
LI\L.LOSURE2

TWS-ESS-DP-1 11. RI 

PROCEDURE FOR X-RAY FLUORESCENCE ANALYSIS 

Effe~ctve Date_________

o&my im nm

Tecbnical Reviewer 

/-A9A21201911 891211 
PDP.K WASTE 
bIM*Ipw

j? A dfo V

6�?e99 
- Uite

EtNCLOSUM la 0

zd!±l -

2



TWS-SS-•Dl, RI Paelof 9 

PROCEDURE FOR X-RAY FLUORESCENCE ANALYSIS 

1.0 PURPOSE 

The purpose of this proce dure IS to describe the proc for x-ray fluomsoce (XRF) analysts of 
geologic samptes.  

2.0 SCOPE 

This procedure applles to x-ray fluorescence analysis for the Yucca Mountain (YMP) project. s 
procedure covers XRF analysis of geologic samples and Inludes system mintup, hardware 
functioning, software, system shut-down, and requrements for documentation 

3.0 DEFINITIONS 

ESSXRF - lNcroVax 1I located at SM494.  
XRF - X-Ray Fluorescence 
System Manuals - Rlgaku Mamuls 1I and 2.  

4.0 SAMPLE PREPARATION 

Samples are pretpard for XRF analysis In accordance with te following procedures: 
Rock Splitting - Operation of S0-ton Hydraulic Press 9MFWS-S.DP.SS) 
Crushin - Operation of SO-ton Hydraulic Press (TWS-ESS-DP-S4) 
Pulverizing - Using the Shatterbox. CWS-ESS-DP-53) 
AE 100 "SCALE Operating Procedure (X.Ray Fluorescence Analysis Sample Weighing 
Procedure) CTWS-ESS-DP-S I) 
Fusing Using the Junior Orbit Shaker CFWS-ESS.DP.$2) 

5.0 DESCRIPTION OF.X-RAY EQUIPMENT 

5.1 The X-ray Fluorescence Analyzer is a Rlgaku 3064 sequential spectrometer with a Model 
3065, 108 position sample changer. This Instrument Is a closed x-ray system.  

S.2 Thm x-ray tube Is protected by an Interlock switch that prevents turn an of high volge, a nd 
thus x-rays, If the tube Is not in the machine.  

5.3 This instrument is equipped with a fail-safe x-ray warning light, shutter open Indicator ligbit 
and power applied indicator.  

SA No physical means of entry into the x-ray beam is possiNe without removal of mechanical 
parts of the insmruent.
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6.0 SAFETY 

6.1 This lnstnzmenn Is very mechanically powerf thus extra attention should be given to staying 
clear of its mechanical movements.  

6.2 No person except qualified maintnace persons shall remove panels or perform any Wopm 
not included In this procedure. Removal of any protective covers should be with x-rays off, 
except for calibration procedures which may require x-rays.  

6.3 Calibration and alignment will be performed as per z fact*mh published instrucztim .L, 
Documentation of Calibration and Alignment).  

6.4 No modificaons to x-ray lmiting devices will be performed without ESS- grup leaer and 
uSE approval.  

6.5 Each operator must attend an x-ray analytical instruments, radiation safety course. This course 
Is administered by Group HSE-I and must be retaken at three-year Intervals.  

7.0 START-UP 

7.1 XRF Condition-complete shut down or power failure.  

7.2 If any ALARM signal on the X-ray Generator Panel should light up, contact Machine 
Custodian.  

7.3 Turn on the white POWER button located on the 3064 Operation Panel 

7.4 On the X-ray Generator Panel, turn mA and then kV kobs fully counter-dockwise. Turn on 
both X-Ray and Power switches.  

7.I Turn on the sample changer power by pusing the white switch located on the Sample Change 
Pancho ON.  
7.5.1 Both the "power" lIgt& and the 'ready' light should come on.  
7.5.2 At this time you should hear a pump iran, which is somewhat loud at firs 7.S.3 11 you do not hear this pump, check on the 3064 Operdi Panl to make re hat the 

white button marked Vac Is depressed.  
7.SA If the button Is not depressed, thn do so. You should now hear the pump.  

7.6 Within this duster of buttons on the 3064 Operation Panl make sure that th Sampe Spn 
button is depressed and the ON Line button Is depressed.  

7.7 A bottle of P-10 gas, a water delonizer, and chiller are located against the wall to the left of the 
XRF.  
7.7.1 Check the P-10 gas flow. It should be at approximately 0.04 psig. Ifitisnot, adjust 

the knob untilit Is.  
7.7.2 Turn on the waters ource ifit Is not already on.  

7.8 Go to the left of the XRF where you will find a Water DelonizIng Heat Exchanger Systm 
7.8.1 Turn the power to ON on the Water System.
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7.8.2 On the fiont panel. you will find a meter that is for measring the conductivity ofthe 
war used for cooling the x-ry tobe.  

7.8.3 Net to the meter Is a to switc•.  
7.8.3.1 Hold the tog switch down to ADJ (do f release). The needle should 

rmad full scale.  
7.8.3. If the needle Is not full scale, adjust the knob until the nedl aligns with the 

last graduation mark 
7.8.3.3 Ifyou cannot align the mark. apae th OAV batteries (consult sysm 

manuals for rplacement of baterles), and repeat steps 6.8.3.1 throu 
6.83.Z 

7.8.3.4 Hold the togl switch up to MEAS. The needle should be to the left of the 
1.0 maE If it Is not replace delonizin CAMide located on wal.  

78.3.5 CAUTON: If the system is au on with water having a conductlvity 
greater than 1.0, damage may occur to the x-ray tube.  

7.8.3.6 If the conductivity of the water is below 10 then proceed with the next step..  
7.8.4 Open the front panel and check the water temperature (21.24C), jacket prsure (1.2.  

1.6 psi), and target pressures gauges (3.6 ps* Adjust the appropriate knobs below the 
gauges as necessary.  

7.9 Return to the front of the XRF and go to the upper right comer of the spectrometer where you 
will find the X-ray Generator Controls.  
7.9.1 C3eck the kV and mA settings to make sure they are on their lowest settings (20 kV 

and 2 mA. respectively). The load dial should be set at 2.7 kW.  
7.9.2 Note that both the "power light and x-ray "ready'liU are on. If neither light Is on.  

contact Machine Cumian.  
7.9.3 If at any tlime during this operation an instabiy of either the kV or mA meter is 

observed or an arcing sound Is heard. Immediately tam off the x-ray generator by 
depressing the x-ray Off switch.  

7.9.4 Slowly increase the kV by Increments of S. one click every 3 to S minutes, until the 
operating condition of 40 kV Is rehed.  

7.9.5 Slowly Increase the mA by Increments of S. one click every 3 to 5 minute, until the 
operating condition of 50 mA Is reached.  

7.9.6 Wait one hour to allow the machine to warm up before proceedi This allows the 
machine to stabilize.  

8.0 DRY RUN 

8.1 Resolution Check 
8.1.1 The resolution is checked on Cu K alpha x-ray line using the flow proportional 

counter. Resolutions <30H are acceptable. IfW•%, release ON LMNE. depress 
quantity, memory (Rlgaku nsmuction Manual 1, pg. 4-14).  

8.1.2 Load the Al and Cu sample and position the sample changer to Cu sample.  
8.1.3 On the Pulse Height Analyzer rotate the Mode knob to DIFF x 0.1.  
8.1A On the PHA Setter, rotate the only knob to SCAN.  
8.1.5 On the Ratemeter set the outer Range Knob to 10 and the inner Range Knob to x2 
8.1.6 Return to PHA seter and set Scan Speed switch for 10 minites.  
8.1.7 Pull out the Chart Recorder and turn It on by pushing the POWER Button.
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8.1.8 Prea START on PHA setter. The chart recorder should slowly advance and begin to 
draw a bel shaped curve.  

8.1.9 When finished, push STOP on th PHA setter and measure resolution (WHM . See 
Rigaku instructlios on resolution calculations (Rlgaku Imiction Mamua , p1. 4-14).  

82 PMr t XRF for sample analysis by doing the following on the 3064 Operation Panolt 
8.2.1 Remove te Cu and Al samples.  
822 Sett h prlorlty ON LJNa 
8-23 Release • • scanning mode quantity button.  
824 Release the program mode memory button.  
8.2.5 Log into ESSXRF MIcroVax IL 

9.0 - ANALY2ZNG SAMPLES WIH THE XRF 

9.1 The XRF is ready to analyze prepared samples after the dry run has been completed.  

9.2 Mount the glass disks in the holders with the tide to be analyzed facing up. Pass the holders 
under th bridge to make sure hey will load propery.  

9.3 Place the holders In the sample tray. Slot number six must always be fflled. There are a 
maximum of six samples per tray (never fill slot number one and zero as ample changer will 
fail to load samples). Put an appropriate control standard In any lot, position 2-6. Record the 
sample positions in the tray and tray number In the controlled XRF Sample Tracking LogbooL 

9.4 Make certain he Reference Standard (used to correct for instmental drift) is In position I in 
the sample chamber and close tde lid.  

9.5 Place the sample tray in th left side of dt sample changer tray racks. Make sure that th 
sample changer Is full, nine trays per side.  

9.6 Check green LED on sample changer to ensure that the first cassette is sensed by fth changer.  

9.7 LogintoaccountXRFLAB onone of the terminals Inthe XRFLAB, Room 118, ,M494.  
9.7.1 Type ESCP <CR> to statn the analysis program.  

9.8 Follow the instructions in the Rlgaku DATAFLEX software manual Explanations of 
commands ar• documented In Us manual.  

10.0 STANDBY CONDTI'ON 

10.1 This is the normal Standby Mode. If a complete shut down is required, sidp to step 10.  

10.2 The XRF should not be lef at operating levels 40 kV and S0 mA when not In use. During 
nights or weekends when it is not analyzing, the mA and kV levels of the x-ray tube should 
slowly be turned down (one at a time, mA first, kV second) to the minimum value.
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11.0 SHUTDOWN 

11.1 On tde X-ray Geneaor Pawel: 
11.1.1 Slowly turadownthe mA dial to Its minimum.  
11.1.2 Slowly turn down the kV dial to Its minimum.  
11.13 Turnthex-raysoff.  
I.IA Allowthe x.raytube to cool foratleast im s 
ll..5 Turn off power switch below x-ray switches.  

11.2 On the Sample C3anger Operation PanL 
112.1 Switch the Mual Lid to OPEN.  
11.2.2 When the vacuum Is rdelased (a hissing sound will be heard), turn off the power on the 

sample changer.  

11.3 On the 3064 operation panel, tarm off the power.  

11.4 Turn off th Water Delonizing System.  

12.0 QUALMiT ASSURANCE 

12.1 Personnel 

Only YWP certified persons may operate th XRF using this procedure. Evidence of 
certification shall be documented In accordance with the YMP Pmoedure for Personnel 
Selection, Indoctrination, and Qualification (TWS-QAS-QP-,02.1. M Taining for this 
procedure consists of reading the written Detafled Procedure and peforming the procedure 
under the supervision of a trained person. The preparer of this detailed procedure Is considered 
trained to perform this procedure and to train others.  

12.2 Control Standards 

Analysis of internationally recognized standard reference material (silicate rocks) will be used 
In each run. These standards are described in Geostandard Newsletter. Abbey (1980) 
(PLI.11). and are listed in Antachment A.  

12.3 Calibration 

Calibration for Urace elements is accomplished by using thc standards (Aftacbment A).  
Elements free of overlaps are fit to a linear let squares fit (-ncostraind. Oved.aped 
elements are fit using multiple linear least squares fits. Matrix corrections in both cases are 
acomplished by Rb)Compton ratioing (Harvey and Atkn. 1982).  

Calibration of major elements is accomplished by updating intensities from BCR-I (a USGS 
standard) in XRF-1 I driver file as described in XRF-1 I User Guide (Criss. 1985).

12.4 Documentation
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12.4.1 The fowing am recorded an an XRF Submittal Porm (Ant ame B): ft 
number, sample Identificatio number. date fused. wbo did the fusing, rock tyMe type 
of analysis want4d, requester.  

12.4.2 Tie analyis data am recorded on magnetic tape and hard disk, in ddtion a d 
copy Is sent to the reque4ser.  

12.4.3 TIe folowing are recorded in fth XRF Log: notes pertaining to problems, 
eperiments, changes in operating parameters or procedure.  

12AA A hard copy of fth analyses and fth associated calibration table shall be kept in a 
loose lea binder. A disk of tese data are stored on th ESSXRF VAX.  

12.5 Sample Handling and Storage 

Upon completion of XRF analyses, fused disks will be stored in accordance with Proced= for 
Sample Identificatin and Control for Mineralogy-Petrology Studies (TWS-ESS-DP-101) 
There are no specific storage requirements for the equipments used in this procedure.  

12.6 AceRect 

The requester (i.e., Investigator)&nd/br the operator shall have auftrity to accept or reject 
analyses. Acceptance or rejection shall be a matter of tf investigators professional judgement, 
based upon comparison of the results of analyses of smndards with their published values, and 
upon the Inwnded end-use of the dat.  

12.7 Potential Sources of Uncertanity 
1. Th selection of counting time for peak and backrund Is based on the typical sample. If 

samples are analyzed contining far less of the element of tres the error due to 
counting smdtdcs will become large, leading to poor precision.  

2. Unexpect or uncorrected el may overlap measured elements, resulting In 
unexpectedly high concentratios.  

3. Peporting of unceainties in X"F Analyses Is addressed in document TWS-ESS-1-1/9-8.  

13.0 REFERENCES 

13.1 Abby, S., 1980. Studies In Standard Samples' for use in the general analysis of silicate mcks 
and minerals: Geostandartd Newsletter. vol. 4, no. 2, p. 163-190.  

13.2 Harvey, P. IL, and Addn, B. P., 1982, Te estimation of mass absorption coemclents by 
Compton scattering: extensions to the use of Rh Ka Compton radiation and Intensity ratios: 
American Mineralogist, vol. 67, p. 534-537.  

13.3 Rlgaku Dataflex Software Manual 

13A Rlgaku Instruction Manuals I and 2 (X-Ray Fluorescence) 

13.S Criss, L. W., 1985, XRF-I I Users Ouide: Criss Softwam Inc., 12204 Blaketon SL, Laugo, 
Maryand 20M.  

13.6 TWS-ESS-1-l/89-8: Reporting of Analytical Uncertandes in X-Ray Fluorescence Analyses.
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13.7 TWS-ESS-DP-101: Procedure for Iden~flcation and Coazro for bfineralog-Peclogy 

13.8 Software: Rigala Datallx 360 a deacrbed In TWS-QAS-QP-3.1. RD.  

13.9 TWS.ESS-DP-S1, RO Mealer HBO Operaing Procedure (X-Ray Fluorescence Analysis 
Sample Weiging Procedure) 

13.10 TWS-ESS-DP.52, RI Sample Preparation for X.Ray Fluoreswcc Analysir. Fusing and 

13.11 TWS-ESS-DP.53, Ri Pulverizing Using the Rocklabs 3E Shawebox 

13.12 TWS-ESS-DP-54, RI Crushlng Operatton of 50 Ton Hydraulic Pans 

13.13 TWS-ESS-DP-55, RI Rock SpUlittng Operation. of 50 Ton Hydrauic Press 

13.14 TWS-QAS-QP-02.1, RI Procedure for Personnel Selection. Indoctrination, and 
Qualification
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ATrACHMEaTA 

LIST OF STANDARlDS

USGS 

A0V-1 

BC!-1 

BHVO-1 

.BIR-1 

DTS-1 

0-2 

O5P-1 

Pcc.1 

LOw-1 

ROM-1 

W-1 

OXR-1 

NES CMENTS 

NIBS 633 RED 

NBS 634 GOLD 

NBS 635 BLUE 
14BS 636 YEL.LOW 

NES 637 PINK 

NBS 638 GREEN 

NBS 639 CLEAR

NBS ROCK 

NBS 688 

NBS 278 

NBS SIA 

NBS91 

NBS 97 

NBS 98

NES 165 

NES 607 

NES 697 

soUTmiAFRICA 

NIM-D 

NIM-L 

NIM.P 

NIM-S 

JA.PAN 

lB-I 

JB-2 

.10-i 

IA-i 

CANADIAN 

MRO-1 

SY-2 

SY-3

FRENCH 

BE-N 

P-BIO 

AN-0 

0A 

UB-N,
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ATACHMEqT B 

XRF SAMO.B FRM 

-equec: ___ Subitted 

File MD. Program Code ,NNWSI (Y/N): • No. of Samples: 

Maios (Y ):____ U_•_____ 
Do you want to check samples After dry ame splt (Y/N:______________

Splining 

Shoxing 

Fuing 
Analysis Complete 
Dat Reduction 
FBmalRepcr 

Sample Fusion 
No. No.

Date 

ANALYSIS WILL BE LISTED IN ORDER BELOW

An* ci=W cc dgPW 2 

SAMPLE LOG SHEET 

Samples received in Sample Prep Lab__ 

Samples disribuzd to___ ,_ 

Sw~u~ro Date 
NNWSI, R&D _ 

Atjrm4 Am wh bo iv•r•wdanks ogw.k* vaVW 
ESS4 Form 2 (September V9SS)

i. . . ,

I I I I


