

B. Action

Replace pages 8 through 11 with the attached pages.

C. Effect of Change

To make procedure read like it did before ICN-PNL-ALO-465.1.

0. Reason for Change/Description of Change

Reason for Change: Sections 4.22 and 4.23 were inadvertently left out in
last ICN.

Description: Insert sections 4.22 and 4.23 at the top of page 8.

E. Approval Signatures Type of Change: (Check (./) one)

(Please sign and date) E Minor Change Major Change

Process Quality
Department: Date:jJ /9. I
Approval
Authority: Date:/_Q/Other
Approvals: Date:)fljJ±

Date://



INTERIM CHANGE NOTICE
(ICN) ICN- PNL-ALO-465.1

Page 1 of 2

\. Documcn Number: PNL-ALO-465 Reviiin Numbcr: 0 Effective
Documet Dato of JCN: / /
Tille: Strontium - 90 Analysis
Document's Change Requested By:
Original Author: N. L. Wynhoff S. K. Fadeff

Replace pagesftumber6 and 7.

C. IlIfYcx of Chunge.:
Allows analyst to address operational needs during the strontium separation that the
original procedure version did not allow for.

- D. R :sinm 1l&J X ChaJ1M /DecriP 0io t' of Cha uge
1. It is difficult to adjust the pH to exactly 5.0, an acceptable pH range is more

appropriate for step 4.14.
2. Plactic centrifuge tubes are less expensive and are perfectly acceptable for use in

step 4.16. In some cases, the supernate volume is too large to be handled iri one
centrifuge tube.

3. Environmental samples can be different enough from each other and thus require a pH
range before precipitate will form (section 4.17) upon addition of NH40H. If pH targe
is overshot, the analyst needs to back-adjust with acid.

. Soil samples typically need a larger volume of 6M HCl for complete dissolution of
precipitate, Section 4.19. A more successful dissolution can be obtained if oxalic

-.acid is added after the 6M HCi. CONTINUED ON PAGE 2

E. Approval Signatures

(llease Sign and Dale)

'1 pc of Change:

(X) Minor Change

(Check ( ) one)

00 Major Change

AuilwMru: ie

Approvals: .-

cl"r_

Daie: 31// /;

Date: -3/1/9

Date: /L
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ICN- PNL-ALO-465.1
Page 2 of 2

DESCRIPTION OF CHANGES

1. Section 4.14 - Delete "5.0"; insert "4.5 to 5.5".
2. Section 4.16 - In second sentence, add "or plastic" right after the word

"glass" and before "centrifuge". Add "(if supernate volume is large,
additional centrifuge tubes may be used to collect the supernate.)" to
the end of the second sentence.

3. Section 4.17 - After the second sentence, add "If a precipitate does not
form after reaching pH 5, continue adding NH40H until a precipitate does
form (up to pH 7.5).

After the first sentence, add "If the solution volume is large or
intensely colored such that the color change of brom cresol green
indicator is masked, 5 to 12 more drops of indicator may be added."

At the end of the second sentence, add "and HNO3."

4. Section 4.19, Prior to first sentence, insert "Dissolve sample in 5 mL
HCl or the minimum volume needed to obtain complete dissolution."

Delete second and third sentences.

Insert "Stir vigorously and" to the beginning of the last sentence.

A03--086
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PNL TECHNICAL PROCEDURE

TITLE: PNL-ALO-465, STRONTIUM-90 ANALYSIS (OXALATE-NITRIC ACID METHOD)

APPLICABILITY

This procedure is employed to analyze for Sr-90 in water and liquid leachate
samples. If the sample volume is large, an initial volume reduction is made
by precipitating strontium and other alkaline earth metals as carbonates. The
carbonates are then redissolved with nitric acid. Additional purification is
accomplished by precipitation as strontium oxalate metathesizing to strontium
nitrate. The strontium is finally precipitated as a carbonate, washed to
remove the excess carbonate, and dried on a dish. Strontium activity is
determined by beta counting. The yield is determined gravimetrically by
comparing the amount of stable strontium carrier added with the weight of the
strontium carbonate on the dish and by determining the Sr-90 yield from a
spiked sample run with each sample batch. This procedure was developed by~PNL5
Radioanalytical Scientists, and is based on over 10 years experience in Sr
radioanalytical chemistry.

DEFINITIONS/ACRONYMS

dpm - disintegrations per minute
cpm - counts per minute
ppt - precipitate
sat. - saturated
conc. - concentrated
method blank - deionized or distilled water (treated the same as a sample in

process).
LRB - Laboratory Record Book

RESPONSIBLE STAFF

Cognizant Scientist
Technician/Analyst

(Note: Except where responsibility is specifically assigned to a
Cognizant'Scientist, the Technician/Analyst may perform all work.)

Author Date Project yr. Date DAD Representative Date

Technical iever'/ Date Li negr. Dat. Other Date

Procedure No. Revision No. / Effective Date Page of
PNL-ALO-465 0 SEP 2 8 1990 1 i1
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PNL TECHNICAL PROCEDURE

PROCEDURE

1.0 Tolerances for all measurements made during an analysis shall be
specified in the following manner: 1) a tolerance limit can be stated
with a measurement value given in a method, or 2) if a tolerance limit is
not stated with a measurement value, then the following system of
tolerances shall be in effect:

(a) Unless otherwise specified, all values for measurements stated in
the method (volume, weight, time, etc.) are approximate values. The
actual measurements used, however, shall be within ± 10% of the
stated value.

(b) When one or more significant figures are given to the right of the
decimal point, the tolerance limit is ± 5 in the next digit located
beyond the last one stated.

2.0 Quality Control

Two quality control options (A and 8) are defined. Option A shall be
used unless a Statement of Work (SOW) written by the client defines
CERCLA requirements. Option B shall then be used. The cognizant
scientist will recognize the need to use option B when a Chain-of-
custody (COC) defines a Test Instruction. Additional quality control
samples may be requested by the client in an Analytical Request Form
(ARF) or a Statement of Work (SOW). The cogni&ant scientist will convey
these additional requirements to the analyst through the Test Instruction
(TI).

A. At a minimum a method blank and a Sr-90 spike sample shall be
analyzed with every set (8 or less) of samples. This spiked sample
is used in calculating the sample yield.

Note: A spike sample for soils/solids/sludges is defined in
Section 4.0, QC for Soils/Solids/Sludges.

B. For all SOWs written by a client for CERCLA requirements that
request analysis, employ a minimum of one method blank, one
duplicate and a Sr-90 spike sample for each set (set size is 8 or
less). This spiked sample is used in calculating the sample Vield.

Note: A spike sample for soils/solids/sludges is defined in
Section 4.0, QC for Soils/Solids/Sludges.

The beta counting instruments shall be calibrated according to the
current beta counting procedure (PNL-ALO-463 or equivalent).

Procedure No. Revision No. Effective Date Ptgo of
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PNL TECHNICAL PROCEDURE

3.0 Reagents -and Materials

Reagents - All reagent chemicals will be reagent grade unless specified.

Deionized or Distilled Water - All water used as a solvent in this
procedure will be deionized or distilled.

Sr-Y-90 Spike (Sr-90 and Y-90 in secular equilibrium). Use
appropriate concentration as designated by a Cognizant Scientist
.(See Section 4.0). Documentation of spike origin and traceability
is in a LRB under control of a Cognizant Scientist.

Strontium Carrier, 20 mg/ml - Dissolve 48.32 ± 0.01 g strontium
nitrate (Sr(NO ),) in water. Dilute to one liter with water in a
Class A volumetric flask.

Nitric Acid, Conc.

Nitric Acid, 8 M - dilute 500 ml conc. HNO3 with water to 1000 ml.

Nitric Acid, 2 M - dilute 125 ml conc. HNO3 with water to 1000 ml.

Fuming Nitric Acid, 90%.

Sodium Hydroxide, 12 j - Dissolve 480 g of NaOH in 800 ml of water,
allow to cool to less than 300C, then dilute to one liter with
water.

Ammonium Hydroxide - Any concentration from 6 M to concentrated.-

Ammonium Hydroxide, 4% - 4 ml conc. NH40H diluted to 100 ml with
water.

Phenolphthalein, 1% - Dissolve 2.5 g phenolphthalein in 12.5 ml
ethanol and dilute to 250 ml with water.

Sodium Carbonate, Sat. - Dissolve anhydrous Na2CO3 in one liter of
water until saturated.

Brom Cresol Green, 0.04% - Mix 0.1 g brom cresol green with 14.3
0.2 ml 0.01 N NaOH in a mortar and pestle. Transfer to a flask that
will hold a volume of 250 ml. Dilute mixture to 250 ml with water.

Iron Carrier, 10 mg/ml - Dissolve 36.23 g Fe(N0 )3-9H20 in H 20'Dilute to 500 ml with water. (Note: Another ferric salt may be

Procedure No. Revision No. Effective Date Page of
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PNL TECHNICAL PROCEDURE

used or another concentration as long as the required mg of Fe3 are
added.)

Oxalic Acid, Sat. - Dissolve oxalic acid in one liter of water until
saturated.

Hydrochloric Acid, 6 a - Dilute 500 ml conc. HCl with water to
1000 ml.

Ethanol.

Materials and Eauipment

Beakers - 150 ml to 4000 ml.

Glass or Plastic Centrifuge Tubes - 50 or 100 ml.

Centrifuge - for above tubes. The centrifuge is operated at the
highest, safe speed possible (i.e.,. such that the glass or plastic
centrifuge tubes do not break).

Vortex Stirrer.

Hot Plate/Stirrer.

Heat Lamp.

Stir Bar - 1- to 2-inch, Teflon coated, magnetic.

pH Paper - fine range near 1, and fine range centered near 5.0.

Flamed Stainless Steel Counting Dishes - heat on high on
porcelain-top hot plate until color turns dark (2-3 min), then cool.

4.0 Chiamical Procedure

OC for Solutions

Unless otherwise specified in project QC requirements (See Section 2.0),
take two aliquots of deionized distilled water. Label one "Blank"
(method blank) and one "Spike" (spike sample). The volume of these
aliquots shall be 25 ml if the sample volumes will be less than 50 ml and
100 ml if the sample volume will be 50 ml or more. Add Sr-Y-90 tracer to
"Spike" as directed by the Cognizant Scientist. This is usually
2000-3000 dpm of Sr-Y-90 at secular equilibrium. Analyze the "Blank" and
"Spike" along with the sample batch.

Procedure No, Revision No. Effective Date Page of
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PNL TECHNICAL PROCEDURE

Note: Record in LRB, on Beta Counting Data Sheet or an Analytical
Data Sheet the exact volume and calibrated activity of Sr-Y-90
tracer added, since Sr-90 recovery is used in calculating
sample yields.

OC for Soils/Solids/Sludges

Unless otherwise specified in project QC requirements (See Section 2.0),
take an aliquot of water and label it "Blank" (method blank). The volume
of the aliquot shall be 25 ml if the sample volumes will be less than
50 ml and 100 ml if the sample volume will be 50 ml or more. Spike a
soil/solid/sludge sample as directed by the Cognizant Scientist before
leaching. Label it "Spike" (spike sample). This is usually
2000-3000 dpm of Sr-Y-90 at secular equilibrium. Analyze the "Blank" and
"Spike" along with the sample batch.

Note: Record in LRB, on'Beta Counting Data Sheet or on an Analytical
Data Sheet the exact volume and calibrated activity of Sr-Y-90
tracer added, since Sr-90 recovery. is used in calculating sample
yields.

4.1 If sample volume to be used for Sr analysis, as specified by a
Cognizant Scientist, is less than 50 ml, add 2000 ul of
standardized 20 mg/ml Sr carrier to sample and proceed to
Step 4.11. If sample volume is 2:50 ml, proceed to Step 4.2.

Note: Record in the LRB, on Beta Counting Data Sheet, or
Analytical Data Sheet the exact volume and standardized
concentration of Sr carrier added, since yields are based on
carrier recovery.

4.2 If sample is not in acid media, add 5 ml conc. HNO to sample.
Shake or mix sample and acid until. thoroughly mixeh.

4.3 Transfer an aliquot, as specified by a Cognizant Scientist, of
acidified sample to beaker labeled with sample identification. If
total sample volume is less than I liter, approximately, measure
volume of remaining sample. Record volume of aliquot and
remaining sample volume, if required, in the LRB, on the Beta
Counting Sheet, or Analytical Data Sheet.

4.4 Add 2000 ul of standardized 20 mg/ml Sr carrier to beaker.

Note: Record in LRB, on the Beta Counting Data Sheet, or
Analytical Data Sheet the exact volume and standardized

Procedur No. Revision No. Effective Date Paso of
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PNL TECHNICAL PROCEDURE

concentration of Sr carrier added, since yields are
based on carrier recovery.

4.5 Add 3-5 drops phenolphthalien indicator. Add 12 A NaOH drop-wise
with stirring until red color persists (pH -8).

4.6 Add sat. sodium carbonate (Na 2C0 3 ) solution to sample with stirring
until precipitate forms. Add an additional 30 ml (±5) Na2C03 (in
excess). Stir vigorously and allow to cool or chill to room
temperature or less.

Note: Solution must be basic for (SrC0 3) precipitation.
Temperature is also a factor since SrCO is soluble to
the extent of 0.01 mg/mi H20 at 186C ani 0.65 mg/ml at
1004C.

4.7 Allow precipitate to settle for at least one hour (preferably
overnight or longer) while cold, to achieve a clear supernatant.

Note: Settling must be complete (supernate must
be clear) before decanting supernate.

4.8 Carefully slurp (withdraw under vacuum) or decant supernate to
waste. Quantitatively transfer precipitate to labeled centrifuge
tube with minimum (<10 ml) deionized H0.

4.9 Centrifuge for 5-10 minutes and discard supernate.

4.10 Dissolve precipitate with a minimum of 8 M HNO . (It is usually
convenient to add it drop-wise with constant sbirring using vortex
stirrer until all ppt is dissolved.)

4.11 Checking pH with a fine range pH paper, continue addition of 8N
HNO3 until pH is less than 1.

4.12 Add 6-12 drops brom cresol green indicator.

Note: Indicator is yellow at pH lower than 4.5, green at
pH 5, and blue at pH 5.5 and above.

4.13 Add 1 ml of 10 mg/ml Fe carrier to acidic sample.

4.14 Slowly adjust pH back to 4.5 to 5.5 (green color) with drop-wise
addition of ammonium hydroxide (NH 40H) (any concentration between
6N and conc. may be used). Use vortex stirrer.

1

Procedure lb. Revision o. Effective Date Pig. of
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PNL TECHNICAL PROCEDURE

Note: It may be useful to also check pH with a fine range pH
paper whose range is centered near pH 5.0.

4.15 Cool to room temperature and allow to sit while precipitate forms.
If no precipitate forms, add 5-10 drops of Fe carrier and readjust
pH to 5.0. q4

4.16 Centrifuge for 5-10 minutes. Decant supernate to clean, labeled
glass or plastic centrifuge tube (if supernate volume is large,
additional centrifuge tubes may be used to collect the supernate.)
Wash precipitate twice thoroughly with 5-10 ml H0. Centrifuge
after each wash for 5-10 minutes and add supernate to previous
supernate in tube. Discard precipitate.

Note: Scavenger step removes insoluble particles, silicates,
Fe and other contaminants, leaving a relatively pure
solution.

4.17 Add 15 ml sat. oxalic acid to supernate. If the solution volume
is large or intensely colored such that the color change of brom
cresol green indicator is masked, 5 to 12 more drops of indicator
may be added. Stir vigorously, adjusting pH to green point
(pH 5.0) with drop-wise addition of NH 40H and HNO3. If a
precipitate does not form after reaching pH 5, continue adding
NH4OH until a precipitate does form (up to pH 7.5). Cool in
ice-water bath to below room temperature.

Note: Vigorous stirring is essential: use vortex or mechanical
Z' -stirrer.

Note: SrC2O4 (strontium oxalate) has definite temperature-
dependent solubility of 0.05 mg/ml H20 at 18'C and 50 mg/ml
at 100C.

4.18 Centrifuge 5-10 minutes. Discard supernate.

4.19 Dissolve sample in 5 mL HCl or the minimum volume needed to obtain
complete dissolution. Add 5 ml sat. oxalic acid. Stir vigorously
and dilute with 15 ml (t5) H20.

4.20 Add 8-12 drops of brom cresol green. Increase pH to indicator
green point (pH 5.0) with drop-wise addition of conc. NH40H,
stirring vigorously. Cool to room temperature.

4.21 Centrifuge solution 5-10 minutes. Discard supernate.

Procedure No. Revisio No. ffective oat* Page Of
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PNL TECHNICAL PROCEDURE

Note: Stroptium oxalate metathesizes to strontium nitrate.

4.24 Centrifuge solution 5-10 minutes. Discard supernate.

4.25 Repeat Steps 4.23 and 4.24 one time.

4.26 Dissolve precipitate in 1-3 ml H20. Add 5 m fuming nitric and
20 ml conc. nitric acid, stirring vigorously for 1 minute. Cool
to room temperature.

Note: Begin Step 4.30 only when beta counters are in control and
when sufficient time is available to complete chemical
separation (2 hours or more) and have samples counted within
10 hours of the Sr separation time. It is usually best to
allow a full day.

4.27 Check with counting room personnel on availability of beta
counters. Reserve counters for overnight background counts and
for sample counting.

4.28 Count backgrounds overnight on beta counters. See beta counting
procedure, PNL-ALO-463.

4.29 Count control sources and plot on control charts. Confirm that
counters are in control per procedure PNL-ALO-463 before
continuing with Step 4.30.

4.30 Centrifuge precipitate from Step 4.26 5-10 minutes and discard
supernate.

4.31 Wash precipitate once with 15 ml conc. HNO3. Centrifuge
precipitate 5-10 minutes and discard supernate.

4.32 Dissolve ppt in 10 ml 2N HNO 3 (or more, if necessary). Add I ml of
10 mg/ml Fe carrier. Heat in hot water bath to 80*C.

4.33 Adjust to pH 8 with conc. NH4OH (check with pH paper). Record the
time conc. NHOH was added as the "Sr seoaration time" on Beta
Counting Data Sheet or Analytical Data Sheet.

4.34 Cool in ice bath. Centrifuge precipitate 5-10 minutes. Decant
supernate into a clean centrifuge tube.

4.35 Wash ppt with 4% NH40H. Centrifuge precipitate 5-10 minutes. Add
supernate to previous supernate in clean tube.

Procedure No. Revision No. ctive Dat Page of
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PNL TECHNICAL PROCEDURE

4.33 Adjust to pH 8 with conc. NH,0H (check with pH paper). Record the
time conc. NHOH was added as the "Sr separation time" on Beta
Counting Data'Sheet or Analytical Data Sheet.

4.34 Cool in ice bath. Centrifuge precipitate 5-10 minutes. Decant
supernate into a clean centrifuge tube.

4.35 Wash ppt with 4% NH40H. Centrifuge precipitate 5-10 minutes. Add
supernate to previous supernate in clean tube.

4.36 Repeat Step 4.35. Discard ppt.

4.37 Add 1 drop phenolphthalein indicator.

4.38 Add 15 ml sat. Na2CO3 with vigorous stirring for 1 minute. Cool to
room temperature.

Note: Samples must be cool before next step.

4.39 Centrifuge precipitate 5-10 minutes. Discard supernate.

4.40 Wash with 5-10 ml of H20. Centrifuge precipitate and discard
supernate.

4.41 Repeat Step 4.40 xce
ppur. iffthe supernatp into a denw baake Add a drqp oC
so1tin and visuaijly check fortc14 4dy preciptat QIscard the
sPernata< solution. Repati washing stopcuntil an i4iificant
amount of CaCoa precipitate formsinthe supernat sqlutiq Jas
evidenced by visual Axaipinaticrn) dt this pojnt2 Ng0i
.. b ... plusolution,

4.42 Transfer precipitate on flamed, tared 1" stainless steel dish
using H20 or ethanol. Dry to stable weight under heat lamp.

Note: Be careful to maintain sample identity of sample dishes.

4.43 Cool and weigh plated sample. Record net weight and balance
identification in LRB, on Beta Counting Data Sheet, or Analytical
Data Sheet. Count samples immediately and complete the counting
within 10 hours of the Sr separation time.

4.44 Take initial 1- to 5-minute count on regular beta counters. If
<25 cpm, count samples on low-background counters.

4.45 Record all pertinent data, including sample identity, sample
volume, Sr separation time, precipitate weight, Analyst, and any
other data requested by the Cognizant Scientist. A Beta Counting
Sheet is normally used to record this and all counting data.

)rocedre No. Revision No. Effective Date Page of
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PNL TECHNICAL PROCEDURE

5.0 Calculations

Where:

YS - (com - com (s-e~1-"1a x TSC x d/c
WP x dpm Sr-90

YS - yield of Sr-90 spike.

cpm - Gross counts per minute less background counts per minute,
for "Spike".

Net Counts - Gross counts per minute less background counts per
minute.

TSC - theoretical SrCO3 ppt. weight for 100% yield for amount of
Sr carrier added to the sample, in mg.

ly decay constant of Y-90

At - interval between the Sr Separation Time and the mid-point of
the sample count

d/c * disintegrations per count, an efficiency factor. This
factor is provided by a Cognizant Scientist from documented,
NIST-traceable calibration measurements. Documentation of
origin and traceability is in a LRB under the control of a
Cognizant Scientist.

WP a weight of SrCO, ppt. on dish, in ag.

dpm Sr-90 - dpm Sr-90 tracer added to "Spike."

A - (cpm - cpm -eyAt)} x TSC x d/c
WP x YS x B

Where:

A - Sr-90 activity of the sample (units depend on
reportable units)

cpm - Gross counts pr minute less background counts
for the sample.

requested

per minute,

Procedure No. Revision No. Effective Date Page of
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PNL TECHNICAL PROCEDURE

B - factor or factors to account for sample volumes, dilutions,
weights, leach solution volumes and any other factors needed to
produce the appropriate reporting units. These factors shall be
documented as part of the project record.

These calculations include an approximate correction for the
ingrowth of Y-90 from the Sr separation, time to the time the
sample is counted. It assumes that the counting efficiencies of
Sr-90 and Y-90 are approximately equal. Calculations are not
corrected for Sr-89 activity.

5.0 Specific Qualification

NIST-traceable Sr isotopes are used to trace/establish yield for this
process. Thus, this procedure is self-qualifying as defined in
PNL-MA-70, PAP-70-901.

6.0 Records

Records will be maintained and controlled so as to conform to
requirements of PNL-4A-70, PAP-70-1701. Laboratory Record Books (LRBs)
and Analytical Data Sheets provide a mechanism for control of most
records. LRBs will be used in accordance with the Act Now
Directive 89.1.

rv..ssr5 -.
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ICN- PNL-ALO-470.1
Page I or 1

A. Documcni Nuibcr: PNL-ALO-470 Raibioin Number 0 Effective
Document Daic of ICN: 4qL /luqJ
Tile: Procedure for Maintaining control of Germanium Spectrome ers
IDkum~ens used for Gamma-Ray Spectroscopy Clmagc R -uesied By:
original Aulr: E. A. Lepel . -Lpe

Please replace page 1 with the attached page.

31 feet of Change:

To allow coverage of the multidemensional (MDA) counting systems by this procedure.
The MDA systems consist of Nal (TI) detectors.

1). ReUS0oa tor CIIanIge/Deseripiion of Change

Reason for change:
To allow coverage of the multidemensional (MDA) counting systems by this procedure.
The MDA systems consist of NaI (Tl) detectors.

Description of change:
See attached
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PNL TECHNICAL PROCEDURE

TITLE: PNL-ALO-470, PROCEDURE FOR MAINTAINING CONTROL OF GERMANIUM
SPECTROMETERS USED FOR GAMMA-RAY SPECTROSCOPY

SCOPEi

ThispV p1t RefdTfriTurt t i dti5 1iy pont
.. . Gm. and codn d m .sd ims s

This will be assured by fhe periodic check standards in
which specific peak areas are monitored. The reproducibility of the count
data is a measure of the instrument stability and reliability. The periodic
gamma counting of calibration control check standards, automated transfer of
spectra from analyzers to data manipulation computers, the ability to retrieve
and display control parameters as a function of time (possibly years), and
archival storage of data for each counting system provide not only a measure
of assurance of instrument stability but also accuracy and precision of each
gamma spectrometer. This procedure was developed by PNL Scientists, and
reflects over 10 years of experience in gamma-ray spectroscopy of a wide
variety of samples.

APPLICABILITY

This procedure is implemented to assure quality and is approved and written to
conform with PNL-MA-7-0,

This procedure is applicable to the Counting Room Manager and trained and
qualified personnel within the Analytical Chemistry Laboratory and Nuclear
Chemistry Department of PNL.

This procedure is primarily intended to assure that the gamma spectrometry
equipment is maintained in control and in proper working condition.

DEFINITIONS/ACRONYMS

dpm - disintegratiogs per minute (activity term)
ng - nanograms (10_ 6grams)
ug - micrograms (10- grams)
tl/2 - half-life



LRB - Laborato
CTL - Control
Count

Control Source

Diode - Detect

r -
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PNL TECHNICAL PROCEDURE

ry Record Book

or

- to acquire data via digitized pulses from radioactive
sources in gamma spectrometer systems

- aliquot of mixed radioactive source contained in counting
geometry

- Part of the gamma detector system which includes the
actual detector crystal in a metal cylindrical housing and
its immediate electronics up to the preamplifier.

RESPONSIBLE STAFF

Counting Room Manager
Analysts

PROCEDURE

1.0 Equipment and Materials

Detectors - intrinsic germanium (IG) detector, lithium drifted germanium
detector [Ge(Li)J, low-energy photon detector (LEPD), multidimensional
detector

Associated Electronics - preamplifier, amplifier, analog-to-digital
converter (ADC), pulse pile-up rejector, multichannel analyzer, CAMAC
interface, DEC PDP 11/44 computer, DEC pVAX, or PC

Mixed radioactive control source containing at least two of these
radioisotopes: 241Am, 137Cs, or 6 Co.

2.0 Gamma Spectrometry Control Procedure

This procedure defines the means for providing detector reliability and
stability information to the system user. The primary method for
monitoring gamma spectrometer system performance is the "detector
reliability" chart. Each instrument must be checked routinely using
radioactive sources to ensure that the stability, efficiendy, and
resolution of each detector is within a specified calibration range. The
frequency of the calibration control check counts are based on the usage
of the detector. When the detectors are in use, calibration control
check counts are taken at least bi-monthly (two times a month) or as
specified in a project-specific Statement of Work (SOW), Technical
Project Plan (TPP) or Quality Assurance Project Plan (QAPjP). The proper
standards and methods used for the calibration control check must be
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PNL TECHNICAL PROCEDURE

matched to the particular counting system being used. Graphing the
control counting data (appropriate decay corrections must be made for the
radioactive sources) readily determines that the detector system is
operating properly and also provides a permanent record that aids in
measuring instrument reliability.

2.1 The control check standard for each gamma-ray detection system is
listed in Tables 1 and 2. The control check source standards are
identified by LRB reference numbers. Each control check source
standard is mounted either on a plastic holder which fits onto the
detector or an aluminum card which is placed in a specific shelf of
a card holder. Using the control check source and geometry
specified for the detector, count the source for the time required
to yield specific integrated gamma-ray peaks of <5% relative error
(sl% relative error, preferably) from counting statistics, per
Sections 5.2.1-5.2.4 of PNL-ALO-464. The count times are listed in
Table 2.

2.2 The accumulated spectrum is then transferred to the computer, the
peaks integrated, resolution checked, and the.calibration listed on
the user's computer terminal. This is accomplished by using the
control program (See Section 3.0).

2.3 The control program (CTL) stores the spectral data by date and the
detector identification onto magnetic media. The program will then
print and plot all values necessary to determine if the detector
system is within control values based on 2 and 3 sigma ranges.

3.0 The Control (CTL) Program

The Control (CTL) program is used to track the consistency of a diode.
The CTL program is also used to transfer an accumulated spectrum to the
computer from a specific multichannel analyzer and performs the required
data reduction and interpretation. This is done by typing CTL "X at the
">" prompt, where X is the identification of the detector. After
pressing Enter (or Return on the keyboard terminal), the program will
transfer the data to the computer, integrate specific peak areas, check
the resolution, and list the energy calibration on the computer terminal.
The program then will print and plot the "Detector Reliability" Chart.

3.1 Computer Methodology

The CTL program assumes that for a particular diode its control
source standard has been counted. CTL will transfer the spectrum
into the computer and integrate the peaks according to the library
ANTI.LIB or SING.LIB (depending on how the detector is configured
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PNL TECHNICAL PROCEDURE

with respect to coincidence-noncoincidence). The results of the
integration (in counts per minute) are compared against a saved
average, with a report and plot being generated.

The average activity (in cpm) for an area of interest (as designated
by the SUM library) is calculated as follows:

Until 10 control check spectra are recorded, the average is used to
determine the "goodness" of the latest control check spectrum. Once
10 control check spectra have been completed and accepted by the
analyst, they determine the average for the detector. The average
stays fixed from then on to guard against creeping or abnormal
changes that could go unnoticed with a running average. The latest
50 control check spectra are kept in memory, and subsequent control
check spectra are consecutively written over the top of the oldest.
The plot uses the average as the center line, with the dotted lines
on either side representing 2 sigma from the average and the next
solid lines representing 3 sigma from the average.

3.2 CTL "Detector Reliability" Chart

The "Detector Reliability" chart shows the activities and resolution
of the measured control source photopeaks as calculated by the CTL
program. The chart is reviewed by the Counting Room Manager or
Cognizant Staff to see if the activities and resolution of the
latest counts are within 3 sigma of the standard deviation of the
mean computed using the first 10 "good" control check spectra
obtained for the control check source/standard. If the values are
acceptable, the chart is signed and stored beside the detector
system in a plastic folder which is readily visible. If the
observed values are out of the 3 sigma range, the user will check
the control check source/standard and geometry and rerun the control
check source (per Section 2) to see if positioning or just a
statistical variation was responsible (for 99.7% confidence
(3 sigma), three in a thousand should fall outside the limits]. If
the observed values are still outside the 3 sigma range, a-
Deficiency Report (DR) shall be issued per PNL-MA-70, PAP-70-1502,
and the user will consult an instrument technician and/or engineer
to determine and repair the problem. The response shall be
documented on the Control Chart and/or Instrument Log and on the DR.
Another CTL count of the control check sources shall then be made
per Section 2 to see if all observed data are within the 3 sigma
control value. All samples counted on that detector between the
last good CTL counted and the bad CTL counted shall be checked for
validity by cross calibration to another detector and/or recounted
on that detector when the control check standard spectra shows all
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PNL TECHNICAL PROCEDURE

activities again within the 3 sigma range. The Counting Room
Manager shall maintain copies of the Detector Reliability Charts
which cover the full cycle of 50 entries for each detector system.

3.3 Photopeak Resolution (FWHM) Calculation

The FWHM (full-width, half-maximum) is a measure of the peak
sharpness. In gamma spectrometry, clearly resolved peaks are
Gaussian in shape, provided the electronic components are adjusted
correctly. The simplest method used to calculate the FWHM of a peak
is by a graphical method; however, numerical methods are required in
order to do this by computer. An illustration of the FWHM is shown
in Figure 1.
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CHS - 2665 Channels
Calibrations 0.50 keV/Channel

FIGURE 1. An Illustration of the FWHM Valve

The resolution (R) is calculated as follows:

R - ACH(y peak KeV)
CHC

Where:

ACH - channel width at half max (1/2 h) in channels

CHC - channel number at centroid of peak

K-,
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PNL TECHNICAL PROCEDURE

and ACH is calculated by determining i and f fractional channel
numbers by calculating the slope between channels in which the half
max count lies between.

This resolution is checked as described in Section 3.2.

4.0 Records

Records will be maintained and controlled so as to conform to
requirements of PAP-70-1701. Laboratory Record Books (LRBs) and Data
Sheets provide a mechanism for control of most records. Laboratory
Record Books will be used in accordance with the Act Now Directive 89.1.
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Nuclear Constants Gama-k., Energies, and Activities for
Control Sources Used with Germanium Spectrometers

TABLE 1. Control Sources for Gama Spectrometry

* -Jr

C

PHL
Control Radioisotopes

SID. No. Detector(s)

50690-27-1
50690-27-2
50690-27-3
50690-27-4
50690-27-5
50690-27-6
50690-117-6
50690-117-7
50690-117-8

50690-117-1
50690-117-2
50690-117-3

54491-58-1

L
BNW
E
J
K
I
N
H
R

EE
II
JJ

( Y -peak energy)

Mixed
Std 60Co

Mixed
Std

389

3368-87-10 447

Am (59.5)

Cs (661.8)

(1173.2)
(1332.5)

241Am (59.5)

60Co (1173.2)
(1332.5)

NAT. 238
U 230 h
STD. 226 A

210 Pb

(63.2)
(67.4)
(186.2)
(46.5)

NAT. 238 (63.2)
U 2301h (67.4)
STD. 226R (186.2)

210Ph (46.5)

t 12

432 y
30.17 y

5.27 y

432 y

5.27 y

NBS SRH No.

Amersham (Am 2.44)
(SRM No. 4216-0)

(SRM No. 4216-0)

Amersham (AM 2.44)

(SRM No. 4216-0)

PNL No. Ref. date dpm/mi or gm t

4491-101-0 1/2/84
1892-136-0 1/2/84

3368-54-10 1/2/84

4491-101-0 1/2/84

3368-54-10 1/2/84

4.47 x 10 y
0.1.E.A.-I 4491-58-1

4.47 x 109 y
0.I.E.A.-7 3368-87-10

6.20 x 10 5
2.09 x 10

dpm/std

3.72 x 105
5.23 x 105

7.48 x 106 1.50 x 106

7.75 x 10

7.48 x 106

3.313 x 103
3.313 x 103
3.313 x 10
3.313 x 10 3

3.313 x
3.313 x
3.313 x
3.313 x

4.65 x 104

1.50 X 106

5.014
5.014
5.014
5.014

5.014
5.014
5.014
5.014

103
103
10 3
103

x
x

x
x

x

104
10 4
10 4
10 4

104
104
104
10 4

137Cs (661.8)

l 0Co (1173.2)
(1332.5)

30.17 y

5.27 y

(SRM No. 4216-0)

(SRM No. 4216-0)

*The multi-dimensional system (M- JSTS)7 P-uses a lower activity dpm/std.
tNatural U standard is in dpm/gn. Am- Cs- Co standard is in dpm/ml.

N-067-500 1/11/77 9.982 x 10 *4.991 x 10 4 -0
N-066-250 8/7/75 1.028 x 105 *2.056 x 10 4 or r-

(D I-

-o

V

Origin
(cross ref.)

C

6408-27-13P
6408-27-IOP
6408-27-12P
6408-101-14P

M-D SYSTS.
P-4
P-5
P-8
*P-9

I
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TABLE 2: Control Source Parameters for UseWith Germanium Soectrometers

CONTROL
SOURCE

50690-27-2

50690-27-3

50690-117-1

50690-27-3

50690-117-7

50690-27-6

50690-117-2

50690-27-4

50690-117-3

50690-27-5

50690-27-1

50690-117-6

50690-117-8

4491-58-1(pellet)

3368-87-10(pellet)

DETECTOR
IDENTIFICATION

BMW

E

* EE

G

H

POSITION- CTL PROGRAM "SUM"
LIBRARY USED

Sing. LIb

Anti. Lib

Anti. Lib

Sing. Lib

Sing. Lib

Anti. Lib

Anti. Lib

Anti. Lib

Anti. Lib

LENGTH
OF TIME

600s

600s

6000s

600S

600s

6005

60003

600s

600s

600s

6000s

600s

400s

6000s

6000s

* Actually the detector is identified by the single numeric character.
character is used when transferring the spectrum to the computer.

A03-10b

The two digit

W/holder

3" setting

3" setting

w/holder

w/holder

w/holder
ctl setting

w/holder
ctl setting

w/holder
phosphors closed

w/holder
phosphors closed

w/holder

w/holder

shelf #5

shelf #4

w/holder

w/holder

* II

j

* J

K

L

N

R

389

447

Sing. Lib

Sing. Lib

Sing Lib.

Sing Lib.

389. Lib

447. Lib


