Which Liquid Scintillation Counting
Prep Technique Can We Count On?



Trittum

e What s tritium?

°H



Why’s

* Why is this important to Fermilab?
e Why do we have to?
 ALARA THAT’'S WHY



Liquid Scinti-what?

Liguid Scintillation Counting

Did | stutter

Cocktails (not the fun kind)

How the machine does the thing
CPM>>DPM>>Activity




(bkgd 1-+bkgd 2-+bkgd 3+bkgd 4)

bkgdavg =

4

Sbkgd = j

(bkgd 1 - bkgdaye)? + (bkgd 2 - bkgd,yg)? + (bkgd 3 - bkgdaye)? + (bkgd 4 - bkgd,yg)?

CPpMyyg =

4-1

(cpm 1+cpm 2)
2

Scpm _ \/(Cpm 1- Cprﬂavg)2 + (Cpm 2- cpnlavg)2

2—-1

CpMyet= Cpmavg - bkgdavg

Scpmype = \/(8cpm)2+ (8bkgd)?

effyyg=

(eff 1 + eff 2)
2

2-1

Seff \/(eff 1 - effyyg)2+ (eff 2 - eff,,,)?

2
Seff Scpm
6dpm = dpm ( ) +< PMhnet
effan Cpmnet

Activity=

dpm + 8dpm

LSC Conv. Factor

]

3.7E+10 decays per second/ Ci

3.7E+10 dps/Ci * 60 seconds/min = 2.22E+12 dpm/Ci
2.22E+12 dpm/Ci * 1.0E-12 Ci/pCi = 2.22 dpm/pCi

If our sample is 2.5ml:

2.5ml * 2.22dpm/pCi = 5.5 dpm ml/pCi



What is my Purpose?

 To improve or affirm the effectiveness of
Fermilab’s tritium testing methods

e Basically, an epic quest for the “best” method




A Tale of Two Procedures

 Fermilab Procedure 210 of the Radionuclide
Analysis Facility vs. EPA Method 906.0

* Fermilab: filter the sample

* EPA: oxidize everything in the water with an
alkaline solution, then distill the sample



A Closer Look

* Treating the more complex and intensive EPA
procedure as the gold standard

* Not really a competition, just seeing if the
shortcut is acceptable




EPA Limits

Surface Water Standards for DOE Facilities:
1900 pCi/mL

Sewer water: 9500 pCi/mL
Federal Drinking Water Standards: 20 pCi/mL

Tritium concentrations in Indian Creek at site
boundary: 1-3 pCi/mL

Triium concentrations in sanitary sewer
water pumped to Batavia: 1-8 pCi/mL



WHAT DOOOOQO?

 Take samples
* Prep samples
 Count samples



Sampling Locations




Fermilab Surface Water Flow/Control Map

Legend
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Procedures in Graphic Detail

* GRAPHIC | SAY



Current Fermilab Method


















EPA Method 906.0
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A Very Brief Overview of What
Happens Post-Prep



Sample Prep, Old_130723-D.xIsm Sample Prep, Old_130712-A.xlsm ”IF

[Prep: Sample set made up in antistatic vials using 10.0 mL of Ultima Gold AB cocktail and 2.5 mL of sample material. Prep: Sample set made up ip-aptistatic vials using 10,0 mL of Ultima Gold AB cocktail and 2.5 mL of sample material.
Static controller is - ON / QEF? Al vials have been wiped off with distilled water prior to loading into the LSC. l;c controller is - ON | Al vials have been wiped 2
Made-up: 7/22//3 1920 PutinLSC: 7, ¥ Surted: Runé: 130723-D Nadewp 72/ ligo ~ PanlSC: ZBJI3 1270 S T L IPY
LSC: () 2260XL. ( ) 2750LL/AB, (x ) 3170TR/SL_ Notes: 120 i« Protocolt: <f LSC: 60XL. () 27S0LL/AB, (x ) 3170TR/S. Notes: $0 muin, Protocolf: /3
Vial| Tray | WorkReq. | Sample Vial | Tray | Work Req. | _Sample
MF Sample ID # | No. | No. | Number § Report To: Sample Description: Sample ID# [ No. | No. | Number Prep. Report To: Sample Description:
3/4.'\ Blank 1 | 100 | Bkgd. + - Distilled Water 1524 Blank 1 | 100 | Bkgd e = Distilled Water
3§ 1206-1-L06 2 | 102 QA ] - LSC Spike @ 1.45 pCi/mL 1928 1206-1-L06 2 | 102 QA - - LSC Spike @ 1.45 pCi/mL
130711KG05 | 3 | 103 | 13-118 Dist RAF Outfall 003 - 906.0 (1) z0) 5 130711KGO1 | 3 | 103 | 13-117 | Finerodsum PG MI Pond C (1)
130711KGO5 | 4 | 104 | 13-118 Dist. RAF Outfall 003 - 906.0 (2) 2076 130711KGO1 | 4 | 104 | 13-117 | Fiker045um EPG MI Pond C (2)
130711KGO5 | s | 105 | 13-118 Dist. RAF Outfall 003 - 906.0 (3) zo(t 130711KGO1 | 5 | 105 | 13-117 | Fikerossum EPG MI Pond C (3)
4y 1206-1-001 6 | 106 QA L - LSC Spike @ 1.93 pCi/mL 2430 1206-1-001 6 | 106 QA - - LSC Spike @ 1.93 pCi/mL
130711KGO5 | 7 | 107 | 13-118 - RAF Outfall 003 - No prep (1) 2015 130711KG02 | 7 | 107 | 13-117 | Fiterodsum PG Kidney Pond (1)
130711KGO5 | s | 108 [ 13-118 - RAF Outfall 003 - No prep (2) 20/ 1 130711KG02 | 8 | 108 | 13-117 | Fikerodsum EPG Kidney Pond (2)
130711KGO5 | 9 | 109 | 13-118 X RAF Outfall 003 - No prep (3) o 130711KGO02 | 9 | 109 | 13-117 | Fierossum o Kidney Pond (3)
q4 1206-1-002 10| 10 QA & = LSC Spike @ 4.83 pCi/mL 2033 1206-1-002 10 | 110 QA - = LS(-S Spike @ 4.83 pCi/mL
130711KG06 | n | 11 | 13-118 e RAF Outfall 002 - 906.0 (1) 2022 130711KG04 | 11 | 11 | 13-117 | Fikeroasum EPG Indian Creek Boundary (1)
130711KG06 | 12 | 11z | 13-118 = RAF Outfall 002 - 906.0 (2) 2023 130711KG04 | 12 | 12 | 13-117 | Fieroasum EPG Indian Creek Boundary (2)
130711KG06 | 13 | 201 | 13-118 o e Outfall 002 - 906.0 (3) 202y 130711KG04 | 13 | 201 | 13-117 | Fier045um PG Indian (?reek Bom@ 3)
47 1206-1-002 | 14 | 202 QA - - LSC Spike @ 4.83 pCi/mL 203y 9701-3-003 | 14 | 202 QA - - LSC Sv:ke @7.51 pCf/mL
| 130711KG06 | 1s [ 203 | 13-118 | - e Outall 002 - No prep (1) 2025 1206-1:004 115|251 QA = = LSC Spike @ 48.3 pCiml.
130711KG06 | 16 | 204 | 13-118 | - o Outfall 002 - No prep (2) zozk Bl } ool Bheds £ 1o - Distlled Water
130711KG06 | 17 | 205 | 13-118 L RAF Outfall 002 - No prep (3) 2027 17 | 205
% Blank 18 | 206 | Bked. - - Distilled Water /928 : :z
19 | 207 20 | 208
20 | 208 21 | 209
2 L 2 | 210
22 | 210 23 | 211
23 | 21 24 | 212
—— 120 Min. R -Run — Protoco] #/3
Sample Prep, Old_130712-Bxlsm s/~ Sample Prep, Old_130723-C.xlsm 47 £
tz Sample set made up ingntistatic vials using 10.0 mL of Ultima Gold AB oockm:l and 2.5 v.nL t':f sample material. Prep: Sample sct made up §
Static controller is - ON / Al vials have been wiped off with distilled water prior to loading into the LSC. Static controller is - ON
MMWU_ 2°g 73 13105 Suncd: Run: 1307128 Madeur B 19ze
|LSC: () 2260XL, () 2750LL/AB, (x ) 317 Notes: fralpeg/ 2% 40 mun Protocolé: 2 § LSC: () 2260XL, ( ) 2750L
WE Vial | Tray | WorkReq. | Sample = Vial | Tray | Work Req. | Sample i
T Sample ID# | No.| No. | Number | Prep. Report To: Sample Description: ﬂLF Sample ID# | No. | No. | Number : Report To: Sample Description:
ks Blank 1 | 11| Bked - - Distilled Water 1245 32 Blank I |01 | Bkgd. B = Distilled Water nez
24| 1206-1-L06 | 2 |2 | QA B = LSC Spike @ 145 pCi/mL 125F 34 | 1206-1-L06 | 2 12| QA B - LSC Spike @ 1.45 pCi/mL 1907
20| 130711KGO3 | 3 | 103 | 13-118 | Fiherodsum G Outfall 001 (1) 1247 130711KG04 | 3 | 103 | 13-117 Dist RAF Indian Creek Bdry - 906.0 (1) Zoo0
21| 130711KGO3 | 4 | 104 | 13-118 | fierossum 7 Outfall 001 2) 124€ 130711KGO4 | o | 104 | 13-117 | o A Indian Creek Bdry - 906.0 (2) 200 |
22| 130711KGO3 | 5 | 105 | 13-118 | Fikrossum L Outfall 001 (3) 1250 130711KG04 | s | 10s | 13-117 | o raF Indian Creck Bary - 906.0 (3) 200z
30| 1206-1-001 | 6 | 106 QA = = LSC Spike @ 1.93 pCifmL less 4o | 1206-1-001 | s | w0s| QA ~ LSC Spike @ 1.93 pCilmL 2029
23 130711KGOS | 7 | 107 | 13-118 | riterossum L) Outfall 003 (1) 125] 130711KG04 | 7 | 107 | 13-117 L A Indian Creek Bry -Noprep (1) |z00.8
24| 130711KGOS | s | o8| 13-118 | raerossum o Ouitell 003 2) 1252 130711KGO4_| s | 108 | 13-117 B e Indian Creek Bdry -Noprep@) (290
25| 130711KGOS [ 9 | s | 13-118 | riwossum Ll Outfall 003 (3) 1853 130711KG04 | 9 | w9 | 13-117 L e Indian Creek Bdry -Noprep3) 2005
2| 1206-1-002 | 10 | 110 QA - - LSC Spike @ 4.83 pCi/mL 2577 93| 1206-1-002 | 10 | 110 QA i s LSC Spike @ 4.83 pCi/mL iz 032
24f 130711KGO6 | ui | w1 | 13-118 | ritrossm 2o Outfull 002 (1) 1254 130711KG03_| 11 |t | 13-118 | om e Outfall 001 - 906.0 (1) 2007
27| 130711KGO06 | 12 | uiz | 13-118 | Fiteossum L Outfall 002 (2) 1255 130711KG03 | 12 | 2 | 13-118 | ba RaF Outfall 001 -906.0 (2) 200 ?
28] 130711KGO6 | 13 | 201 | 13-118 | Fner0ssum . Outfall 002 (3) 1250 130711KG03 | 13 [ 201 | 13-118 | ba e Outfall 001 - 906.0 (3) 2009
3y 9701-3-003 14| 202 QA = = LSC Spike @ 7.51 pCi/mL 1300 qb | 1206-1-002 | 1 | 22 QA - - LSC Spike @ 4.83 pCi/mL Zo3k
3| 12061004 |15 | 25| QA = = LSC Spike @483 pCifml /392 130711KGO3 | 15 | 203 | 13-118 | - e Outfall 001 - No prep (1) 2010
/9| Blank t6 24 | Bgd - = Dissltied Water: /246 130711KGO3 | 16 | 208 | 13-118 | - R Outfall 001 -No prep (2) 201/
{1120 130711KGO3 | 17 | 20s | 13-118 5 RAF Outfall 001 - No prep (3) zols
18 | 206 — 33 Blank 18 | 206 | Bkgd. - Distilled Water 1923
19 | 207 19 | 207
20 | 208 20 | 208
21 | 209 21 | 200
22 | 210 22 | 210
23 211 23 2m
24 | 212 2% | m2

120 Min Re-Rwm = Protocol # 4 F
i i e -
—
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RESULTS

* Fermilab’s procedure was quite consistent
with EPA’s 906.0

* Both treatments proved more effective than
no preparation at all...



® 00 [7] 906.0MYGOD.xIsx

e
&@@E@W gl J_“XE@'-LA';E'/Z?O' i='§ﬁ% 100%?’1;@ (Q' Search in Sheet )
| A Home [ Layout Tables | Charts ] SmartArt J Formulas | Data [ Review | | A 2k~
Edit Font Alignment Number Format Cells Themes
= .. - — = co oy (=]~}
[#] Fil v [calibriBody) |v|11 || As A~| = #8| = abcv I)WrapText~ |Number il %}j . , AaS, om”
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9
F12 i @ © [ fx| =AVERAGE(G4:G6,14:16) |+
_ A [ B [ € [ D [ E [N T e e e [0 P [ [ R
2 (‘aﬁbnﬁon Data: CPMA & Eﬁ ienci Instrument: PerkinElmer TriCarb 3170 liquid scintillation counter
3 Dist. # Spike - 906.0 Dist. Dist. H20 + Spike Raw H,0 - 906.0 Dist. Count time: 120 mins.
4 1 626.88 43.77 635.02 43.96 637.85 44.25 637.28 44.79 3.00 44.27 2.96 4433 Count window: 0-18.6 keV
5 2 633.15 44.06 632.53 44.50 637.31 44.26 636.57 44.74 2.86 44.18 2.65 44.42 20 Terminator: 1%
6 3 639.58 44.10 635.53 44.72 636.80 44.04 640.19 44,51 2.79 44.22 2.86 44.34 Vials: 20 mL Antistatic Polyethylene
7 Run Avg 633.20 43.98 634.36 44.39 637.32 44.18 638.01 44.68 2.88 44.22 2.82 44.36 LSC Cocktail: PerkinElmer Ultima Gold AB
8 Run SD 6.35 0.18 1.61 0.39 0.53 0.12 1.92 0.15 0.11 0.05 0.16 0.05 le/Cocktail: 2.5 mLf10mL
ek 633.78 637.67 2.85
9 Avg
Total CPMA
10 Avg - Bkg 630.93 634.81 nfa
Total CPMA
4. . .
11 | and Bkg Error 9 132 011
Total Region A
£ff Avg 44.19 44.43 44.29
Total Region A
13 EfSD 0.36 0.30 0.09
14
Activity
15 (pCi/mL) 257.28 257.43 116
16 + 2.68 1.81 0.05
T
19 13-102 (Outfall 002 - Kress Creek Transfer Ditch): CPMA & Efficienci
20 Bkg Data 254 | 4350 294 | 44352 254 | 4350 294 | 4452 254 | 4350 294 | 4452
21 258 | 44.03 2.82 | 4430 258 | 44.03 2.82 | 4430 258 | 44.03 2.82 | 4430
22 Avg Bkg Data 2.72 44.09 2.72 44.09 2.72 44.09
23 + 0.19 0.44 0.19 0.19 0.44
24 Dist. # 906.0 Dist. 0.45 um Filter No Prep
25 1 3.70 44.24 3.99 44.52 3.44 44.16 3.55 44.02 3.57 43.79 3.97 43.85
26 2 3.61 44.16 3.59 44.49 3.59 43.97 3.98 44.24 3.69 43.86 3.37 44.24
27 3 3.54 44,03 3.79 44.14 3.89 44.41 3.78 44,62 3.57 44.23 3.87 44.31
28 Run Avg 3.62 44.14 3.79 44.38 3.64 44.18 3.77 44.29 3.61 43.96 3.74 44.13
29 Run SD 0.08 0.11 0.20 0.21 0.23 0.22 0.22 0.30 0.07 0.24 0.32 0.25
Total CPMA
30 Avg 3.70 371 3.67
Total CPMA
31 Avg - Bkg 0.98 0.99 0.95
___Total CPMA__|
[ i< < > > T unspiked | Spiked | Sheet3 | + ] I
| Normal View | Ready Sum=44.43 v | 4
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The Verdict

* 906.0 is quite time consuming and difficult to
carry out exactly

* Consider that we are testing surface water,
which is relatively clean

 Therefore...



Significance to Education

* This experience | had at Fermilab was a bird’s-
eye view

* Why do we sample here at Fermi?
° <3



Questions?



