
Parker, Bryan 

From: 
Sent: 

Debbi Spykerman <debbi@cammenga.com> 
Friday, September 20, 2013 10:19 AM 

To: Parker, Bryan 
Subject: RE: NRC renewal clarification items 

Notice of Sig. Chg. EricaJessica 2013.pdf 
11
nf 

- z::; c-f/.1~"' ........ QrO 0'1. }11} 1'$ .. ; fr1T z . !M 
Attachments: 

Hi Bryan, 

Attached is the packet for the notice of change. I will send the attachement #2 separate as that may be way it didn't 
send. 

Thanks, 

debbi 

From: Parker, Bryan [mailto:Bryan.Parker@nrc.gov] 
Sent: Friday, September 20, 2013 8:40AM 
To: Debbi Spykerman 
·subject: RE: NRC renewal clarification items 

Thanks Debbi. I plan to finish up the renewal today, so it should go out to you next week sometime. Thanks 
again for the help with this. 

Have a nice weekend. 

Bryan 

From: Debbi Spykerman [mailto:debbi@cammenga.com] 
Sent: Thursday, September 19, 2013 2:58 PM 
To: Parker, Bryan 
Subject: RE: NRC renewal clarification items 

Hey Bryan, 

Sorry, I sent the wrong copy. Hope this is complete now. 

Have a nice night. 

Debbi 

From: Parker, Bryan [mailto:Bryan.Parker@nrc.gov] 
Sent: Thursday, September 19, 2013 3:10 PM 
To: Debbi Spykerman 
Subject: RE: NRC renewal clarification items 

Thank you, Debbi. Question - am I missing a page?? I got 2 pages, but there is not a No. 5, which was the a 
request for survey and bioassay clarification. 
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If you have any questions, please let me know. 

Thank you. 
Bryan 

Bry~A. P~ker 

Health Physicist 
USNRC- Region Ill 

bryan.parker@nrc.gov 
678-828-7050 
630-515-1078 (fax) 

~U.S.NRC 
t:n.~roat 'M.4t-'~ ~u.,..-i<Aif R•~tut<JhUV i -(,mtx~oin~tr:r 

p;;;;;;;;;;;)~-.,.iii,;'l:::;;;;:;;;;;;;.~ 
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CAMMENGA AND ASSOCIATES, LLC. 

19 September 2013 

Bryan Parker 
Materials Licensing Branch 

2011 Bailey Street 
Dearborn, MI 48124 

Ph. (313) 914-7160 
Fax (313) 914-7153 

U.S. Nuclear Regulatory Commission, Region III 
2443 Warrenville Road 
Lisle, IL 60532-4352 

Subject: Designate Erica Bone as Authorized User 
Designate Jessica Trevino as Authorized User 
Remove Judy Emery as Authorized User 

License No. 21-26460-01, Renewal, 2013 

Dear Mr. Parker, 

Cammenga Associates, LLC. Seeks to amend the material license referenced above as 
stated within the Significant Changes page. Cammenga requests that Judy Emery be removed 
from the License as an Authorized User, Erica bone and Jessica Trevino be added as an 
Authorized User. 

Should there be any questions or comments, please do not hesitate to contact me at the 
number above, extension, or via e-mail. 

Sincerely, l 

~£/--J xfpd,eu~___; 
CAMMENGA AND ASSdCIATES, LLC. 
Deborah Spykerman 
Operations Manager 
Radiation Safety Officer 
debbi@cammenga.com 

Enclosures: 
Enclosure 1 -Notice of Significant Changes 
Atta~bmeR~ 1 "WRC Mm:etiais Possessieft LieeH:se # 21 26466-61 
Attachment 2- Training/Test results. 



CAMMENGA AND ASSOCIATES, LLC. 
2011 BAILEY STREET 
DEARBORN, MI 48124 

PH (313) 914-7160 
FAX (313) 914-7153 

Notice of Significant Changes 

19 SEPTEMBER, 2013 

ENCLOSURE 1 

1. Authorized User, Judy Emery to be removed from the License. She has left the 
company. 

2. CAMMENGA seeks approval of both Erica bone and Jessica Trevino as an Authorized 
User. Erica started with CAMMENGA in 2/28/2011 and Jessica in 1/16/2012 both as 
assemblers; and within a short period became known as a trusted and safety minded 
employee. As of2011, Erica and Jessica under the direct supervision of Deborah 
Spykerman (Radiation Safety Officer), started to assist with radiation surveys, checking 
sealed source inventory in and out, as well as use of radiation detection equipment. To 
date, Erica and Jessica have received required training as well as completed a 
comprehensive examination, which Erica scored 97.5% and, Jessica scored 91%. Even 
as an Authorized User, Erica and Jessica will continue to be directly supervised by 
Deborah. 

Jessica and Erica has authority to stop operations that they would consider unsafe. They 
also have the commitment of management to fulfill duties and responsibilities to ensure 
that radioactive materials are processed and used in a safe manner. 
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CAMMENGA & ASSOCIATES, INC. 
Examination for RSO!Radiation Test Technician/Authorized User 

Exam#: RadTest#2 Date: \:;f\ · \'~:r \~ 

Instructor: Deborah Spykerman, Radiation Safety Officer 

By signing below, I attest that all work on this exam was my own and that I was given an 
opportunity to review the results of the exam, including further clarification of any 

missed questions. a ~ J ~-{ddl tt;CW.LUU(O 
~lgnature of Examinee 

score: __ $ __ . ___ = _q..!-·-L.;_· _% (80% Required) 

60 Points Total- Rad Test Technician I Authorized User 
84 Points Total- Radiation Safety Officer 

The following documents are supplied and may be used as a reference during this 

examination. 
A. 
B. 
c. 
D. 

Title 10 Code ofFederal Regulations Parts 0- 50 
Title 49 Code ofFederal Regulations Parts 173.421 - 173.423 
Materials License 21-26460-01 Amendment #11 
Materials License 21-26460-02E Amendment #6 
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This examination is intended for both Radiation Safety Officer Candidates and Radiation 
Test Technician candidates. Questions indicated with an asterisk(*) are intended for 

RSO Candidates only. 

1. State the recommended actions that should be taken in the event that a tritium vial 
is broken or cracked. State both worker and RSO!Rad Test Tech actions. (5 

points) 

~ ' 0\DO \){QC\\1\d\(j 
0,. ~ C\V0CUj ~\dY\ (\{Jlq 

3. c' \,.Qt..\- c_o _\.iiJ_\J.Q.£5 \ w.i\~ ¥.SJ ct Q \+ 
Y <\D l(J.6Y\ \'\~~s 
5. \lQ,\-oQ.\'\ \'0 (\(..QC\ 1.)\)\-1\ \6\6 ~ \)~ 0( \L\+ 

6. ~\~<t uQ,M "Scl'M~~ C\~~ \1\.S'" \lo,c\ 

~ ~~ ~\-\- - . 

\
rv-r. I,.., ' \(_Q.'\Y'())Q fu'(.Q (\ \1\~ \ ' ~'M Ul. If\ 

~ I..A.L\...-c;. ($:;:()~C\X-C: 

f. Os2Cc"(\\-a{Y\\1\G\\.e t-\\SL w\ WCt ~( ~\\c.\ 
(\q..QO 

~ ~~ .-t\"&. U(QC\ . 

L\. ~\.U(6Q ~\Ve. p.efM,':>S\00 

~ ~(\l:.e (S ·k> cc-, 0'\Q_ 'o:t<Y~ 

2. Define each of the following areas and state how often each must be surveyed for 
contaminatio~. (3 points) ~. ~~\L\Qc\ (\~C\ \S w'\\Q(Q CC\\f\0f\Q.X\9c' nC\-=s acepsS 

A. Restricted Area . D r \ I (\ 
B. Unrestricted Area (1:.)(\\(D\\ D-.Je.( \\\C\\~ \(\\X.t\'S to Q)(~osvfe +o '-'-\c,,<l,.\D 

~ ., I . Q ( \ ' U'<\6 \\-'S SUW''j9-d ~V--Uj . 
. \J\1 ].S:- .\ \4?( C\fJLC.'\ \S WVI.O(Q ((\{Y\<Y\Q0 Cl de>e.S{\ 1t YtC\.\JQ to 

IY\Ofu..~O( \(\c\1\l\C\il\~ qo(Y\ ~ QX\)C'd.Jf-1:.<_)~ ~.c.\H:.W-A . '}:\-'.5 

(::;() ( ~0 ~\)(\ \Q\ ~. 

3. What is the posting requirement for each restricted area/room? (1 point) 

A U\C\\0(\(~VQ f,\~X\ t:N'U.)\d GQ \\) t--Y\.0. QY\~(\V)CQ_ 
OC Q\JQ'{ ~ \LQ~ \-Q.' c_ \-e c\ cW.QS\ . 

4. What are the four principal ways that tritium can enter the body? (2 points) 

' 

(} (\\JS-:l\JC,i-\D{\ 

J \ () ~ l + \(){) . 
Q \ {\ \'\.C,\C\~D(\ 

' 

~J \{! ~~~t\Ofl 
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5. *State the title and part of the code of federal regulations that contain the 
requirements for the following: (3 points) 

A. Posting of notices to workers, instructions to workers, employee 

protection, et all 

B. Occupational dose limits, survey and posting requirements, waste disposal 

requirements, and records 

C. Department ofTransportation requirements for shipments of instrument 

and articles 

6. *What actions required by the Department of Transportation (DOT) must be 
completed prior to shipment of a package of compasses offsite? Assume the 
package contains 50 compasses. (2 points) 

7. What is the maximum non-fixed (removable) radioactive surface contamination 
on the external surface of a compass shipment package? (1 point) 

8. True/False If false explain why (1 point) 
Cammenga's shipping license allows them to ship vials as well as completed 
compasses containing six or more vials each to the general public . 

.,·~c\\se - QQCC\\)5~ cc,m\\'&:~ \ s o~ \ \.CQ\\SQ. b 

b\'\,Q \(){Y\'Q\JLk.c\ com~ClSses · 

9. What actions are required to be taken upon receipt of a shipment of vials? 
(Assume 3200 sets- 120 mCi per set) (5 points) 

' ~ '~V\ ~ (\ ~ ~ C' S 6 .(: ~ c.12.' \) \ r c\D C\ Lb\)~c.\IY\\ (\ 0.--\ \D 0 -

-leSt \0 Wl'i)( Q_ \\'\QR ~ C\\ef\ ~-+ c\C\ \\t\g.(t\ or Y\ \~h , -:r} ~(g-£(\ 
(~{\~\()- CC\Q.Q_\..Q_{. 0r's::> (\W[ ~ \:S c\c::{\Q_ 0\\~C\C_V, ((\ ~ P~C\X2f 
GY\.~ .. D:::> OS\ \{\\)Q\\\0(\,! tA \t- (\(\(\ ~'(\ SQ.c.Q(.Q. Page 3 of9 
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10. True/False If false explain why (1 point) 
The Internal Performance Assessment (IP A) background scintillation vial, the 
tritium scintillation vial, and the Carbon-14 scintillation vial should each be tested 
(analyzed) each time other samples are being tested on the scintillation detector or 
in the case of a group of samples, after the group of samples has been tested. 

11. What is the purpose of counting the IP A scintillation standards? (1 point) 

12. How would you know if the tritium counting efficiency of the TR-1600 may be 

out of specification? (1 point) 

'WNl'll ~q l,-Y\0. 99.\<\\W ~t, ~ ~\l'6 , 
\).2 l\D\Q._ -\o -\Q\\ · -s~ lDOtk\d .r\+-cttt C"--\Ll-Ar,l\1 

13. What should be done if an H-3 efficiency problem (or other potential problem) 

existed with the TR-1600? (1 point) 

,. C().~t.\- -\-\"0 OlC\\1\.0.rGcV (§- t\\Q --\i--\~· 

14. Using Attachment #1, answer the following questions. (11 points) 
A. What is the background count time? 

\D 
B. What is the sample count time? 

~s 
C. If the TR-1600 detected a problem with a particular sample, how could 

you tell from the printout? 

{t \.9._\-~{ ~\:\ . C\\)~C\\ o0 -\-'f\Q_ ~ \C\j Co\~ 

~ 
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D. If the samples 15 through 23 are restricted area contamination survey 
samples, are all of them within the limits set forth in the material license? 
Identify if all are within the limits, and explain why or why they are not 

within the limits. , \~ 
1 
·"* 'J() · \ 5 \ L\ CJ\ . C\ b 0\'\6 \\-

6ro0\c\ 'QQ. \ I CJ:j) 0 \'1\Q O( ~~(\c.\.Q Q . 

E. If samples 2 through 14 are unrestricted area contamination survey 
samples, are all of them within the limits set forth in the materials license? 
Identify if all are within the limits, and explain why or why they are not 
within the limits. ·~ 'Z • b 1 1-1 (\(\(\ \D (\"l.Q G '\)..:;WQ \-X'C. '1?-Dc\Qn'\ 

F. True/False The background cpm is automatically subtracted from each of 
the test samples listed in Attachment 1. <~~\Q..,\) e._ 

G. If samples 2 through 23 are contamination survey samples on shipment 
boxes, are all of them within the DOT limits? Identify if all are within the 
limits, and explain why or why they are not within the limits. 

, ::i:t- 2, b, l-i \01 C\00 f\~.\(Q (b\ '--'.)\~\''"' ~\5L \\ffi\t 'oocc~ 
'-~'-) C\~..Q_ Q~Q ')_fJJ0 C\\\\Q 

'*tAo 
H. If samples 2 through 23 are compass wipe test samples, are all of them 

within the limits set forth in the materials license? Identify if all are 
within the limits, l!Jld,,explain why or why they are not within the limits. 

\.))I ~ \0 \~~/~\Y~ (b\\)QCCtQ':£ .\)'\Q_'i (\~ ~\vJQ C\COc\\) IY\. 

-:±:i;jD 

I. How much cocktail is added to a contamination survey sample viap How 
much water is added? 

J. Does the printout indicate an operation problem with the TR-16J.O? _ 

Explain.~' \)QCQ.\})Q_ +\IQ~ ~~ G. ~6'A::q 
() {\ \-\'\£)_ .c. \(\.Cj (_() \6 ~ . . 
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K. Could Attachment 1 have been the results of testing a batch of urine 

samples? Explain .• \0,:) ,~C~'V~Q... ~ \)Sec.\_f>Ci'o\oc.o\ ~1. \OS\eed 
D~ 1..... • ·it\Q._QQ \~ {\() 'Ol\C\4:j (b..'>(\(\ ~ \.) ~ \ \\.t t ~ (\ c\ ~ -\-\ f<\Q.. 
\ s bDm,0\l\.eS, \~\«\(\ o~ '5. 

15. Using Attachment #2, answer the following questions. (6 points) 
A. Which of the following samples are background samples? 

t> ~ 

B. Which, ifany, ofthe samples appear(s) to be higher than normal? 

,?~ \0 0Q\).QC\(.) iJD -b .'OQ. ~\~ \'\Q.( \\''C\'\\ ~ 
4~q 

C. When would a workers urine test results be considered reason for concern 
or.backup testing? ol_~ \\- ~~C\Q.S ·~ \JQ.. ll\\\'&C \--'(\_Q'{\ 
5C(:). 

D. What is the normal sample volume for a urine sample? 

· \Dm\ 
E. What is the normal cocktail volume for a urine sample? 

• \Dm\ 
F. What is the sample count time? 

fJ [;l)m,~~s 

16. Using Attachment #3, answer the following question. (4 points) 
If samples 2 through 42 are vial diffusion testing samples, are all of the samples 
within the limits set forth in the materials license? If not, identify those that are 

\ 

not and explain why. Assume 5 ml sample and 5 ml cocktail per sample. \ .... 
~~ \0{2.\ I~ ~2.. (\~ 00\\)QCC\05Q -\-~ (\~ G'Dc:NQ \\,\CC>C~ffi 

17. Using Attachment #4, answer the following question. (4 points) 
If samples 2 through 48 are completed compass diffusion testing samples, are all 
ofthe samples within the limits set forth in the materials license? If not, identify} · 
those ~ ~not a x lain hy. Assume 10 ml cocktail per sample. . 

·~9 , (\{.9_ ('()\- ~,\-\'\ \(\ \-~ \\m\\- tQcC\.\)5D 

-\--\{\Q RJ'{ ~\ wQ f -\-f-Q_ ~ 3 ;2 ro c\c rt\ \' m \ :r . 
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18. A urine sample should be taken following a broken vial incident: (1 point) 

A. Immediately 
B. Within one hour 

61\fter the worker has voided at least once and within one day 
Wwithin one week 

19. *What is ALARA? (1 point) 

20. *Answer the following sample calculation problems. (2 points) 
A. A 5 ml sample is counted on the TR-1600 for H-3 and the result is the 

12,500 dpm. Calculate the uCi/ml concentration ofH-3 in the sample. 

B. If the 5 ml sample above was taken from a total volume of3 liters, how 
many total uCi are in the 3 liters? 

21. *A 10 ml sample is taken from 5 liters of waste water. When the sample is 
counted, the results are 5,500,000 dpm. Can all 5 liters be released to the sanitary 
sewer assuming 1 000 liters/month water usage to the sanitary sewer? Explain 
your reasoning. (3 points) 

22. *Name two NRC locations that the state of Michigan works with. State what 
each location is responsible for? (5 points) 

23. True/False If false explain why (1 point) 
The water used during decon activities or during routine cleanup activities need 

not be accounted for as wastewater. . . - Y\ . · c\ · 
e)\=c,\SQ 

1 
~NL ~~~\(2.. IJS~6 10\ ?:> \\ <lC~\'-i ,\\..Q~ ~ oCJ\ bJL 

(\t.t00-t\.\e.(\ to( ~C\S>~~,\RQ. · 
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24. How many H-3 vials are required to be tested for diffusion out of each lot? (1 
point) 

25. How many compasses are required to be tested for diffusion out of each lot? 
(assume a gov. lot of 3,200) (1 point) t:Jo \).. '5 

26. How many compasses are required to be wipe tested for contamination out of 
each lot? (assume a gov. lot of 3,200) (1 point) 

~nttffi~ \1~ 
27. *When calculating organ uptake of tritium, is using HT or HTO the preferred 

method to calculate, and why? (2 points) 

28. *What records of information with regards to decommissioning are required to be 
maintained at Carnmenga? (3 points) 

29. What is the maximum H-3 possession limit at Cammengas, 100 Aniline Ave., 
Suite 258, Holland, MI 49424? (1 point) 

(i \ L--\ I ()C)() CD V'-.~lQS 

30. *What is the biological half-life of tritium? (1 point) 

31. How often must a physical inventory of all H-3 sources be conducted? (1 point) 

~ .0.)52\?_~ b ffiD{\ \-\'\'S 

32. True/False If false explain why (1 point) 
In the absence of the Radiation Safety Officer, a qualified Rad Test 
Technician! Authorized User may perform training for restricted area workers. 

'1=C\\~Q. J ()(\..l~ C\ i Q~() \s C\\X0...\~~ b p_Q_\ {Q«.\"l\ 

-\-Q.c.u___'\\ \.'1\.CJ ()'{) LON ~{S ~fu C\Q.. \fl QQ.::}&.\C\ed (\ro(\ \. 

33. What is the minimum frequency for the performance of urinalysis of restricted 
area workers? (1 point) 
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34. *Explain what "rem" is? (2 points) 

35. State the minimum frequency for which contamination surveys are required for 
the following areas: (3 points) 

A. Unrestricted areas 

'(\0C\~tl~) 
B. Restricted areas 

.~ '\v0~,,~) 
C. H-3 Recycling areas 

o ~ , ( , fl u~Q. QJjQ{·\..) c~ 
36. True/False If false explain why (l point) " 

Recycled H-3 vials that pass diffusion leak testing will be shipped back to the 
manufacturer mb microtec of Switzerland. Since the shipment destination is 
overseas, all that is required is to place the vials in a strong container and ship to 
Switzerland in the mail. 

-

K\'DQ ' CD. \1\\'1'&\'Cf\ 6 \1()\ (\ \) \-'(\~ \ lf>d; -tc 8J,~ hl" \Q \ ~ 
~'\.C\{\'0~K-\\JQQQ.. ~\C\ Y\a.0€ \6 w l(:{)£,c~d '~ \-\wj 
~\ +o \)Q_ t)z\,Q ~c\ 
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Attachment #4 

Protocol #: 2 Name:3H DPM U-G 31-Dec-07 18:05 

Region A: LL-UL= 0.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 

Region B: LL-UL= 2.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 

Region C: LL-UL= 0.0-0.0 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 

Time= 5.00 QIP = tSIE/AEC ES Terminator= Count 

Conventional DPM 
Nuclide 1 = 181904 

PID S# TIME CPMA DPM1 tSIE LUM FLAG 
14 1 10.00 18.90 202. 6 B 
14 2 5.00 54.70 207.33 236. 12 
14 3 5.00 43.10 172.47 224. 14 

14 4 5.00 48.90 193.63 226. 14 
14 5 5.00 53.50 204.65 234. 12 

14 6 5.00 47.50 2180.09 236. 11 
14 7 5.00 48.90 188.33 232. 12 
14 8 5.00 58.50 223.67 234. 9 
14 9 5.00 59.10 217.44 242. 10 
14 10 5.00 58.50 225.61 232. 12 
14 11 5.00 54.10 206.84 234. 14 

14 12 5.00 54.10 3224.10' 217. 16 
13 5.00 50.50 193.71 233. 13 
14 5.00 53.90 194.17 247. 10 
15 5.00 47.50 4175.62 , 241. 12 
16 5.00 68.70 252.67 242. 12 
17 5.00 68.50 248.64 246. 10 
18 5.00 54.30 198.05 244. 8 
19 5.00 48.30 182.71 236. 13 
20 5.00 56.90 217.92 233. 15 

1 21 5.00 56.10 1207.93 241. 10 

1 22 5.00 49.50 188.78 234. 9 
1 23 5.00 53.30 199.90 238. 12 
1 24 5.00 56.90 215.83 235. 11 
2 25 5.00 57.50 244.91 212. 18 
2 26 5.00 55.70 3220.03 • 227. 14 
2 27 5.00 59.30 242.60 220. 10 
2 28 5.00 60.50 250.89 217. 12 

2 29 5.00 48.90 202.23 218. 12 

2 30 5.00 68.90 1267.83 230. 11 

2 31 5.00 64.90 259.30 224. 15 
2 32 5.00 58.30 227.39 229. 11 
2 33 5.00 51.50 6211.97"' 219. 13 
2 34 5.00 31.50 125.16 226. 18 
2 35 5.00 37.50 146.79 229. 15 
2 36 5.00 42.50 160.96 236. 17 
2 37 5.00 38.30 155.38 221. 16 

2 38 5.00 43.90 170.13 231. 11 

2 39 5.00 38.50 153.98 224. 14 

2 40 5.00 43.70 163.83 238. 15 
2 41 5.00 46.30 5178.48 1 232. 11 
2 42 5.00 37.90 153.07 222. 20 
2 43 5.00 40.10 153.38 231. 14 
2 44 5.00 42.90 166.69 230. 18 
2 45 5.00 39.30 3154.57 228. 14 
2 46 5.00 34.50 126.51 243. 21 

2 47 5.00 41.70 154.10 241. 15 
2 48 5.00 30.30 3103.96 260. 15 



Protocol #: 2 Name:3H DPM U-G 31-Dec-07 

Region A: LL-UL= 0.0-18.6 Lcr= 0 Bkg= 0.00 %2 

Region B: LL-UL= 2.0-18.6 Lcr= 0 Bkg= 0.00 %2 

0 Bkg= 0.00 %2 
Region C: LL-UL= 0.0-0.0 Lcr= 

Time= 5.00 QIP = tSIE/AEC ES Terminator= Count 

Conventional DPM 
Nuclide 1 = 181904 

PID S# TIME CPMA DPM1 tSIE LUM 

1 10.00 10.20 198. 7 

2· 5.00 53.40 233.90t· 207. 3 

3 5.00 2.20 9.90 202. 6 

4 5.00 9.60 45.33 193. 6 

5 5.00 21.60 99.07 198. 8 

1 6 5.00 104.60 466.36 ' 203. 2 

1 7 5.00 62.80 295.53" 194. 1 

1 8 5.00 9.80 43.36 205. 8 

1 9 5.00 41.00 171.12' 216. 3 

1 10 5.00 211.20 1153.32. 192. 4 

1 11 5.00 0.80 3.91 187. 18 

11 12 5.00 2.00 9.81 187. 15 

11 13 5.00 4.60 19.52 213. 18 

11 14. 5.00 27.80 140.97 181. 4 

11 15 5.00 35.80 155.82 208. 8 

11 16 5.00 6.40 25.70 224. 13 

11 17 5.00 3.00 12.66 214. 14 

11 18 5.00 1.20 5.94 185. 2 

11 19 5.00 3.40 17.15 182. 6 

11 20 5.00 280.80 1407.96' 183. 2 

11 21 5.00 3.40 12.53 242. 18 

22 5.00 43.60 175.21 223. 4 
11 
11 23 5.00 1.80 7.83 208. 22 

SYSTEM NORMALIZED 
C14 IPA DATA PROCESSED -17-Jan-2000 15:10 

C14 Eff (0-156 keV) = 97.21 % 
H31PA DATA PROCESSED -17-Jan-2000 15:12 

H3 Eff (0-18.6 keV) = 64.68% 
BKG IPA DATA PROCESSED -17-Jan-2000 16:12 

Bkg (0-18.6 keV) = 21.88 cpm 
Bkg (0-156 keV) = 28.23 cpm 
C14 E"2/B (1-156 keV) = 608.09 
H3 E"2/B (1-18.6 keV) = 208.80 

FLAG 
B 

Attachment #1 

06:45 
Sigma=O.OO 
Sigma=O.OO 
Sigma=O.OO 



Protocol #: 1 
Region A: LL-UL= 
Region B: LL-UL= 
Region C: LL-UL= 
Time= 60.00 
john's test program 
Conventional DPM 
Nuclide 1 = 181904 

PID S# 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Name:Urin 
0.0-18.6 Lor= 0 
2.0-18.6 Lor= 0 
0.0- 0.0 Lor= 0 
QIP = tSIE/AEC 

TIME CPMA 
60.00 23.17 
60.00 23.60 
60.00 58.95 
60.00 27.25 
60.00 17.92 
60.00 18.22 
60.00 25.92 
60.00 28.60 
60.00 67.43 
60.00 20.35 
60.00 18.28 
60.00 15.90 

SYSTEM NORMALIZED 

DPM1 
164.24 
164.21 
468.58 
279.00 
255.09 
292.59 
351.66 
333.82 
673.78 

3146.75 
279.68 
273.38 

C14 IPA DATA PROCESSED- 17-Jan-2000 15:10 
C14 Eff (0-156 keV) = 97.21 % 

H3 IPA DATA PROCESSED -17-Jan-2000 15:12 
H3 Eff (0-18.6 keV) = 64.68% 

BKG IPA DATA PROCESSED- 17-Jan-2000 16:12 
Bkg (0-18.6 keV) = 21.88 cpm 
Bkg (0-156 keV) = 28.23 cpm 
C14 E"2/B (1-156 keV) = 608.09 
H3 E"2/B (1-18.6 keV) = 208.80 

Attachment #2 

31-Dec-07 17:44 
Bkg= 0.00 %2 Sigma=0.50 
Bkg= 0.00 %2 Sigma=O.OO 
Bkg= 0.00 %2 Sigma=O.OO 
ES Terminator= Count 

tSIE LUM FLAG 
139. 38 
141. 12 
128. 62 
107. 51 
86.1 26 
80.1 18 
88.6 39 
97.6 12 
108. 4 
137. 12 
82.4 12 
77.1 24 



Attachment #3 

Protocol #: 2 Name:3H DPM U-G 31-Dec-07 11:52 
Region A: LL-UL= 0.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Region B: LL-UL= 2.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Region C: LL-UL= 0.0-0.0 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Time= 5.00 QIP = tSIE/AEC ES Terminator= Count 
Conventional DPM 
Nuclide 1 = 181904 

PID S# TIME CPMA DPM1 tSIE LUM FLAG 
1 1 10.00 12.60 163.3 21 B 
1 2 5.00 420.40 1566.30 239. 3 
1 3 5.00 185.00 7746.60 215. 6 
1 4 5.00 163.00 615.84 236. 6 
1 5 5.00 244.20 939.68 232. 3 
1 6 5.00 172.00 698.02 221. 7 
1 7 5.00 218.80 891.90 221. 4 
1 8 5.00 311.60 1224.14 228. 3 
1 9 5.00 225.00 951.83 213. 15 
1 10 5.00 401.60 15713.70, 229. 3 
1 11 5.00 144.00 559.10 230. 6 
1 12 5.00 296.20 1231.16 217. 3 
5 13 5.00 189.40 796.80 214. 4 
5 14 5.00 258.20 1062.53 219. 4 
5 15 5.00 196.20 787.26 224. 5 
5 16 5.00 376.80 1594.56 213. 3 
5 17 5.00 129.60 551.09 212. 6 
5 18 5.00 135.80 574.22 213. 7 
5 19 5.00 127.80 513.53 223. 23 
5 20 5.00 367.00 1534.81 216. 3 
5 21 5.00 360.40 14601.60; 222. 3 
5 22 5.00 123.00 593.18 190. 7 
5 23 5.00 120.80 486.31 223. 9 
5 24 5.00 217.20 8553.10 228. 38 

10 25 5.00 126.80 505.20 225. 5 
10 26 5.00 109.40 463.72 213. 10 
10 27 5.00 104.00 457.61 206. 6 
10 28 5.00 110.60 473.62 211. 6 
10 29 5.00 127.60 542.71 212. 9 
10 30 5.00 98.60 384.38 230. 9 
10 31 5.00 112.20 474.71 213. 9 
10 32 5.00 387.80 13385.88,.., 206. 10 
10 33 5.00 102.20 434.14 213. 7 

(missing vials) 
19 37 5.00 184.80 6548.10 231. 2 
19 38 5.00 469.80 2098.09 203. 2 
19 39 5.00 618.40 2668.18 209. 2 
19 40 5.00 724.20 3130.18 209. 2 
19 41 5.00 588.40 2616.19 204. 2 
19 42 5.00 1480.60 6604.45 203. 8 



CAMMENGA & ASSOCIATES, INC. 
Examination for RSO/Radiation Test Technician/Authorized User 

Exam#: RadTest#2 
Date: q'"" /3-/3 

Instructor: Deborah Spykerman, Radiation Safety Officer 

By signing below, I attest that all work on this exam was my ovvn and that I was given an 
opportunity to review the results of the exam, including further clarification of any 

missed questions. 

I 
\::> 

Signature df£xaminee 

., 

/ 
~ (/ .::) 

Score: __ "--"_::::_....:<1=------ (80% Required) 

60 Points Total- Rad Test Technician I Authorized User 
84 Points Total- Radiation Safety Officer 

The following documents are supplied and may be used as a reference during this 

examination. 
A. 
B. 
c. 
D. 

Title 10 Code ofFederal Regulations Parts 0- 50 
Title 49 Code of Federal Regulations Parts 173.421 - 173.423 
Materials License 21-26460-01 Amendment #11 
Materials License 21-26460-02E Amendment #6 
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This examination is intended for both Radiation Safety Officer Candidates and Radiation 
Test Technician candidates. Questions indicated with an asterisk(*) are intended for 
RSO Candidates only. 

1. State the recommended actions that should be taken in the event that a tritium vial 
is broken or cracked. State both worker and RSO/Rad Test Tech actions. (5 

~o~nts) Wo(k..?r- 1 'S+vp brecd-l1 t()C\: Z. R.rSh ~WO...'-{ fro I-< broken V1rJ. 
3.Aiei'+ G:)·Norl.Q,I""S 4-. AfP.f+ g~ or-R IT 5 \IV(J..Sh ho..ilds . 

lc:J C-rl ve: £-tr lfl(. Saf.-.tf{e- 7 (A/(1. '* ~ Ll¢. Po r C\~?...C"- +o~be- (e__le«;;;R_d, 
'RSojRT[- 1. Loc&:k;.,0Jnf0-1 n O.Jlo) r~ov<.- V1CAJ Z.Det..sY"l-lc\1'~--<,;nJe 

~{LR.. Ol reo.... 3 Te..~:rt -f·/1.t2-0. re.e-.. .fo ~~ C.OI"~i--J..l M ino.:J.1ot1 
Lf. 7J, eL~·"a~. are.o-._ bo._ck~ fo 0/'ork.c:: . .r_ 

2. Define each of the following areas and state how often each must be surveyed for 
contamination. (3 points) 

A. Restricted Area 
B. Unrestricted Area . , . · J ~ 

A ~eslnc:Jed t:Are.LA_ 1 s eontrolled OJld sarveje 
0 

r 
C.oflfO.tM1/)o,f1·0 r1 MC./.::: . .k-~ · . . . 

B. /J(lostnc/:.cxl arc::_0 ts nof c.o~froifed c:tnd SL£rv-eded 
Lf Lfcuh:;-l~ . 

3. What is the posting requirement for each restricted area/room? (1 point) 

A ~e:Jbw ra.dtx\c--hve Sr3tl · 

4. What are the four principal ways that tritium can enter the body? (2 points) 
I. A&sorbt:t<.Jn 

1-.lb !r1hoJoJ~on 
3 J rlijc:st , 0 n 
tf· It] ccf r a n 
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5. *State the title and part ofthe code of federal regulations that contain the 
requirements for the following: (3 points) 

A. Posting of notices to workers, instructions to workers, employee 
protection, et all 

B. Occupational dose limits, survey and posting requirements, waste disposal 
requirements, and records 

C. Department of Transportation requirements for shipments of instrument 
and articles 

6. *What actions required by the Department of Transportation (DOT) must be 
completed prior to shipment of a package of compasses offsite? Assume the 
package contains 50 compasses. (2 points) 

7. What is the maximum non-fixed (removable) radioactive surface contamination 

/1J#//.t711!JJ/on the external surface of a compass shiRment package? (l point) 
~ Vodp1--1 Cout--<erljo._ ·se.J+\(....{~r.J 

8. True/False If false explain why (1 point) 
Cammenga's shipping license allows them to ship vials as well as completed 
compasses containing six or more vials each to the general public. 1L 1 

fCXISe . &tv.~4(]._) s L' den~ o l b\1\/S on l~f C!JJ1-..{pli?71f?D 
r._!oup:J65e<S !:_9 Jx- sh~pped,~ 

9. What actions are required to be taken upon receipt of a shipment of vials? 
(Assume 3200 sets- 120 mCi per set) (5 points) 

Jnspecf for doJ--tt~on-I:~J.. CoX ~ . 
?zwre tv(+hn}. 3!b.J.rs of re~.q(d.Vttl"\ V1cJs 
Ie~st. -tfvz.l;Joxjfx.Jxes If sotJJ:ihnlj rs ~1~ 

Cor:focl:- ir--e. (:a_rr/~ J-16~--Atc..ro-te~ -~· 
J () Veftf-o rLj VI oJ S . Page 3 of 9 



10. True/False If false explain why (1 point) 
The Internal Performance Assessment (IPA) background scintillation vial, the 
tritium scintillation vial, and the Carbon-14 scintillation vial should each be tested 
(analyzed) each time other samples are being tested on the scintillation detector or 
in the case of a group of samples, after the group of samples has been tested. 

lrWL 

11. What is the purpose of counting the IP A scintillation standards? ( 1 point) I 
To 1'--utk:.tt Sure th..P- MCLCj"\lruz.. i's -f\u---,cL~n'tlj pro{JfJ- (:J-

12. How would you know if the tritium counting efficiency of the TR-1600 may be 

out of specification? (1 point) 

It vvadd pn ·n+atf c:A Wc:A.rn r't~. 

13. What should be done if an H-3 efficiency problem (or other potential problem) 

existed with the TR-1600? (1 P?int) n. I J ' 
Cvnfoc+ ~ l:o C.uue ·hx. + u fv(CLC"t1"vnut 

t Itt tJ.cJnufOiJu r e.r. 

14. Using Attachment #1, answer the following questions. (11 points) 
A. What is the background count time? 

JO u.inu+~<>. 
B. What is the sample count time? 

il/14!1 rafss, 5~--A,'I"',u+es. 
C. If the TR-1600 detected a problem with a particular sample, how could 

you tell from the printout? , , - [Ul t!ti.itt AA;Jt:i:- tU ~it!e;ei 
A warn111c, woo.ld prtn+ . ~ 1 _; ~r{/V.) L? _.) ~~ r-~~ {~~t.c..~ 

t/ (j _,;;;;;-
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( 

D. If the samples 15 through 23 are restricted area contamination survey 
samples, are all of them within the limits set forth in the material license? 
Identify if all are within the limits, and explain why or why they are not 
within the limits. 

N,o. nu~\ber Z? iS too hr'jh./t re~ds. /Lt07.q(p.Jp~vt 
/J~f:e-5+ r~utre,S /c)OcJJpM Or feSS" 
Th.e_ ve.s+of +(u ~t'-"F'-6 p~s'S. 

If samples 2 through 14 are unrestricted area contamination survey 
samples, are all of them wTthiri fne.limits set forth in the materials license? 
Identify if all are within the limits, and explain why or why they are not 
within the limits. 

No JJu~\bu- I o /s+oo h ijb,. l1\..Q.. h,_-s-f- r~1 ires 
Jooodpi.-1 orv1 +ru·s Snrup'.f -k_s+~ 1 s ove .. r 
I OC)<) d PL-1" ;;(( (p, '01 I/) w_ ~ ~0~ 

F. True/False The background cpm is automatically subtracted from each of 
thU~st samples listed in Attachment 1. 

/ru<: 
G. If samples 2 through 23 are contamination survey samples on shipment 

boxes, are all of them within the DOT limits? Identify if all are. within the 
limits, and explain why or why they are not within the l~lll:its. -· --l 

No. nuf-.1b?A" 2 L
1 
7, /0, 1sJ cAre.. .f:oo h1jh..· ~{e.~ 

re:Jutre-s 22odpk and fft;__'StZ. Y\~:-. a(.-z cA-l ( ove..,r 
,Z;0:JJpH. C!.a/;1/J-U~ ~ , ~ 

H. If samples 2 through 23 are compass wipe test samples, are all of them 
within the limits set forth in the materials license? Identify if all are 
within the limits, and explain why or why they are not within the limits. 

No. Nulv{~f 10 c:And. 2.0 c~r~.foo h~jJ'. ~ ~es+ 
(~LtiCeG 90::Jdpkard tM.iL<se.s -lwo setfv(ti~s 

c:Jre ove ... r croodp~vt, 

I. How much cocktail is added to a contamination surve~ sample vial? How 
much water is added? --

5Ml c.ocllwl 
5 ~I vvaJ--~r 

. ' " 
' < 

J. Does the printout indicate an operation problem with the TR-1600? 
Explain. 

No. Awarn1t~5 d~d no+ pn,rJOLrf. 
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K. Could Attachment 1 have been the results of testing a batch of urine 
samples? Explain. 

~6. Linne. hCA.5 ~ P('o-foc-01-ff I {Jo5 ond 
cbes no+ hcxve. C\. bctcL3round. 

15. Using Attachment #2, answer the following questions. (6 points) 
A. Which of the following samples are background samples? 

None.. 

B. Which, if any, of the samples appear(s) to be higher than normal? 

Not---\be,..- CltJtncl JO. 

C. When would a workers urine test results be considered reason for concern 
or backup testing? 'Nh.tn -t-lte f~-sf redds. ove-r SoodpM 

D. What is the normal sample volume for a urine sample? 

!oM I 
E. What is the normal cocktail volume for a urine sample? 

IDM I 
F. What is the sample count time? 

f...oa "--ll.ndt:es 

16. Using Attachment #3, answer the following question. (4 points) 
If samples 2 through 42 are vial diffusion testing samples, are all of the samples 
within the limits set forth in the materials license? If not, identify those that are 

. not and explain why. As_:ume 5 ml ~am~le and 5 ml coc~tail_per sample. _ d 
;\!(). NurJ.beY lo, v) 31_ Oire..+oo ht:JL !ru..lu\.Aa· rs I J,JoO ptvt 

ond fft..Lse S'ClN~{l$ () re over fl)oodpt.J. · 

17. Using Attachment #4, answer the following question. (4 points) 
If samples 2 through 48 are completed compass diffusion testing samples, are all 
of the samples within the limits set forth in the materials license? If not, identify 
those that are not and explain why. Assume 10 ml cocktail per sample. 

1\lo.Alw--{bef 15, 33/-lf ore~+oo h~jlLJt(p~ /,'tC\1+ ts .37cJodp~v< 
tJhd +A.t!~ 2Jf. . .AjYJs Otf'e ove_r 3'7oodpH. 
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18. A urine sample should be taken following a broken vial incident: (1 point) 
A. Immediately 
B. Within one hour 
© After the worker has voided at least once and within one day 

D. Within one week 

19. *What is ALARA? (1 point) 

20. *Answer the following sample calculation problems. (2 points) 
A. A 5 ml sample is counted on the TR-1600 for H-3 and the result is the 

12,500 dpm. Calculate the uCi!ml concentration ofH-3 in the sample. 

B. If the 5 ml sample above was taken from a total volume of 3 liters, how 
many total uCi are in'the 3 liters? 

21. *A 10 ml sample is taken from 5 liters of waste water. When the sample is 
counted, the results are 5,500,000 dpm. Can all 5 liters be released to the sanitary 
sewer assuming 1000 liters/month water usage to the sanitary sewer? Explain 
your reasoning. (3 points) 

22. *Name two NRC locations that the state of Michigan works with. State what 
each location is responsible for? (5 points) 

23. True/False If false explain why (1 point) 
The water used during decon activities or during routine cleanup activities need 
not be accounted for as wastewater. 

~"lse. A II ~va te.r uSe.ci Po r d econ ac+lvl+~·es 
0~1 C&C\n up ne.ec/ +o bQ_ OCCo:lrr/eJ OS y.;o,s/c 
\VO:J er. 

Page 7 of9 



24. How many H-3 vials are required to be tested for diffusion out of each lot? (1 

point) All v: o\s-

25. How many compasses are required to be tested for diffusion out of each lot? 
(assume a gov. lot of 3,200) (1 point) 

i 2_ f) co 1--(VOS'SR-S 

26. How many compasses are required to be wipe tested for contamination out of 
each lot? (assume a gov. lot of 3,200) (1 point) 

·1 r:::. I~'--' wk.L~~~s 
27. *When calculating organ uptake of tritium, is using HT or HTO the preferred 

method to calculate, and why? (2 points) 

28. *What records of information with regards to decommissioning are required to be 
maintained at Cammenga? (3 points) 

-29. What is the maximum H-3 possession limit at Cammengas, 100 Aniline Av ., 
Suite 258, Holland, MI 49424? (1 point) 4<60

1
0()0 s,;un:: e.:::., no+ +o exceed ~ ~--~.,·if~ CJ.tt(';; 

3UJ oc:o ' (:''"'-'I, 
. . / - S .. :u .. n~cc:: s n () ~ -1-o c:?_ \'ce.~c:i I 00 lvu I ( ,·CJ.J. rc:-s 

5o.,~ovo S'ot.tn?~ .zs no+ +o e_x:ce. <::d 2.5o M, U i·C .. DI-e..-s 
30. *What is the biological half-life of tritium? (1 point) 

31. How often must a physical inventory of all H-3 sources be conducted? (1 point) 

£" Vc.?_v-y f..~ Mo n+hs .. 
32. True/False If false explain why (1 point) 

In the absence of the Radiation Safety Officer, a qualified Rad Test 
Technician/Authorized User may perfonn training for restricted area workers. 

ro.lse.. ur k( flu_ Rso rsqt.u:JJ,'f'r ~d -to +-ra._~·n r-esfr-rr:-+ed 
Qre'.t?\ \tVO(I(Qfs .. 

3 3. What is the minimum frequency for the performance of urinalysis of restricted 
area workers? (1 point) 

Or1ce a Monfh. 

Page 8 of9 



34. *Explain what "rem" is? (2 points) 

35. State the minimum frequency for which contamination surveys are required for 
the following areas: (3 points) 

A. Unrestricted areas 
Ou0\'-he:dlj 

B. Restricted areas 

We-~1Jlj 
C. H-3 Recycling areas 

D::ti l'j \rVhe_r\ ,. n u-se-
36. True/False If false explain why (I point) 

Recycled H-3 vials that pass diffusion leak testing will be shipped back to the 
manufacturer mb microtec of Switzerland. Since the shipment destination is 
overseas, all that is required is to place the vials in a strong container and ship to 
Switzerland in the mail. 

F;,lse_. W L ha.v~ -J-o con+~c_t tvtb t-....tt.crof-e c and 
7j-ct J~·re,c.J··l~n s Olnd CLrl~·-ft·ca_;h·on -fo Sht.)':>-J-kiJ . .A.. 

bctc~t. 
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Protocol #: 2 Name:3H DPM U-G 31-Dec-07 

Region A: LL-UL= 0.0-18.6 Lcr= 0 Bkg= 0.00 %2 

2.0-18.6 Lcr= 0 Bkg= 0.00 %2 Region B: LL-UL= 
Region C: LL-UL= 0.0-0.0 Lcr= 0 Bkg= 0.00 %2 

Time= 5.00 QIP = tSIEIAEC ES Terminator = Count 

Conventional DPM 
Nuclide 1 = 181904 

PID S# TIME CPMA DPM1 tSIE 
1 10.00 10.20 198. 
2' 5.00 53.40 233.90, 207. 

~3 5.00 2.20 9.90 202. 

4 5.00 9.60 45.33 193. 

5 5.00 21.60 99.07 198. 
1 ~ 5.00 104.60 466.36- 203. 

1 '7/ 5.00 62.80 295.53- 194. 
1 8 5.00 9.80 43.36 205. 
1 9 5.00 41.00 171.12 216. 

1 <!9' 5.00 211.20 1153.32· 192. 

1 11 5.00 0.80 3.91 
11 12 5.00 2.00 9.81 

11 13 5.00 4.60 19.52 
11 14 5.00 27.80 140.97 
11 15 5.00 35.80 155.82 
11 16 5.00 6.40 25.70 
11 17 5.00 3.00 12.66 

11 18 5.00 1.20 5.94 

11 19 5.00 3.40 17.15 

11 (gpl 5.00 280.80 1407.96 

11 21 5.00 3.40 12.53 
11 22 5.00 43.60 175.21 
11 23 5.00 1.80 7.83 

SYSTEM NORMALIZED 
C141PA DATA PROCESSED -17-Jan-2000 15:10 

C14 Eff (0-156 keV) = 97.21% 
H3 IPA DATA PROCESSED -17-Jan-2000 15:12 

H3 Eff (0-18.6 keV) = 64.68% 
BKG IPA DATA PROCESSED- 17-Jan-2000 16:12 

Bkg (0-18.6 keV) = 21.88 cpm 
Bkg (0-156 keV) = 28.23 cpm 
C14 E"2/B (1-156 keV) = 608.09 
H3 E"2/B (1-18.6 keV) = 208.80 

187. 
187. 
213. 
181. 
208. 
224. 
214. 
185. 
182. 
183. 
242. 
223. 
208. 

LUM FLAG 
7 B 
3 
6 
6 
8 
2 
1 
8 
3 
4 

18 
15 
18 
4 
8 

13 
14 
2 
6 
2 

18 
4 

22 

Attachment #1 

06:45 
Sigma=O.OO 
Sigma=O.OO 
Sigma=O.OO 



Protocol #: 1 
Region A: LL~UL= 

Region B: LL-UL= 
Region C: LL-UL= 
Time= 60.00 
john's test program 
Conventional DPM 
Nuclide 1 = 181904 

PID S# 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Name:Urin 
0.0-18.6 L.cr= 0 
2.0-18.6 Lcr= 0 
0.0- 0.0 Lcr= 0 
QIP = tSIE/AEC 

TIME CPMA 
60.00 23.17 
60.00 23.60 
60.00 58.95 
60.00 27.25 
60.00 17.92 
60.00 18.22 
60.00 25.92 
60.00 28.60 
60.00 67.43 
60.00 20.35 
60.00 18.28 
60.00 15.90 

SYSTEM NORMALIZED 

DPM1 
164.24 
164.21 
468.58 
279.00 
255.09 
292.59 
351.66 
333.82 
673.78 

3146.75 
279.68 
273.38 

C14 IPA DATA PROCESSED- 17-Jan-2000 15:10 
C14 Eff (0-156 keV) = 97.21% 

H3 IPA DATA PROCESSED- 17-Jan-2000 15:12 
H3 Eft (0-18.6 keV) = 64.68% 

BKG IPA DATA PROCESSED- 17-Jan-2000 16:12 
Bkg (0-18.6 keV) = 21.88 cpm 
Bkg (0-156 keV) = 28.23 cpm 
C14 E"2/8 (1-156 keV) = 608.09 
H3 E"2/B (1-18.6 keV) = 208.80 

Attachment #2 

31-Dec-07 17:44 
Bkg= 0.00 %2 Sigma=0.50 
Bkg= 0.00 %2 Sigma=O.OO 
Bkg= 0.00 %2 Sigma=O.OO 
ES Terminator = Count 

tSIE LUM FLAG 
139. 38 
141. 12 
128. 62 
107. 51 
86.1 26 
80.1 18 
88.6 39 
97.6 12 
108. 4 
137. 12 
82.4 12 
77.1 24 



Attachment #3 

Protocol #: 2 Name:3H DPM U-G 31-Dec-07 11:52 
Region A: LL-UL= 0.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Region 8: LL-UL= 2.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Region C: LL-UL= 0.0-0.0 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Time= 5.00 QIP = tSIEIAEC ES Terminator= Count 
Conventional DPM 
Nuclide 1 = 181904 

PID S# TIME CPMA DPM1 tSIE LUM FLAG 
1 10.00 12.60 163.3 21 B 
1 2 5.00 420.40 1566.30 239. 3 
1 3 5.00 185.00 7746.60 215. 6 
1 4 5.00 163.00 615.84 236. 6 
1 5 5.00 244.20 939.68 232. 3 
1 6 5.00 172.00 698.02 221. 7 
1 7 5.00 218.80 891.90 221. 4 
1 8 5.00 311.60 1224.14 228. 3 
1 9 5.00 225.00 951.83 213. 15 
1 10 5.00 401.60 15713.70 229. 3 
1 11 5.00 144.00 559.10 230. 6 
1 12 5.00 296.20 1231.16 217. 3 
5 13 5.00 189.40 796.80 214. 4 
5 14 5.00 258.20 1062.53 219. 4 
5 15 5.00 196.20 787.26 224. 5 
5 16 5.00 376.80 1594.56 213. 3 
5 17 5.00 129.60 551.09 212. 6 
5 18 5.00 135.80 574.22 213. 7 
5 19 5.00 127.80 513.53 223. 23 
5 20 5.00 367.00 1534.81 216. 3 
5 21 5.00 360.40 14601.60 222. 3 
5 22 5.00 123.00 593.18 190. 7 
5 23 5.00 120.80 486.31 223. 9 
5 24 5.00 217.20 8553.10 228. 38 

10 25 5.00 126.80 505.20 225. 5 
10 26 5.00 109.40 463.72 213. 10 
10 27 5.00 104.00 457.61 206. 6 
10 28 5.00 110.60 473.62 211. 6 
10 29 5.00 127.60 542.71 212. 9 
10 30 5.00 98.60 384.38 230. 9 
10 31 5.00 112.20 474.71 213. 9 
10 32 5.00 387.80 13385.88 206. 10 
10 33 5.00 102.20 434.14 213. 7 

(missing vials) 
19 37 5.00 184.80 6548.10 231. 2 
19 38 5.00 469.80 2098.09 203. 2 
19 39 5.00 618.40 2668.18 209. 2 
19 40 5.00 724.20 3130.18 209. 2 
19 41 5.00 588.40 2616.19 204. 2 
19 42 5.00 1480.60 6604.45 203. 8 



Attachment #4 

Protocol #: 2 Name:3H DPM U~G 31-Dec-07 18:05 
Region A: LL-UL= 0.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Region B: LL-UL= 2.0-18.6 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Region C: LL-UL= 0.0-0.0 Lcr= 0 Bkg= 0.00 %2 Sigma=O.OO 
Time= 5.00 QIP = tSIE/AEC ES Terminator= Count 
Conventional DPM 
Nuclide 1 = 181904 

PID S# TIME CPMA DPM1 tSIE LUM FLAG 
14 1 10.00 18.90 202. 6 8 
14 2 5.00 54.70 207.33 236. 12 
14 3 5.00 43.10 172.47 224. 14 
14 4 5.00 48.90 193.63 226. 14 
14 5 5.00 53.50 204.65 234. 12 
14 6 5.00 47.50 2180.09 236. 11 
14 7 5.00 48.90 188.33 232. 12 
14 8 5.00 58.50 223.67 234. 9 
14 9 5.00 59.10 217.44 242. 10 
14 10 5.00 58.50 225.61 232. 12 
14 11 5.00 54.10 206.84 234. 14 
14 12 5.00 54.10 3224.10 217. 16 

1 13 5.00 50.50 193.71 233. 13 
1 14 5.00 53.90 194.17 247. 10 
1 15 5.00 47.50 4175.62 241. 12 
1 16 5.00 68.70 252.67 242. 12 
1 17 5.00 68.50 248.64 246. 10 
1 18 5.00 54.30 198.05 244. 8 
1 19 5.00 48.30 182.71 236. 13 
1 20 5.00 56.90 217.92 233. 15 
1 21 5.00 56.10 1207.93 241. 10 
1 22 5.00 49.50 188.78 234. 9 
1 23 5.00 53.30 199.90 238. 12 
1 24 5.00 56.90 215.83 235. 11 
2 25 5.00 57.50 244.91 212. 18 
2 26 5.00 55.70 3220.03 227. 14 
2 27 5.00 59.30 242.60 220. 10 
2 28 5.00 60.50 250.89 217. 12 
2 29 5.00 48.90 202.23 218. 12 
2 30 5.00 68.90 1267.83 230. 11 
2 31 5.00 64.90 259.30 224. 15 
2 32 5.00 58.30 227.39 229. 11 
2 33 5.00 51.50 6211.97 219. 13 
2 34 5.00 31.50 125.16 226. 18 
2 35 5.00 37.50 146.79 229. 15 
2 36 5.00 42.50 160.96 236. 17 
2 37 5.00 38.30 155.38 221. 16 
2 38 5.00 43.90 170.13 231. 11 
2 39 5.00 38.50 153.98 224. 14 
2 40 5.00 43.70 163.83 238. 15 
2 41 5.00 46.30 5178.48 232. 11 
2 42 5.00 37.90 153.07 222. 20 
2 43 5.00 40.10 153.38 231. 14 
2 44 5.00 42.90 166.69 230. 18 
2 45 5.00 39.30 3154.57 228. 14 
2 46 5.00 34.50 126.51 243. 21 
2 47 5.00 41.70 154.10 241. 15 
2 48 5.00 30.30 3103.96 260. 15 


