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Date: 8 July 2005
To: Bechtel Hanford Inc. (technical representative)
From: TechLaw, Inc.
Project: 600-47 Verification
Subject: Inorganics - Data Package No. H3171

INTRODUCTION

This memo presents the results of data validation on Data Package No. H31 71
prepared by Lionville Laboratory Inc. (LLI). A list of samples validated along with

the analyses reported and the method of analysis is provided in the following table.

Sample ID Sample Date Media Validation Analysis

J036X2 5/25/05 Soil C ICP Metals by 6010B

J036X3 5/25/05 Soil C ICP Metals by 6010B

J036X4 5/25/05 Soil C ICP Metals by 6010B

J036X5 5/25/05 Soil C ICP Metals by 6010B

J036X6 5/25/05 Soil C ICP Metals by 6010B

Data validation was conducted in accordance with the Bechtel Hanford

Incorporated (BHI) validation statement of work and the 300 Area Remedial Action

Sampling and Analysis Plan (DOE/RL-2001-48, Rev. 1, May 2004). Appendices 1

through 6 provide the following information as indicated below:

Appendix 1. Glossary of Data Reporting Qualifiers
Appendix 2. Summary of Data Qualification
Appendix 3. Qualified Data Summary and Annotated Laboratory Reports

Appendix 4. Laboratory Narrative and Chain-of-Custody Documentation

Appendix 5. Data Validation Supporting Documentation
Appendix 6. Additional Documentation Requested by Client

DATA QUALITY PARAMETERS

Holding Times

Analytical holding times for metals are assessed to ascertain whether the holding

time requirements were met by the laboratory. The holding time requirements are

as follows: Soil samples must be analyzed within 28 days for mercury and 6

months for ICP metals.

All holding times were acceptable.
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Preparation (Method) Blanks

Preparation Blanks

At least one preparation blank, consisting of deionized distilled water processed

through each sample preparation and analysis procedure, must be prepared and

analyzed with every sample delivery group. In the case of positive blank results,

samples with digestate concentrations less than five times the preparation blank

value have had their associated values qualified as non-detected and flagged "U".
Samples with concentrations of greater than five times the highest blank

concentration do not require qualification.

In the case of negative blank results, if the absolute value exceeds the contract
required detection limit (CRDL), all nondetects are rejected and flagged "UR" and all

detects that are less than ten times the absolute value of the associated preparation

blank result are qualified as estimates and flagged "J". If the absolute value of the

negative preparation blank is greater than the instrument detection limit (IDL) and
less than or equal to the CRDL, all nondetects are qualified as estimates and

flagged "UJ" and all detects less than ten times the absolute value of the blank are

qualified as estimates and flagged "J". If the sample results are greater than ten

times the absolute value of the preparation blank, no qualification is necessary.

All preparation blank results were acceptable.

Field (Equipment) Blank

No field blanks were submitted for analysis.

Accuracy

Matrix Spike and Laboratory Control Sample

Matrix spike (MS) and laboratory control sample (LCS) analyses are used to assess

the analytical accuracy of the reported data . The matrix spike is used to assess

the effect of the matrix on the ability to accurately quantify sample concentrations.
Recoveries must fall within the range of 70% to 130%. Samples with a recovery

of less than 30% and a sample result below the IDL are rejected and flagged "UR".

Samples with a recovery of 30% to 69% and a sample result less than the IDL are

qualified "UJ". Samples with a recovery of greater than 130% or less than 70%

and a sample result greater than the IDL are qualified as estimates and flagged "J".

Finally, for samples with a recovery greater than 130% and a sample result less

than the IDL, no qualification is required.

All accuracy results were acceptable.
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Precision

Laboratory Duplicate Samples

Analytical precision is expressed by the relative percent differences (RPD) between

the recoveries of matrix spike duplicate (MSD) analyses performed on a sample in

the analytical batch. Precision may alternatively be assessed using unspiked
duplicate analyses performed on a sample in the analytical batch. If both sample
and replicate activities (concentrations) are greater than five times the CRDL and
the RPD is less than 30%, no qualification is required. If either activity
(concentration) is less than five times the CRDL, the RPD control limit is less than
or equal to two times the CRDL. If the RPD is outside the applicable control limit,
associated results are qualified as estimated detects or estimated non-detects.

All laboratory duplicate results were acceptable.

Field Duplicate

One set of field duplicates (J036X2/J036X6) were submitted for analysis. Field
duplicates are compared using the same criteria as for laboratory duplicates. All
field duplicate results were acceptable.

Analytical Detection Levels

Reported analytical detection levels are compared against the remaining waste sites
RQLs to ensure that laboratory detection levels meet the required criteria.All
analytes met the RQL.

Completeness

Data package No. H3171 was submitted for validation and verified for
completeness. Completeness is based on the percentage of data determined to be
valid (i.e., not rejected). The completion percentage was 100%.

MAJOR DEFICIENCIES

None found.

None found.

.
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Appendix 1

Glossary of Data Reporting Qualifiers
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Qualifiers which may be applied by data validators in compliance with BHI
validation SOW are as follows:

U - Indicates the compound or analyte was analyzed for and not, detected in
the sample. The value reported is the sample quantitation limit corrected
for sample dilution and moisture content by the laboratory.

UJ - Indicates the compound or analyte was analyzed for and not detected in

the sample. Due to a minor QC deficiency identified during the data
validation, the associated quantitation limit is an estimate.

J - Indicates the compound or analyte was analyzed for and detected. - Due
to a minor QC deficiency identified during the data validation, the

associated concentration is an estimate, but the data are usable for
decision-making purposes.

BJ - Applied to inorganic analyses only. Indicates the analyte concentration
was greater than the IDL but less than the CRDL. and is considered an

estimated value.

R - Indicates the compound or analyte was analyzed for, detected, and due

to an identified major QC deficiency, the data are unusable.

UR - Indicates the compound or analyte was analyzed for and not detected in

the sample. Additionally, the data is unusable due to an identified major

QC deficiency.

NJ - Indicates presumptive evidence of a compound at an estimated value.
The data may not be valid for some specific applications (i.e., usable for

decision-making purposes).

N - Indicates presumptive evidence of a compound. The data may not be

valid for some specific applications (i.e., usable for decision-making

purposes).
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Appendix 2

Summary of Data Qualification
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METALS DATA QUALIFICATION SUMMARY*

SDG: H3171 REVIEWER: TLI PROJECT: PAGE t OF 1 _
^600 47 Verification

COMMENTS: No qualifiers assi ned

* -The Qualified Data Summary Table includes laboratory applied °U" yualil'ieis not
specifically identified here. The laboratory applied "U" qualifiers are included to minimize
misinterpretation of results contained in the table.
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Appendix 3

Qualified Data Summary and Annotated Laboratory Reports
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INPJRGANIC ANALVSIS, SOIL MATRIX. MG/KG Page_1 0/ 1

Project BECIITEL-HANFORD ^
La6o : LLI
Case 50t3: Hb171
Sample Number .1036X2 J036X3 JD36X4 J036X5 J036X6

Remarks
Samp le Date 512905 9125105 5/25r05 5/25105 5/25r05
Ino an cs qL esult O RftW t 1 0 esu t R esul t esult

Arsenic 1.8 2.3 1.7 1.9 2.0_
BarWm 55.6 65,9 50.0 67.0 61.5

Be lium 0.42 0.49 0,40 0.50 0.49
cadmium 0.09 0.09 0.06 0.09 0.06

Chromium 3,9 5.0 4.2 5.5 4.8

Lead 2.4 3.3 2.9 95 2.7

^̂

__... .!,-:y aPpked non.+.3le<t quaiifiers "U ha,e been b¢lurfeo In th. taEk to rnimnae mns-iracprr,atnn e! rasrMs. ,AP uther yuardiers shown were applied Our. q valieaticn.



. Lionvilla Laboratory, Inc.

IpORGANICS DXTA SUMMARY REPORT n6,'09/0'i

CLIYNT: TNUHANPORD BOS-027 M3171 LVL LOT 6: 0505L604

YK)RR ORDiR: 11343-606-001-9999-00.

REPORTING DILUTION

9AMPLB 9ITB ID ANALYTB RESULT

•....v

1MIT5

......

LIMIT

..........

P/.C:'OR

............,...

-001

..s...e........

J036%3

.o. ..v...u.ow.a....o..

Jmsanic, Total 1.8 MOiYA 0.35 1.0

barium, Total 55.6 MG/KG 0.02 1.0

- Baryllium, Total 0.42 MG/KG 0.009 1.0

Cadmium, Total 0.09 MG/KG 0.03 1.0

C1fiomium, Total 3.9 MG/KG 0.06 1^C^

Lead, Total 2.1 MG'/KA 0.^I t.C

-002 J036X3 Arsanic, Total 2.3 Ms/KG 0.34 1.0

Barium,Tetal 65.9 MG/KG 0.02 1.0

Bsryllium, Total 0.49 MG/KG 0.008 , 1.0

Cadmium, Total 0.09 MG/KG 0.02 1.0

Chromium, Total 5.0 MG/KG 0.05 1.0

Lead, Total 3.3 MG/KG 0.19 1.0

-003 J036X4 Ai'smnio, Total 1.7 MG/KG 0.34 1G

Barium, Tocll - 50.0 MG/KG 0_di C

Oaryllium, Tutal 0.40 MG/KG LJG6 ...

Cadmiam, Total 0.06 MG/KG Ct. - ...

Chrpaium, Total 4.1 MG/YA 0.OS 3.C

Lead, Tmtal 2.9 MG/KG 0.19 1.C

-004 JC36X5 Aiaanic, Total 1.9 MG/KG O.41 Sc

BaYium, Total 67.0 MG/KG 0.02 1 C.

Baryllium, Total 0.50 MG/KG 0.009 1.0

Cadmium, Total 0.09 MG/KG 0.03 1.0

Chrcmium, Total 5.5 MG/KG 0.06 ' 1.0

Lead, Total 3.5 MG/KG 0.23 ]-0

-005 J036X6 Aisenio, Total 2.0 MG/KG 0.41 1.C

Barium, Total 61.5 MG,1KG 0.01 1.0

Beryllium, Total 0.49 MG/K6 0.009 2.0

Cadmium, Total 0.06 MG/KG 0.03 1.0

Chiomium, Total 4.8 MG/KG 0-06 :..0

Lead, Total 2.7 MG/KG 0.23 1.0

L*
€
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Appendix 4

Laboratory Narrative and Chain-of-Custody Documentation
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Client: TNU-hlANFORD B05-027 W.O.N: 1 1 3 43-606-00 1-9999-00

LVL#: 0505L604 Date Received: 05-26-05

SDG/SAF#: H3171B05-027

METALS CASE NARRATIVE

1. This narrative covers the analyses of 5 soil samples.

2. The samples were prepared and analyzed in accordance with methods checked on the attached

glossary.

3. All analyses were perfotmed within the required holding times.

4. All results presented in this report are derived from samples that met LvLI's s.nplt,

acceptance policy.

5. All Initial and Continuing Calibration Verifications (ICV/CCVs) were within the 90-110`!:.

control limits.

6. All Initial and Continuing Calibration Blanks (ICB/CCBs) were within connol lilnits (less

than the PQL).

7. All preparation/method blanks (MB) were within method criteria {less than the Pracucal

Quantitation Limit (3X the IDL), MB value less than 50•10 of the RCRA limit, or samples

greater than 20X MB value). Refer to the Inorganics Method Blank Data Stunmaty.

8. All ICP interference Check Standards were within control limits.

9. All laboratory control samples (LCS) were within the 80-120% control limits. Refer to the

Inorganics Laboratory Control Standards Report.

10. All matrix spike (MS) recoveries were within the 75-125% control limits. Refer to lhe

Inorganics Accuracy Report.

11. The duplicate analyses for 2 analytes were outside the 20°/o Relative Percent Differenc.e.

(RPD) control limits. Refer to the Inorganics Precision Relxxt.

]he ttsulta preretmd in tttis nport rclatc oNy to the wslyticalwYtutg and conditions of the swnples ut re«-:pt and durv:g slorngx. •VI png.a ot :h^: r.:^un :u.

integndputxofthcaxdNictl datu'lherorerc, thurepondtuuldonl,vbeteproduced'¢i icvwnuaq•)of '(^ pages.

^1^..l(1.7:ai
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12. For the purposes of this report, the data has been reported to the Instrument Detection Limit

(IDL). Values between the IDL and the Practical Quantitation Limit (PQL) are acquired in a

region of less-certain quantification.

13. I certify that this sample data package is in compliance with SOW requirements, both

technically and for completeness, other than the conditions detailed above. Release of the data

contained in this hard-copy data package has been authorized by the Laboratory Nlanager or a

designee, as verified by the following signature.

14. LvLI is NELAP accredited by the state of Pennsylvania and holds over 20 additional state

accreditations. For a complete listing of accrediting authoiitiLs and the axrespondinp.

analytes/methods, please contact your Project Manager.

+at .
Lionville Laboratory Incorporated

gmNmOS604
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Appendix 5

Data Validation Supporting Documentation
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HNF-20433 REV 0

INORGANIC ANA'LYSIS DATA VALIDATION C'IIF:C'KLIST

^VALIDATION A B C D
7

E
LEVEL:

PRO]ECT: b00-(-t-) (Jar,Svcd-, DATA PACKA(iF.:

VALIDATOR: LAB: D.ATE: 7 1 L2r

SDe: 31 ?/
ANALYSES PERFORMED

846/tCP SW-846/GFAA SW-846/H8 SW-846
Cyanide

SAMPLES/MATRIX

`{ ITu 3(, 2 ;j'u}G X^3 X.
' -- -- --------

^^^ ^ x 3 ^^C^ X ^ ------------. .,

S

1. DATA PACKAGE COMPLETENESS AND CASE NARRATIVF.

Technical verification documentation present? ..... ......................... .......... .....................................__._... Yes
C

i,' N
'

Comments:

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

^ •,.

2. INSTRUMENT PERFORMANCE AND CALIDRATIONS {Levcls D and E)

Initial calibrations performed on all instruments? ............................................... .... .. ........ . ..... .. . 1'r, No :N A

Initial calibrations acceptable? ............................. .... .. ... ...... ....... ....... cs No 1N'A

ICP interference checks acceptabte^. ............................ .._. 1 r. ^n {

TCV and CCV checks performed on all in.struments? .... .............. .......... .. . . . . . . . \;.^^ '.,^ I ^•. `

ICV and CCV checks acceptable? .... ....................... 1'c, Nul N.

Standards traceable? ..................................................................................................................._. .._.....Ye, N N•;

Standards expired? .........................................................................................._....._................ _.. __ . Ycs N

Calculation check acceptable'? ....................................................................................................... ...... ... Ycs N. ^^^

0()C)411:`



HM'-20433 REV 0

INORGANIC ANALYSIS DATA VALIDATION CHECK.LIS"T

3. BLANKS (Levels B, C, D, and E)

ICB and CCB checks performed for all applicable analyses? (Levels D F).... .. .... ..... .......... Yes No t^ A

ICB and CCB results acceptable? ( Levels D, E) ............................. . .......

. ....Laboratory blanks analyzed'? ... . .... ........................ . ._

Yes No

. ^ , No... . A.

Laboratory blank results acceptable? . ........................................ . ... ...... . . . . ._ .. _. 1 ^,^^,
...;

N

Field blanks analyzed? (Levels C, D, E) ............... .......................... .............__..

Field blank results acceptable? (Levels C, D, E) .. ...... ... .. . ....... .................. . ..... . . ........ Yr,^,^ \.

Transcription/calculation etrors? ( Levels D, E) .......... ........................... ... .. . .... ....... Yes No n

4. ACCURACY (Levels C, D, and E)

MS/MSD samples analyzed? ........................................................................ ....................................

94p-

No N/:A

MSlMSD resulis acceptable? ...................................................................... .............. y No N/A

MS/MSD standards NIST traceable? (Levels D, E) ..................................... ........................................... Yes N

MS/MSD standards expired? ( Levels D. E) .. ............................................... ........................................... 'es No

LCS/BSS samples analyzed? ..... ... .............................. .. .. . . . . .. . . . Y^ No N'A

LCS/13SSresultsacceptable? .......................................... . ..... __.. ... tey) No N.A

Standards traceable'? ( Levels D, E) .............................................................. .......................................... Yes No/

Standards expired? (Levels D, E) ................................................................ ............................................ Yes No

Transcription/calculation errors? ( Levels D, E) .......................................... ........................................... Yes NO

Performance audit sample(s) analyned? ...................................................... ........................................... Ye Nm. N;.A

Perl2ttmance audit sample results acceptable? ............................................. ............................................ Yes No N/`

Comments: _ U1 y 1.06-_

(142(.) (.) 18



.....^.. ..,:.. , ,.;: " .., i ..... .. ,.... ..

HNF-20433 REV 0

INORGANIC ANALYSIS DATA VALIDATION CHfX:':KI..IS'1

5. PRECISION (Levels C, D, and E)

Duplicate RPD values acceptable? ................................................................. ......................................... Yes No NIA

Duplicate results acceptable? .......................................................................... .........................................1'es No N'A

MSlMSD standards NIST traceable? ( Levels D, E)......................... ............. ......................................... Ycs No P.A

MSlMSD standards expved? (Levc(s D, E) . ................ ...... ........................

Field duplicate RPD values acceptable? .. ..... ........ . ..................... ....... .

................... ... . ... 1\

. . .. . ... .. r.^,

Nn L,yq

No N+A

Field split. RPD values acceptable? .......... ....................... ....................... ......... ... .............. _....._.............. Yes No(,vN,^h

Transcription/calculation errors? (Levels D, F) .............................................. .......... ....... ......... ............... 1'cs No ^+j

Comments: ---

-

ICP QUALITY CONTROL (Levels D and E)

lCP serial dilution samples analyzed? .................................................................. ................................... Yes No 'N/^A

ICP serial dilution %D values acceptable?........................................................... ................................... Ycs No . i-^

1CP post digestion spike required? ....................................................................... ................................... Yes No N/A1

ICP post digestion spike values acceptable? ......................................................... ................... ............... Yes No N/A

1Standards traceable? ................................................................................ ........... ............ ..... ............ _ Yes No N b1 l

Standardsexpircd? .... ...................................................... ................. ..... .......... ..... . _._..... __........_...__.l'c. No ^,\ t

.franscription/calculatiun erzors? .......... .......................... ..................... ................. ................... ........ ....... 1'cs No

&
I
j(s(Av^3



IINF-20433 REV 0

INORGANIC ANALYSIS DATA VALIDATION CHECKLIST

7. FURNACP. AA QUALITY CONTROL (Levels D and E) ^

Duplicate injections performed as required? .................................................................. .............. ......... Yes ^o

^

N:,4

Duplicate injection %RSD values acceptable? ............................................................... ......................... Yes No N. A

Analytical spikes performed as required? ....................................................................... .................. ... Ycs Nc `d,A

Analytical spike recoveries acceptable? ...................................................... .................. ......................... Yes N NrA

Standards traceable? ....................................................................................................... ......................... Yes N N A

Standards expired? .......................................................................................................... ......................... Yes Nc NIA

MSA performed as required? ....................................................................... ................. ............... .. .. ... Yes N N,A

MSA results acceptable? ................................................................................................ ......................... Yes No N!A

Tramcription/caleulation errors? ................................................................................. ................ ....... Yes No N'n

8. l1O1.DING TIMES ( all levels) ,

Samples properly preserved? .. ...................................... Y

4

Sample holding times acceptable? ..................... ............ ..
`.._i

(1^^(^id3^t)



HNF-20433 REV 0

INORGANIC ANALYSIS DATA VALIDATION CHECKLIST

9. RESULT QUANTITATION AND DETECTION I.IMITS ( atl levels)

Results reported for aII requested analyses? ............................... ........................................... .......... _.,_. Y"cs N^, N A

Rresults supported in the raw data? (Levels D, E) ................................................................................... Yes N

Samples properly prepared? (Levels D, E) ........................................................................................... .s?(s N NfA

...................................._.._._...__...___.___... Yeo N., N;ADetection.limitsmeetRDL? .....................................

Transcription/calculation errors? (Levels D, E) ....................................................................................... Yes No

Comments: --^-J--

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

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

I•P(



Appendix 6

Additional Documentation Requested by Client
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Lionvilla isbcratory, Znc.

IMORGANICH M9TMOD HLAMC DATAHtA1MARf' PAGG 06/09/05

. CLIHIR: TNVNAN9GHD 905-027 M3171 LVL LOT R: 050SL604

NO9K OROBKv 11343-606-001-9999-00

REPOATING DILUTION

LAMPL9 HITH IO AMALYTC R89GLT tR1ITH 1,IMIT PACtOR

-HL11lIK0. OSLO]12•MH1 Araanic••Total ••••• `0.45 u MG/RO` 0.45 1 .0

Hariuv, Total 0.14 MG/KG 0.03 : 0

Hetylliue, Tota1 0.01 u MG/KG 0.01 1 .0

- Caduium, Total 0.03 u MG/KG 0.03 1 .0

ChrCSiua, Total 0.01 u MG/KG 0.V7 1 .0

^Ad, Total 0.25 u MG/KG 0.25 1 .0

U4f(^()^';3

::')-:^C2YLt^
_^_EC'J'-•^ J'



Lionvills Laboratory, Inc.

INORO.ANIC6 ACCURACY RBPORT ^6/09/05

CLIBRT: TNUIIANFORD B05-017 N3111 ^.L LCT 0 : 0505L604

NORR ORDBR+ 11343-606-001-9999-00

BPIKBD INITIAL BPIYBD

BANPLR SITE ID /NtALYTB BARPLB

••

RBSULT ANOUNT \RBCVV

-001 • .1036E3

...... ..............

AraauicTotal

............ . .......

163 1.8 158 85.8

Bariun, Total 226 55.6 169 90.8

Beryllium, Total 4.8 0.42 6.1 93.3

Cadeium, Total 4.3 0.09 5.7 99.6

Chroml4m, Total 21.9 3.9 :n.u 99.1

Laad, Total 45.1 2.4 46.9 91.0

DILUTION

FACTORI5PY.1

:.0

:.0

1.0

!.0

1.0

1 0

LG.C.h^,u:nr,
^^_J'-l aVSew`



LSonvilla Laboratory, Inc.

INOROAN[C9 PA9CI9ION RiPORT 06/09/05

CLIYHI': TNUNAlVORD HOS-021 AI171

MOkY: ORORR: 11343-606-001-9999-00

' IHZTIAL

6ANPLi 92TY ID ANALYTR RR6CLT

,0019.9P 0096i3 Araanic, Total 1.4

Harium, Total 55.6

9aryllium, Total 0.42

Cadelum, Tota1 U.09

.. ChDomium, Total 3.9

Lud, Total 2.4

VA. LOT Y: 0505L604

RBPLICATO NPO

2.0 10.5

69.9 5.6

0.49 16.0

0.09 0.53

4.9 30.]

3.1. 25.5

OILIRION

PACTOI:iRfiP)

1.0

1.0

1.0

1 .0

1.0

1.0

_^-C^Y-'4..'_....t^



Lionvllle LaGoratory, Inc.

INORGRNICS LAEORIITORY CONTROL SSAN[15kDS REPORT 06/09/OS

CLIkNT: TNUHANPORD B05-070 H3171 LVL LOT 0: 0505L604

WORK ORDBR: 11343-606-001-9999-00

SPIIBO SPIKED

SANPLS SITE ID ANALYTB SAMPLB

v.e..

AMOUtrf

v.a.•

ONITS

.......

\RBCOY

......
.......

LCS1

.........v..:.....a ....a.o....a..e....

05L0712-LC1 Araanic, LCS

..

955 1000 MG/KG 95.5

Barium, LOS 451 500 MG/KG 96.2

' eerylliu¢, LC8 25.0 25.0 MG/HG 100

Cadmium, LCS 24.6 25.0 MG/HCa 96.4

Chiromium, LOS 49.7 50.0 MG/HG 98.6

. Lead, LCS -]4) 250 MG/HG 99.0

J^̂-f'a

?^iRl•1tiRf.°? S



Date: 8 July 2005
To: Bechtel Hanford Inc. (technical representative)
From: TechLaw, Inc.
Project: 600-47 Verification
Subject: Radiochemistry - Data Package No. H3171

This memo presents the results of data validation on Data Package No. H3171
prepared by Eberline Services (EB). A list of samples validated along with the
analyses reported and the method of analysis is provided in the following table.

Sample ID Sample Date Media Validation Analysis

J036X2 5/25/05 Soil C See note 1

J036X3 5/25/05 Soil C See note 1

J036X4 5/25/05 Soil C See note 1

J036X5 5/25/05 Soil C See note 1

J036X6 5/25/05 Soil C See note 1

Alpha spectroscopy (isotopic uranium).

Data validation was conducted in accordance with the Bechtel Hanford
Incorporated (BHI) validation statement of work and the 300 Area Remedial Action

Sampling and Analysis Plan (DOE/RL-2001-48, Rev. 1, May 2004). Appendices 1
through 6 provide the following information as indicated below:

Appendix 1. Glossary of Data Reporting Qualifiers
Appendix 2. Summary of Data Qualification
Appendix 3. Qualified Data Summary and Annotated Laboratory Reports
Appendix 4. Laboratory Narrative and Chain-of-Custody Documentation
Appendix 5. Data Validation Supporting Documentation
Appendix 6. Additional Data Requested by Client

DATA QUALITY PARAMETERS

Holding Times

Holding times are calculated from Chain-of-Custody forms to determine the validity
of the results. The maximum holding time for radiochemical analysis is 6 months.

All holding times were acceptable.
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Preparation (Method) Blanks

Laboratory Blanks

Blank samples are analyzed to determine if positive results are due to laboratory
reagent, sample container, or detector contamination. If blank analysis results
indicate the presence of an analyte above the minimum detectable activity (MDA),
the following qualifiers are applied: All positive sample results less than five, times
the highest blank concentration are qualified as estimates and flagged "J"; sample
results below the MDA are qualified as undetected and flagged "U"; sample results

above the MDA and greater than five times the highest blank concentration are not

qualified.

All blank results were acceptable.

Field (Equipment) Blank

No field blanks were submitted for analysis.

Accuracy

Accuracy is evaluated from laboratory control sample (LCS) or blank spike sample
(BSS) batch samples and spiked samples from the analytical batch. Measured
activities are compared to the known added amounts. The acceptable LCS or BSS
and matrix spike ( MS) recovery range is 70-130%. In addition, samples may be
spiked with a radiochemical tracer to assist in isolating the radioisotope of interest
with the yield of the tracer being used in calculating sample activity. The
acceptable range for tracer recovery is 20% to 105%. Spike sample results
outside the above ranges result in associated sample results being qualified as
estimates, or not qualified, depending on the activity of the individual sample.
Results are rejected for LCS/BSS recoveries of less than 30% and tracer recoveries
of less than 20%, and tracer recoveries of greater than 115% for detected results.

All accuracy results were acceptable.

Laboratory Duplicates

Analytical precision is expressed by the relative percent differences ( RPD) between

the recoveries of duplicate matrix spike analyses performed on a sample in the

analytical batch. Precision may alternatively be assessed using unspiked duplicate
analyses performed on a sample in the analytical batch. If both sample and
replicate activities (concentrations) are greater than five times the contract required

detection limit (CRDL) and the RPD is less than 30%, no qualification is required. If

either activity ( concentration) is less than five times the CRDL, the RPD control limit
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is less than or equal to two times the CRDL. If the RPD is outside the applicable
control limit, associated results are qualified as estimated detects or estimated non-
detects.

All duplicate results were acceptable.

Field Duplicates

One set of field duplicates (J036X2/J036X6) were submitted for analysis. Field
duplicates are compared using the same criteria as for laboratory duplicates. All
field duplicate results were acceptable.

Detection Levels

Reported analytical detection levels for undetected analytes are compared against
the remaining waste sites RQLs to ensure that laboratory detection levels meet the
required criteria. All reported results met the analyte specific ROL.

Completeness

Data package No. H31 71 was submitted for validation and verified for
completeness. Completeness is based on the percentage of data determined to be
valid (i.e., not rejected). The completion percentage was 100%.

MAJOR DEFICIENCIES

None found.

MINOR DEFICIENCIES

None found.

REFERENCES

BHI, MRB-SBB-A23665, Validation Statement of Work, Bechtel Hanford
Incorporated, September 5, 1997.

DOE/RL-2001-48, Rev. 1, 300 Area Remedial Action Sampling and Analysis Plan,
U.S. Department of Energy, May 2004.
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Appendix 1

Glossary of Data Reporting Qualifiers
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Qualifiers which may be applied by data validators in compliance with the BHI

statement of work are as follows:

U - Indicates the compound or analyte was analyzed for and not detected

above the minimum detectable activity (MDA) in the sample. The value

reported is the sample result corrected for sample dilution and moisture

content by the laboratory. The data is usable for decision making

purposes.

UJ Indicates the compound or analyte was analyzed for and not detected at

concentrations above the minimum detectable activity ( MDA) in the

sample. Due to a minor QC deficiency identified during the data

validation, the associated quantitation limit is an estimate, but is usable

for decision making purposes.

J - Indicates the compound or analyte was analyzed for and detected. Due

to a minor QC deficiency identified during the data validation, the

associated concentration is an estimate, but the data are usable for

decision-making purposes.

R - Indicates the compound or analyte was analyzed for, detected, and due

to an identified major QC deficiency, the data are unusable.

UR - Indicates the compound or analyte was analyzed for and not detected in

the sample. Additionally, the data is unusable due to an identified major

QC deficiency.
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Appendix 2

Summary of Data Qualification
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RADIOCHEMISTRY DATA QUALIFICATION SUMMARY*

SDG: H3171 REVIEWER: TLI PROJECT:
600-47 Verification

PAGE 1 OF 1

COMMENTS: No qualifiers assi gned

* - The Qualified Data Summary Table includes laboratory applied "U" qualifiers na
specifically identified here. The laboratory applied "U" qualifiers are included to minimize
misinterpretation of results contained in the table.

(.} 0tl t.l 0'7



Appendix 3

Qualified Data Summary and Annotated Laboratory Reports
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RADIOCHEMISTRY ANALYSfS, SOIL MATRIX. (PCiIG) Page_i of_t

Pro ect: BEOHTEL-NANfORD

Laborafo . ES

Oas• SDG:H5171

Sample Numex J096X2 J036X3 J036X4 J036X5 J036XD

Remarks Duplicate

Sample oate ensbs srzs+oe s 2sros erzeros snsms
RadleeherrAM ROL RaauR O ReaR O RefuR C Resuk G ResuR O

Uranlvnf235R3A 1 1.01 Q.WO 1.31 1.6 OBSa

Uranium-236 1 0.1391 U 0 U 0 U 0.022 U O.Q30 U

Uranlum239 1 0.665 0.750 1.20 1.5e 0.7Y1

ti

!"1

LC

' - ROL exceeded
Laborztory apnlied non-detect al.,AEers "U" have ueen included in this table tc mmminize potential miss-m;erprelacor. of tesuhs. At oihe, auaG4ers shown were applied during validation



E B E R L I N E S E.R V I C E S / R I C H M O N D
SAtOLB DBLYVBRY GROUP B3171

7832-001 d036X2

D A T A S H E E T

SDG 7832 Client/Case no Hanford SDG H3 171._-

Contact Meliasa C. Mannion Contract No. 630

Lab sample id R505190-01 Client sample id J036X2

Dept sample id 7832-001 Location/Matrix 300-FF-2/600 - 47 Dump SOLID
Received 05/26/05 Collected/Weight 05/25/05 09:03 65.41 g
t solids 96.3 Custody/SAF No B05-027-01 B05-027

RESULT 2o ERR
-

DD.1A
-----------------------^

RDL QUALI-
ANALYTS CAS NO pCi/g (COUNT) pd./g pCi/g FIERS TSST

Uranium 233/234 U-233/234 1.01 0.33 0.18 1.0 U
Uranium 235 15117-96-1 0.139 0.11 0.21
Uranium 238 U-238 0..665 0.28 0.18 1.0 G

600-47 Verification

t

DATA SHEETS

Page 1

SUE9fARY DATA SECTION

Page 11
()000:I0

Lab id EBRLNE

Plrotocol. Han f o rd

Version Ver 1.0

Form DVD-DS

Version 3.06

Report date 06/10/05 ..,



E B E R L I PI E S E R V I C E S / R I C H M O N D

SAMPLE DELIVERY GROUP H3171

7832-002 J036X3

D A T A S H E E T

SDG 7832

• Contact Melissa C. Mannion

Lab sample id R505190-02

Dept sample id 7832-002

Received 05/26/05

t solids 97.2

Client/Case no Hanford SDG H3171 _

Contract No. 630

Client sample id 3036X3

Location/Matrix 300-FF-2/600-47 Dump SOLID

Collected/Weight 0 5/25/05 09:12 72.24 Q

Custody/SAF No B05-027-01 B05-027

RESULT 2o ERR I+IDA RDL QUALI-

ANALYTE CAB NO pCi/g (COUNT) pCi/g pCi/g PIERS TEST

Uranium 233/234 U-233/234 0.600 0.22 0.16 1.0 U

Uranium 235 15117-96-1 0 0.052 0.20 1.0 U U

Uranium 238 U-238 0.750 0.26 0.16 1.0 U

600-47 Verification

4N

DATA SHEETS

Page 2

SUpID1ARY DATA SECTION

Page 12 000011

Lab id EBRLNE

Protocol Hanford

Version Ver 1.0

Form DVD-DS

Version 3.06

Report date 06;10l05



;r.

EBERLINE SERVICES/RICHMOND
SAMPLEDELIVERY GROUP R3171

7832-003 J036X4
D A T A S H E E T

SDG 7832 Client/Case no Han ord SDG H3171
Contact Melissa C. Mannion Contract No. 630

Lab sample id R505190-03 Client Sample id J036X4
Dept sample id 7832-003 Location/Matrix 300-FF-2/600-47 Dumn SOLID

Received 05/26/05 Collected/Weight 05/25/05 09:16 65.24 a
9r solids 97.6. Custody/SAF No B05-027-01 B05-027

RESULT 20 ERR MDA RDL QIIALI-
ANALYTE CASNO pCi/g (COUNT) pCi/g pCi/g PIERS TEST

Uranium 233/234 U-233/234 1.31 0.36 0.16 1.0 U
Uranium 235 15117-96-1 0 0.052 0.20 1.0 U U
Uranium 238 U-238 1.29 0.36 0.16 1.0 U

600-47 Verification

I 91io
f

b

DATA SHEETS

Page 3

SUMMARY DATA SECTION

Page 13 000012,

Lab id EB RI.NE

Protocol HaCLOrC]_____

Versior. Ver

Form DVD-DS

Version 3.06

Report date 06L1Ci05_

_



ESERLINE SERVICES/RICHMOND

SANPLE DELIVERY GROUP R3171

7832-004

D A T A S H E E T

5036X5

SDG 7832 Client/Case no Hanford SDG H3 171 _

Contact Melissa C. Mannion Contract 630

Lab sample id R505190-04 Client sample id ,T036X5

Dept sample id 7832-004 Location/Matrix 300-FF-2/600-47 Dumu SOLID

Received 05/26/05 Collected/Weight 05/25/05 09:21 63.51 a

& solids 97.6 CustOdy/SAF No B05-027-01 - B05-027

RESULT 2o ERR MDA RDL QUALI-

ANALYTE CAS NO pCi/g ( COUNT) pci/g pCi/g FIERS TEST

Uranium 233/234 U-233/234 1.36 0.34 0.14 1.0 U

Uranium 235 15117-96-1 0.022 0.044 0.17 1.0 U U

Uranium 238 U-238 1.58 0.34 0.14 1.0 U

600-47 Verification

DATA SHEETS

Page 4 (}() (.i(.) 1AL .i
SUNMARY DATA SECTION

Page 14

Lab id EBRLNE

PTotocol Han_fo r d__ _

Versi.on 4°e:: 1C

Form D_VD- LS

Version 3.06

Report date 06 10 05



EBERLINE. SERVICES/RICHMOND

.SAAI4PLE DELIVERY GROUP 83171

7632-005 J036X6

DATA SEEET

SDG 7832 Client/Case no Hanford SDCH31 ?_

Contact Melissa C. Mannion Contract No. 63 0

Lab sample id R505190-05 Client sample id J036X6 _

Dept sample id 7832-005 Location/Matrix 300-FF-2/600-47 Dump LID __

Received 05/26/05 Collected/Weight 05/25/05 09:03 69.81 a

% solids 96.6 Custody/SAF No BO5-02?-01____ BOS-027

RESULT 2a ERR t®A RDL QUALI-

A21ALYTg CAS NO pCi/g ( COUNT) pCi/g pCi/g PIERS TEST

Uranium 233/234 U-233/234 0.858 0.30 0.19 1.0 U

Uranium 235 15117-96-1 0.030 0.059 0.23 1.0 U U

Uranium 238 U-238 0.711 0.25 0.19 1.0 - U -^

600-47 Verification

DATA SHEETS

Page 5

SUDII4ARY DATA SECTION

Page 15
U(.)f) d3:111

Lab id BBRLNL'

4rot.ocol Hanford

\le.^.a^_^^'. +'E-_._:_ _
.... ._

Form DVL

Yersion

Report date 06/ 1 0, 05__.
^ - - - -------



Appendix 4

Laboratory Narrative and Chain-of-Custody Documentation
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Eberiine Services
W.O. No. R6-05-190-7832

Bechtel Hanford Inc.
SDG H3171

Case Narrative Page 1 of I

1.0 GENERAL

Bechtel Hanford Inc. (BHI) Sample Delivery Group H3171 was composed of five solid
(soil) samples designated under SAF No. B05-027 with a Project Designation of: 600-47
Verification.

The samples were received as stated on the Chainof-Custody document. Any
discrepancies are noted on the Ebedine Services Sample Receipt Checklist. The results
were transmitted to BHI ria e-mail on June 10, 2005.

2.0 ANALYSIS NOTES

2.1 Isotopic Uranium Analyses

No problems were encountered during the course of the analyses.

Case Narrative Certification Statement

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

Meiissa C. Mannion
Senior Program Manager

/.l

^ ^...1 ^

Date

()0()(i1fi



Bechtel Hanford Inc. CHAIN OF CUSTODY/SAMPLE ANALYSIS RE,OUEST BOS-017-01 F•!, L nf i

olleolor Comnanr Contact Teknhone No. Proled Coord6lNor
Priee Code Data Tnrnaroand

8K
FaMberg 1 Lelch 373-5904 1CESSNER.IH

ruieet DealPatMn Samnllne Latadon 2 /-7 /^

?/

SAFNu. Air Quality 0 15 Days
60047 Verirrcation 300•FF•21600•4TDunpArea ,J/ 7G, ;/ 905-027

Ire Chest No. C I/'^_
-

COAField
MOt

No.
J96

of S6itunentMethod
3d (J _ I - R060472000-I3EL

t

Fed EX

-' T
Sh Offrite Prooertv No. !^ ^ r^ O z

1T J
Bill or l.adine/Alr Bal

PSE O
No.

EBCRf.INE3ERVIC I LIONVll1E -
--

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

SE C
--- ' - -----.

_ _ _.----_
-- "--- -

E HALARDS/RLMARKS

Tie To J03048 Preaerva0un

a0 a0
Type of Container

Special Handling ond/or Storage
No.No. of Coolalner(f)

Volume I
Good,

_ See i q i I^alaplc '

Q SAMPLE ANALYSIS
.

J1
.

^f

' 'Rd .^ /f

1 *
N(

'A .

atsqk No. Matrix ' Sampk Date Sample Time
- . . . , . , .. ^... .. ._ .. . -^. ^:.:: :

J036X2 SOIL j• e'S 'o d" Q o;1 ?G

J036X3 SOIL • 2 S•0 F* Q 1^-

J036X4 SOIL • CS •d 5 t ri

E

J036X5 SOIL 5•, '2.3'•0 ^ O^ Z 1 JC

J036X6 SOIL Y.i-e 0q0 3 X A

CHAIN OF POSSESSION Sign/Print Nemes SPECIAL INSTRUCTIONS •Matrix

ef uf:hed RyAtennvid From Ep. ^eaYfnne li{ "e Receised By/S1aM U IHfvrc

^

(I)ICVMefak-6aloA(Supemase)IArsnrie•BameKbdin'anCl¢mttiumLsadl; ^TMeo6-
s-s^^
sr-s,ase„

L ^ . •1 $ • O 6010A (Supertnu Add-0n) (Beq4Men) su•sNw

RNinqnished RyJRem:.iA Fmm '°^^r"r R<c ived By^Slared In ^^

T 3fl^l ^
^•4w„̂

w v lo „^.

Relin^osArd By,Rennved From Date/forc ^?^Rned By/3mted in uso.mmin

r•r

Reti.quiahedByJRenuvedFmm DstJiete ReetivedBy/Sbrtdln D,wTOnr

-

vv^++s

RelitquishedBpRennvedFrmn Dale?urc ReceisedBy6brtdIn Dadfene

-

•"'^'°

R<finqwshedBy/RmovedFmm fMt.Timc ReuivedBy56ondin DaWfime

Tnte Datdfime
LA110RATORY RruivedBY

SF(.TION
DisposrdBfl,atrT:me

FI%TAI.SA!sll'LE Du fx-s, I Meuwd

DISPOSITiON

6N+-EE-011 ( 03/01/2002)



Appendix 5

Data Validation Supporting Documentation
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APPENDIX A

RAllIOCHEMICAL DATA VALIDATION CHECKLIST

. .
VAI..IDATION
LEVEL:

A B
'^^
C^ ,.

- --
D

-
F

PROJECT: Ov- t{ Vc.. . r. DATA YACKAGE : 1 7 1
VALIDATOR: LZ' LAB: f DATE: 7 I nJ

SDG: "I( - -

ANALYSESPERF fy
GnurA11ur8e 8rmntium90 7Wmnam•99 ilaSiarm GmmaS vrn.o+v ^^^----
r«.i u.^^ wewm.n rrww

SAMPLES/MATRIX

e' C.. 2. i. "(l2)c^X`! 1 v G XS 36h(,

S^

1. Completeness .................................................................................................................... 0 N/A

Technical verification forms present? ................................................................Yes%U) N/A

Comments:

2. Initial Calibration (Levels D, E) ............

Instruments/detectors calibrated?......

Initial calibration asceptable?...........

Standards NIST traceable?................

Standards Expired? ...........................

Calculation check acceptable?..........

Comments:

JEUWA

Yes No N/A

.......................................... ........... Yes No N/A

..... ................................................. Ycs No N/A

.......................................................Yes No N/A

.................................:.....................Yes No N/A

00+(.3019



3. Continuing Calibration (Levels D, E) /A

Calibration checked within required frequency? ....................... .................................. Yes No N/,\

Calibration check acceptable? .................................................... ..................................Ycs No Nr,\

Calibration check standards traceable? ...................................... ......... ......................... Yes No N/A

Calibration check standards expired? ........................................ ..................................Yes No NiA

Calculation check acceptable? ................................................... ..................................Yes No N/A

Comments:

4. Background Counts (Levels D, E) ..................................................................................A

Background Counts checked within required frequency'? ........................................... Yes No N/A

Background Counts acceptable? .........................:........................................................Yes No N/A

Calculation check acceptable? ........................................ .......................... .................. Yes No N/A

Comments:

000020



, ..,.,:'. , . , .: .f., ^:.^.: . .^ .::^

5. Blanks (Levels 13, C, D, E) ..............................................

.^,.. : ... . . . . . . . ..

.............................................. 0 N/A

Method blank analyzed within required frequency'? ................ ................................. .Y^s' No N/A

Method blank results acceptable? ......................... ................... ................... .............. .QYy,s No N/A

Analytes detected in method blank? ........................................ ....................................Y N N/A

Field blank(s) analyzed? ..........................................................

Field blank results acceptable? ...... ..........................................

....................................Ye Nq N/A

.................................... Yes No /

Analytes detected in field blank(s)? .........................................

Transcription/Calculation Errors? (Levels D, E) .....................

....................................Yes No IdlA

....................................Yes No iw[A

Comments: _

6. Laboratory Control Samples or Blank Spike Samples ( Levels C, D. F.) .......................... 0 N'.^\

LCS /BSS analyzed within required frequency? ...............

LCSBSS recoveries acceptable? .......................................

LCS/BSS traceable? (Levels D,E) .....................................

LCSBSS expired? (Levels D,E) ........................................

LCSBSS levels correct? (Levels D,E) ..............................

Transcription/Calculation Errors? (Levels D, E) ...............

Cornxnents:

7. Chemical Carrier Recovery (Levels C, D, E)

Chemical carrier added? ...................................................

Chemical recovery acceptable?.........................................

Chemical carrier traceable? (Levels D, E) .......................

...................................

P

No N ,a

y c
No NA

......................................... Yes No .,tN'

.....................................Yes No

.........................................Yes No N/

........ ................................ Yes N t N,

C1(')O()AI^21



Chemical carrier expired? (Levels D, .E) .....................................................................Ycs No N: A

Transcription/Cal.culation errors? (Levels D, E) ..........................................................Yes No N/A

Comments:^

8. Tracer Recovery (Levels C, D, E ) ...........

Tracer added? .......... ....................................................... .................

Tracer recovery acceptable? ........... ....... .........................................

Tracer traceable? (Levels D, E ) ......................................................

Tracer expired? (l:.evels D, F.) .........................................................

Transcription/Calculation errors? (Levels D, E) ..............................

q N/A

yey

..................... 'e^ No N/A

........ l''es No rN

...................Yes Ni

..................... .... Yes No ^•':

9. Matrix Spikes (Levels C, D, E) ..................................................

Matrix spike analyzed? .................................................

Spike recoveries acceptable? ........................................

Spike source traceable? (Levels D, E) ..........................

Spike source expired? Levels'D, E) ..............................

Transcription/Calculation Errors? (L,evels D, E)..........

N/,\

......Ycs No\ N%A

.......Ycs No N';\

Y.u No ^ .1

No \::\

.......1'ci No N-;\

00002'A",



13. Results and Detection Limits (All Levels )...........

Results reported for all required sample analyses?......

Results supported in raw data?(Levels D, E) ..............

Results Acceptable? (Levels D, E) .............................

Transcription/Calculation errors? (Levels D, E).........

MDA's meet required detection limits? ......................

Transcription/calculation errors'? (Levels D, E)..........

.......... .................................. ^. L N:A..

.......... ............................... ....Ye No t?'1A

.................. ......................... ...Yes No

.......................................... Yes N N/

............................................... /^. ^''\No /

.............................................. No N/A
^._.:

................................................Yes N NiA

0000M4
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Appendix 6

Additional Documentation Requested by Client
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E B E R L I N E S E R V I C E S/ R I C H M 0 N D

SAMPLE DELIVERY GROUP H3171

7832-007 Method Blank

M E T H O D B L A N K

SDG 7832 Client/Case no Hanford SDG H3171 .I

Contact Melissa C. Mannion Contract No. 630

Lab sample id R505190-07 Client sample id Method Blank _

Dept sample id 7832-007 Material/Macrix SOLID

SAF No B05-027

RESQLT 20 ERR MDA RDL QIIALI-

ANALYTE CAS NO pCi/g ( COUNT) pCi/g pCi/g PIERS TEST

Uranium 233/234 V-233/234 0 0.052 0.20 1.0 U U

Uranium 235 15117-96-1 0.031 0.063 0.24 1.0 U U

Uranium 238 U-238 0 0.052 0.20 1.0 U U

600-47 verification

I
QC-BL71NR #52995

METHOD BLANKS

Page 1

STIIBdARY DATA SECTION

Page 8
() (.) () WZX;

Lab id EBRLNE

Protocol Hanford

Version VAr 1 .0

Form DVD-DS----.......-
Ver930i: 3.0 6_

ReporL date Coi 1 '_U___



EBERLINE SyE,,-^Ry VICES/3tIC8MOND
Sn61PIS hadtlO R7171

7832-008

DUPLICATE
J031.X:;

SDD 7832 Client/Case no Hanford SP; N7171

Contact Melissa C. MaR11or: Contract No. 63D

DUPLICATE OR.IUUINAI. . . .

Lab seoyle id R505L90-O6 :.ab ®ample id R505190-04 Client aamgle id J036X5

Dept semple itl 7 832-008 Dept savple id 7832-004 lacation/Macrix 300-FF2/600-47 Jumo 21'I_,

Received 05/26/05 Cellerced/Weigh<. _-

F solids 97.6 eolids 57.E . Ccs:.<xly!>%..: Nc u0?-0:v.0: EG^=f:_

DUPLICATS 2a ERR tR1i RDL qUA1.I- ORIGINAL 2e ERIt MD'A DUALt, RPC ]a PI40"

aNALYTg. WCS/9 (UOUNTI pCi/g pci/g PIERS TEST pCi/9 (CCIUNT) pCi/g FIF.RS l.1MI'1

Uranium 233/234 1.05 0.28 0.15 1.0 U 1.36 C.34 0.14
26

56

Uranium 235 0.047 0.047 0.18 1.0 U U 0.022 0.044 C..+.i V

UraniOn 238 01909 0.20 0.15 1.0 0 3.58 0.34 0.14 nG J
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PrctoCOi. N^aoitl _-

Vl'1Y1UL Vel _- ,

FOrm DVD-DUP

Vera i or: 3 .09

Report tluCr 0_('
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