
QA D LSS Office of the Associate Director for 

Memorandum 

DATE 22 September 2016 /IJ--t! ~ 7 hl -c I 
t!l'J tlL/trJ I TO Licensing Assistance Team 

US Nuclear Regulatory Commission Region I 
2100 Renaissance Boulevard, Suite 100 
King of Prussia, PA 19406-2713 

FROM Office of the Associate Director for Laboratory Science and Safety 
Radiation Safety Office 

SUBJECT U.S. Department of Health & Human Services, Request for Additional Information 
Concerning Application for a License Amendment, Control 5~2'--"f-C} /'7fldd""'(j' 

1. The submitted information associated with instrument calibration appears to be incomplete or 
not relevant to the requested release. Please submit the current calibration records for all 
survey instruments and detectors used during this release survey along with efficiency 
information. You provided the following calibration information: Instrument 2350-1 #186177, 
calibration performed October 5, 2015, which did not appear to be used in this survey; 
Instrument 2224-1 #187286 with 43-93, PR2994119, calibration performed April 27, 2015, 
which would appear to be beyond the calibration due date during the survey; Probe 43-37-1 
#PR352912 attached to 2350-1 #186177, which does not appear to have been used in the 
survey; and Instrument 2350-01 #212234 with probe GP13A #360, calibration done July 31, 
2015, which also does not appear to be used in the survey. Instrument calibration for Ludlum 
2350-1 #186180 and GP13A probe, Ludlum 2224 with 43-93 probe, Ludlum 2350-1 #203439 
with BP19DD detector; Ludlum 2350-1 #203447 with GP13A detector which was stated was 
used in the survey did not appear to have calibration information presented. 

Response: 

The calibration certificates for the actual survey instruments used in the final status survey, 
along with their description and serial numbers are provided. 

2. In section 8.3.3.1 of your report, you state: "The probability of detecting a single count while 
passing over the contaminated area for 100 cm2 probe was not possible due to the limitations 
on probe size, background and detector efficiency; therefore, only the larger (821 cm2) gas­
proportional detectors was used for alpha scans." However, in section 17.6 you do not present 
that you scanned with anything larger than a 100cm2 detector. Additionally, you present MDC 
scan using the beta scan methodology calculation in Appendix D of your worksheet instead of 
the methodology presented in the report under section 8.3.3.2. Please restate how you 
performed alpha scans, present probability of detection for the instruments used, and present 
any additional results that was done for suspect areas that surveys needed to stop and perform 
specific fixed point surveys due to the result being higher than the MDC in a clear and 
comprehensive 
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Response: 
Section 8.3.3.2 indicated, "The scan rate to achieve a ~ 95% probability of detection while 
passing over the contaminated area of 75 dpm/100 cm2 was 1.5 inches/second. If the surveyor 
detected two counts while performing the alpha scan surveys, the surveyor stopped, acquired a 
timed count, and investigated to determine if an area of elevated activity exists, or if the error 
was erroneous." Additional text was added to describe and present the results done for suspect 
areas where the surveyor detected two counts while performing alpha scans and sopped and 
acquired a timed count. 

Section 17.6 indicated "The probe was maintained at a constant distance of approximately 1/8-
1/4" {ensuring< 1 cm or 0.4 inches) above the surface using moving at a scan rate of 2.5 in/sec 
for large area probe alpha scans and 5 in/sec for large area probe beta/gamma scans." Large 
area probe is replaced with 821 cm2 probe to ensure size of the probe is communicated. In 
addition, the Ludlum 2350-1 with a 43-37-1 was added to the list of instruments for the scan 
surveys. 

8.3.3.2 Count Detection Porbability 821 cm2 Probe 

The larger {821 cm2} gas-proportional detectors had alpha background count rates on the order 
of 20 cpm, and a single count would not cause a surveyor to investigate further. A counting 
period long enough to establish that a single count indicated elevated contamination level 
would be prohibitively inefficient. For these types of instruments, the surveyor needed to get at 
least two counts while passing over the source area before stopping for further investigation, 
and therefore the probability of getting two or more counts was calculated using the following 
equation in 

Equation Error! No text of specified style in document.-1 - Count Detection Probability Two 
or More Counts Equation below. 

Equation Error! No text of specified style in document.-1 - Count Detection Probability Two 
or More Counts Equation Example 
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Probability of observing at least 2 counts 

Contamination Guideline in dpm/100 cm2, 

Physical probe area {cm2) 

Contamination activity {dpm}, 75 dpm/100 cm2 (50% of DCGL 

to meet DQOs) adjusted for detector at 100 cm2 from 821 cm2 

is 615.75 
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Detector efficiency (4n) including ISO 7503 surface efficency of 

0.25 for alphas= 10.90% 

Background in dpm/100cm2 = 9.5 

D/v, dwell time over the source(15.9 cm/4 cm/sec)= ~4 sec 

Scan speed (cm/s) = 4 cm/sec or ~1.5 inches/sec 

Width of detector in direction of scan (cm) 

G = C*A/100 
G = {75*821)/100 

G = 615.75 

(615 75 * 109 23)1 9 (615.75*.109+23)15.9 

P(n;?:2)=1-(1+ · · + 5· )(e 60*4 ) 

60*4 
P(n;?: 2) = 1-(1+5.970235)(e-597023 ~ 
P(n ~ 2) = 1-(6.970235)(.0025536) 

P(n ~ 2) = 1-(.017799) 

P (n;:: 2) = 98% 

The scan rate to achieve a ;:: 95% probability of detection while passing over the contaminated 
area of 75 dpm/100 cm2 was 1.5 inches/second. If the surveyor detected two counts while 
performing the alpha scan surveys, the surveyor stopped, acquired a timed count, and 
investigated to determine if an area of elevated activity exists, or if the error was erroneous. 
Two or more counts were detected six times. Upon detection of two or more counts, timed 
counts (60 seconds for beta and 180 seconds for alpha} were conducted. All results were <MDC. 

Surface Scans 

Scanning was used to identify locations within the survey unit that exceeded the DCGL. These 
locations were marked and receive additional investigations to ·determine the concentration, 
area, and extent of the contamination. None were identified with the exception of the Scoping 
survey effort identification. For Class 1 areas, scanning surveys were designed to detect small 
areas of elevated activity that were not detected by the measurements using the systematic 
pattern. The percentage of actual accessible building structural surfaces to be scanned compared 
to MARSSIM recommendations are presented in Table Error! No text of specified style in 

document.-1- Scan Survey Coverage. 

Classification 

CDC's Surface Area 

Scan Coverage 

100% of all accessible areas 

(holders/casing for the instrument detectors 

normally prevent direct scans along the intersection 
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of walls, floors and ceiling) 

11. I I : ... I • I I • • . ... . -. : ... 25% of all accessible areas 

The scan survey percentage was chosen in order to provide a comprehensive survey of the 
impacted areas and provided confidence there was no contamination present above the DCGLs. 
In the event of any elevated activity noted from the survey, the location would have been 
marked, additional measurements taken to quantify the activity, and any decontamination 
determined to be appropriate conducted prior to a re-survey. The probe was maintained at a 
constant distance of approximately 1/8-1/4" (ensuring< 1 cm or 0.4 inches) above the surface 
using moving at a scan rate of 2.5 in/sec for large area, 821 cm2, probe alpha scans and 5 in/sec 
for large area, 821 cm2, probe beta/gamma scans. Survey instrumentation detectors, both 
small and large area probes were designed to float across all surfaces (floors, walls, structures) 
on state of the art Ultra-Wear-Resistant PTFE-Fil/ed De/rin® Aceto/ Resin Teflon slides to 
maintain a constant 1/8-1/4" (ensuring< 1 cm or 0.4 inches) detector distance, as the detector 
was independent of the normal cart system associated with large area probe monitoring 
sytsems, which by design encompasses a fulcrum point, causing fluctuations in distance of the 
detector. The design was also not dependent on the technician attempting to hold the detector 
at a predetermined distance, while cautiously ensuring they did not damage the sensitive mylar 
by allowing the detector to creep to close to the surface or an uneven surface. 

In addition, total activity measurements were collected in a random-systematic grid in 
accordance with the MARSSIM approach. Removable contamination measurements were 
performed at each total activity measurement location. 

The floor, the louvers and the ventilation of the room and all other surfaces and structures were 
scanned using a Ludlum 2350-1 (serial# 186180) with a GP13A (100 cm2 Gamma probe), a 
Ludlum 2224 (serial# 187286} with a 43-93 (100 cm2Alpha/Beta probe), and a Ludlum 2350-1 

(Serial #186177) with a 43-37-1 (821 cm2 Alpha/Beta probe PR352912). Our data shows that 
all scan surveys were below the established DCGlw. 

3. Sample 1 of Survey Unit 4 survey results for loose surface contamination results are 23.8 

dpm/100 cm2 alpha which is above the DCGL for alpha per License Condition 20. No discussion 

or follow up of the survey was presented, nor was it noted as being above the DCGL. Please re­

perform surveys in this area to determine size of the contamination and if the area can be 
cleaned up. Please present further documentation to why this area may be released. 

Response: 

We believe the results provided were converted incorrectly. The original removable results were 
calculated from the straight 4-pi efficiency of the Protean instrument utilized. To use the IS0-
7503-1 Standard from an instrument calibrated with 4-pi efficiency, the efficiency must be 
doubled to simulate the 2-pi efficiency normally utilized in the IS0-7503-1 Standard, prior to the 
application of the surface efficiency of 25%. Therefore, using this methodology, actual results 
are half of those presented and are now accurately presented in Appendix Gas 11.9 dpm/100 
cm2, and not 23.8 dpm/100 cm2originally reported. Longer count times, although not required 
to meet the DQOs, may have eliminated the problem, as the removable DCGL was at the lower 
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limits of detection for most all instruments produced, presenting its own technical challenges, 
an issue known to the NRC. As such, normal background variations and radon complicate the 
measurement process. 

In addition, all total activity (fixed plus removable) results were less than 15 dpm/100 cm2, 

indicating the removable results were not actually the 23.8 dpm/100 cm 2and were likely 
statistical noise from acquiring 2 counts on the Protean while running the removable smears. As 
such, all total activity results were less than ten percent of the total activity DCGL for all alpha 
measurements; therefore, removable activity measurements were likely not even required. 

However, in the interest of providing the requested documentation, all survey locations provided 
in the original FSSR with results in excess of the DCGL were investigated. Additional samples 
collected for investigation purposes were collected at locations that support the original 
random-systematic pattern used in the original survey design. For any original sample location 
where original activity was reported in excess of the DCGL, in addition to resample of the 
original location, an additional three samples were collected. A triangular grid, using the same 
sample spacing as the original survey was superimposed using the location of the elevated 
activity as the center. The additional samples were collected at the corners of the grid and were 
analyzed using the same instrument as the original samples. As example of sample design is 
provided below. 

• Elevated Sample Location 

• Additional Sample Location 

Maximum removable activity was 5.6 dpm/100 cm 2• 
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4. The static measurements displayed in the spreadsheets of appendix F show that the beta meter 
efficiency is 7.51% and alpha efficiency of 10.32 %. The appendix D Analytical Worksheets show 
that the beta total efficiency is 10.32% and the alpha total efficiency is 7.51%. Please resubmit , 
whichever is incorrect. 

Response: 

The error was on Appendix D analytical worksheet, the corrected Appendix D analytical sheet is 
provided. 

For additional information regarding this License Amendment Application, Control No. 588982, please 
contact Narvaez L. Stinson, Deputy RSO at NStinson@cdc.gov or by telephone at 404-639-2486. 

Narvaez L. 
Stinson -5 

Digitally signed by Narvaez L Stinson -S 
ON: c=US, o=U.S. Government, ou=HHS, 
ou==CDC,ou::oPeople, 
0.9.2342.19200300.100.1.1=1000906652, 
cn=Narvaez L Stinson -5 
Date: 2016.09.22 12:44:49 -04'00' 

Narvaez L. Stinson, MHS, CEM 
Radiation Safety Officer 
Office of the Associate Director for Laboratory Science and Safety 

~,,go 
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09/28/2015 01:20 4047181077 OADLSS 

GRIFFIN INSTRUMENTS 

CALIBRATION CERTIFICATE FOR 
owner: PHILOTECHNICS 

43.93 PROBE# . PR294133 

DATE: 12/03/15 LOCATION: 
TECH: D.Steimel DATE I.AST CAL EXPIRES: 

REASON FOR CALIBRATION: 
@ Due For Callbratlon 0 Repair (See Rem.arks) 0 Other (Sea Remarks) 

CABLE LENGTH: 39" INPUT si;NSITIVllY: DUAL 

Griffin Inst 
12/16/15 

0 Due and Repair 

PAGE 02/25 

---·-·---------_,...:..~--~-----'--~---------------

NIST TRACEABLE EQUIPMENT AND STANPARDS USED DURING CALIBRATION 

MODEL; 2224 SERIAL#: 133676 CAL.DUE: 12/03116 
_,, __ "••-••-••••-. ... ,,, ...... , .• ~ .... •,..,.,,,,,,, ... , ...... ,;,,,.,,.,_,.,.,.,-:,_ ........ , .. ,. ,~,,,,,. .. "'.,. .... - .. -·--••'-•o• ~ ...... ___ , __________ ,_OOH ........ 

NIST TRACEABLE SOURCES USED 

Source Number Isotope 4pf ActMl.y Assay Data 2 pl ActlVtty 
OOTC470-0654 Tc99 SS 17,300 dpm 08{15f09 10,BOOepm 

94TH470-1593 Th230 16,672 dpm 05127/14 7,671 cpm 

269&-00 PU2J9 18,500 dpm 12/02J09 9,370cpm 

2697-00 Sr90 12,200 dpm 03/01/00 6,530cpm 

Etrlclencles from last eal.: 

Condition: @ Sat 0 Unsat · Pu: I 2J.24%J Th:L_~?~~I sr:[. __ !_4_:5-_0_!]. 
Tcss:r==§'43%] C14:j I TcN1:["~--~--·-] 

M Found (AF) Efflclencle9: 

AFCPM: 

AF 4 pt·eff: 

AF2pl8ft. 

Pu-239 Source 
Response (CPM): 

Backgro~nd (CPM): To-g9 Source Response 
Stainless Stael (CPM): 

Net Eff. A ch. 

Net A to B " ''"'"""-1 Xtalk: <10% <1%. 

6.7% <1% 

· eu239 Tc99 NI ~ ~ ~ 

1. 3946 i c-=--==-=~.J 1_· .. -3092··-~-·1 i 2809 · ··1 . r-3026· .. 1 ··--- --- ·- ... -, 

[-i;:32%"'J . L1_~~°'!._J I_ 1e.84% I I 33.26% I c·--·--.. -1 

L~~~J c=---] r-··as.J~ I 38.81% ·--' I. ·-~!:.~7~ . J c.-·····-·-··--···· 

Is u found efficlencywlth_ln 20% aft~ atrlclency·from the last cal? @ Yes 0 No (Sae Remarks) 

Nob!: If lhe BB found data la wllhln 1 ll% !!1 t"O IHt eAllbtQllr>n onq lht B-A Xtslk le <1,\ancf lhe A·B Xlalk la <10%. then the leCMICllln m11y NIA ll'lll plAIGllU IUI011on and go 
dlrOCllly lo r'Clrnar1c•. 

-11111111m111111·~111111111 1 



09/28/2015 01:20 4047181077 OADLSS PAGE 03/25 

GRIFFIN INSTRUMENTS 

PROBE#: PR294133 
Det&: 12f03/15 

PLATEAU AND SET POINT DATA 

HV /Vernier: To.99 So11rce. Response P~239 Source Background (CPM)": NetAtoe· B to A )(talk: I SS (GPM): Response (CPM): Xtalk: <10% <1% 

. Ach .. .B.eh. Net Eff .. Ach. B ch .. I Net Eff. Aeh. B ch . 

NIA 

.. 

-·------....... ~-- .. --.--........ ___ ., .. , .... ---··-----'·'--·--. -····· .. -~-----·~--.-_- ... -.. ...... -·--·--
Alpha I Beta Bkg (cpm) 1 · 

HYtVeml&{ ~ 

.650V/N/A' CPM: 3946. 

4 pl AL Efficiencies: ~1.32% · 

2 pl AL Elllefe~cles: · 42. 1D% 

249 
~ Tt-99S~ 

3092 

18.43% 
2U2% 

REMARKS:. Replaced mylar due ~o tacquar. RePalred eelnt due to gkie on sclnt. 
. . . .. 

Doe!l lnstrumenfMeet Flnai Acceptance Crite~la?: 

·Calibration StlCker Attached?: 

Date ln,str-1.!ment le Due For· Nei<t Ca.llbratton: 

INSTRUMENT MARRIED WITH 2224 

Performed/Reviewed f:iY: 

· 1111111111111111111111a111· 

@ Yes 

(!) Yes 

12103116 

Q No 
0. No 

. #133676 

Date: 12/312015 

2 

~ 

2809 

16.84% 
36.61% 

. Ar=ll· 

3026 

.33.28% 
41.51% 

·-----'----····---·----

Entered bv~ . Jnltiala 
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4047181077 OADLSS 

GRIFFIN INSTRUMENTS 

CALIBRATION CERTIFICATE FOR 2224-1 SERIAL# 187286 

Owner: P.HILOTE=CHNICS 

DATE: OJ/16/16. LOCATION: Griffin Inst 

TECH: E.M.Glenn DATE LAST CAL EXPIRES: 04/27/16 

Reason For Callbratlon: 0 Repair (See Remarks) 

PAGE 04/25 

@ Due For Calibratlon 

0 Olhar (Saa Remarks) ... ... ... . ............... - ............. . 0 Oua an~ ~!Pa_lr_(~~ ~e".'arks) . .. . . .. _ 

NIST TRACEABLE EQUIPMENT USED DURING CALIBRATION 

MODEL: M-500 SERIAL#: 114512 CAL DUE: 10/19/16 

· ~ Audio Ra8ponl!ie ~ Gaotroplsm CABLE LENGTH: 39" 

CONDITION: Sat 

NEW BATTERIES: 

HV (+/-10%1 AS FOUND HV 

SOOV: 500 

1000 V: 1000 

1500 V: 1500 

AF MECHANICAL ZERO: O AL MECHANICAL ZERO: 

Q Yes @ No BATTERY CHECK: Sat 

AS LEET HY 

A.F. 

A.F. 

A.F. 

WINDOW SETIINGS: 

BT (3.5 mV +/. 1 mV): 

BW (30 mV +/-3 mV): 

AT. (120 mV +/-10 mV); 

A.F. 

3.5 

30 

120 

A.L. 

A.F. 

A.F. 

A.F. 

0 

~ RATt;~eM ~S FOUND % ERROR AS LEFT "I!! EBBQB AS EOYt!Cl % gR.BOR A~ LEFT % ERROR 

x.1 or K1 200 200 0.0% .A.F. 
500 500 0.0% A.F .. 
800 600 0.0% A.E. 

K1 or 2000 2000 0.0% A.E. 
x10 sooo 5000 0.0% A.F. 

8000 BOOO 0.0%• A.F. 
door· 20K 20 0,0% A.F. 
•100 60K 50 t( 0.0% A.F, 

--
801( 80 K 0.0% A.F. 

-·"• 
)(100 or ZOOK 200 K 0.0% A.F. 
x1000 SOOK. 500 K 0.0% A.F. --

800K 800 K 0.0% A.F. 

Is the As Found Data Within 20% of the Set Point?: 

Overload Light: @ Adjusted I Verified 0 Not Adj. 
REMARKS: 

Does Instrument Meet Final Acceptance Ci'lterla?: 

Callbratlon Sticker Attached?: 

Date ln~trumont Is D.ue For Next Callbratlon: 

INSTRUMENT MARRIED WITH 43.93 

Performed/Reviewed by: & .. ©It. §~ 

1111111111111111111 

(!) Yes 

@ Yes. 

03116117 

#PR294119 

Date: 3/16/2016. 

@ Yes 

0 No 

0 No 

0 No 

Entered by: ~ Initials 

CallbrQlicn~ parfc•rn4d to ANSI N323A-199'7 alanderdB. 
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GRIFFIN INSTRUMENTS 

CALIBRATION CERTIFICATE FOR 

Owner. PHILOTECHNICS 

DATE: 03/16/.16 

43-93 PROBE# PR294119 

LOCATION: 

TECH: E.M. Glenn DATE LAST CAL EXPIRES: 

Griffin Inst 

04/27/16 

REASON FOR CALIBRATION:· 

@ Due For Calibration 0 Repair (SH Rama!1(s) 0 Other (See Remarks) 0 Due and Repair 

CABLE LENGTH: J9" INPUT SENSITlVllY: DUAL 

NIST TRACEABLE EQUIPMENT AND STANDARDS USED DURING CAUf!BATION 

MODEL: 2224-1 

Source Number 

OOTC470-0654 

94TH470-1593 

269$-00 

2697-00 

SERIAL#: 

Isotope 

Te99 SS 
Th230 

Pu239 

Sr90 

107286 

4 pl Activity 

17.300 dpm 

16,672 dpm 

18,~00 dpm 

12,200 dpm 

CAL. DUE: 03/16/17 

Assay Date 2 pl Activity 

06/15/09 10,800 cpm 
05127/14 7,671 cpm 

12/02/09 9.370 cpm 
03/01/00 8,530 cpm 

Efficiencies frorn last cal.: 

Condition: @ Set 0 Unsat Pu:·1·········· ..... _ .. ) [_ ... ,_................ Sr:1· .... 31~75%J. 
Th: ....... J.7.:~.7-~.1 

Tc ss:[·~:~~-1'6:.~~~J C14: [ __ ~ ... __ J Tc Nr:[-- · · ·.·· ·· j 

As Found ~AF) Effielenc.fa$: 

AFCPM: 

AF 4 pl eff: 

AF 2 pl eff: 

I .. 4~~-~. 

'- -~~:~~o/0 _ I 
145~~~~~] 

' :i:~~ ~~0e~ I e ·10 ~1x:11c: -1 
.:.::::~s.~~%.······· -~ j· .. · .. ·~--~-,-~-.... :~:~ l 

· r·:-·-·33~1-__ ·1 [~.==-~!~:: -~ I 
. · .. · .1 i -1-9:193· J 1_:-}!-~~~ ... J 

.. I [·~3~~1~·~ ..... l I ~_38:9!~ ·J 

ts as found ~fflclency within 20% of the efficiency from the last c;aJ? 

' .. ·----~~~? ... I 

c=~f~!~ .... 1 

. !"""'"'45;03%"] 

I ..... 
I 

.1 
. .... J 

•.. 1 

@ Yes 0 No (See Remarks) 

Not~; lf·lh<> cit round dote 19 wllhln 10% or Iha 1as1 calibration sM the B·A Xtalk Is <1% ~nd Iha A-8 Xtslk le <10%, th~ lh12 toehnieian m~y NIA l~e plateau eac!lon and go 
dll'!lcll~ to remmks. 
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GRIFFIN INSTRUMENTS 

PROBE#: PR294119 
Date: 03115/16 

PLATEAU AND SET POINT DATA 

HV I Vernier: Te-99 Source Response Pu-239 Source Background (CPM): NetA to B B to A Xtallc: 
·SS (CPM): .Response (CPM): Xtalk; <10% <1% 

A ch. B Ch. Net Eff. A ch. B ch. !llet Eff_ Ach_ B ch. 

575. 1 .1255· S.9% 
600 1 2046 11.2% 
625 ., 1 27a5' 14.9% 
650 1 3154 17.2% 

·675 1 3481 18_.6% 
700 

Alpha I Beta Bkg (cpm). 0 
HV/Vamlar ~ 

675/N/A CPM: 4312 

4 pl AL Efficiencies: 23.31% 
~pi AL Efflr;iencles: · 46.02% 

REMARKS: 

3593 238 19.4% 0 

4021 199 21-7% 0 
4167 2(;7 22.5% 1 
4279 331 23.1% 0 
4358 489 23.6% 1 
4288 1:255 23.2%- 1 

. . .. . .... ·~· ..... ' ..... 

231 
Tc·99 Ni Tc-99SS 

3474 

18.75% 
30.03% 

Does lnstr_ument Meet Final Acceptance Criteria?: @ Yes 

@ v~r. 

Q No 

0 No Calibration Sticker Attill"..hed?: · 

Date Instrument is Due For Next Calibration: 0~16117 

INSTRUMENT MARRIED WITH 2224-1 #187288 

Performed/Reviewed by~ Data: 3/1612016 

2 pl efftclenclea denoted In llaHcs. 

11111111111111111111110 111 2 

58 4,8% <1% 
104 2.3% <1% 
158 2.5% <1% 

175 3.5% <1% 

240 5.4% <1% 

261 18.8% 

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

.Th-230 £;li Sr-90 

3167 2895 

19.00"lo 32.10% 

41.29% 45.91% 

Entered by: J'(t Initial& 

Callbratron• porformtrS ti;i ANril N323~-1997 st11ndal'll1. 
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GRIFFIN INSTRUMENTS 

CALIBRATION c·ERTIFICATE FOR 

. Owner: PHILOTECHNICS 

DATE; 

TECH; 

. •''""· 

10/05/15 
E.M, Glenn 

43-37-1 PROBE# PR.352912 

LOCATION: Griffin Inst 

DATE LAST CAL EXPIRES: 

REASON FOR CALIBRATION: 

0 Due For Cal.lbratlon 0 Repair (Sae Remarks) @ Other (See Remarks) 0 Due and Repair 

CABLE LENGTl-t: 6' INPUT SENSITIVITY: 4inV .,_,_ ......... -· ···-· ·--- _________ : _____ ;... --::---------·----~---,-·--·-·-·· . 
NIST TRACEABLE EQUIPMENT AND STANDARDS USED DURING CALIBRATION 

MODEL: 2350-1 SERIAL #: 186177 CAL. DUE: 09/02116 
. ' --- -·-----'---- --.. -·---· ·------- ···-·----- ----· "t;iisr-fRAcfiBLfS'6U@ESUsEo ____ ·-c-----"'' _________ ,,., ___ "'"' " .... _ .. , 

Source Number 
L?-434 

94TH470·1593 

OCTC470·0654 

2697-00 
PX-726 

Isotope ' pl Activity 
Pu239 18,084 dpm 

Th230 16,672 dpm 
Tc.99SS 17,300dpm 

$t90 .12,200 dpm 

C14 48,780dpm 

----------- '" ""' 

Assay Date 2 pl Activity 

09/01/14 9,131 cpm 

05/27/14 7,671 cpm 

06/15l09 10,800 cpm 

03/01/00 . B,530 cpm 
01/21/08 16,660 cpm 

Efficiencies from last cal.: 

Condltio~: · · <!) Sat 0 Unsat [----·------] [ ........... --·-··1 Sr:[-... -.. , -· 
Pu:· .... -...... _____ Th;-·---·-··-··--... . .. 

Tc ss{_-:~-~~-~] C14: j ·'~-~-.--.... .J Tc Ni:f-. ... _ 

As Found (AF) Efficiencies: 

AFCPM: r---.. ··-·1 
I 
L •.• - . .......... ,.: 

AF 4 pl eff: r ~~-:----___ J 
AF2pieff: L=~=:.._ .. =::~J 

Is as found efflclencv within 20% of the &fflclenev from the last cal? 0 Ye~ · @ No (See Remar~) 

No\~: ·lr\hQ·ilSfiiund.dale la within 10% al.lM leat camwtlOl'I ~d lhe 9-AXlelk la <:1% encrlheA-El,lC!elki• "10'll" lnen 11\oto~MIQian m...- NIA the plate~ sectkm end go 
llr9clty lo rcmork•. 

111 111111mm 11111111111111 
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GRIFFIN INSTRUMENTS 

PROBE #: PR352912 
Date: 10/05/15 

PLATEAU AND SET POINT DATA 

, .HV /Vernier: To-99 Source Response 
SS(CPM): 

A ch. I B ct,_ I Net Elf. 

1600 2235 12.1% . 

1650 3307 17.4% 
1700. 4603 23.5% 
1750 5602 26.8% 
1800 6134 27.0% 
1850 6423 28.4% 

Alpha I Beta Bkg (cpm) 

HV I Ve1nJQr Pu·239 

1600 b CPM: 

4 pi AL Efficiencies; 

2 pt AL EffltlenCfes: 

Pu-239 Source Background (CPM): Net A to B I B to A Xlalk: I 
Response (CPM): 

A r::h. J B ch, I Net Eff. Ach. I B cti. 

137 
298 

S45 
968 

1463 
. 1509 

1449 

~ Tc-99 SS IlJ:ll!! 

6262 

27.82% 
44.56% 

Xlelk: <10% <1% 

C-14 

8736 

14.94% 
39.05% 

. ' 

Sr·90 

4751 

. 39.39% 

56.34% 

PROBE#: PR352912 
Date: 10/05/i 5 

PLATEAU AND SET POINT DATA 

I HV I Vernier: To-99 Source Response 
SS (CPM): 

A eh. I B ch. I Net Eff. 

1100 
1150 

1200 
1250 
1300 
1350 

Alpha I B~ Bkg lcpm) 6 
HV I Vernier Pu-239 

1275 a CPM: 4237 

4 pl AL Efficiencies: 23.40% 
2 pi AL Efficit!!nt:ies: 48.34% 

Ill 111111111111111111111 H 

Pu-239 Sour~ 
Response (CPM): 

A.ch .. I B ch·.1 Nee Eff. 

2647 14.3% 
4016 21.7% 
4097 22.1% 
4241 22.9% 
4325 23.3% 
4370 23.6% 

Tc-99 Ni Ic-99SS 

2 

Background (CPM): 

Ach. I 
1 
5 
3 

7 

7 
9 

I.b:.m 
3460 

20.72% 

45.03% 

Bch. 

Net A to B I B to A Xtalk: I 
Xtalk: <10% <1% 

.. 
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GRIFFIN INSTRUMENTS 

REMARKS: No previous cal data. Det 02 ~alpha. Oet 03 ·beta. Cal due Oi;J/02116 to match the meter. 

· Does Instrument Meet Final Acceptance Crlterla?: 

Calibration Sticker Attached?: . 
Date Instrument Is Due For Next Calibration: 

INSTAUMEN1 MARRIED WITH 2350-1 

PerformedJReviawad by: 

2 P.• emclencle& d11r11>Md 11111.ancs. 

11111111111111111111111111 

@ Yes 

@ Ves 

09102116 

Q No 

0 No 

. #1as1n 

Oat~: 101512015 

3 

Entered by: · ~ Initial$ 

Callbr.lllomi perfonne~ la ANSI N323A-l997 llt•n•rds. 
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~ 
ENERGY SOLUTIONS 

EnergySolutions Services, Inc. 
1570 Bear Creek Rd. 
Oak Ridge, TN 37830 
Phone: (877) 462-4873 
Email: ISFStaff@energysolutions.com 
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CALIBRATION 
CERTIFICATE 

This Certificate will be accomnanicd bv Calibration Cham or Readin1s where ai:mlicablc 

CUSTOMER. INFORMATION 
.. 

INSTROONT' :INFORMATION 

Customer Name: Griffin Instruments Manufacturer: Ludlum 

Address: 131 Gallaher Road, Kingston, TN 37763 Medel: 2350..1 Serial Namber: 211234 

Contact Name: Joanne Glenn Probe: N/A Serial Number: NIA 

Cu1to111er Purchase I Work Order Calibration Method: 
01'der Number: NIA Number: .2015~ 14329 Electronic 

~sfiT.JM~~ e~IBJV.TIONtNFo~jION: . 
.. 

. ·'· 

Instrument Caltbr.adon l11tt.rument Response (""10%) Comments 
Standard Range Value Before Afte.- C11libr11ted In attt1rd1.nee with 

(CPM) 
<CPM) Cnllbratlon Calibration CP-IN-Wl-239 

400 400 399 399 DVM: 88020324 CAI Due: 03/27/16 

4>000 4,000 3,989 3,989 Temp/Press: 3076 Cal Dae: 01/06/16 

40,000 40,000 .39,890 39,890 Humidity: 958670 Cal Due: 01/30/lti 

400,000 400,000 39~96 398,896 Pulser: 246163 Cal Due: 02/04116 

UV CaJVlll1u1s Desired RV Tolerali~e As Pound li.J·Left . 
.. 

rM2..1SO BV En'.tn) ftf oltmdetHVDCl M)C) <Voci .. CP Firmw•re Venion: 311l1N28 

500 (490. 510) 494 498 
1/0 F'lnn...,an Version: 37123N05 

l,!00 (1,498 -1,501) .1,488 1,SOO 

2,000 (1,!MO - 2,060) 1,982 · 1,998 Temp: 21.0 °C 

Parameter toleranc.e (±10%) As Found As Left 
Pressure: 741 mmHg 
Humidity: 343 Yo 

Tbre1hold T = 100 10 :h (9 toll) inVDC 9.3 10.0 Geotroplsm: SAT ACK/Scroll: SAT 

Thre8hold T = 500 50 :I: (45 to 55) mVDC 44.5 50.0 BAT>4.SV: SAT Volume: SAT 

Th .. eshold T "" 1000 100 :I: (90 to 110) mVDC 9S 102 Count: SAT Audio DMde: SAT 

Window Width W = 100 10±(9toll)mVDC 9.1 ,., AJanns: SAT Lamp: SAT 

Dlsplay-to-11\V ratio: lOOto 10 mV Overload Te9t: SAT Phyalcal Cond: SAT 

STATEMENT OF CERTIFICATION 

We Certify that the instrument listof above was calibnlted and innptctcd prior to shipment and that it met idl the Manufacrums publi~haf <JpSl"llting specifications. 
We further certify that OUf Calibration Measun:mcnts aTC ti:aceable to the National lmrtitutc of Standards and TechnoloJJY. (We are not responsible for damage 
incun-ed during shipment or use ofthi11 instrumeat). 

Instrument 

Calibrated By: ~?~-- ~ Reviewed Ry: \V.//11 J.iJ·~ A 
Date: 7/31)1~-

Calibration Date: 07/31120,15 
, 

&'rtlfflati;n Due (12 mo.): 07/31/2016 

Page I of l 
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-~ 
ENERGYSOLUT/ONS 

CALIBRATION 
CERTIFICATE 

EnergySoluLio11s SCfViccs, rnc. 
I. 570 Bear Creek ~d. 
Oak Ridge, TN 37830 
Phone: (877) 462-4873 
Emeil: ISFStaff@encrgysolutions.co1n 

as Cctt1 cato will Th" "fi accompam lV Bl Mn "ed b C 1""'"8. Ch ans or ea tne:s w en .ann u:a h I" bl e 

cvsToMEll ~.rdiMA.riol'( 
.. 
DE'i'E~TQR INii'U)WArtON' .. 

Customer Namei Griffin Instruments Manufacturer: NE T~ebnology 

Addre111: l3l GaUaher Roadt Klngstoo, TN l77tl3 Model: GPlJ.4. Serial N11mber: 360 

Contact Name: Joanne Glenn C11Hbr11tlon Method: 
Contract P11rcha1e Order Work Order Source 
Number: Credit Card Number: 2015-14329 

,·:·. ... .. · n£t£ctail:·~~E~~·sir..ms. • .. . . . . ·-· ..... . ' 

·' 
. . . ' 

' 

Parameter As Found As Left Parameter A1 Found A11 Left Comments 

Model GP13A GP13A cc 1.0 l.O l>VM: 811020324 Cal Due: 02/04/Jfj 

SIN 360 360 DT 4.0 uSec 4.0uSec Temp/Press: 3076 Cal .Due: 01/06116 

Unit11 7 =coant1 7 .. counts Threshold 350-35mV 3S0=3SmV Humidity: 9~8670 Cal Due: 01130/16 

multiplier O•auto 0 =auto 

... 

Timebase I= minutes l "'minutes Te111p: 21.0 "C Pressure: ?-41 mmHg 

HV 780V 800V - Humtdlty: 34.3 % 

Count time 30 sec 60 sec "'"' Dete.:tor 1pedflc parameteni nlQSt be 
entered Into ioBtrument manually to be u.ed 

·Saved as Detector #1 with another 2350-1 ,.,_. 

.• INSTR.~ENT INPORM~TION 

Model ~el~:umb~ Calibration Due !!!!' 
2350~1 212234 07/31/16 

USED FOR EFFICIENCY DETERMINATION AND HV PLATEAUING 

111' #040262 at 95t682 DPM Cerdfi~ation.Date: 04113~9 

Background (CPM) Gro!l9 Sourte Counts (CPM) Net Source Counts (CPM) Efficiency lo 9fo (J>eternitned on co11tact) 

3,51!) 11,284 13,765 14.4 % for 111
' 

** Gross source counts taken from an average of three one minute counts from the Reel, Middle, and Toe of Detector .,,.,, 

COMMENTS 
.,.*Detectors set up with a 2350·1 may be used with any 2350-1 pro\'ided that the setup parameters are scanned into the 
2350-1 prior to use with that specific detector and the thresltold ratio is 100"" 10 mV on the instrument u 

STATEMENT OF CERTIFICATION 
We Certify that the inRtrurnent listed nbove Wl!I calibrated and inspected prior to shipmE!lt and that it met all the Manufilcturers published OJ)tntinJit spr:cifications. We 
further ccrtifY that our Calibration Measurements are uaceable to the National Inslil11te of Standard~ and Ta:hnology. (We are not r~pcmsible for damage ineum:d 
daring shi111nent or u~c of this instrument). 
Instrument 

W/!l/~ ~----:i,,, 7~- - 7/31/J..s-C•JibrRted Bv: ,, , -- ,, - -- Reviewed Bv: Date: 

Calibration Date: 07/31/2015 
,, I "1'r"'"' -ibration Due: 0713112016 

Pagel of 1 
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NE Technology GP13A HIGH VOLTAGE PLATEAU DATA SHEET 

Serial Number: 360 

700 2,948 3,322 

720 3,157 5,846 

740 3,307 11,120 

760 3,405 15,072 

780 3,512 16,763 

800 (SET) 3,620 17,323 

820 3,798 17,697 

840 4,190 18,224 

860 5,031 19,171 

NJA N/A N/A 

NIA NIA NIA 
NIA NIA NIA 
NIA NIA N/A 
NIA NIA NIA 
NIA N/A NIA 
N/A NIA NIA 
N/A N/A NIA 
NIA NIA N/A 

N/A N/A N/A 
NIA NIA NIA 
NIA NIA NIA 
NIA NIA . NIA 
N/A NIA NIA 
N/A N/A NIA 

Plateau performed with 1129 Source# 040202 at 95,682 dpm at center of detector 

Date: 7-j/-/.f 



09/28/2015 01:20 

Counting Data: 

4047181077 OADLSS 

Philotechnics Analytical Worksheet 

Centers For Disease Control 
Instrument Operational Check 
. 6/23/2016 

~I .. : .. --· ~t::).,.'~.::·_·'...::::_, l 
H-3 143,300 

C-14 81 150 
Blank 27 

Nuclide Information: 

Analytical Sampling Date: 6/22/2016 

Efficiency Calculations Unquenched: 

PAGE 15/25 

AppendixC 

~~--~-~~ 
1 ...._ .. • j 'A.; r, /I ,. - " r :"' f ~ =~ .:_; ..... ;.. • _, 

•• • • , .._A_r' l.J_ ~ J1 • ,~ >- ..:A..,1.,._...,....,_I" -~~ f.,J,.1._ • , I _ -r )..:_.I.,,.... ,t..,..._j_ _ _ j 
H-3 143,300 205, 133 69.86% 
C-14 81 150 129 8DO 62.52% 
Gross Beta 224,450 334,933 67.01% 

Efficiency Used Based pn Quench Curve: 

~ ~ 
~~ ~---~ ., 

- • - ;:.;_ - - • L _::~--- " ~ 

0.1 61.20% 0.1 95.64% 
39,8 55.95% 46.9 94.75% 
94.1 42.34% 95.2 92.78% 
132.4 33.29% 124.4 91.27% 
165.7 25.65% 159.7 88.63% 
202_8 18.25% 204.2 84.76% 
231.6 13.55% 224.2 82.04% 
253.5 10.52% 263.1 76.05% 
200.6 7.49% 284.5 72.26% 

Ref. NUREG-1507 
Scintillation Check 

Page 1of1 
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~ GRIFFIN INSTRUMENTS 

(~~ 
CALIBRATION CERTIFICATE FOR 2224 SERIAL# 
Owner: · PHILOTECHNICS 

DATE: 

'TECH: 

12/03/15 

D.Slelmel 

LO.CATION: 

DATE LAST CAL EXPIRES: 

. 133676 

Griffin Inst 

12/16/15 . 

Rea9o" For Calibration: . 0 Repair (Sea Rmn:11rks) 

PAGE 15/25 

@ Due For Calibration 

. 0 Other (Sn Remtlrks) 0 Dua and Repair (See Remark_!). __ _ 

NIST TRACEABLE EQUIPMENT USED DURING CALIBRATION 

NIOOEL: · M-500 SERIAL#: 134715 CAL. DUE: 12/08/15 

~ Audio .Response ~ Geotroplsm .CABLE LENGTH: 39" 

CONDITION: · ·Sat AF MECJ-tANICAL ZERO: 0 AL MECHANICAL ZERO: 0 

NEW BATTERIES: Sat 0 Yea @ No BATTERY CHl:CK: _ ................. -·---·-·--------------·.;_,,, .. ,.,,, .... ____________ _ 
HY (+f.1()%) AS FOUNP HV 

SOOV: 500 

1000 v: . 1000 

1500 v: 1500 

AS LEFTHV 

A.F. 

A.F •. 

A.F. 

WINPOW SEITIN6S: 

BT (3.5 mV +/- 1.mV): 

rJW (~O mV +/~3 inV): 

. AT (120 .mv +1-10 111V): 

M.... 

3.S 

30 

120 

A.b. 

A.'F. 

.·.A.F. 

A.F . 

rn BAIE ¢PM .As. FOUND % EBRQR.8~ LEFT % ERROR AS FOUND 

x.1 orx1 100 
260 245 
400 395 

•1 or 1000 
•10 

.· .F. 
x10or A.F. 
x100 . A.F. 

A.F. 
x100 or A.F,. 
x1000 A.F . 

. . 

Is the 'As F0und Da~ Within 20% of the Set Point?: @ Yes· 0 No 

··- o;;~·~ad Lfght ___ , __ <i' AdjustBd ive~fled 0 . Not Adj. -------·-"'·""······ ... -...... ,, ... ,. .. , __ _ 
REMARKS: 

Does lnstrum~nt Meet Final Acceptance Crltarta?: 

CaJlbration :Slicker Attached?: 

Oat& ri'lr.trument Is. Due For Next canbratlon: 

INSTRUMENT MARRIED WITH · 43.93 

ParformedJRavlawed by: q)_a)~ 

. 1111111111111111111 

@ Ye9 

@ Yes 

12103116 

0 No 

0 No 

#PR294133 

Data: 1213/2015 Entered ~Jnltlals 
Cell~ra~r:in1 pedorm~ IO ANSI N323A-1llli1 alandarda. 
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~ 
ENERGYSoLUTIONS 

EnergySol11tio.,,$ Services, Inc. 
1570 Bear Creek Rd. 
Oak Ridge, TN 37830 
Phone: (877) 462-4873 
Email: ISFS~ff@energysolutions.com 
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CALmRATION 
CERTIFICATE 

Thi$ cmiticate will be ac:comnanied bv Clllibration Charts or Readilll!S where annliceble 

Cu•tomer Name: Griffin lnstrumentll Manufacturer: Ludlum 

Addrl!St: 131 GaJlaher Road, Krngllton, TN 37763 Model: 23S0-1 Serial Number: 186180 

Contact Name: Joanne Glenn Probe~ .NIA Serial Number: NIA 

Customer Purchase 
Order Numbff': NIA I Work Order Calibration Method: 

Number: 2015-14329 ElectroDlc 
. : .· ,.· .... 

InstramHt 
Range 
(CPM) 

400 

4,000 

Par~metet 

Threshold T = 100 

Threshold T • SOO 

Threshold T"' 1000 

Window Width W = 100 

Display-to-mV ratio: 

Callbratton (nltrument Response (::i:,to0~) 
Standard 

Value Before After 
lCPM) Calibration Callbradon 

400 399 399 

4,000 3,989 3,989 

40,000 39,886 39,886 

400,000 3911,848 398,,848 
. D~tdrect:BV Toltt.illace Adoond Aii l:.ciff 

· tiV cilti11eier} MX:l. (VDC\ M>6. 
(490 -510) 494 4!)8 

(l,498 - J,S02) J.,487 1,500 

(l,940 - 2,060) 1,979 1,997 
.•. 

T.ol~rance (±10%) All Found As~ 

10 :I: (9 to 11) mVDC 9.7 10.0 

50 :1: (45 to S5) mVDC 48.4 50.0 

100 :I: (90 to 110) mVDC !)8 101 

10±(9 toll) mVDC 9.2 9.S 

lOOto 10 mV 

STATEMENT OF CERTIFICATION 

, .... :;· 

Comments 

Calibrated In aeeordance wtth 
CP-IN-Wl-239 
DVM: 88020324 Cal Dae: 03127/16 

Temp/Pras: 3076 Cal Due: 01/06/16 

Humidity: l)S8670 Cal Due: 01130/J.li 

Pnl1er: 244il63 Cal Dae: 02/04/16 

Geotropiam: .. SAT ACK/Scroll: SAT 

BAT>4.SV: SAT Volume: SAT 

Count: SAT Aadlo Divide: SAT 

Alarms: SAT Lamp: SAT 

Overload Te1t: SAT Phy1leal Cond: SAT 

We Certlfy that the instrumcnt lilrtcd above wa~ callbrstod and ir1spected prior to shipment 11nd that it met 1rll lhe Manufacturcr.1 published opm1ting specifications. 
We further certify th11t our Ca11bration Measurements l!'e traceable to the Natioual Institute 1;1fStandllrds and Tec:hnology. (We ore l\(l{ responsible fur damage 
incll!Ted during shipment or use of lhis ins1tument). 

ln11trament 

Calibrated By: Reviewed By: Date: 7 /3/ JC 
CalfbrRtlGtt Dl\te: 07131/2015 

L ., r -
11:;;ert1Rcation Due (1.2 mo.): 07/3112016 

Pagel of l 
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.~ 
ENERGVSOLUTIO~ 

F.nr;;rgySolutions Services, Inc. 
I 570 Bear Creek Rd. 
Oalc Ridge, TN 37830 
Phone; (877) 462-4873 
Email: JSFStaff@cnc:rgysolutions.com 

Th is Cem cate w1 'fj ·u b 

OADLSS 
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CALIBRATION 
CERTIFICATE 

Cl!JSTOMER INFORMATION '· , .. ·.' . . ' ' .. 
JJETECTb · INFORMA\'.tibN . '• ' .. , . R: . •',• . ''' 

Customer Name: Griffin Instruments Manuractorer: NE Technology 

AddreH: Ill Gallaher 'Road, Kinpton, TN 37763 Model: GPIJA Serial N11mber: 361 

Conlact Name: .Joanne Glenn 
Calibration Method: 

Contract Pan:base Order Work Order Source 
Nqmber. Credit Card Number: 2015~14329 

:\ D~ftCT~Ri-A~i'£t{sE'.r~i. 
. ........ 

·· ... ., , . ,• ..... ., ., ' 

Parameter As Found As Left Parameter A11Found As Left 
Comment& 

M(ldcl GP13A GP13A cc 1.0 1.0 DVM: 88020314 Cal Due: 02/04/16 

SIN 360 360 DT 4.0 uSec 4.0 aSec Temp/Press: 3076 Cal Due: 01/06116 

Unitl 7 = Cl(mnt:l 7=counts Threshold 3S0=35mV 3S0·3~mV Humidity: SIS8'70 Cal Due: 01130/16 

muklpHer 0 ""llUto O•auto 

Timebase J ""minutes 1 = min11te1 Temp: 21.0 "C Presture: 741 m.mHg 

HV 820V 860V Humidity: 34.3 % 

Count time 601ec 60 sec •• Detector speclRe parameten must be 
entered Into lnstnament manually to be used 

Saved AS Detector #1 . ' with another 2350-1,,. 
.. ' .. 

INSTRllMENTINFORMAtr~ 
'.' 

~ ~x:ial XS:gmber ~alllzra~n l!Hi l!a!t 
2350-1 186180 07131/16 

USED FOR EFFICIENCY DETERMINATION AND RV PLATEAUING 
" '• 

1f2~· #640201 at 95,682'. Dl'M C:ertifitltiOD Da.tt: 04/ll1'9· 
' 

Bacqroand (CPM) Gross Source Counts (CPM) Net Source Counts (CPM) Efficiency in % (Determined on contact) 

31203 16i417 13,214 13.8 % for 1129 

**Gross source counts taken fN>m an average of three one minute counts from the Reel, Middle, and Toe of Detector** 

COMMENTS 

•• De~tors &et up with a 1350-1 may be used with any 2350-1 provided that the 11etQp p.rameters are scanned into the 
.2350-1 prior to use with that specific detector and the threshold ratio js 100"" 10 mV on the instrument-* 

STATEMENT OF CERTIFICATION 
We Certify that the instrument listed above was calibrated and inspececd prior to shipment and that it met all the Manu&ctuttra published opemling specifications. We 
further certify that our Calibration Mcasaftlments are traceable co the Nalional Jnstilute of Siandards aJld Technology. (We are not ~ponslble for damage incurred 
durinl! shiDment or use ofthia inatrumcnt). · 
lnatrument 

~?,/ - (l,;J,~ 7/3/}J~·· - - CJeit ~~-Calibnited Bv: -,,,"- --- Revitwed Bv: - Date: 

Calibradon Date: 07/31/2015 
, bf;ijo'"n Due: 07/3112016 

Page 1 ofl 
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GRIFFIN INSTRUMENTS 

CALIBRATION CERTIFICATE FOR 2350-1 SERIAL# 203439 
owner: PHILOTECHNICS 

o<••·-·-···--OOH••••-••-•• 0000-0oO-• -----··· -··· '' ''"''' .................... __ ...... -... - ........ ----····-. " - ............. ·-----····- ....... ,,,,. , ...... , ··-·· .......................... -.. -. 
DATE: 08115115 

TECH: E.M. Glenn 

Reason For Calibration: 

LOCATION: Gl'll'fln lnsl 

DATE LAST CAL EXPIRES: 08/20/15 

@ Due For Calibration 

0 Other (See Remarks• 

0 Repair (See Ramarksl 
0 Due and Repair (See Remarks) 

NIST TBACEABU§ EQUIPMENT USED DURING CALIBRATION 
. . 

MODEL: M-500 SERIAL#: 114512 CAL. DUE: 10115115 

MOlllEL: SERIAL#: CAL DUE: 

~Audio Re9POn58·--·-··· ---- --· CAeLE_L_EiiiiGTH -5~------- ·-

coNomoN: Sat 

. NEW BATIERIES: 0 Yes @ No BATTERY CHECK: 5.GV 

SDOV: 500 A.F. 
· 12SOV: 1250 AF. 

·2ooov: 2000 A.F. 

AF Threshold: 350 AL Threshold : A.F. 

RATE CPM AS FOUND % ERROR AS LEFT % ERROR 

2Slt 250 I 
2600 .2499 I 
26K 24J~96 I K 

250K 249.963 IK I 

, .. 
· Detector #: 

Detector Serial #: 

Model#: 

U: 

M: 

TB: 

REMARKS: 

0.0% A.F. 
0.0% A.F. 
0.0% A.F. 

0.0%· A.F. 

AL 
·-----····---·----·- ····1 
I~:~.: .. _ . - ... I 
~~F- .. :· -.. J 
iA:~;~·::··~· ~-J 

[~~~: .. ~-~-:~] 
[AI=~-=:~~:~J 
!~E: __ ·-~::~:·:·~.1 

Is the As Found Data Within 2% of tho Sat Point?: 

@ Yes 0 No 

AF AL 

HV; f?2s··~---:·.··-_] ~:-~~~- -·-·:··_-] 
Window: r~:·.·:· .. · __ ·_-J ;~(·. _ .· ::.: J 

Count Time (9ec): ~~-----~~.::.~· __ J [~~~~~-~---- ~.J 
~---···----··- --- 1·--.. ··-----·--·-1 

Threshold: ~60 _________ I 1~!_:_ ____________ 
1 

Correction Constant: ~-~--:--.=-----~] IA:~~--~-~-~---~.-.:-! 

Deed Time (uSec): !~:~~:~~-~] l~j: ·=,-~_ .. .J 

Does l"atrumenl Meet Flnal Acmptance Criteria?: @ ·vaa 

@ Ye& 

08/15116 

Q No 

0 No Callbratlori Sticker Attach.ad?: 

Date Instrument is Due For Next Calibration: 

INSTRUMENT MARRIED WITH BP19DD #381 

Performed/Reviewed by: Date: 811512015 Entered tly: ~nlllals 

1111111111111111111 
callbllllliDns pelforme!I to ANSI Nll23A--1997 9l8Mcllf'ds. 
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GRIFFIN INSTRUMENTS 

CALIBRATION CERTIFICATE FOR 

Owner: PHILOTECHNICS · 

BP19DD PROBE# 351 

. ···-··-·-···-·""'""'. 
DATE: 08115/15 LOCATION: Griffin ln9l 

TECH: E.IVI. Glenn DATE LAST CAL EXPIRES: 08120/15 

REASON FOR CALIBRATION: 
@ Due For Calibration 0 Repair (See Ramerks) 0 Other (See Remarks) 0 Due and Repair 

CABLE LENGTH: 5' INPUT SENSITIVllY: 35mV 

NIST !BACEABl,E EQUIPMENT AND STANDARDS USEQ D,UBING CALIBRATION 

MODEL: 2350-1 SERIAL#: 203439 CAL.DUE: OBi15/16 

Kt.ST TRACEABLE SOURCES USED 

PAGE 20/25 

Source Number 
OOTC470-0654 

2697-00 
PX-726 

l9otopa 
Tc99SS 

Sigo 
C14 

4 pl Activity 
11,aoo dpm 
12,2oodpm 

48,780 Clpm 

As9ayData 
05/15109 

03/01/00 
01/21/08 

2 plActM~ 
10.eoo epm 
6,530cpm 

18,660epm 

I 

Condition: @ Sat 0 Unsat 

A& Found (AF) Efficiencies: 

AF CPNI: l-.· .. -- __ J i 

AF4 pl eff: 1 ...... ~----.-.] 

AF2 p/etf: 

Efficiencies from last eat.: 

Pu: [ . ···· l Th:(__ __ . .. Sr:~ .35.67.~] 

Tc ss:' . 20:86~! C14:\· . ~:~~~~ Tc Nl:j ·· .. ·1 

I .. ··-------·----·----··· •.. --······-··----- •· 1 

!,_ ~;~~ ~~~~ _J B ~-~-~alk: . 
1 

, ~ I 

.•. 

L_. ~sj2 .. ___i 

;~~~~(s~%--j 

L_~?~!!~. I 

I 4416 
\.. ........ . 

1·· ·-2i68% . 
i---·-- ···-- ... 

Is as ftl1'nd efficlancy within 20"/a of the efficiency from the last cal? @ Yes 0 No (See Remarks) 

Nol&: II Iha l!IS round dlltl' IB wllhll\ IC'llo ar th11 ls11 caRtnUon arid 11"11 B-A XIBlk i! <1'!1. 1111d lhe A-B Xlalk (S <!1MI,, !hen IP!a rechlliCI~~ ma, H/A l~&plahl~u secllon al\CI go 
dll'ecl1r 111 t11m1dcs. 

llll I llllllDlll Ill 
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GRIFFIN INSTRUMENTS 

PROBE#: 351 
Date: 08115115 

PLATEAU AND SET POINT DATA 

I HV~Vemier; Tc-99 Source· Response Pu-239 source Bac:kground (CPM): Net A to B I B to A_Xtalk: 
SS (CPM): Respomie (CPM): Xtalk: <10% <1% 

AC:h. I Bch. (Net~. Ach. j·B ch. I Net Eff. Ach. I B ch. 

NIA 

.. ·. 

--·--· --. ------·-·--~--~-· ---------·. ·- -··· ·---···------·----···-· 
Alpha I Beta Bkg (cpm) 

HV/Vemler ~ 

925 /NIA CPM: 

4 pl AL. Efflclenclaa: 
2 pf AL Efflcltmc/eg: 

REMARKS: 

371 

~ T~9Q§S 

3981 

20.87% 
jJ,43% 

Do111s ln1:trumeht Meet Final Acceptance Criteria?: @ Yes 

@ Ves 

08115116 

0 No 

Q No Calibration Sticker Attached?: 

Date Instrument is Due For NelCt Calibration: 

INSTRUMENT MARRIED WITH 2350-1 #203439 

Performed/Reviewed by: Date: et15/2015 

C-1§ 

4418 

8.28°4 

21-683 

3532 

37.56% 

53.11% 

Entered b'j:_J;.f lnftlals 

I 

2 pl et'llclenelH doMtell I" nanee. c~1111ra11crn1& pefforml!dl to ANSI N323JVl997 Mandard&. 

11111111111111111 2 
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4047181077 

ENERGYSOLUTIOM 

EncrgySo/111io11s Service.~. Inc. 
1570 Bear Creek Rd. 
Oak Ridge, TN 37830 
Phone: (877)462.-4873 
Email: ISFStaff@snsrgy~~l.\ili.~ 

OADLSS PAGE 22/25 

CALmRATION 
CERTIFICATE 

llus ert> care w1 . c "fi 'II b eaccomoem JV 8 I ti on 'ed b C l'bra . Ch ans or R d' ea mas w r bl rll BDDl!C8 C 

CUSTOMER INFORMATION INSTRUMENT INFORMATION 

Customer Name: Griffin Instruments Manufacturer: Ludlum 

Address: 131 Galla.her Road, Kingston, TN 37763 Model: 2350·1 Serial Number: 203447 

Contacf Name: Joanne Glenn Probe: NIA Serial Number: NIA 

Customer Purch•se I Work Order Calibration Method: 
Order Number: NIA Number: 2015-14312 Electronic 

INSTRUMENT CALmRATION INFORMATION· .. 

Instrument 
CaUbratlon Instrument Response (CPM) Comments 
Smndard (Tolerance :1:10%) 

Range 
Value Before After Callbu.ted fn accordance with (CPM) 
lCPM) Calibration Calibration CP-IN-Wl-2:19 

400 400 399. 399 OVM: 88020324 Cal Due: 03/27/16 

4t000 4,000 J,990 J,990 Temp/Prem 3076 Cal Due: 01/06/16 

40,000 40,000 39,901 39,901 Humtdtty: 958670 Cal Due: 01/JO/lfi 

400,000 4001000 399,005 199,00S Pulser: 246163 Cal Due: 02/04116 

HV Cal Values Desired HV Tolerail~ AsFoufjd As Left 
tM2350 HV Entn\ . tVoltmeter\ fVDC\ (VDC) MlC) CP Firmware Version: J7122N28 

500 (490-510) 495 499 
J/O Firmware Vrr1lon: 37123NOS 

1,500 (1,498 - l,502) 1,488 l,~00 

1,000 (l,940 - 2,060) 1,982 1,9!16 Temp: 20.8 ec 
Parameter Tolerance (.1:10%) As Found. A1 Left 

Pressure: 744 mmHg 
Humidity: 37.6 % 

Thre1hold T • 100 10 ± (9 to 11) mVDC 9.2 10.0 Gcotroplsin: SAT ACK/Scroll: SAT 

Threshold T = 500 50 :I: (45 to 55) mVDC 45.4 49.6 BAT >4.SV: SAT Volume: SAT 

Threshold T =1000 100 ± (90 to 110) mVDC 93 101 Count: SAT Audio DMde: SAT 

Window Width W"" 100 10±(9to 11) mVDC 8.1 9.0 Alarm~: SAT Lnmp: SAT 

I>lsplay-to-mV ratio: lOOto 10 mV Overload Te5t: SAT Physic.al Cond: SAT 

STATEMENT OF CERTIFICATION 

We Certify thet lhc instrument listed abD11c was calibrated lll!d insptcled prior to shipment ond that it met all t11e Manufac:turm publi11hod opC111tins specification.~. 
We ftutlter certify that our Calibration Measuremants lll'C traceable to the NRtio1111t ln$1itnlc of Standard.~ and Technology. (We are nol resiionsible for damage 
incurred durintr shipmcnl or use ofll1is insl1\mlcnt). 

Instrument 

Calibrated By: ~ -?./ - Reviewed By: 01JJ!k1j~~ Date: //10/J~ ~-, 

- iiic' "' Calibration Date: 0711012015 i cation Due (12 mo.): 07110/2016 

PAge 1 ofl 
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Serial# 203447 

Detector# 00 01 
DetSer# PR029733 333 
Model 43~5 GP13A 
u 7 7 
M 0 0 
TB 1 1 
HV 750 920 
W(Wlndow) Off Off 
Cl (Count Time) 60 sec 60 sec 
T (Threshold) 350 350 
cc 1 1 
DT o_o usec 4usec 
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~ -~ 

4047181077 

ENERGYSOLUTIONS 

EnergySol111Jo11s Services, Inc. 
l 570 Bear Creek Rd. 
Oak Ridge, TN 37&30 
Phone: (&77) 462-4873 
Email: lSFStatT@cngr,gY.§o!gtigos.com 

OADLSS PAGE 24/25 

CALmRATION 
CERTIFICATE 

This Certificate wi I he accomoan1ed bv c alibrat1on C arts or ea mgs w ere atm11ca e h R d' h r bl 

CQSTOMER INFORMATION DE'.fECTOR INFO~TION 

CUstomer Name: Griffin Instruments Manufacturer: NE Technology 

Address: 131 Gallaher Road, Kingston, TN 37763 Model: GPUA Serial Number: 333 

Contact Name: Joanne Glenn Calibration Method: 
Contract PuJ"chase Order Work Order SouNe 
Number! Credit Card Number: 201S-143ll 

DETECTOR PARAMETER SETUPS 

Parameter As Found A1Left Parameter At Found As Ldt 
Comments 

Model GPl3A GPUA cc 1.0 1.0 DVM: 88010324 Cal Due: 03/27116 

SIN 333 333 DT 4 uSee 4 uSec Temp/Pnr;11: 3016 Cal Due: 01/06116 

Units 7 =counts 7 =cou.nts Threshold 350=35mV 350=35 mV Humidity: 958670 Cal Due! Ol/J0/16 

multiplier 0 .,auto O•auto 

Timebase !•minutes I •minutes Temp: 20.8 •c Pl'essure: 744 mmHg 

HV 940V 920V Humidity: 37.6 o/o 

Count time 30 Sl!C fi0 51!C .,. Detector specific paremeters must be 
entered Into instrument manually to be used 

Saved as Detector #I with another 2350-1 "'* 
INSTRtJM.ENT ~FORMATIQN 

Model Serial Number Callbl'~tlon Due Date 

1350-l 103447 07/J0/16 

USED FOR EFFICIENCY DETERMINATION AND RV PLATEAUING 

11%9 #040202 st 9$t682 DPM Certification Date: 04113199 

Background (CPM) Gross SouJ"ce Counts (CPM) Net Source Counts (CPM) Efficiency In % (Determined on contact) 

3,329 (7,106 13,877 14.~ % for 1129 

Ht G .. oss source counts taken from an average of three one minute counts from the Heel, Middle, aQd Toe of Detector ** 
COMMENTS 

..,., Det~tors st!t up ,,.Ith a 2350~1 may be used with any 2350-1 provided that the getup parameters are scanned into the 
2350-1 prfor to use with that specific detector and the threshold ratio is JOO"" 10 mV en the instrumtot ** 

STATEMENT OF CERTIFICATION 
We Certify tliat the inscrument listed nbove WllS calibrated and inspected prior ltJ shipment and lhmt ii met all the Manufacturcn; publi~hl'li opaating sp~ilications, We 
funhcr c:ertify that our Calibration Mrs$urcmcnls Qrc trae~blc to the: N111ion11l lns1itutc: orSt1md11rds and Technology. (We are not responsible for dnmage incurred 
durinR shi!lmerit or use of this insltUmenl). 
Instrument 

Calibrated By: ~-v ~-.L~ -::--r" ,.,_ Reviewed Bv: \~l//a(/tL-1--~- Date: -1 /1t1 /15>-

Calibration Date: 07110/2015 17 C1.llbr~tt~n Due: 07/10/2016 ' 

Page I of I 
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NE Technology GP13A HIGH VOLT AGE PLATEAU DATA SHEET 

Serial Number: 333 

HtGfi' (iQLT~GE ·. EIACkQ~qti~:~ (¢,.~> 
.. . sourtcE: '6pilij:.:. · .. · · ..... ,· .. ' .. : ... ,.J, ... ··:.·•·· · .. ' .:.· .. 

800 3,036 9,839 

820 3,086 14,419 

840 3,135 16,225 

860 3,175 16,605 

aso 3,235 16,853 

900 3,247 17,134 

.920 (SET) 3,302 17,133 

940 3,348 17,355 

960 3,534 17,619 

980 3,776 18,112 

NIA NIA NIA 
NIA NIA NIA 
NIA N/A N/A 
NIA N/A N/A 
NIA N/A NIA 

NIA N/A NIA 
NIA NIA 

' 
NIA 

N/A NIA N/A 
NIA NIA NIA 
NIA NIA N/A 

NIA NIA N/A 
NIA NIA N/A 
NIA NIA N/A 

NIA N/A NIA 

Plateau performed with 1129 Source #040202 at 95,682 dpm at center cf detector 

Performed By: ~ ~ 
p-
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~~ GRIFFIN 1NSTRUMENTS 

CALIBRATION CERTIFICATE FOR 43-5 PROBE # PR029733 

owner. PHILOTECHNICS 

DATE: 07113115 LOCATION: Griffin Inst 

TECH: E.M. Glenn DATE LAST CAL EXPIRES: 05/09114 

@ Due Fer C.allbntlon 0 Other (See Rarnarlcs) CABLE LENGTH: !I' 

0 Repair (See Remarks) 0 Dua and Repair l.S.: 36mV 
..... ·-·-··---- ... iliis"T.tliACEABiE""§Y,NiiiAi5S-A"liDE9tiieMENTUSEQDuRiN"GcALleifA!loN·· ......... . 

Source Numbar Isotope 4 pl Activity Assay Date 2 pl Activity 
94TH470-1593 Th230 16,672 dpm 05127114 7,671 cpm 

MODEL: 2350·1 SERIAL#: 203447 CAL. DUE: 07/10/16 
. ··-· .. ·-··-A"S"FOUND DAT~ -· 

Physical Cundltlcn: SAT Eftlclency from Last Cal.: 12.50% HV From Last Cal.: 775 v 

;···-···-~iv ... - ""I r. R~p •. · 11·····Resp·:-··1 r··~~?~ · 1 

[_··--·---··--····· /_ .. ~~el .. --~-~-~~~-· L--··-··-···· .. , Unlfonnlty: 3.46% •pl Eff.: [Y~~~ .. · i 
. 2pi Eff.: [~~~~~~~"J 
4pl Eff.: I :. . . . ..... - J 

775 V 19B1 1954 2061 Bkg. CPM: 0 

Uniformity: 

Bkg. CPM: 
r ... ·--·· ·-··-. I 

2plEl'f.: I . . I 

Is the As Found Efficiency within 20% of ttie 
efficiency from the last cal.?: @ Yes 0 No •sect Remarks 

·tr~ round Eftteloncy I~ wlll'llft · 10% or Ille IHI ealllln!llon 11nll 11~lfQrrnlly j., .,, Cl"- •hit tech11iei1111111a; NIA llla Ptlluau ~ 

PLATEAU AND SET P01NT DATA 

High Voltage: Source Response (CPM): Background (CPM): 

675 1773 0 
700 1953 0 

725 2012 0 
750 1911 0 

.. 775 1827 0 
800 Ul62 0 
825 1967 0 

. HV RESP • HEEL BE.SP - CTR B~P-IQI: Bkg.: 0 AL4pl Eff.: 

750 v 1899 1995 1945 Uniformity: 2.50% AL 2pi Eff.: 

REMARKS: Det OD. Raplaeed mylar dU9 to no response to source outside. Cal due 07/10/16 to match meter. 

Does tnslrument Meet Final Acceptance Criteria?: 

Callbra11on Sticker Attached?: 

Date Instrument Is Due For Next Calibration: 

@ Yes 

@ Yes 

07/10/16 

0 No 

0 No 

#203447 

[31:~?~] 
I . .• ~' . "\ 

l.3.~:~!..~. ~ 

INSTRUMENT MARRIED WITH 2360·1 

Performed/Reviewed by: &.®It. ~b ~ Date: 7/1312015 Entered by: ~ Initials 

Ill RR 111111111111111111111 



Philotechnics Analytical Worksheet 
US Department of Health and Human Services 

Centers for Disease Control and Prevention 
4770 Buford Highway, Chamblee, GA, 30341 

Minimum Detectable Concentration (MDC) Static Count 
Calculations for Liquid Scintillation Counter 
(95% confidence level via NUREG 1507 method) 

Where: 

Eff. = 
Rb= 

Ts+b = 
Tb= 

LSC total efficiency, Counter cpm/NIST Standard dpm 
LSC background rate ( cpm) 
Sample count time (minutes) 
Background count time (minutes) 

Static CouD.t MDC ,CalculatiOns 
,< 

Nuclide Eff. Rb 

H-3 69.9% 11.5 

C-14 62.5% 11.5 

I-125 50.0% 11.5 

Minimum Detectable Concentration (MDC) Static Count 
Calculations for Planchet Counter 
(95% confidence level via NUREG 1507 method) 

<' 

Ts+b Tb 

1 1 

1 1 

1 1 

2 3 + 3 .2 9.J(Rb )('z:+b )(1 + T.Hb /Tb) 
MDC(dpm/lOOcm )= ( )( ) 

Where: 

Eff. Ts+b 

Eff. = Planchet total efficiency { 4n efficiency} 
Rb = Planchet background rate ( cpm) 

Ts+b = Sample count time (minutes) 
Tb= Background count time (minutes) 

Appendix D 

(Eq. 1) 

.· 

·.\:'(".::· : ... 

MDC (Static) 

26.9 dpm/100 cm 2 

30.0 dpm/100 cm 2 

37.6 dpm/100 cm 2 

(Eq. 1) 

Stati(tcoulftMDC caicrifatio~:,~ "4 ' 
:'.:'··:::·· ;<: :,:1;< . : :'::;:·}·:v o:.:;:·: : :: : :··· ::;:;·· . .:' :·o; ,,:. ,·.: :· ::. 

PIC ASC #0713821 

Meter Nuclide Total Eff. Rb 

Protean Th-230 7.90% 0.1 

Protean Tc-99 6.14% 61.5 

Ref. NUREG-1507 

Ts+b Tb 

15 60 

15 60 

: 

MDC (Static) 

6.6 

124.5 

dpm/100 cm 2 

dpm/100 cm 2 

MDA Worksheet 
Page 1of5 



Philotechnics Analytical Worksheet 
US Department of Health and Human Services 

Centers for Disease Control and Prevention 
4770 Buford Highway, Chamblee, GA, 30341 

Minimum Detectable Concentration (MDC) Static Count 
Calculations for Hand-Held Monitors 
(95% confidence level via NUREG 1507 method) 

Appendix D 

2 3+3.29.J(Rb)(Ts+b)(l+Ts+b/Tb) 
.MDC(dpm!IOOcm )= 

2 (E.ff.)(Ts+b )(probeareacm 2 /1 OOcm ) 
(Eq. 2) 

Where: 
Total Eff. = Total Efficiency (2pi efficiency * 0.25 per ISO 7503-1) 
Rb= Average background rate (cpm) 
Ts+b = Sample count time (minutes) 
Tb= Background count time (minutes) 

P = Probe area (cm2) 

, 

Static Count MDCCalculations ?c , , 

Meter: 187286 (Hand Held) 

Nuclide Total Eff. Rb Ts+b Tb p 

Tc-99 10,32% 468.4 I I 100 

Meter: 187286 (Hand Held) 

Nuclide Total Eff. Rb Ts+b Tb p 

Th-230 7.51% 3.0 3 3 100 

Meter: 212234 (Hand Held) 

Nuclide Total Eff. Rb Ts+b Tb p 

I-129 7.07% 9008.7 I 1 100 

Ref. NUREG-1507 

MDC (Static) 

1005 dpm/100 cm2 

MDC (Static) 

75 dpm/100 cm 2 

MDC (Static) 

6289 dpm/100 cm2 

MDA Worksheet 
Page 2 of 5 



Philotechnics Analytical Worksheet Appendix D 

US Department of Health and Human Services 
Centers for Disease Control and Prevention 
4770 Buford Highway, Chamblee, GA, 30341 

Scan Minimum Detectable Concentration (MDC) 
Calculations for Hand-Held Monitors 
(Scan MDA per NUREG-1575, NUREG-1507 methodology) 

Where: 

.ldDCR 
Scan.ldDC =------------

.JP {e; )(es)( A 7 J 
lOOcni-

p = surveyor efficiency, per NUREG 1507 (0.5) 
Ei = total ettlciency (2n geometry) 

Es= surface efficiency, 0.5 for gammas and high energy betas> 1 MeV Emax 

(e.g. P-32, Cl-36, S/Y-90, etc.), 0.25 for low energy betas 
(e.g. C-14, P-33, S-35, Tc-99, Ca-45, etc.) 

A = probe active area ( cmL) 

And, 

Where: 

And, 

Where: 

And, 

Where: 

MDCR = S; (60 sec /min )/i sec 

MDCR =Minimum detectable count rate (cpm) 
Si = source counts in time interval, i. 

d'= 

B= I 

1= 

1.38 for 95% true positive scan detection rate, 
per, NUREG 1507, Table 6.1 
Background counts in interval, i 

B ; = (Pb ) (i ) (1 min / 60 sec ) 

probe background count rate (cpm) 

observation interval 

(Eq. 3) 

(Eq. 4) 

(Eq. 5) 

(Eq. 6) 

Ref. NUREG-1507 
MDA Worksheet 

Page 3 of 5 



Philotechnics Analytical Worksheet 
US Department of Health and Human Services 

Centers for Disease Control and Prevention 
4770 Buford Highway, Chamblee, GA, 30341 

Scan Minimum Detectable Concentration (MDC) 
Calculations for Hand-Held Monitors 
(Scan MDA perNUREG-1575, NUREG-1507 methodology) 

Specific Scan MDC calculation results: 

#352912 Ambient #212234 Ambient 

Pb= 1534.0 cpm Pb= 9008.7 cpm 

l= 1.25 sec l= 1.25 sec 

R= I 31.96 counts B= I 187.68 counts 

d'= 1.38 d'= 1.38 

s = I 7.80 counts s = I 18.91 counts 

MDCR= 374.5 cpm MDCR= 907.5 cpm 

#352912 Ambient 
Pb= 23.2 cpm 

l= 3.975 sec 

B= I 1.54 counts 

d'= 1.38 
s = I 1.71 counts 

MDCR= 25.8 cpm 

Scan MDC Calculations I 
Meter: 352912 Large Area Probe (Hand Held) 

Nuclide Total Efficiency Area MDC (Scan) 
Tc-99 9.76% 821 660.7 dpm/100 cm 2 

Meter: 212234 (Hand Held) 

Nuclide Total Efficiency Area MDC (Scan) 
1-129 7.07% 100 18152.1 dpm/100 cm~ 

Ref. NUREG-1507 

Appendix D 

Ambient 

Ambient 

MDA Worksheet 
Page 4 of 5 



Philotechnics Analytical Worksheet 
US Department of Health and Human Services 

Centers for Disease Control and Prevention 
4770 Buford Highway, Chamblee, GA, 30341 

Alpha Scan MDC IA W Appendix J 

G == (release level in 100cm2 adjusted for detector at 100cm2) 
E - Total 4pi efficiency 
B== 23 cpm 
d ==Detector width for 43-37-1 is 15.9 cm 
v == Scan Speed is 4 cm/sec 

Variable ··· Symbol ··value 
dpm G 
total 
efficiency E 

background 
B cpm 

detector 
width, cm d 
u-~.i "P--~, 

cm/s v 

(GE+B)t/60 ... • .. · • · 
4.754411765 

.··· P(n=O}. 
P(n==O) == EXP(-4.754411765) 
P(n==O) == 0.0086136 

P(n=1) ... 

100 

0.21 

9.5 

15.9 

1.7 

.· 

P(n==l) == 4.75441765*EXP(-4.75441l765) 
P(n== 1) == 0.0409526 

. P(n;=:O) 
P(n==O) == 0.0086136 

P(n~1)=99% 

P(n2:1) == 1 - P(n==O) 
P(n2:1) == 0.9913864 

.. P(n~)=95% 

P(n2:2) == (1 - P(n==O)*(l +(GE+B)t/60)) 
P(n2:2) == 0.9504337 

Ref. NUREG-1507 

I 

Appendix D 

MDA Worksheet 
Page 5 of 5 



Ref. NUREG-1507 

Survey Unit 1 

Background (CPMI 

MDC Value 
Meter Efficiency 

Philotechnics Analytical Worksheet 
US Department of Health and Human Services 
Centers for Disease Control and Prevention 

Instrument 
Protean- 0713821 LSC - 7065636 
Alpha Beta Chan A Chan B 1-125 

0.1 61.5 11.5 11.5 10.9 
3.3 62.3 26.9 30.0 37.6 

15.8% 12.3% 61.1% 96.2% 50.0% 

Survey Unit 1 - Floor and Lower Walls 

Gross CPM / 100 cm• Quench & Efficiency Net DPM / 100 cm• 
Sample Alpha Beta Chan A Chan B Chan C Alpha Beta 

Planchet Planchet Sc Int Sein! Scint H-3 Eff. C-14 Eff. Planchet Planchet H-3 C-14/S-35 

1 0 55 15 13 12 61.1% 96.2% -0.7 -52.8 5.7 1.6 
2 0 72 5 16 15 61.1% 96.2% -0.7 85.6 -10.6 4.7 
3 1 70 8 12 8 61.1% 96.2% 5.6 69.4 -5.7 0.5 
4 0 56 11 11 14 61.1% 96.2% -0.7 -44.7 -0.8 -0.5 
5 1 70 12 16 5 61.1% 96.2% 5.6 69.4 0.8 4.7 
6 0 77 9 9 9 61.1% 96.2% -0.7 126.4 -4.1 -2.6 
7 1 76 5 15 14 61.1% 96.2% 5.6 118.2 -10.6 3.6 
8 0 57 5 14 8 61.1% 96.2% -0.7 -36.5 -10.6 2.6 
9 1 75 11 9 4 61.1% 96.2% 5.6 110.1 -0.8 -2.6 
10 1 63 10 16 5 61.1% 96.2% 5.6 12.4 -2.5 4.7 
11 0 59 9 16 10 61.1% 96.2% -0.7 -20.2 -4.1 4.7 
12 1 60 11 8 9 61.1% 96.2% 5.6 -12.1 -0.8 -3.6 
13 1 62 11 8 11 61.1% 96.2% 5.6 4.2 -0.8 -3.6 
14 1 56 11 10 14 61.1% 96.2% 5.6 -44.7 -0.8 -1.6 
15 0 56 12 9 14 61.1% 96.2% -0.7 -44.7 0.8 -2.6 
16 0 69 4 16 8 61.1% 96.2% -0.7 61.2 -12.3 4.7. 
17 0 73 10 10 5 61.1% 96.2% -0.7 93.8 -2.5 -1.6 
18 1 76 12 15 10 61.1% 96.2% 5.6 118.2 0.8 3.6 
19 0 67 8 13 4 61.1% 96.2% -0.7 44.9 -5.7 1.6 
20 1 57 8 10 8 61.1% 96.2% 5.6 -36.5 -5.7 -1.6 
21 1 78 6 15 13 61.1% 96.2% 5.6 134.5 -9.0 3.6 
22 1 57 7 15 15 61.1% 96.2% 5.6 -36.5 -7.4 3.6 
23 0 63 15 14 8 61.1% 96.2% -0.7 12.4 5.7 2.6 
24 0 79 7 10 11 61.1% 96.2% -0.7 142.6 -7.4 -1.6 
25 0 70 10 14 9 61.1% 96.2% -0.7 69.4 -2.5 2.6 
26 1 64 4 15 12 61.1% 96.2% 5.6 20.5 -12.3 3.6 
27 0 67 15 9 14 61.1% 96.2% -0.7 44.9 5.7 -2.6 
28 1 72 8 14 5 61.1% 96.2% 5.6 85.6 -5.7 2.6 
29 1 71 8 13 6 61.1% 96.2% 5.6 77.5 -5.7 1.6 
30 0 68 14 14 14 61.1% 96.2% -0.7 53.1 4.1 2.6 
31 1 77 7 9 15 61.1% 96.2% 5.6 126.4 -7.4 -2.6 
32 1 74 11 11 11 61.1% 96.2% 5.6 101.9 -0.8 -0.5 
33 1 56 9 12 8 61.1% 96.2% 5.6 -44.7 -4.1 0.5 
34 0 60 9 15 14 61.1% 96.2% -0.7 -12.1 -4.1 3.6 
35 1 79 7 13 5 61.1% 96.2% 5.6 142.6 -7.4 1.6 
36 0 57 13 8 8 61.1% 96.2% -0.7 -36.5 2.5 -3.6 
37 1 70 15 11 10 61.1% 96.2% 5.6 69.4 5.7 -0.5 
38 0 55 13 13 14 61.1% 96.2% -0.7 -52.8 2.5 1.6 
39 1 58 8 12 7 61.1% 96.2% 5.6 -28.4 -5.7 0.5 
40 0 79 9 15 5 61.1% 96.2% -0.7 142.6 -4.1 3.6 
41 0 62 4 16 9 61.1% 96.2% -0.7 4.2 -12.3 4.7 

1-125 
8.2 

-11.8 
-5.8 
0.2 
2.2 

-3.8 
-11.8 
-11.8 

0.2 
-1.8 
-3.8 
0.2 
0.2 
0.2 
2.2 

-13.8 
-1.8 
2.2 
-5.8 
-5.8 
-9.8 
-7.8 
8.2 
-7.8 

-1.8 
-13.8 
8.2 
-5.8 
-5.8 

6.2 

-7.8 
0.2 
-3.8 
-3.8 
-7.8 
4.2 

8.2 
4.2 
-5.8 
-3.8 

-13.8 

Comment 

<DCGL 
<DCGL 

<DCGL 
<DCGL 

<DCGL 

<DCGL 
<DCGL 

<DCGL 

<DCGL 

<DCGL 
<DCGL 

<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 

<DCGL 

<DCGL 
<DCGL 

<DCGL 

<DCGL 
<DCGL 

<DCGL 
<DCGL 

<DCGL 
<DCGL 

<DCGL 

<DCGL 

<DCGL 
<DCGL 

<DCGL 

<DCGL 
<DCGL 

<DCGL 

<DCGL 

<DCGL 

<DCGL 

<DCGL 
<DCGL 
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Survey Unit 2 

Background (CPM) 

MDC Value 
Meter Efficiency 

Sample Alpha 
Planchet 

1 1 
2 0 
3 0 
4 0 
5 1 
6 0 
7 1 
8 0 
9 1 
10 1 
11 0 
12 1 
13 1 
14 0 
15 1 
16 0 
17 1 
18 0 
19 0 
20 1 
21 0 
22 1 
23 1 
24 1 
25 0 
26 0 
27 1 
28 1 
29 1 
30 0 
31 0 
32 1 
33 1 
34 1 
35 1 
36 1 
37 0 
38 0 
39 1 
40 1 
41 0 
42 1 
43 1 
44 1 
45 1 
46 0 
47 1 

Ref. NUREG-1507 

Protean 
Alpha 

0.1 
3.3 

Philotechnics Analytical Worksheet 
US Department of Health and Human Services 
Centers for Disease Control and Prevention 

Instrument 
LSC - 7065636 

Beta Chan A Chan B 1-125 

61.5 11.5 11.5 10.9 
62.3 26.9 30.0 37.6 

15.8% 12.3% 61.1% 96.2% 50.0% 

- .. 
Gross CPM / 100 cm• Quench & Efficiency Net DPM / 100 cm 

Beta Chan A Chan B Chane Alpha Beta 
Planchet Sc Int Scint Sc Int H-3Eff. C-14 Elf. Planchet Planchet H-3 C-14/S-35 

69 14 16 14 61.1% 96.2% 5.6 61.2 4.1 4.7 
59 5 8 9 61.1% 96.2% -0.7 -20.2 -10.6 -3.6 
64 7 14 11 61.1% 96.2% -0.7 20.5 -7.4 2.6 
70 12 13 10 61.1% 96.2% -0.7 69.4 0.8 1.6 
61 6 15 5 61.1% 96.2% 5.6 -3.9 -9.0 3.6 
60 11 16 6 61.1% 96.2% -0.7 -12.1 -0.8 4.7 
75 15 10 8 61.1% 96.2% 5.6 110.1 5.7 -1.6 
71 15 14 7 61.1% 96.2% -0.7 77.5 5.7 2.6 
78 8 10 4 61.1% 96.2% 5.6 134.5 -5.7 -1.6 
70 15 11 14 61.1% 96.2% 5.6 69.4 5.7 -0.5 
69 4 12 7 61.1% 96.2% -0.7 61.2 -12.3 0.5 
63 13 12 5 61.1% 96.2% 5.6 12.4 2.5 0.5 
66 5 8 11 61.1% 96.2% 5.6 36.8 -10.6 -3.6 
60 10 16 13 61.1% 96.2% -0.7 -12.1 -2.5 4.7 
56 11 9 5 61.1% 96.2% 5.6 -44.7 -0.8 -2.6 
70 13 12 7 61.1% 96.2% -0.7 69.4 2.5 0.5 
71 8 8 13 61.1% 96.2% 5.6 77.5 -5.7 -3.6 
76 7 14 13 61.1% 96.2% -0.7 118.2 -7.4 2.6 
71 9 16 9 61.1% 96.2% -0.7 77.5 -4.1 4.7 
75 5 15 6 61.1% 96.2% 5.6 110.1 -10.6 3.6 
67 9 16 13 61.1% 96.2% -0.7 44.9 -4.1 4.7 
64 11 13 10 61.1% 96.2% 5.6 20.5 -0.8 1.6 
67 12 11 6 61.1% 96.2% 5.6 44.9 0.8 -0.5 
75 11 13 14 61.1% 96.2% 5.6 110.1 -0.8 1.6 
78 6 15 14 61.1% 96.2% -0.7 134.5 -9.0 3.6 
64 7 13 4 61.1% 96.2% -0.7 20.5 -7.4 1.6 
77 12 9 13 61.1% 96.2% 5.6 126.4 0.8 -2.6 
74 10 11 11 61.1% 96.2% 5.6 101.9 -2.5 -0.5 
69 11 11 4 61.1% 96.2% 5.6 61.2 -0.8 -0.5 
72 9 13 15 61.1% 96.2% -0.7 85.6 -4.1 1.6 
69 14 10 15 61.1% 96.2% -0.7 61.2 4.1 -1.6 
68 11 9 12 61.1% 96.2% 5.6 53.1 -0.8 -2.6 
70 13 16 11 61.1% 96.2% 5.6 69.4 2.5 4.7 
75 14 10 13 61.1% 96.2% 5.6 110.1 4.1 -1.6 
77 15 13 5 61.1% 96.2% 5.6 126.4 5.7 1.6 
55 8 12 13 61.1% 96.2% 5.6 -52.8 -5.7 0.5 
73 5 10 7 61.1% 96.2% -0.7 93.8 -10.6 -1.6 
75 8 8 9 61.1% 96.2% -0.7 110.1 -5.7 -3.6 
77 8 14 7 61.1% 96.2% 5.6 126.4 -5.7 2.6 
71 15 12 14 61.1% 96.2% 5.6 77.5 5.7 0.5 
63 14 15 5 61.1% 96.2% -0.7 12.4 4.1 3.6 
65 6 8 4 61.1% 96.2% 5.6 28.6 -9.0 -3.6 
60 5 8 14 61.1% 96.2% 5.6 -12.1 -10.6 -3.6 
61 13 14 5 61.1% 96.2% 5.6 -3.9 2.5 2.6 
61 4 11 5 61.1% 96.2% 5.6 -3.9 -12.3 -0.5 
70 4 8 12 61.1% 96.2% -0.7 69.4 -12.3 -3.6 
66 10 10 8 61.1% 96.2% 5.6 36.8 -2.5 -1.6 

1-125 
6.2 

-11.8 
-7.8 
2.2 
-9.8 
0.2 
8.2 
8.2 
-5.8 
8.2 

-13.8 
4.2 

-11.8 
-1.8 
0.2 
4.2 
-5.8 
-7.8 
-3.8 

-11.8 
-3.8 
0.2 
2.2 
0.2 
-9.8 
-7.8 
2.2 
-1.8 
0.2 
-3.8 
6.2 
0.2 
4.2 
6.2 
8.2 
-5.8 

-11.8 
-5.8 
-5.8 
8.2 
6.2 
-9.8 

-11.8 
4.2 

-13.8 
-13.8 
-1.8 

Comment 

<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
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Ref. NUREG-1507 

Survey Unit 3 

Background (CPM) 
MOC Value 

Meter Efficiencv 

Protean 
Alpha 

0.1 
3.3 

Philotechnics Analytical Worksheet 
US Department of Health and Human Services 

Centers for Disease Control and Prevention 

Instrument 
LSC - 7D65636 

Beta Chan A Chan B 1-125 
61.5 11.5 11.5 1D.9 
62.3 26.9 3D.D 37.6 

15.8% 12.3% 61.1% 96.2% 50.0% 

Survey Unit 3 - Loading Dock 

Gross CPM / 1DD cm2 Quench & Efficiency Net DPM / 1 DD cm2 

Sample Alpha Beta Chan A Chan B Chan C Alpha Beta 
Plane he! Planchet Sc int Sein! Sc Int H-3 Eff. C-14 Eff. Planchet Planchet H-3 C-14/S-35 

1 0 58 8 16 6 61.1% 96.2% -0.7 -28.4 -5.7 4.7 
2 1 56 6 15 10 61.1% 96.2% 5.6 -44.7 -9.0 3.6 
3 0 78 10 11 9 61.1% 96.2% -0.7 134.5 -2.5 -0.5 
4 1 78 10 9 12 61.1% 96.2% 5.6 134.5 -2.5 -2.6 
5 1 72 13 11 4 61.1% 96.2% 5.6 85.6 2.5 -0.5 
6 0 67 15 16 15 61.1% 96.2% -0.7 44.9 5.7 4.7 
7 0 57 7 8 9 61.1% 96.2% -0.7 -36.5 -7.4 -3.6 
8 1 60 17 13 6 61.1% 96.2% 5.6 -12.1 9.0 1.6 
9 0 58 6 11 4 61.1% 96.2% -0.7 -28.4 -9.0 -0.5 
10 1 56 9 12 4 61.1% 96.2% 5.6 -44.7 -4.1 0.5 
11 0 64 12 8 11 61.1% 96.2% -0.7 20.5 0.8 -3.6 
12 1 66 6 11 6 61.1% 96.2% 5.6 36.8 -9.0 -0.5 
13 0 67 13 14 4 61.1% 96.2% -0.7 44.9 2.5 2.6 
14 0 61 7 13 11 61.1% 96.2% -0.7 -3.9 -7.4 1.6 
15 0 65 13 9 9 61.1% 96.2% -0.7 28.6 2.5 -2.6 

1-125 
-5.8 
-9.8 
-1.8 
-1.8 
4.2 
8.2 
-7.8 
12.2 
-9.8 
-3.8 
2.2 
-9.8 
4.2 
-7.8 
4.2 

Comment 

<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
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Survey Unit 4 

Background ICPMl 
MDC Value 

Meter Efficiency 

Sample Alpha 
Planchet 

1 2 
2 1 
3 1 
4 0 
5 0 
6 1 
7 0 
8 1 
9 0 
10 0 
11 0 
12 0 
13 1 
14 0 
15 1 

Ref. NUREG-1507 

Protean 

Alpha 
0.1 
3.3 

Philotechnics Analytical Worksheet 
US Department of Health and Human Services 

Centers for Disease Control and Prevention 

Instrument 
LSC - 7065636 

Beta Chan A Chan B 1-125 
61.5 11.5 11.5 10.9 
62.3 26.9 30.0 37.6 

15.8% 12.3% 61.1% 96.2% 50.0% 

Gross CPM / 100 cm' Quench & Efficiency Net DPM / 100 cm' 
Beta Chan A Chane Chan C Alpha Beta 

Planchet Sc int Sc int Sc int H-3 Eff. C-14 Eff. Planchet Planchet H-3 C-14/S-35 
69 6 14 8 61.1% 96.2% 11.9 61.2 -9.0 2.6 
77 10 10 5 61.1% 96.2% 5.6 126.4 -2.5 -1.6 
71 11 8 4 61.1% 96.2% 5.6 77.5 -0.8 -3.6 
73 9 16 4 61.1% 96.2% -0.7 93.8 -4.1 4.7 
61 12 13 6 61.1% 96.2% -0.7 -3.9 0.8 1.6 
77 9 15 10 61.1% 96.2% 5.6 126.4 ·4.1 3.6 
59 17 12 15 61.1% 96.2% -0.7 -20.2 9.0 0.5 
71 7 14 11 61.1% 96.2% 5.6 77.5 ·7.4 2.6 
75 10 10 4 61.1% 96.2% -0.7 110.1 ·2.5 ·1.6 
73 9 13 8 61.1% 96.2% ·0.7 93.8 -4.1 1.6 
59 13 14 7 61.1% 96.2% -0.7 -20.2 2.5 2.6 
57 8 12 6 61.1% 96.2% -0.7 -36.5 -5.7 0.5 
61 11 15 4 61.1% 96.2% 5.6 ·3.9 -0.8 3.6 
68 6 8 12 61.1% 96.2% -0.7 53.1 -9.0 -3.6 
60 16 11 7 61.1% 96.2% 5.6 ·12.1 7.4 -0.5 

1-125 
-9.8 
-1.8 
0.2 
·3.8 
2.2 
-3.8 
12.2 
·7.8 
·1.8 
-3.8 
4.2 
·5.8 
0.2 
·9.8 
10.2 

Comment 

<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
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Survey Unit 5 

Background (CPM) 
MDC Value 

Meter Efficiency 

Survey Unit 5 - Cra\'Vlspace 

Sample Alpha 
Planchet 

1 1 

2 1 

3 2 
4 2 
5 0 
6 0 
7 0 
8 2 
9 2 
10 1 
11 0 
12 2 
13 1 
14 0 
15 2 

Survey Unit QA 

Background (CPM) 

MDC Value 
Meter Efficiency 

Survey Unit 5 :_Ci_avvlspace 

Sample Alpha 
Planchet 

1 1 

2 1 
3 1 

4 1 

5 0 
6 0 
7 0 

8 1 

9 1 
10 1 
11 0 
12 1 
13 1 

14 0 

15 1 

Ref. NUREG-1507 

Protean 
Aloha 

0.1 
3.3 

Philotechnics Analytical Worksheet 
US Department of Health and Human Services 
Centers for Disease Control and Prevention 

Instrument 
LSC - 7065636 

Beta Chan A Chan B 1-125 
61.5 11.5 11.5 10.9 
62.3 26.9 30.0 37.6 

15.8% 12.3% 61.1% 96.2% 50.0% 

Gross CPM / 100 cm2 Quench & Efficiency Net DPM / 100 cm' 
Beta Chan A Chan B Chan c Alpha Beta 

Planchet Sc int Sc Int Scint H-3 Elf. C-14 Elf. Planchet Planchet H-3 C-14/S-35 

69 17 15 7 61.1% 96.2% 5.6 61.2 9.0 3.6 
67 9 17 13 61.1% 96.2% 5.6 44.9 -4.1 5.7 
77 16 14 9 61.1% 96.2% 11.9 126.4 7.4 2.6 
75 11 17 14 61.1% 96.2% 11.9 110.1 -0.8 5.7 
72 13 8 6 61.1% 96.2% -0.7 85.6 2.5 -3.6 
68 16 9 13 61.1% 96.2% -0.7 53.1 7.4 -2.6 
70 8 15 9 61.1% 96.2% -0.7 69.4 -5.7 3.6 
64 14 13 15 61.1% 96.2% 11.9 20.5 4.1 1.6 
65 10 14 9 61.1% 96.2% 11.9 28.6 -2.5 2.6 
62 12 16 8 61.1% 96.2% 5.6 4.2 0.8 4.7 
74 10 14 8 61.1% 96.2% -0.7 101.9 -2.5 2.6 
61 15 17 14 61.1% 96.2% 11.9 -3.9 5.7 5.7 
76 17 16 5 61.1% 96.2% 5.6 118.2 9.0 4.7 
78 7 15 16 61.1% 96.2% -0.7 134.5 -7.4 3.6 
74 13 11 9 61.1% 96.2% 11.9 101.9 2.5 -0.5 

Instrument 
Protean LSC - 7065636 

Alpha Beta Chan A Chan B 1-125 

0.1 61.5 11.5 11.5 10.9 

3.3 62.3 26.9 30.0 37.6 
15.8% 12.3% 61.1% 96.2% 50.0% 

Gross CPM / 100 cm' Quench & Efficiency Net DPM / 100 cm2 

Beta Chan A Chan B Chan C Alpha Beta 
Planchet Sc int Sc int Scint H-3Elf. C-14Elf. Planchet Planchet H-3 C-14/5-35 

69 17 15 7 61.1% 96.2% 5.6 61.2 9.0 3.6 
67 9 17 13 61.1% 96.2% 5.6 44.9 -4.1 5.7 
77 16 14 9 61.1% 96.2% 5.6 126.4 7.4 2.6 
75 11 17 14 61.1% 96.2% 5.6 110.1 -0.8 5.7 
72 13 8 6 61.1% 96.2% -0.7 85.6 2.5 -3.6 
68 16 9 13 61.1% 96.2% -0.7 53.1 7.4 -2.6 
70 8 15 9 61.1% 96.2% -0.7 69.4 -5.7 3.6 
64 14 13 15 61.1% 96.2% 5.6 20.5 4.1 1.6 
65 10 14 9 61.1% 96.2% 5.6 28.6 -2.5 2.6 
62 12 16 8 61.1% 96.2% 5.6 4.2 0.8 4.7 
74 10 14 8 61.1% 96.2% -0.7 101.9 -2.5 2.6 
61 15 17 14 61.1% 96.2% 5.6 -3.9 5.7 5.7 
76 17 16 5 61.1% 96.2% 5.6 118.2 9.0 4.7 
78 7 15 16 61.1% 96.2% -0.7 134.5 -7.4 3.6 
74 13 11 9 61.1% 96.2% 5.6 101.9 2.5 -0.5 

1-125 

12.2 
-3.8 
10.2 
0.2 
4.2 
10.2 
-5.8 
6.2 
-1.8 
2.2 
-1.8 
8.2 
12.2 
-7.8 
4.2 

1-125 
12.2 
-3.8 
10.2 
0.2 
4.2 
10.2 
-5.8 
6.2 

-1.8 
2.2 
-1.8 
8.2 
12.2 
-7.8 
4.2 

Comment 

<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 

Comment 

<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
<DCGL 
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