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LUDLUX MODEL 19
CALIBRATION DATA SHEET

Model: 19 Serial #:/3/?•S

Detector Type: SCINTILLATION OUIC: W4GV91

.Type of Cal: SOURCE/ELECTRONIC

Date: ; • k, 7

Manf: LUDLUM

CALIBRATION STANDARDS:

Pulser S/N: 3 j

Source S/N:____-_

High Voltage: as fo'

Calibration Due: /S5Ec•.7

Calibration Due: -'5W6R7 Isotope: Cs-137

and: 62?" as left: & -

SCALE APPLIED INITIAL FINAL TOLERANCE CORRECTION
PULSER READING READING FACTOR

(CPM) IiR/hr plhr

5000 3/•:~. ,,, 3,600-4,400 /J-0

5000 ZZ0,o 900-1,100 /,

500 , io 360-440

500 90-110

250 2 Z, 180-220

250 45-55

50 .-~______36-44

50 j,.o/ /0 9_-11

25 ____o _ _ 2-0 18-22 10D

25 /,03 ______ . 4.5-5.5

Remarks: This calibration is traceable tO the National Institute
of Standards and Technology. _ ,e fi,.in/ # ,,~ IQ .

Perf ormed by4ý- Revied b



LUDLUM MODEL 19
CALIBRATION DATA SHEET

Model: 19 Serial #:1/313 0

Detector Type: SCINTILLATION OUIC: W4GV91

Type of Cal: SOURCE/ELECTRONIC

CALIBRATION STANDARDS:

Date: Ze, - 9572

Manf: LUDLUM

Pulser S/N: iY-5' Calibration Due: /?Z)•7

Source S/N: Z _• Calibration Due: 9'7 Isotope: Cs-137

High Voltage: as found: •255 as left: •57•

SCALE APPLIED INITIAL FINAL TOLERANCE C.F
READING READING (jR/hr)

_R/hr pR/hr
5000 p.R/hr 4000 iIR/br I/oo •3.6K - 4.4K /a

1000 p.R/hr 1000 pR/hzr Z' 0 _0 /_ _ 900 - 1100

SCALE APPLIED INITIAL FINAL TOLERANCE CORRECTION
PULSER READING READING FACTOR

(CPM) .p/hr P./hr

5000 1'51A. 30,600-4,400 .o

5000 o 900-1,100 1-7

500 _/00 Zo oC 7  360-440 /.c

500 1/330 /O /00 90-110

250 - 180-220 /0

250 45-55 /00

50 5 ' ______. _ 36-44 /00

50 21130 9-11

25 _1_23 _ Zo zo 18-22 -no

25 /,7 70 4.5-5.5 ,.oo

Remarks: This calibration is traceable to the National Instigute

of Standards and Technology. ee %^{si,- eo A,,3o ,2- •.

Performed bV/ Reir-iew#d by



LUDLUM MODEL 19
CALIBRATION DATA SHEET

Model: 19 Serial #:/// '

Detector Type: SCINTILLATION OUIC: W4GV91

Type of Cal: SOURCE/ELECTRONIC

CALIBRATION STANDARDS:

Date: •

Manf : LUDLUM

Pulser SIN: 5 Calibration Due: /3$9?

Source SIN: 6-o5- Calibration Due: 1562P07 Isotope: Cs-137

High Voltage: as found: 5?S as left: 1i00

SCALE APPLIED INITIAL FINAL TOLERANCE C.F
READING READING (iR/hr)

iR/hr __R/hr

5000 pR/hr 4000 ý.R/hr 130oo 0 3.6K - 4.4K /00

1000 1R/hr 1000 LR/hr /11,7r/ 900 - 1100

SCALE APPLIED INITIAL FINAL TOLERANCE CORRECTION
PULSER READING READING FACTOR

(CPM) pR/hr pR/hr
f

5000 YOA !2-- 0 3,600-4,400 /0

5000 ____,__ , 900-1,100o

500 5Y. i9' ý/•/ V0 0 360-440

500 iC7 /0 90-110 /...,o

250 23.o -00 180-220

250 45-55

50 ___ j/i( o 36-44

50 ____ I/ 9-11 Do

25 2z 0 18-22 /0

25 "4.5-.5 /5.

Remarks: This calibration is traceable to the National Institute
of Standards and Technology. /Zad7:e ,,Y4.4 -•d'..io 5•,<.'3"7 //. Z 4

Perfrme by" S-to( Re1edb
Performed by V• Reviewd by



LUDLUM MODEL 19
CALIBRATION DATA SHEET

Model: 19 Serial #:, 3 /g//9z

Detector Type: SCINTILLATION OUIC: W4GV91

Type of Cal: SOURCE/ELECTRONIC

Date: LUL U7

Manf: LUDLUM

CALIBRATION STANDARDS:

Pulser S/N: ±Z/ Calibration Due: /I/J.2g97

Source S/N:e-o5- Calibration Due: 5. .p7 1 Botope: Cs-137

und: 6,R as left: :-'OHigh Voltage: as fo•

SCALE APPLIED INITIAL FINAL TOLERANCE C.F
READING READING (hR/hr)

_R/hr ___hr

5000 hR/hr 4000 AR/hr ý//o , 3.6K - 4.4K

1000 pR/hr 1000 pR/hr /0510 /00 900 - 1100

SCALE APPLIED INITIAL FINAL TOLERANCE CORRECTION
PULSER READING READING FACTOR

(CPM) R/hr " iRlhr

5000 11,14 -/00 0 3,600-4,400 /..o

5000 A1, 00900-1,100 0

5oo - _______ 360-440

500 27 /00 90-110

250 .j;7,7, 7,7,o .3 o 180-220

250 i P1005 ý45-55.

50 j,, ._'/_0 36-44

50 /./0__ If I_ __ 9-11

25 -/Z7o _;7 7-0 18-22

25 /5-0 4.5-5.5

Remarks: This calibration is traceable to the National Institute

of Standards and Technology. A?',¶5-v / YVA4',(X-jr •,siV/-ro '.?' .13o.-.

£Zý ~ m lwua~ K&0A.

Perfoarmed by,,// R;;Ie*, d by



Designer and Manufacturer LUULUMn MtAUK./tfjj30 INt.;.dPOST OFFICE BOX 810 PH. 915-235-5494

SWEETWATER. TEXAS 79556, U.S.A.

"TOMER FT MONMOUTH/US ARMY ORDER NO. 963033

Ludlum Measurements. Inc. Model 19 Serial No. /. / • /

.4g. _Model Serial No.

Cal. Date 07/31/96 Cal Due Date 07/31/97 Cal. Interval 1 Year Meterface 202-016

Check mark tKapplies to applicable instr. and/or detector IAW mfg. spec. T. 75 °F RH 50 % Alt 703.8 mm Hg

[' New Instrument Instrument Received 0 Within Toler. +-10% (] 10-20% 0] Out of Tol. E] Requiring Repair

" Mechanical ck. f Meter Zeroed E] Background Subtract ] Input Sens. Linearity
F/S Resp. ck Reset ck. C] Window Operation f• Geotropism

" Audio ck. [] Alarm Setting ck. [ Batt. ck. (Min. Volt) 2Z..2VDC

Li Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. Falibrated in accordance with LMI SOP 14.9 rev 12/19/89.
Threshold m\

Instrument Volt Set 6___,__ V Input Sens. 3 3 mV Det. Oper. V at - mV Dial Ratio =

F] HV Readout 12 points) Ref./Inst. /. _V Ref./Inst. V

COMMENTS:

Gair nno Ceftbm~: GM deterPm otxbW WP-bndwj tO -O foptIr M 44-9 in wh toe Ita of pme twos smm

RANGE/MULTIPLIER

5000
5000
500
500
250
250
50
50
25
25

REFERENCE
CAL. POINT

4000uR/hr
1OOOuR/hr

400uR/hr =7" r'nr,-,
I OOuR/hr

200uR/hr = 314ýM tjryi
I O0yR/hr

-7170 corn

/7qDn corn
,eQ:: corn

INSTRUMENT REC'D
"AS FOUND READING"

INSTRUMENT
METER READING*

.,,*co

/0

.5"

"Uncertainty within ± I0% C.F. within ± 20% 5, -3U 25 Range(s) CaIbraled Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT

CAL. POINT RECEIVED METER READING' CAL. POINT RECEIVED METER READING*

Digital' Log
Readout Scale

Luodbjm ~osiee~nwts. fr-c. etbif $ie s teabove irwrirumnt has 'en~1dby miorWrds frooblea to the Notiorý kirtute ci Skmkidrj wed Technology. orto e obtto t of
othr Inatrmot•,ons Sondards Orgma* merrrsw. or ha-e been d-ltd frot ac Itd veO I natrl PhYSk ,dWf • r haVe bew ded by th ra• t MM GO tec l
The cratm system contoawm to the requirernents of WIL-S2D-452A and AM N323-1978. State of Texas CallroIion License No. LO-1 963

Reference Instruments and/or Source

Cs-137GarrrnaS/N 0E11162 0G-112 0iJM56

"] Alpha S/N

L_• m 500 S/N 50800

5 0510os E]TI008RfTB79 O] Neutron Am-241 Be S/N T-30

E] Beta S/N E] Other

- ] Oscilloscope S/N ,_ _" Multimeter S/N 61341135

Date 2" q

S~~rx ~Date 25~~

Calibrated By: • |

FOReviewed By: CA A ,

FORM C22A 02127196.



LUDLUM MODEL 19
CALIBRATION DATA SHEET

Model: 19 Serial #: /P7 71//10
Detector Type: SCINTILLATION
Type of Cal: SOURCE/ELECTRONIC

CALIBRATION STANDARDS:

Date: 2qA., 'V' ,
OUIC: W4GV91 Manf: LUDLUM

Pulser S/N: <3 9 Calibration Due: 1Zo/_f& '9 7

Source S/N: ___-o__ Calibration Due: '41i

Source S/N: Calibration Due: 1,1114

High Voltage: as found: •70 as left :_570.

Isotope: (Ž2k?

Isotope: Al...

SCALE APPLIED INITIAL FINAL TOLERANCE C.F

READING gR/hr READING ýRlhr (fR/br)

5000 pR/hr 4000 pR/hr 5 70 0" 3.6K - 4.4K A;7 0 -

1000 gR/hr 1000 gR/hr 1 1o/ 0 900-1100 '

SCALE APPLIED INITIAL FINAL SPECIFICATIONS CORRECTION
PULSER READING READING. (.iR/hr) FACTOR
(CPM) g~Rihr i±R/hr

5000 -Iz . N/A N/A N/A

5000 o N/A N/A N/A

500 _17-0 /___/ __ /2o, (±10%) /.oo

500 1017 (±10%) /,000

250 1/-4 _ ZO___O 7ZIC (±10%)

250 6,0 (±10%)

50 Z o. (±10%)

.50 _ _ /- /f-- (±10%)

25 (±10%) /o5-o

5i ,,.$Ž o Standards a (±10%)

Remarks: This calibration is traceable to the NationailInstitute of Standards and Technology.

ReviewiW byPerformed by .

Attachment 1

5



of
Scientific and Industrial

Instruments

-"•TOMER FT MONMOUTH/US ARMY

.CERTIFICATE OF CALIBRATION
POST OFFICE BOX 810 PH. 915-235-5494
501 OAK STREET FAX NO. 915-235-4672
SWEETWATER, TEXAS 79556, U.S.A.

ORDER NO. 963033
ORDER NO. 9&3033

Ludlum Measurements. Inc. Model 19 Serial No. /-27 L/ I

=.9 Model Serial No.

Cal. Date 07/31/96 Cal Due Date 07/31/97 Cal. Interval I Year Meterface 202-016

Check mark 1-applies to applicable instr. and/or detector IAW mfg. spec. T. 75 OF RH 50 % Alt 703.8 mm Hg

I• New Instrument Instrument Received [] Within Toler. +-)0% 1] 10-20% L] Out of Tol. [] Requiring Repair

Mechanical ck. [r Meter Zeroed [] Background Subtract [ Input Sens. Unearity
I" F/S Resp. ck J Reset ck. E) Window Operation • Geotropism

Audio ck. LI Alarm Setting ck. J Batt. ck. (Min. Volt) 22 VDC

LI Calibrated in accordance with LM SOP 14.8 rev 12/05/89. [Calibrated in accordance with LMI SOP 14.9 rev 12/19/89.

Threshold mv
Instrument Volt Set _.JL.7 . V Input Sens. .. mV Det. Oper. V at mV Dial Ratio -

MI HV Readout (2 points) Ref./Inst. V Ref./inst. V

COMMENTS:

Garism Cdbasr: GM doct Poaticr parpar&mier to z smirc e= fr M 44-9m in wh ton fror ofpb fammus .

REFERENCE
CAL. POINT

INSTRUMENT REC'D INSTRUMENT
"AS FOUND READING" METER READING*RANGE/MULTIPLIER

5000
5000
500
500
250
250
50
50
25
25

40G0uR/hr
IOO0uR/hr

IOOuR/hr
200uR/hr = -ýW-; 0ýoQQ v

I OOuR/hr
ýDc1rn

/0'c corn
27Ocorn

c rn

4fzo

/0(ý

7ýR0
-5-

'Uncertainty within ± 10% C.F. within ± 20% -50. 2ý Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING" CAL. POINT RECEIVED METER READING'

Digital Log
Readout Scale

Ludkimnrt Fioxermnts. Inc. cartfs that the &aov kI•otunant has been Mated by s•andds tceamble t@ Ot Ptosiai hutivie of Standards and Teadvio . or to #w cofton tacltits ad
other international Slandwds organization mners or have been derthed cm. i ' ' vako of offtixta Phys constants or how been deri.ed by the atio type of CNftto .edO-1963s.
The cathvation systemr contaryns to the requiremmints Of MI-MT-AS642A =ond AGI M232-1978. State of Texas Calbxotiort License No. 10-1963

Reference Instruments and/or Sources:

Cs-137GcarcrorS/N EI1162 [-GII2 LIM5&5 El510b5 EDT1008'9T87
1 Alpha S/N [] Beta S/N

LI Neutron Am-241 Be S/N T-304

LI Other

m 500 S/N 50800

Calibrated By: ;X ivL.

ReMewed By: 02//n9

FORM C22A 02/27/96

LI Oscilloscope S/N. _ _ _ Multimeter S/N 61341135

Date .7-

Date _ _ _ _ _ _ _ _ _ _



LUDLUM MODEL 19
CALIBRATION DATA SHEET

Model: 19 Serial #:/o1'2'O
Detector Type: SCINTILLATION
Type of Cal: SOURCE/ELECTRONIC

CALIBRATION STANDARDS:

Date: 42M's-'96
OUIC: W4GV9I Manf: LUDLUM

Pulser S/N: a Calibration Due: /

Source S/N: 450-5O• Calibration Due: 11:e5 , 7

Source S/N: 6 Calibration Due: M154

High Voltage: as found: / as left: :Zp0

Isotope: _____

Isotope: IVIA

SCALE APPLIED INITIAL FINAL TOLERANCE C.F

READING fiR/hr READING 4±R/hr (p.R/hr)

5000 4R/hr 4000 pR/br i'Ooov -oo 3.6K - 4.4K

1000 R/"hr 100 tpRo/b 900-1100

SCALE APPLIED INITIAL FINAL SPECIFICATIONS CORRECTION
PULSER READING READING (1 R/br) FACTOR
(CPM) jiR/hr pR/hr

5000 3-7•30 N/A N/A N/A

5000 zoo •" / N/A N/A N/A

s0o o IL__j< ;qo 370 3-7o(±10%) /o0o

500 /±1)/0 //o (10

250 _ _ _< Ii -(±10%) ______o___

250 0,"k _+__(±10%) /oo

50 _1_ k,,3" 37 37 (±10%)
50 z (±10%) /0

25 7 7 (±10%)

25 :ý: 0 ____ ~ ±0) ,

Remarks: This calibration is traceable to the National Instiutne of Standards and Technology.

Performed by >1 Review; by

Attachment 1

5



Designer and Manufacturer LUDLUM MEASUREMENTS, INC.
of POST OFFICE BOX 810 PH. 915-235-5494

CERTIFICATE OF CALIBRATION 501 OAK STREET FAX NO. 915-235-4672Instrurments FXN.952547
SWEETWATER. TEXAS 79556, U.S.A.

-.. OMER FT MONMOUTH/US ARMY ORDER NO. 963033

Ludlum Measurements. Inc. Model 19 Serial No. _ _ __ __)

.... __._ Model Serial No..

Co. Date 07/31/96 Cal Due Date 07/31/97 Cal. Interval 1 Year Meterface 202-016

Check mark f.applies to applicable instr. and/or detector LAW mfg. spec. T. 75 OF RH ,50 % Alt 703.8 mm Hg

{ New instrument Instrument Received [] Within Toler. +-10% [ 10-20% 0 Out of Tol. C] Requiring Repair

I• Mechanical ck. f•" Meter Zeroed E] Background Subtract - Input Sens. Unearty

I• F/S Resp. ck " Reset ck. LI Window Operation { Geotropism

{ Audio ck. [] Alarm Setting ck. )att. ck. IMin. Volt) 22.2_VDC

[ Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. kCalibrated in accordance with LMI SOP 14.9 rev 12/19/89.

Threshold mV
Instrument Volt Set n_ 7 V Input Sens. 3 4 mV Det. Oper. V at - mV Dial Ratio =

[- HV Readout (2 points) Ref./Inst. V Ref./Inst. _ V

COMMENTS:

Garn~ma Cdbrm:. GM decwtlcs pouied perpendmiw to -w mt for M 44-9Si Wvt~i fle ftu of pobs fams snume

R
RANGE/MULTIPLIER C

5000 400C
5000 100C
500 400u
500 10C
250 200u
250 10O
50 & o,
SO
25 /
25

EFERENCE
AL. POINT

)uR/hr

INSTRUMENT REC'D INSTRUMENT
"AS FOUND READING" METER READING*

)uR/hr
R/hr = -uopnipO n
)uR/hr
Rlhr = •&lr •-•n

yuR/hr
CDm
COrn
com

Scpm

50. 25

/V0
jn
/0n

Rangels) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT

CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*

Digital Log
Readout Scale

Ludbim oavswements. ki. ca i Woof thet above hstrment has been a:ftuted by standards Ir:oceb to the hattonm bustlue of standads and ledviogy. or to the collizatton focf1tl of
other InterrKtonld Stordards organzation mieftwis or hove been dertmd Iomm occlpkbd voks of nattural pIy conslants or hoa been ee by the ratio type of coxt•ton techniques

The corotion system confo'fr to the requireroennts of M41-TD-45662A and ANI N373-1978. State of Texas Calibration License No. 1.0-1963

Reference Instrumenht and/or Sources:

Cs-137GarnrnaSIN 01162 Eli G 112 El M56 El155 011o l 008 56T879 C3 Neutron Am-241 Be S/N T-304

0 OtherAlpha S/N

m 500 S/N

E] Beta S/N

50800 E Oscilloscope S/N [__ MuLtimeter S/N 61341135

Calibrated By: ({A-n-,,,'7._

Reviewed By: 0217/

FORM C22A 02127196

Date ?-

Date ~ -k



LUDLUM MODEL 19
CALIBRATION DATA SHIEET

Model: 19 Serial #: /3/•'/y'.
Detector Type: SCINTILLATION
Type of Cal: SOURCE/ELECTRONIC

CALIBRATION STANDARDS:

Date: 2Vo,-,"
OUIC: W4GV91 Manf: LUDLUM

Pulser.S/N:

Source S/N: C

Source S/N: 1

High Voltage:

31" Calibration Due: ,1,A/O V'7

',• -o 3- Calibration Due: k'Si• #"2

VCalibration Due: V_,/_4

as found: -7zL as left:_______

Isotope: e1 -537

Isotope: -Alle

SCALE APPLIED INITIAL FINAL -TOLERANCE C.F

READING gR/hr READING 4R/br (gR/hr)

5000 pR/hr 4000 1 R/br e//- _ 0)e/00 3.6K - 4.4K

1000 ±R/hbr 1000 4R/hr /000 900-1100
i i

SCALE APPLIED. INITIAL FINAL SPECIFICATIONS CORRECTION
PULSER READING READING (jiR/hr) FACTOR
(CPM) .i•Rhr iR/hr

5000 34o0,o N/A N/A N/A

5000 ZO70 /goo N/A N/A N/A

.500 soo___0 0_______ 3 qo (±10%) / ,

500 Sozoi( /0 /00 (±10%) /.D,

250 2! 90 (±10%)

250 5K io (±10%) /,

2s~1 -/.z •:i,: (-±-0o) /o
50 /0 (±10%)

25 _____ _0__ /V::5- (±10%)

25 i/ _____ < o(±10%)

Remarks: This calibration is traceable to the National Instinte of Standards and Technology.

Performed by / ' R ýby

Attachment 1

5



Designer and Manufacturer
AL- A&of

I Scientific and industrial
Instruments

C*" "-OMER FT MONMOUTH/US ARMY

Ludlum Measurements. Inc.

CERTIFICATE OF CALIBRATION

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 915-235-5494
501 OAK STREET FAX NO. 915-235-4672

SWEETWATER, TEXAS 79556, U.S.A.

ORDER NO, 963033

Serial No. /3_/_Q_ _ _ _ _Model 19

_. __ __ __ __ Model Serial No.

Cal. Date 07/31/96 Cal Due Date 07/31/97 Cal. Interval 1 Year Meterface 202-016

:heck mark [Yfapplies to applicable instr. and/or detector IAW mfg. spec. T. 75 'F RH 50 % Alt 703.8 mm Hg

[ New Instrument Instrument Received [] Within Toler. +-10% E] 10-20% [] Out of Tol. [] Requiring Repair

[' Mechanical ck. ý Meter Zeroed [ Background Subtract E] Input Sens. Unearity
[ F/S Resp. ck l Reset ck. 0 Window Operation g Geotropism
j~ Audio ck. [ Alarm Setting ck. " Batt. ck. (Min. Volt) 2.2 VDC

[ Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. [iallibrated in accordance with LMI SOP 14.9 rev 12/19/89.

Threshold mV
rnstrument Volt Set 5-_7_ _ V Input Sens. 3 mV Det. Oper. V at mV Dial Ratio =

M HV Readout (2 points) Ref./Inst. V Ref./Inst. /. V

COMMENTS:

Gamme Caftsri: GM detc-ts poMgamwls pwmniaw ID so exct for M 44-9 in w, the orf v pobe fImes msa•m.

REFERENCE INSTRUMENT REC'D INSTRUMENT
RANGE/MULTIPLIER CAL. POINT "AS FOUND READING" METER READING*

5000 4000uR/hr __ _o

5000 lOOOuR/hr _ _ _ _

500 400uR/hr = _.2 &_ _ C__ _-__o_

500 IOOuR/hr r___

250 200uR/hr=373Oc11DC6 'v1
250 lOuR/hr /Co
50 ?2Q/) cDm YO
50 1 /0- cr__m /0

25 ., cprm __ '
25 crm 5

*Uncertainty withint± I0 C.F. withint ±20% 50, 25 Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT INSTRUMENT
CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*

Digital Log
Readout Scale

Ludkin ,ea•wanm•es. ikc. cwtllms tiht the above Instrument has been coftated by standads . to the Htiond hruttut of Slandurs aod Technology or to catatll n ftates of
othet s•tnwnottknal s1tanrds Orp*Athon rmnnrrn or ha" been s-ivT- d fromaccepted vakies of natsNa physiaI onstants or hove bee n2etved by tex raft " tl.ati Liatn tedseNLue-3
The collboksn system contums to the requements of Ml.L-STD-4.562A and ANS8I H3023-197& State of Texas Co~ratios License No. 1.0- 1963

Reference Insthuments and/or Sources:

Cs-137GornrnaS/N 01162 LIG112 l&65 0-5105 0OTloeT879N 0 Nevtron Arrv-241 Be S/N T-304

Alpha S/N __ Beta S/N __ Other

;m 500 S/N 50800 0 Oscilloscope S/N [_ Multimeter SIN 61341135

Calibrated By: Date 2-

Rev~iewed By: ~irk Y.~
FORM C22A 02/27/96

Date "



Ludlum Model 2360
Calibration Data Sheet

Serial Number: /33z-d;
Detector Type: SCINTILLATION
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: ____/____

OUIC: W4GV91

Calibration Due: 13 DEC 97
Calibration Due: 13 DEC 97
Source: P/• Isotope: Pu-239

Calibration:
Beta Threshold: •_•-mV Beta Window: 2 1MV Alpha Threshold: Mme

IRate Meter
Meter Applied Initial Final Reading Correction
Range (-pm) Reading (cpm) (cpm) Factor

x1000 400k ______- __e /._o
x1000 100k /_0_ 7 K a___ 0._

x100 40k 4.(j/<, e-yve___.__
xl00 10k loe /O,
xlo 4k A00______. ___,..

xl0 lk ZK /Ix _. __

xl 400 -00 /.__o

xl 100 I____/____, OD

Integrate/Scaler Mode
Applied Initial Final Reading Correction Factor

(cpm) Reading (cpm) (cpm)
400k __/0 Z __ ?,_ V_ V> _3 _1

40k ' so f 7 -oe 77 7
4k 3;Q 1.23 I ,

400 __ _ _ _ _l_ 9_91f
40 ______ _ /.00_

Efficiency:
Source Activity (2n) 5 min Count CCPM Efficiency

Pu-239 / ii dpm 2 Z/O '9"/ .F

Remarks:
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed i Reviewed By:

Attachment 1 Report Number: ~.'9 &



Detector Worksheet

Model:, 43-89 - Serial Number: 139659
Instrument Model: 2360 Serial Number: 133666

High Alpha Source

Voltage Alpha Beta
650 48231 2764
675 49560 2693
700 50785 3251
725 51754 7615
750 51505 6201
775 52078 3044

Count time = 60 seconds

xtalk
5.4%
5.2%
6.0%
12.8%
10.7%
5.5%

Beta Source
Alpha Beta

1 5120
0 5773
1 6251
1 6489
0 6514
3 6207

Background
xtalk Alpha Beta

0.02% 0 103
0.00% 0 158
0.02% 0 211
0.02% 0 307
0.00% 0 447
0.05% 0 437

Efficiency: Alpha: 42.06% Beta: 20.50%
(.5 min.) Background: Alpha: 0 (2 min.) Background Beta: 459

30 sec Alpha Source Counts
Gross ctns Corr cnts

1 25583 25583 34633
2 25676 25676 8668
3 25835 25835 4343
4 25790 25790 437
5 25919 25919 22470
6 25742 25742 734
7 25610 25610 25313
8 25999 25999 52854
9 26118 26118 121731

10 25776 25776 48
11 25851 25851 6708
12 25765 25765 17
13 25816 25816 2200
14 25722 25722 2218
15 26105 26105 112829
16 25516 25516 64060
17 25989 25989 48356
18 25498 25498 73495
19 25620 25620 22231
20 25452 25452 100552

AVERAGE 25769 35195
Standard Deviation 188

2 min. Beta Source Counts
Gross ctns Corr cnts

1 13009 12550 44584
2 12854 12395 3153
3 12730 12271 4604
4 12861 12402 3988
5 12859 12400 3739
6 12933 12474 18266
7 12686 12227 12510
8 12760 12301 1433
9 12667 12208 17122

10 12840 12381 1777
11 12680 12221 13889
12 12760 12301 1433
13 12728 12269 4879
14 12678 12219 14364
15 12730 12271 4604
16 12780 12321 319
17 12805 12346 51
18 12797 12338 1
19 12837 12378 1533
20 12963 12504 27275

AVERAGE 12339 8976
Standard Deviation 95

ALPHA CONTROL CHART BETA CONTROL CHART
+3 SIGMA 26332 +3 SIGMA 12623
+2 SIGMA 26144 +2 SIGMA 12528
+1 SIGMA, 25957 +1 SIGMA 12434

AVERAGE 25769 Background Corrected AVERAGE 12339
-1 SIGMA 25581 -1 SIGMA 12244
-2 SIGMA 25394 -2 SIGMA 12149
-3 SIGMA 25206 -3 SIGMA 12055
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Ludlum Model 2360
Calibration Data Sheet

Serial Number: /3341/
Detector Type: SCINTILLATION
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: //1d-• ?

OUIC: W4GV91

Calibration Due: 13 DEC 97
Calibration Due: 13 DEC 97
Source: F/Y Isotope: Pu-239'

Ca.libration:
Beta Threshold: _- mV Beta Window:q& mV Alpha Threshold: ,/O mV

Rate Meter
Meter Applied Initial Final Reading Correction
Range (--pm) Reading (cpm) (cpm) Factor

x1000 400k /01(> 1/ .0197.
xlO00 100k /1_2010., /. 00

x100 40k _iV/' 0_/_/1?
x100 10k _ _k _ ___ /.00
X10 4k .4110 0________ 77____

xl0 1k /O/ /00

xl 400 //• /%) _._" __

X1 100 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Integrate/ Scaler Mode

Applied Initial Final Reading Correction Factor
(cprm) Reading (cpm) (cpm)
400k 22 4'? " Z/ _ _ I_,,-' _._:_•

40k z< z 4V19 S2 ,•1
4k '0 7

400 '/o3 _____.___

40 .qo 90 i, _ __

Efficiency:
Source Activity (27) 5 mmn Count CCPM Efficiency

Pu-239 //1// dpm" 2V/ _ " /0/9'6
Cs-137 -30 <'- dpm Z7 536- 5/ / , •'

Rmarks:
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed By:

Attachment 1

Reviewed By:

Report Number:



Detector Worksheet

Model: 43-89 Serial Number: 139658
Instrument Model: 2360 Serial Number: 133661

Count time = 60 seconds
High Alpha Source

Voltage Alpha Beta xtalk
625 45645 2609 5.4%
650 48247 2501 4.9%
675 49416 2425 4.7%
700 51431 3393 6.2%
725 52066 11598 18.2%
750 52570 12768 19.5%

Beta Source
Alpha Beta

0 3793
0 4770
1 5556
1 6340
0 6999
3 6841

Background
xtalk Alpha Beta
0.00% 0 60
0.00% 2 96
0.02% 1 144
0.02% 0 288
0.00% 1 606
0.04% 0 864

Efficiency: Alpha: 40.95% Beta: 18.04%
(.5 min.) Background: Alpha: 0 (2 min.) Background Beta: 317

30 sec Alpha Source Counts
Gross ctns Corr cnts

1 24956 24956 1
2 24981 24981 666
3 25196 25196 57985
4 24976 24976 433
5 24625 24625 109032
6 24922 24922 1102
7 24797 24797 25027
8 25163 25163 43181
9 24589 24589 134102

10 24879 24879 5806
11 24991 24991 1282
12 25032 25032 5898
13 25043 25043 7709
14 24916 24916 1537
15 25096 25096 19825
16 24764 24764 36557
17 25066 25066 12277
18 24963 24963 61
19 25090 25090 18171
20 25059 25059 10774

AVERAGE 24955 24571
Standard Deviation 157

2 min. Beta Source Counts
Gross ctns Corr cnts

1 11294 10977 1211
2 11416 11099 24586
3 11119 10802 19656
4 11468 11151 43597
5 11257 10940 5
6 11185 10868 5506
7 11178 10861 .6593
8 11244 10927 231
9 11335 11018 5746

10 11369 11052 12056
11 11178 10861 6593
12 11239 10922 408
13 11061 10744 39283
14 11134 10817 15675
15 11458 11141 39521
16 11290 10973 949
17 11333 11016 5446
18 11123 10806 18550
19 11092 10775 27956
20 11411 11094 23043

AVERAGE 10942 14831
Standard Deviation 122

ALPHA CONTROL CHART BETA CONTROL CHART
+3 SIGMA 25425 +3 SIGMA 11308
+2 SIGMA 25269 +2 SIGMA 11186
+1 SIGMA 25112 +1 SIGMA 11064

AVERAGE 24955 Background Corrected AVERAGE 10942
-1 SIGMA 24798 -1 SIGMA 10820
-2 SIGMA 24642 -2 SIGMA 10699
-3 SIGMA 24485 -3 SIGMA 10577
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Ludlum Model 2360
Calibration Data Sheet

Serial Number: 13,3&,r, (
Detector Type: SCINTILIATION
Type Of Calibration: Electronic/Source

Staz:dazdz
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: ,o L6:21,7
OUIC: W4GV91

Calibration Due: 13 DEC 97
Calibration Due: 13 DEC 97
Source: ?IjY? Isotope: Pu-239

Calibration:
Beta Threshold: 9.5- mV Beta Window: Z'_ mV Alpha Threshold: //0 mV

Rate Meter

Meter Applied Initial Final Reading Correction
Range (-prn) Reading (cpm) lcpm) Factor

x1000 400k gYooA ____ /.0__o
xl000 100k /A 0ae /. _ O_

x100 40k g0A2 • /.. 0
xl00 10k /10' /OX /)O
x10 4k .17, Al voe
x10 1k _ /_ A, I IA'
xl 400 goo e/__o__/.
xl 100 1 /00 /0•.

Integrate/Scaler Mode
Applied Initial Final Reading Correction Factor

(cpm) Reading (cpm) (cpm)
400k Z14 -f4~3 0-119,15________

400 k,

40 -A ->

Efficiency:
Source Activity (2n) 5 min Count CCPM Efficiency

Pu-239 //._ // dpC I 0 II q// 7Z 357?'q %
Cs-137 _6 -7 z dpm 172/ I2 I Jzz 21

Bemazks :
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed By: Reviewed By: ,.

Attachment 1 Report Number: (-ýZZc5,7/ 6%-e/



Detector Worksheet

Model: 43-89 Serial Number: 139658
Instrument Model: 2360 Serial Number: 133661

Count time = 60 seconds
High Alpha Source Beta Source

Voltage Alpha Beta xtalk Alpha Beta xt

575 28418 3730 11.5% 1 1825
600 37735 2980 7.2% 0 2983
625 42064 2702 5.8% 0 4135
650 43520 2693 5.5% 1 5089
675 44459 2850 5.6% 1 5696
700 46274 4887 8.6% 0 6501
725 46823 14910 22.9% 1 7206

Background
talk Alpha Beta

0.06% 0 29
0.00% 0 58
0.00% 0 104
0.02% 0 136
0.02% 0 197
-0.02% 1 523
0.02% 0 1003

Efficiency Alpha: 35.49%
(2 min.) Background: Alpha : 1

Alpha Source Counts
Gross ctns Corr cnts

1 99213 9921,2 147034
2 99244 99243 124221
3 99849 99849 64288
4 99169 99168 182714
5 99516 99515 6472
6 99819 99818 49529
7 99503 99502 8733
8 100007 100006 168551
9 99438 99437 25106

10 99524 99523 5249
11 100065 100064 219539
12 99720 99719 ,15265
13 99486 99485 12199
14 100044 100043 200301
15 99802 99801 42251
16 99883 99882 82111
17 99317 99316 78092
18 99391 99390 42210
19 99453 99452 20578
20 99466 99465 17017

AVERAGE 99595 75573
Standard Deviation 275

Beta: 23.24%
Beta: 658

(2 min.) Beta Source Counts
Gross ctns Corr cnts

1 14997 14339 6964
2 14943 14285 18893
3 14984 14326 9303
4 14742 14084 114548
5 14998 14340 6798
6 14960 14302 14508
7 15149 14491 4699
8 14951 14293 16757
9 15053 14395 754

10 15243 14585 26423
11 15073 14415 56
12 15111 14453 933
13 15204 14546 15265
14 15090 14432 91
15 15267 14609. 34801
16 15202 14544 14774
17 15167 14509 7491
18 15121 14463 1644
19 15131 14473 2555
20 15223 14565 20321

AVERAGE 14422 15879
Standard Deviation 126

ALPHA CONTROL CHART BETA CONTROL CHART
+3 SIGMA 100420 +3 SIGMA 14800
+2 SIGMA 100145 +2 SIGMA 14674
+1 SIGMA 99870 +1 SIGMA 14548

AVERAGE 99595 Background Corrected AVERAGE 14422
-1 SIGMA 99321 -1 SIGMA 14296
-2 SIGMA 99046 -2 SIGMA 14170
-3 SIGMA 98771 -3 SIGMA 14044
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Detector Worksneet

Detector Model: 43-89 Serial Number: 139658

instrument Model: 2360 Serial Number:133661

AIha Source Counts (2 min) Beta Source Counts (2 min)
1 99213 146268 1 14997 6964

2 99244 123517 2 14943 18893

3 99849 64288 3 14984 9303

4 99169 181860 4 14742 114548

5 99516 6312 5 14998 6798

6 99819 49975 6 14960 14508

7 99503 8547 7 15149 4699

8 100007 169373 8 14951 16757

9 9943i 24791 9 15053 754

:0 99524 5105 10 15243 26423

11 100065 220477 11 15073 56

'2 99720 15513 12 15111 933

• 99486 11979 13 15204 '5265

14 100044 201197 14 15090 91

15 99802 42663 15 15267 34801

16 99883 82685 16 15202 14774
17. 99317 77534 17 15167 7491

18 99391 41800 18 15121 1644

19 99453 20292 19 15131 2555

20 99466 16757 20 15223 20321

AVERAGE 99595 75547 AVERAGE 15080 15879

Sum of Squares 1510933 Sum of Squares 317577

Chi Square: 15.1707 Chi Square: 21.05885

Page/S



Ludlum Model 2360
Calibration Data Sheet

Serial Number: /?_4
Detector Type: SCINTILLATION
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: : _/ __f7

OUIC: W4GV9l

Calibration Due:
Calibration Due:
Source: a.,T.

13 DEC 97
13 DEC 97

Isotope: Pu-239

Calibration:
Beta Threshold: _ mV Beta Window: 53_mV Alpha Threshold: //I mV

-Rate Meter
Meter, Applied... Initial Final Reading Correction
Range (.cprn) Reading. (cpm) ::(:cpm) :..Factor

x1O000 400k __ /_ ___0 A- ___ _^4

xlO0O 100k _____/___ _._o_

xlOO 40k 45O/d *
X100 10k ,/0 _ /__" /.0
xlO 4k A0- /0

x10 1k /0A
xl 400 "o v'OO
xl 100 /00 /__ __.__ __

... : ..... . ' .:Integrate/Scaler :Mode .. :.:; __ -:.__ :_:___.____.____: __ !:.

Applied Initial Final Reading.... 'Correction Factor
(:cpm) :Reading: :(:cpm) (cPm) :___:-_.. ... _" " __

4.400k • ..: ,1/3, V1.5-1 4/0• 3S/Ot 400k
40k

Efficiency:
Source ActiVity n)M 5 min Count."if CCPM Efficiency

Pu-239 /, fl dpm I Z Q Sy53 37. & Y Z-
Cs-137 q4 -Oc dpm z 0..

Remarkss:
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed By::

Attachment 1

Reviewed By:

Report Number:



Detector Worksheet

Model: 43-89 Serial Number: 139117
Instrument Model: 2360 Serial Number: 133668

Count time = 60 seconds

High Alpha Source
Voltage Alpha Beta

550 51598 2294
575 49424 2106
600 49936 2210
625 51116 5156
650 51156 5072
675 51702 1564
700 51958 668

xtalk

4.3%
4.1%
4.2%
9.2%
9.0%
2.9%
1.3%

Efficiency Alpha: 37.69%
(.5 min.) Background: Alpha: 0

(.5 min.) Alpha Source Counts
Gross ctns Corr cnts

1 25175 25175 48202
2 25507 25507 12645
3 25286 25286 11783
4 25329 25329 4297
5 25338 25338 3198
6 25358 25358 1336
7 25316 25316 6170
8 25441 25441 2158
9 25692 25692 88477

10 25162 25162 54080
11 25471 25471 5845
12 25346 25346 2357
13 25480 25480 7302
14 25457 25457 3900
15 25557 25557 26390
16 25534 25534 19446
17 25334 25334 3666
18 25374 25374 422
19 25332 25332 3913
20 25402 25402 56

AVERAGE 25395 15282
Standard Deviation' 124

ALPHA CONTROL CHART
+3 SIGMA 25765
+2 SIGMA 25642
.1 SIGMA 25518
AVERAGE 25395 Background Co
-1 SIGMA 25271
-2 SIGMA 25147
-3 SIGMA 25024

Beta Source Background
Alpha Beta xtalk Alpha Beta

0 4688 0.00% 0 84
0 5102 0.00% 0 108
4 6194 0.06% 2 166
0 6310 0.00% 2 194
0 6644 0.00% 0 350
8 6186 0.13% 2 454

24 6006 0.40% 0 504

Beta: 20.48%
(2 min.) Background Beta: 536

(2 min.) Beta Source Counts
Gross ctns Coar cnts

1 13010 12474 4837
2 13036 12500 1897
3 13186 12650 11332
4 13062 12526 308
5 13035 12499 1985
6 13260 12724 32562
7 12950 12414 16783
8 12930 12394 22365
9 13036 12500 1897

10 12997 12461 6815
11 13015 12479 4167
12 13184 12648 10910
13 13084 12548 20
14 13182 12646 10496
15 12985 12449 8940
16 13033 12497 2167
17 12981 12445 9712
18 13398 12862 101410
19 13280 12744 40180
20 12947 12411 17570

AVERAGE 12544 15318
Standard Deviation 124

BETA CONTROL CHART
+3 SIGMA 12915
+2 SIGMA 12791
+1 SIGMA 12667

rrected AVERAGE

-1 SIGMA

-2 SIGMA

-3 SIGMA

12544
12420
12296
12172
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Ludlum Model 2360
Calibration Data Sheet

Serial Number: /33(063
Detector Type: SCINTILLATION
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: o7-I/-5;7
OUIC: W4GV91

Calibration Due:
Calibration Due:
Source:

13 DEC 97
13 DEC 97

Isotope: Pu-239

Calibration: -

Beta Threshold:3, -mV Beta Window: 3OmV Alpha Threshold: I/O mV

Rate Meter "_•

Meter Applied Initial Final:.Reading Correction
Range (cpm) Reading (cpm) :(cpm) Factor

xi00o :400k qOOK Y/•/ / _0
xl000 100k K_ 10P 4_______
xlO0 40k go lo A/ /o
xi00 10.k lox A />/.0

xl0 k r_. 1-e z__.oo
txl 400 '9fI D Q0
ixl 100 innO /0,

Integrate/Scaler -Mode __. ____•__.

Applied Initial ..Final Reading Correction Factor
(cpm) Reading (.cpm) (cpm)
40Ok " y___ ______-________3_

40k q 7/
4k ___O_ __7 __________

400 "/0-5- "____ _-__,

40 zoo 4/c /_ __o

Efficiency:
Source Activity (27). .. .:5 min Count '.CCPM Efficiency
Pu-239 /,/ dpm :;7 0/.
Cs-137 ~ a dpin

Remarks:
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed By-& Reviewed By: A

Attachment 1 Report Number:



.Detector Worksheet

Model: 43-89 Serial Number: 136345
Instrument Model: 2360 Serial Number: 133663

High
Voltage

600
625
650
675
700
725
750
775

Count time = 60 seconds
Alpha Source Beta Source

Alpha Beta xtalk Alpha Beta
7366 6620 47.3% 0 526

27018 4152 13.3% 0 1650
35386 3276 8.5% 0 2126
41888 2714 6.1% 0 2932
47456 2126 4.3% 0 4250
50280 2082 4.0% 1 5564
51092 2240 4.2% 1 5850
51244 2870 5.3% 0 6408

Background
xtalk Alpha Beta
0.00% 0 2
0.00% 0 14
0.00% 0 46
0.00% 0 62
0.00% 0 102
0.02% 0 120
0.02% 0 190
0.00% 0 232

Efficiency: Alpha: 37.00%
(.5 min.) Background: Alpha: 0

30 sec Alpha Source Counts
Gross ctns Corr cnts

1 25617 25617 6806
2 25611 25611 5852
3 25496 25496 1482
4 25412 25412 15006
5 25671 25671 18632
6 25735 25735 40200
7 25670 25670 18360
8 25668 25668 17822
9 25677 25677 20306

10 25774 25774 57360
11 25669 25669 18090
12 25502 25502 1056
13 25543 25543 72
14 25220 25220 98910
15 25518 25518 272
16 25318 25318 46872
17 25278 25278 .65792
18 25575 25575 1640
19 25215 25215 102080
20 25521 25521 182

AVERAGE 25535 26840
Standard Deviation 164

Beta: 18.87%
(2 min.) Background Beta: 395

2 min. Beta Source Counts
Gross ctns Corr cnts

1 11995 11600 24196
2 12202 11807 2647
3 12045 11650 11141
4 12198 11803 2252
5 11905 11510 60295
6 12121 11726 873
7 12136 11741 212
8 12225 11830 5543
9 12342 11947 36653

10 12195 11800 1976
11 12081 11686 4837
12 12075 11680 5708
13 12150 11755 0
14 12176 11781 648
15 12197 11802 2158
16 12091 11696 3546
17 12276 11881 15738
18 12188 11793 1403
19 12232 11837 6634
20 12181 11786 927

AVERAGE 11756 9369
Standard Deviation 97

ALPHA CONTROL CHART BETA CONTROL CHART
+3 SIGMA

+2 SIGMA

+1 SIGMA

AVERAGE

-1 SIGMA

-2 SIGMA

.3 SIGMA

26026
25862
25698

+3 SIGMA

+2 SIGMA

+1 SIGMA

25535 Background Corrected AVERAGE

12046
11949
11852

11756
11659
11562
11465

25371
25207
25043

-1 SIGMA

-2 SIGMA

-3 SIGMA
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Detector Worksheet

Model: 43-89 Serial Number: 139661
Instrument Model: 2360 Serial Number: 133670

High Alpha Source
Voltage Alpha Beta

725 49632 1832
750 50798 1960
775 50464 2334
800 51590 4792
825 52184 13574
850 52562 9752
875 52546 3134

Count time = 60 seconds

xtalk
3.6%
3.7%
4.4%
8.5%

20.6%
15.6%
5.6%

Beta Source
Alpha Beta

0 4543
0 5345
0 6016
1 6477
2 6565
2 6648
5 6389

Background
xtalk Alpha
0.00% 0
0.00% 2
0.00% 0
0.02% 0
0.03% 0
0.03% 2
0.08% 2

Beta
84
186
180
390
522
804
1352

Efficiency: Alpha: 41.46%
(.5 min.) Background: Alpha : 0

30 sec Alpha Source Counts
Gross ctns Corr cnts

1 25453 25453 20
2 25351 25351 1
3 25059 25059 63
4 25329 25329
5 25378 25378 4
6 25214 25214 9
7 25388 25388 6
8 25390 25390 6
9 25489 25489 31

10 25295 25295
11 25348 25348 1
12 25516 25516 42
13 25313 25313
14 25201 25201 11
15 25268 25268 1
16 25154 25154 24
17 25131 25131 32
18 24982 24982 107
19 25413 25413 10
20 25536 25536 50

AVERAGE 25310 21
Standard Deviation

Beta: 19.53%
(2 min.) Background Beta: 393

335
648
202
346
570
293
022
336
898
237
414
271

7
968
798
461
'184
847
527
)895
363
146

2 min. Beta Source Counts
Gross ctns Corr cnts

1 12042 11649 29498
2 12129 11736 7183
3 12239 11846 638
4 12261 11868 2233
5 12359 11966 21098
6 12181 11788 1073
7 12149 11756 4193
8 12371 11978 24728
9 12142 11749 5148

10 12223 11830 86
11 12378 11985 26978
12 12422 12029 43368
13 12003 11610 44416
14 12068 11675 21243
15 12292 11899 6123
16 12174 11781 1580
17 12081 11688 17623
18 12218 11825 18
19 12160 11767 2889
20 12383 11990 28646

AVERAGE 11821 14438
Standard Deviation 120

ALPHA CONTROL CHART BETA CONTROL CHART
+3 SIGMA 25749 +3 SIGMA 12181
+2 SIGMA 25603 +2 SIGMA 12061
+1 SIGMA 25457 +1 SIGMA 11941

AVERAGE 25310 Background Corrected AVERAGE 11821
-1 SIGMA 25164 -1 SIGMA 11701
-2 SIGMA 25018 -2 SIGMA 11580
-3 SIGMA 24872 .3 SIGMA 11460
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Ludlum Model 2360
Calibration Data Sheet

Serial Number: / /0
Detector Type: SCINTILLATION
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: //Ad/1e/f7
OUIC: W4GV91

Calibration Due: 13 DEC 97
Calibration Due: 13 DEC 97
Source: /2- Isotope: Pu-239

Ca-libration:
Beta Threshold: S_ mV Beta Window:2_mV Alpha Threshold: //0) mV

Rate Meter

Meter Applied Initial Final Reading Correction
Range (--pm) Reading (cpm) (cpm) Factor

Xlooo 400k , ,Yo.' 0.i. A
x1000 100k /Al __ /__/__/. __

x100 40k ./o 0./

xl00 10k lo ox /30ý

X10 4 k /
xlO Ik /1 i* A."'
xl 400 ZoI 0o__/_o

xl 100 /00 1 00 "0D. __

Inte-grate/Scaler Mode

Applied Initial Final Reading Correction Factor
(cpm) Reading (cpm) (cpm)

400k ,;,,o 4!K;4_ _ _./zc,,_..-

40k c10 7o__ _._ __

4k ______ _ '/02'IV
400 .-.to 4-/o /. If
40 _______40/0

Effictiency:
Source Activity (2n) 5'min Count CCPM Efficiency 1
Pu-239 //.'/( dpm / 7 le-4/•
Cs-13'7 0, o 4"7 dpm ,

ammarks:
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed By:t / t; Reviewed By: 6,

Attachment 1 Report Number: L9'//l7/3. ,/



Ludlum Model 2224
Calibration Data Sheet

Serial Number: 119806
Detector Model: 43-37-1
Detector Type: GAS FLOW PROPORTIONAL
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: ES928 Isotope: Pu-238

Date: 07 Feb 97
Serial Number: 136363

OUIC: W4GV91

Calibration Due:
Calibration Due:
Source: H-045

13 DEC 97
13 DEC 97
Isotope: Cs-137

Calibration:
Beta Threshold: 3.5 mV Beta Window: 40 mV Alpha Threshold: 100 mV

...... _____ • • Rate M eter _______ ...

Meter... Applied ...Initial Final Reading Correction
Range (cpm) Reading (cpm) (cpm) Factor

x1000 400k 400k 400k 1.000
x1000 100k 100k 100k 1.000
x100 40k 40k 40k 1.000
x100 10k 10k 10k 1.000
x10 4k 4k 4k 1.000
xl0 k 1k Ik 1.000
xl 400 400 400 1.000
"xl 100 i00 100 -1.000

Digital Readout (Integrate/Scaler Mode),
Applied Initial Reading Final Reading Correction

(cpm) (cpm) :(cpm) Factor
400k 402,741 402,741 0.993
40k 40,373 40,373 0.991
4K 4,009 4,009 0.998

400 401 401 0.998
40 40 40 1.D0

Source Activity Meter Indication .Efficiency (%)
Alpha (2n) 184,602 dpm 54,875 29.72 Pu-238
Beta- (271) 85,084 dpm 37,391 43.95 Cs-137

SResponse Test Range Alpha (Rate Meter) 1,920 - 2,880 cpm
Response Test Range Beta (Rate Meter) 2,000 - 3,000 cpm

Remarks:
This calibration is Traceable to the National Institute of Standards and
Technology. Scaler/Integrate mode CALIBRATED electronicly only' Probe
SN:134334 would not pass ±3 sigma test with source. Do not use in integrate
mode. Limited calibration lable applied. Response tested with Pu-239 SN:
P2724 and Cs-137 SN: BB-960.

Performed By: Reviewed

Report Number: 020797119806



Ludlum Model 2360
Calibration Data Sheet

Serial Number: 133_64_&_
Detector Type: SCINTILLATION
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: ZoV•6• 97
OUIC: W4GV91

Calibration Due:
Calibration Due:
Source: ?1172.

: 13 DEC 97
13 DEC 97

Isotope: Pu-239

Calibration:
Beta Threshold: I. I mV Beta Window:Z ___mV Alpha Threshold: //0 mV

Rate Mater

Meter Applied Initial Final Reading Correction
Range (--pm) Reading (cpm) (cpm) Factor

x1000 400k O,4 /0 /oo"0
x1000 100k z10 _ , / 0'Ok /.60

xl00 40k A-'o 4 /,oo
x100 10k 10 /*<

x1o 4k d/,<Y. / o

x1O 1k Ile I A,
X1 400 __ _ -- o _____/__70

X 100 100 /00 /00

'___n__-_ Integrate/ Scaler Mode

Applied Initial Final Reading Correction Factor.
(cpm) Reading (cpm) (cpm)
400k -l.7/. Z2, 7e',
40k 40Z~0

4 0 ooZo I o/O I. a,
40 A1 _0 /. oO

Efficiency:

Source Activity (27) 5 min Count CCPM Efficiency I

Pu-239 // -7 dpm "ZI, 33( S/,7& -3.zo 0
Cs-13'7 ýCef,0 dpm 1 AZ 5-0

PAnaxks:
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed By:_____ ____

Attachment 1

Reviewed

Report Number: 02to4'?i?31v&4.



Ludlum Model 2360
Calibration Data Sheet

Serial Number: /.,7'
Detector Type: SCINTILLATION
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: Cs-12 Isotope: Cs-137

Date: Zo _____ 177
OUIC: W4GV9l

Calibration Due: 13 DEC 97
Calibration Due: 13 DEC 97
Source: ?J112 Isotope: Pu-239

Calibration:
Beta Threshold: 3.5- mV Beta Window:ZqmV Alpha Threshold: //0 WmV

Rate Meter

Meter Applied Initial Final Reading Correction
Range (--pm) Reading (cpm) (cpm) Factor

x1000 100k zoo/ /.00

X100 40k q••*f •
x100 10k

X10 4k g k_____
xl 1k It /k / 0

xl 400 /00 /oo /,0
X1 ] 100 /00_______ 0

Integrate/Scaler Mode
Appliea Initial Final Reading Correction Factor

({cpm Reading (cpm) (cpm)
400k •o/47-z voz / 72z _ _2.__.

400 "0-/o/ 0___/___,__

40,

Efficiency:
Source Activity (2n) 5 min Count CCPM Efficiency

Pu-239 //9'// dpm A Ir! 5-/.-

Cs-137 0 oO dpm 37 .72 S 7 50 "Z .77['

Remarks:
This calibration is Traceable to the National Institute of Standards and
Technology. Response tested with Cs-137 SN: Cs-12 and Pu-239 SN: P2608.

Performed By:_ _ __ _ Reviewed By:

Report Number: 02Z0771/fe7cAttachment 1



Detector Worksheet

Model: 43-89 Serial Number: 139661
Instrument Model: 2360 Serial Number: 133670

High Alpha Source
Voltage Alpha Beta

625 22456 4207
650 29814 3480
675 36013 2863
700 41891 2157
725 43613 1919
750 45390 2092
775 46575 2897

Count time 60 seconds
Beta Source Background

xtalk Alpha Beta xtalk Alpha Beta

15.7%
10.4%
7.3%
4.7%
4.0%
4.0%
5.3%

0
0
0
0
2
1
1

705
1839
3491
4111
4613
5752
6489

0.00%
0.00%
0.00%
0.00%
0.05%
0.00%
0.00%

0 24
0 26
0 41
0 73
0 101

ý1 184
1 282

Efficiency Alpha: 36.84%
(2 min.) Background: Alpha: 2

Alpha Source Counts
Gross ctns Corr cnts

1 103464 103462 218323
2 103593 103591 114413
3 103761 103761 28308
4 104068 104066 18701
5 104041 104039 12045
6 103818 103816 12826
7 104133 104131 40703
8 103903 103901 798
9 104415 104413 234014

10 103840ý 103838 ,8327
11 104256 104254 105463
12 103334 103332 356708
13 103988 103986 3221
14 104493 104491 315563
15 103580 103578 123377
16 103682 103680 62126
17 104135 104133 41514
18 104375 104373 196914
19 103703 103701 52098
20 104003 104001 5148

AVERAGE 103929 97529
Standard Deviation 312

Beta: 23.79%
Beta: 390

(2 min.) Beta Source Counts
Gross ctns Corr cnts

1 15313 14923 27822
2 15060 14670 7430
3 15118 14728 795
4 15117 14727 853
5 15222 14832 5746
6 15380 14990 54662
7 15195 14805 2381
8 15270 14880 15326
9 15078 14688 4651

10 15155 14765 77
11 14995 14605 22861
12 15237 14847 8245
13 14887 14497 67185
14 15508 15118 130899
15 15015 14625 17213
16 15105 14715 1697
17 14978 14588 28291
18 15021 14631 15675
19 15057 14667 7957
20 15213 14823 4462

AVERAGE 14756 21212
Standard Deviation 146

ALPHA CONTROL CHART BETA CONTROL CHART
+3 SIGMA 104866 +3 SIGMA 15193
+2 SIGMA 104554 +2 SIGMA 15047
+1 SIGMA 104242 +1 SIGMA 14902

AVERAGE 103929 Background Corrected AVERAGE 14756
-1 SIGMA 103617 -1 SIGMA 14611
-2 SIGMA 103305 -2 SIGMA 14465
-3 SIGMA 102992 -3 SIGMA 14319

Page 2



I
Detector Worksheet

Model: 43-89 Serial Number: 139659
Instrument Model: 2360 Serial Number: 133666

High Alpha Source
Voltage Alpha Beta

625 37905 3088
650 42450 2749
675 44889 2717
700 45283 3240
725 46256 4320
750 46805 9738
775 47018 5846

Count time = 60 seconds
Beta Source

xtalk Alpha Beta xtalk
7.4% 0 3401 -0.03%
5.9% 1 4928 0.02%
5.4% 0 5868 0.00%
6.3% 0 6271 0.00%
8.1% 0 6479 -0.02%
16.6% 0 6436 -0.02%
10.3% 0 6480 -0.02%

Background
Alpha Beta

1 76
0 93
0 164
0 199
1 246
1 399-
1 436

Efficiency Alpha: 36.20%
(2 min.) Background: Alpha: 0

Beta: 33.88%
Beta: 262

Alpha Source Counts (2 min.) Beta Source Counts
Gross ctns Corr cnts Gross ctns Corr cnts

1 102534 102534 2525 1 23543 23281 79722
2 102113 102113 137456 2 23245 22983 245
3 102293 102293 36386 3 23256 22994 22
4 103183 103183 488951 4 23513 23251 63681
5 102427 102427 3221 5 23434 23172 30050
6 102077 102077 165446 6 23422 23160 26034
7 102270 102270 45689 7 23119 22857 20065
8 102472 102472 138 8 23164 22902 9341
9 102387 102387 9361 9 23469 23207 43410

10 102329 102329 23948 10 23586 23324 105853
11 102690 102690 42539 11 23173 22911 7683
12 102420 102420 4064 12 22966 22704 86819
13 102602 102602 13983 13 23050 22788 44373
14 102327 102327 24571 14 23275 23013 206
15 102131 102131 124433 15 22932 22670 108011
16 102299 102299 34133 16 22931 22669 108669
17 102995 102995 261377 17 23355 23093 8902
18 102495 102495 127 18 23200 22938 3678
19 102841 102841 127628 19 23227 22965 1132
20 102790 102790 93789 20 23353 23091 8529

AVERAGE 102484 81988 AVERAGE 22999 37821
Standard Deviation 286 Standard Deviation 194

ALPHA CONTROL CHART
+3 SIGMA 103343
+2 SIGMA 103056
+1 SIGMA 102770

BETA CONTROL CHART
+3 SIGMA

+2 SIGMA

+1 SIGMA

23582
23388
23193

22999AVERAGE 102484 Background Corrected AVERAGE

-1 SIGMA

-2 SIGMA

-3 SIGMA

102197
101911
101625

-1 SIGMA 22804
-2 SIGMA 22610
-3 SIGMA 22415

Page 2



Detector Worksheet

Detector Model: 43-89 Serial Number: 139661
Instrument Model: 2360 S

Alpha Source Counts (2 min)
1 103464 216458
2 103593 113064
3 103761 28308'
4 104068 , 19252
5 104041 12488
6 103818 12377
7 104133 41514
8 103903 689
9 104415 235953

10 103840 7966
11 104256 106766
12 103334 354323

.13 103988 3452
14 104493 317814
15 103580 121976
.16 103682 61133
17 104135 42333
18 104375 198693
19 103703 51189
20 104003 5439

AVERAGE 103929 97559
Sum of Squares 1951184
Chi Square: 18.77415

erial Number: 133670

Beta Source Counts (2 min)
1 15313 27822
2 15060 7430
3 15118 795
4 15117 853
5 15222 5746
6 15380 54662
7 15195 2381
8 15270 15326
9 15078 4651

10 15155 77
11 14995 22861
12 15237 8245
13 14887 67185
14 15508 130899
15 15015 17213
16 15105 1697
17 14978 28291
18 15021 15675
19 15057 7957
20 15213 4462

AVERAGE 15146 21212
Sum of Squares 424231
Chi Square: 28.00908

Page 3



Detector Worksheet

Model: 43-37-1
Instrument Model:

Serial Number: 136363
2224 Serial Number: 119806

Count time = 60 seconds
High Alpha Source Beta Source Background

Voltage Alpha Beta xtalk Alpha Beta xtalk Alpha Beta

1750
1775
1800
1825
1850

41,631 6963
45,538 6475
49,796 6096
54,887 5972
57,755 6187

13.2%
11.1%
9.2%
8.0%
8.0%

5
1

22-
302
1010

33797
36814
40091
38506
35322

0.00%
-0.02%
0.05%
0.75%
2.72%

6
9
1

12
20

547
705
949
1115
1068

p• jp i"= pip- .• • JF

i 8:75 64968 6416 6.39; 5846 -.26166 4 1-4. * w- xr.- 47 , 4 09-7PL-1

Efficiency
Background:

Alpha: 29.720%
Alpha : 12

Beta: 43.95%
Beta: 1115

Page 2



Ludlum Model 2224
Calibration Data Sheet

Serial Number: 132155
Detector Model: 43-37-1
Detector Type: GAS FLOW PROPORTIONAL
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: ES928 Isotope: Pu-238

Date: 07 Feb 97
Serial Number: 134335

OUIC: W4GV91

Calibration Due:
Calibration Due:
Source: H-045

13 DEC 97
13 DEC 97
Isotope: Cs-137

Calibration:
Beta Threshold: 3.5 mV Beta Window: 40 mV Alpha Threshold: 100 mV

Rate Meter
Meter Applied Initial Final Reading Correction
Range (cum) Reading (cpm) (cpm) Factor

xl000 400k 400k 400k 1.000
xl000 100k 100k 100k 1.000
xl00 40k 40k 4.0k 1.000
xlO0 10k 10k 10k 1.000
xl0 4k 4k 4k 1.000
xl0 k 1k 1k 1.000
xl 400 400 400 1.000
xl 100 100 100 1.000

Digital Readout (Integzate/Scaler Mode)
Applied Initial Reading Final Reading Correction

(cpm) (cpm) (cpm) Factor
400k 401,765 401,765 0.996
40k 40,480 40,480 0.988
4K 4,003 4,003 0.999

400 400 400 1.00
40 .40 40 1.00

[ Source Activity Meter Indication Efficiency (%)

Alpha (2n) 184,602 dpm, 58,529 31.70 Pu-238

Beta (271) 85,084 dpm 34,201 40.19 Cs-137

Response Test Range Alpha (Rate Meter) 2,240 - 3,360 cpm
Response Test Range Beta (Rate Meter) 2,080 - 3,120 cpm

Remarks:
This calibration is Traceable to the National Institute of Standards and
Technology. Scaler/Integrate'mode CALIBRATED electronicly only. Probe
SN:134334 would not pass ±3 sigma test with source. Do not use in integrate
mode. Limited calibration lable applied. Response tested with Pu-239 SN:
P2724 and Cs-137 SN: BB-960.

Performed By: -. Reviewed By:

Veport Number: 020797132155



Detector Worksheet

Model: 43-37-1 Serial Number: 134335
.,nstrumnent Model: 2224 Serial Number: 132155
F- Count time = 60 seconds

H igh Alpha Source Beta Source Background
'Voltage Alpha Beta xtalk Alpha Beta xtalk Alpha Beta

I I4•

1750
1775
1800
1825
1850

51,853
54,344
58,537
82,508
64368

5802
5623
5691
5560
5416

8.5%
7.7%
7.2%
6.6%
6.3%

v

49
161
988
3176
5845

40230
39354
35255
29938
25155

U.Uv-1O

0.10%
0.38%
2.70%
9.48%
18.70%

U

9
9
8

36
47

I oo

890
1013
1054
1060
1002

Efficiency
Background:

Alpha: 31.70%
Alpha : 8

Beta: 40.19%
Beta: 1054

Page 2



Designer and Manufacturer LUDLUM MEASUREMENTS, INC.
of POST OFFICE BOX 810 PH. 915-235-5494

Scientific and Industrial CERTIFICATE OF CALIBRATION 501 OAK STREET FAX NO. 915-235-4672instruments
SWEETWATER, TEXAS 79556. U.S.A.

MER MODERN TECHNOLOGIES ORDER NO. 965263

Ludlum Measurements, Inc. Model 2224 Serial No.

Mfg. Ludlum Measurements Inc. Model 43-37-1 Serial No. v-3 /136363

Cal. Date 10/30/96 Cal Due Date 10/30/97 Cal. Interval I Year Meterface 202-783

Check mark 9fapplies to applicable instr. and/or detector lAW mtg. spec. T. 75 OF RH 3B % Alt 703.8 mm Hg

J' New Instrument Instrument Received E] Within Toler. +-10% ED 10-20% E] Out of Tot. E] Requiring Repair

J Mechanical ck. j• Meter Zeroed [j Background Subtract E] Input Sens. Unearity

13 F/S Resp. ck J Reset ck. W window Operation L• Geotropism
[g Audio ck. 13 Alarm Setting ck. I• Batt. ck. (Min. Volt) .... 2,2VDC

E' Calibrated in accordance with LMI SOP 14.8 rev 12/05/89. E] Calibrated in accordance with LMI SOP 14.9 rev 12/19/89.

Threshold mV
,nstrument Volt Set 1650 V Input Sens. Comments mV Det. Oper. 1650 V at Comments mV Dial Ratio =

HV Readout 12 points) Ret./Inst. 5 500 V Ref./Inst. 9".)/8 / 2000 V

COMMENTS:
Firnware version: 39006N03

Alpha Threshold: 90mV.

Beta Threshold: 4mV.
Beta Window:. 40mV.
overload not set.

HV set with detector not connected.
Instrument calibrated using 5ft. cable.

Gamma Calibration GM deteowt povi, oneo pei:nditlar to sourte except for M 44-9 in e the frorit of probe faes source.

F
RANGE/MULTIPLIER C

x1000 400
xlO00 100
xl00 40

xlO0 10

x10 4

x10 1

xl 40

xl 10

EFERENCE
-AL. POINT

kcpam
kcDm

INSTRUMENT REC'D
"AS FOUND READING"

kcprm

kcorn
ka anm
kcom
Ocapm
)0cpm

INSTRUMENT
METER READING*

/£0

goo o

*Uncertainty within t 10% C.F. within ± 20% AlL Range(s) Calibrated Electronically

REFERENCE INSTRUMENT INSTRUMENT REFERENCE INSTRUMENT. INSTRUMENT

CAL. POINT RECEIVED METER READING* CAL. POINT RECEIVED METER READING*

Digital Log
Readout 400kcpm _ _oo__(O) Scale

40kcpm /_ _('0)-

4kcpm ____

400cpm _____

40cpm NO_ _

Lud),rn mviaswernents. inc. certifies that the above instrument has been cOaibratd by stanldards traceable to WOe Nlkion•l Instltute of Standards and Technology. or to the Coarta, n facilites oa

other nternatoOl Stand•rds Ofgandmtiimn rmenrila, or hove been derived fom acceptled vOrkeS of natral PhYsil constants or hav been derived by the ratio type of Calalnxtion techniques.

The caelrcation sysiern contorrrn to the requireents oa tAL-STD-45662A and ANSI W23-1978. State of Texas Calibration License No. LO-1963

Reference Instruments and/or Sources:

Cs-137 Gamma S/N E31162 13 GIt12 1 m s ps 135105 1T1008 T871 Tc "' /Sr? r o
Alpha S/N 4337 Pu-239 15700cpm [ Beta S/N 443-68-3A / 443-69-3 13 Other

m S50 SIN 63888 El Oscilloscope S/N -I 1A, ,lti.

[1 Neutron Axr-241 Be S/N T-304

'f- t.]

Calibrated By:

Reviewed By: Q y.*

FORM C22A 02/2719

Date /O-3o-rq4
__________________ Date _ _ _ _ _ _ _ _ _ _ _



Designer and Manufacturer-
of

Scientific and Industrial
Instruments

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 915-235-5494
501 OAK STREET FAX NO. 915-235-4672
SWEETWATER, TEXAS 79556, U.SA.

Bench Test Data For Detector

Detector 43-37-1 Serial No. If /362363
Customer MODERN TECHNOLOGIES

Counter 2224 Serial No. /

Count Time ]Minute

Other HIV seA, Wi-A- d ." not

3ýP/557

Order #. 965263

Alpha Input Sensitivity 96mV
Beta Input Sensitivity mV

Beta Window __ ___mV

Distance Source to Detector ,-•0 < "qc•.•
-c-on nec.f+&_d

High
Voltage

Background
Aloha

Isotope &:j-
Size

Alpha Beta

Isotope Tc.-99
Size a Z?1d7 ;

Aloha Beta

Isotope &s'o0 Y91O
Size O.O///,4

Alpha BetaBeta

16625Q 17 /______

/675 9 65/1 :l6W • A
____ 16_15_7 On?_/75__561V_379

Signature Date /07 Z2Z~~

• Serving The Nuclear Industry Since 1962 *
FORM C4B 02123194



DrIGNZ. AND mANwFAcruRmx
or

,.1a~ntifi .and Lxdulialt

ffJ7.1tUm~flntý

LUDLUM MEASUREMENTS, INC.
POST OFFICE BOX 810 PH. 915-235-5494
501 OAK STREET FAX NO. (915) 235-4872
SWEETWATER, TEXAS 79556, U. S. A.
1-800-622-0828

This Certifies that Ludlum /F
has been functionally checked.

serwalNo. -P/ /37o0/4

Date-1 -12 94-'iQA3Order Nn~
q

Final Check by0i 1QA ~ : 4
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Ludlum Model 2224
Calibration Data Sheet

Serial Number: 132143
Detector Model: 43-37-1
Detector Type: GAS FLOW PROPORTIONAL
Type Of Calibration: Electronic/Source

Standards:
Pulser Serial Number: 43589
Volt/Ohm Meter Serial Number: 43589
Source: ES928 Isotope: Pu-238

Date: 07 Feb 97
Serial Number: 134334

OUIC: W4GV91

Calibration Due:
Calibration Due:
Source: H-045

13 DEC 97
13 DEC 97
Isotope: Cs-137

Calibration:
Beta Threshold: 3.5 mV Beta Window: 40 mV Alpha Threshold: 100 mV

Meter Applied: Initial Final -Reading :::Correction::::
Ran e (cpm) Reading (cpm) . m) Factor

xlOO .00ki: 400k 400k 1.000

xl000 100k 100k 100k 1.000

xlO. 440k 40k 40 k 1.000

x1100 10k 10k 10k 1.000
X1O 4k 4k 4k 1.000
x10 lk "k ik 1.000

xl . 00400 400 1.000
xl -:100 100 100 1.000

Digi~t&2 Readouit (.frtegm-at./c1r o.
. plied. Initial::.Reading :Final.Reaingi Correction

1cpm) (cpm) cp)Factor
4 G0k 402,965 402,965 0.996
40k 40,330 40,330 0.992
4K 4,006 4,006 0.999
400 400 400 1.00
40: 40 40 1.00t Sou~rce Activity Meter Indicat,3on IEfficiency (%)

Alpha (2n) 184,602 dpm 58,512 31.70 Pu-238
Beta (2Pi) 85,084 dpm 38,332 45.05 Cs-137

lResponse Test Range Alpha (Rate Meter) 2,000 - 3,000 cpm
Response Test Range Beta (Rate Meter) 2,000 - 3,000 cpm

Remarks:
This calibration is Traceable to the National Institute of Standards and
Technology. * Scaler/Integrate mode CALIBRATED electronicly only. Probe
SN:134334 would not pass ±3 sigma test with source. Do not use in integrate
mode. Limited calibration lable applied. Response tested with Pu-239 SN:
P2724 and Cs-137 SN: BB-960.

Performed ewe

Report Number: 020797132143



7' Detector Worksheet/
Model: 43-37-1 Serial Number: 134334
Instrument Model: 2224 Serial Number: 132143

Count time = 60 seconds
High Alpha Source ,Beta Source Background

Voltage Aloha Beta xtalk Alpha Beta xtalk Alpha Beta

1750 45,320 6632 11.9% 3 33742 0.00% 4 439
1775 48220 6321 10.4% 2 36432 -0.01% 6 622
1800 56232 5965 8.4% 16 38443 0.03% 3 750

1825 58517 5760 7.4% 195 39350 0.48% 5 1018
1850 59,455 5844 6.8% 650 37431 1.61% 37 1377

6631.992

Efficiency
Background:

Alpha: 31.70%
Alpha : 5

Beta: 45.05%
Beta: 1018

Page 2



EBERLINE E-600 CALIBRATION REPORT

Date: 03/27/97 OUIC: W4GV91
Standard: Model 81 Isotope: Cs-137 SN: 7140
Type of Calibration: Source

E-600 Serial Number 951
Program Version E600 V3.06
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Scaler Precision 10%
Lower Threshold Slope 0.8205
Lower Threshold Intercept -0.1487 mV
Upper Threshold Slope 0.9741
Upper Threshold Intercept -0.6963 mV
Alarm Editing Enabled
Latching Alarms Enabled
Auto Ranging Enabled
Beep on Auto-Range Yes
Ignore E-600 Cal. Date No
Ignore Probe Cal. Date No
Ratemeter Mode Support Enabled
Integrate Mode Support Enabled
Scaler Mode Support Enabled
Peak Hold Mode Support Enabled
Background Update Mode Support Enabled
Log ID Source Internal/Aux.
Star Key Ratemeter Function Zero Display
Star Key Integrate Function Zero Display
Scaler Display Units Rate
Scaler Counting Mode Fixed Time

Smart Probe Serial Number 723417
Type S-SPA-8
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Dead Time 18.5 usec
Surface Area 5.00 cm2
Max High Voltage 1500 Vdc
Overrange 45000 cps



Channel 1
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage . 537 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.12E+ 10 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 2

-Channel Type Gamma
Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 537 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.12E+ 10 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 3
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 537 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1. 12E+l 0 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

2



Gamma Channel Linearity Test Results - Pass Tolerance Plus/Minus 10.0%

Field Response %Error Pass/Fail

0.0040 R/hr
0.0004 Rlhr
5.00E-05 R/hr

0.0038 R/hr
0.0004 R/hr
5.50E-05 R/hr

-4.96%
-4.24%
9.99%

Pass
Pass
Pass

Response Test Range: 7.60 - 11.4 siR/hr

Remarks:
This Calibration is Traceable to the National Institute of Standards and Technology.
Response Tested with Cs-137, SN: CS-12.

Performed By: Z Reviewed By: __

Report Number: o.32/77 723'!!?
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3PA8GRF SPA-8 723417 03/26/97

Voltage Plateau Curve
2130 - Lower Win.(2.0OmV)

Up- L er Win.(2.00 mV)

1917 .. .. ...... L ----- ------ I ------ - - - - - - -

Gamma I I I

1I - I I

.. ..14 9 -------------- -L. .----- --.. . .-----
n f Ii

1 I I - -"1

1 2 8 . . ..5 -- -- -- - -, r -- - - -- - - - --"

I~~ ~~ - - --r - - - - - - -- - - - r - - - - -

06 5- .. ...-- . ...- - --- -- ----

S 0I

639------------.--- ---- ---.---- --- -- -

537 0 ' / !' 00 , -'
I, I I I I I Il a
I I I I I I " I I I

I I I I I I I__

303 33 36 39 42 44 47 50 53 56 9

426 .... Vo-ltage



EBERLINE E-600 CALIBRATION REPORT

Date: 03/27/97 OUIC: W4GV91
Standard: Model 81 Isotope: Cs-137 SN: 7140
Type of Calibration: Source

E-600 Serial Number 926
Program Version E600 V3.06
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Scaler Precision 10%
Lower Threshold Slope 0.8974
Lower Threshold Intercept -0.2564 mV
Upper Threshold Slope 1.00
Upper Threshold Intercept -0.8000 mV
Alarm Editing Enabled
Latching Alarms Enabled
Auto Ranging Enabled
Beep on Auto-Range No
Ignore E-600 Cal. Date No
Ignore Probe Cal. Date No
Ratemeter Mode Support Enabled
Integrate Mode Support Enabled
Scaler Mode Support Enabled
Peak Hold Mode Support Enabled
Background Update Mode Support Enabled
Log ID Source Internal/Aux.
Star Key Ratemeter Function Zero Display
Star Key Integrate Function Zero Display
Scaler Display Units Rate
Scaler Counting Mode Fixed Time

Smart Probe Serial Number 723416
Type S-SPA-8
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Dead Time 24.0 usec
Surface Area 5.00 cm2
Max High Voltage 1500 Vdc
Overrange 45000 cps



Channel 1
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 566 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Wmdow Upper
Upper Cal. Constant 1.17E+ 10 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 2
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 566 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.17E+l 0 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 3
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 566 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.17E+ 10 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0
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Gamma Channel Linearity Test Results - Pass Tolerance Plus/Minus 10.0%

Field Response %Error Pass/Fail

0.0041 R/hr 0.0037 R/hr -9.51% Pass
0.0004 R/hr 0.0004 R/hr -9.11% Pass
5.42E-05 Rihr 5.85E-05 R/hr 8.00% Pass

Response Test Range: 7.84 - 11.76 gR/hr

Remarks:
This Calibration is Traceable to the National Institute of Standards and Technology.
Response Tested with Cs-137, SN: CS-12.

Performed By: - Reviewed By: _7

Report Number: '72 /'
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EBERLINE E-600 CALIBRATION REPORT

Date: 03/27/97 OUIC: W4GV91
Standard: Model 81 Isotope: Cs-137 SN: 7140
Type of Calibration: Source

E-600 Serial Number 916
Program Version E600 V3.06
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Scaler Precision 10%
Lower Threshold Slope 0.9231
Lower Threshold Intercept -0.2256 mV
Upper Threshold Slope 0.9741
Upper Threshold Intercept -0.6963 mV
Alarm Editing Enabled
Latching Alarms Enabled
Auto Ranging Enabled
Beep on Auto-Range No
Ignore E-600 Cal. Date No
Ignore Probe Cal. Date No
Ratemeter Mode Support Enabled
Integrate Mode Support Enabled
Scaler Mode Support Enabled
Peak Hold Mode Support Enabled
Background Update Mode Support Enabled
Log ID Source Internal/Aux.
Star Key Ratemeter Function Zero Display
Star Key Integrate Function Zero Display
Scaler Display Units Rate
Scaler Counting Mode Fixed Time

Smart Probe Serial Number 723414
Type S-SPA-8
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Dead Time 21.5 usec
Surface Area 5.00 cm2
Max High Voltage 1500 Vdc
Overrange 45000 cps



Channel 1
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 508 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.13E+ 10 counts/R
Scaler Time 60 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 2

Channel Type Gamma
Rate Units R/hr
Response Times 20,10,3 secs
Hi-gh Voltage 508 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.13E+1 0 counts/R
Scaler Time 60 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 3
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 508 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.13E+1 0 counts/R
Scaler Time 60 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0
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Gamma Channel Linearity Test Results - Pass Tolerance Plus/Minus 10.0%

Field Response %Error Pass/Fail

0.0041 R/hr
0.0004 R/hr
5.42E-05 R/hr

0.0038 R/hr
0.0004Rbhr
5.95E-05 R/hr

-7.27%
-7.25%
9.84%

Pass
Pass
Pass

Response Test Range: 7.80 - 11.70 p.R/hr

Remarks:
This Calibration is Traceable to the National Institute of Standards and Technology.
Response Tested with Cs-137, SN: CS-12.

PerformedBy: _..________, ____/_/

Report Number: c79j;?7,77,2-3/'

Reviewed By: I A ALV" -,P
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EBERLINE E-600 CALIBRATION REPORT

Date: 03/27/97
Standard: Model 81

OUIC: W4GV91
SN: 7140

Type of Calibration: Source
Isotope: Cs-137

E-600 Serial Number 914
Program Version E600 V3.06
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Scaler Precision 10%
Lower Threshold Slope 0.9231
Lower Threshold Intercept -0.1590 mV
Upper Threshold Slope 0.9556
Upper Threshold Intercept -0.6222 mV
Alarm Editing Enabled
Latching Alarms Enabled
Auto Ranging Enabled
Beep on Auto-Range No
Ignore E-600 Cal. Date No
Ignore Probe Cal. Date No
Ratemeter Mode Support Enabled
Integrate Mode Support Enabled
Scaler Mode Support Enabled
Peak Hold Mode Support Enabled
Background Update Mode Support Enabled
Log ID Source Internal/Aux.
Star Key Ratemeter Function Zero Display
Star Key Integrate Function Zero Display
Scaler Display Units Rate
Scaler Counting Mode Fixed Time

Smart Probe Serial Number 723415
Type S-SPA-8
Calibration Date 03/27/97
Calibration Due Date 09/22/97
Dead Time 20.0 usec
Surface Area 5.00 cm2
Max High Voltage 1500 Vdc
Overrange 45000 cps



Channel 1
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 566 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.16E+ 10 counts/R
Scaler Time 60 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 2
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 566 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.16E+ 10 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0

Channel 3
Channel Type Gamma

Rate Units R/hr
Response Times 20,10,3 secs
High Voltage 566 Vdc
Lower Threshold 2.00 mV
Upper Threshold 2.00 mV
Selected Window Upper
Upper Cal. Constant 1.16E+ 10 counts/R
Scaler Time 10 secs
Lower to Upper Crossover 0.0
Upper to Lower Crossover 0.0
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Gamma Channel Linearity Test Results - Pass Tolerance Plus/Minus 10.0%

Field Response %Error Pass/Fail

0.0041 R/hr
0.0004 R/hr
5.42E-05 R/hr

0.0037 R/hr
0.0004 R/hr
5.53E-05 R/hr

-9.73%
-9.06%
2.02%

Pass
Pass
Pass

Response Test Range: 7.76 - 11.64 jiR/hr

Remarks:
This Calibration is Traceable to the National Institute of Standards and Technology.
Response Tested with Cs-137, SN: CS-12.

Performed By: Reviewed By: __

Report Number: 03,,? 79! 7,35' "
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