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1 INTRODUCTION

1.1 Kodak facility de-fueling operations is a complex, multi-step process that is fully detailed in
the work plan. Exposures associated with the steps involved in the work plan are estimated
in this man rem budget.

1.2 This paper will show that the predicted individual and collective dose do not approach
administrative limits and that the extremity limits are a small fraction of the allowable limit.

1.3 BACKGROUND

1.3.1 The CFX has been in operation since 1975 and has been shutdown since June of 2006.
The CFX was a sub-critical assembly of uranium 235 utilizing a californium 252
source1. The californium source has remained inserted into the CFX for most of the life
of the CFX such that the total estimated operational hours are 252,000 at an average
power of 5.8 watts. Further details of the CFX assembly and characteristics may be
located in the EKC Scoping Study.2

The CFX was designed to never exceed a Keff <0.99.

2 NEXTEP TM0703 Eastman Kodak Company CFXDecommissioning Project Scoping Study, Robert

Newman and Ning Zhang
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2 SCOPE

2.1 This paper will show that the calculated individual and collective dose does not exceed
administrative limits in a maximum worst case condition.

2.2 The calculations are separated into the effective dose for the whole body, subject to a
5 rem/yr regulatory limit and 500 mR/yr administrative limit, and the shallow 'dose
equivalent to the skin and extremities subject to a regulatory limit of 50 rem/yr and an
administrative limit of 5 rem/yr.

3 METHODS

3.1 Attachment A is an Excel spreadsheet that details the major steps involved in the de-fueling
operations and calculates both a total and individual dose as well as the total and individual
extremity dose. Table A-i provides calculations for gamma dose and Table A-2.contains
calculations for dose due to beta radiation.

3.2 Numerous assumptions are necessary when calculating the dose from de-fueling operations.
A number of significant assumptions are as follows:

3.2.1 Tongs or other holding utensils will be employed during fuel plate handling. It is
assumed that the distance of the extremities will be at least 6" from the source during
operations. The actual tongs employed will be 14" in length (effective length 10.5
inches). The reduction in extremity dose with these tongs is approximately a factor of
15. A picture of the modified tongs is presented in Figure 3.1.

14 Inch Modified Tongs for Fuel Plate Handling
Figure 3.1

3.2.2 Specialty tongs will also be used for transfer of the cans from the work table to the
scale and to the 2R container.

3.2.3 During assembly removal, individuals are assumed to stand immediately adjacent to the
CFX for ease of access to the structure.

3.2.4 In many instances, two individuals are listed as required for a given operation and the
estimated dose is doubled as a result. As a practical matter, many operations will only
require a single individual with periodic assistance from the 2nd individual.
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3.2.5 The time to perform operations is conservatively biased high.

3.2.6 The distance assumed for effective dose calculations is biased low.

3.2.7 No efficiency improvements were considered in performing the repetitive tasks
associated with handling the plates and filling the canisters for loading.

3.2.8 No credit is provided for the reduction of beta dose by the wearing of one to two pair of
gloves.

3.2.9 The background dose rate in the cavity (>lm from CFX or fuel plates) will be less than
1 mrem/hr and is not considered in the overall man rem budget.

3.3 Supporting calculations from both the CFX as well as individual fuel plates for the gamma
dose are performed using the Microshield Code3 and are included as Attachment B for the
estimated dose rate at 6". Additional calculations of dose from the CFX, 6M drums, and
fuel plates may be found in the following technical memos (TM): TM0519 4, TM07025 ,
TM06036

3.4 Beta dose calculations were performed using the Varskin V2.0 computer code7.

4 RESULTS

4.1 Table 4.1 displays the overall results. The Excel spreadsheet is analyzed by each step from
a dose standpoint. Each step is summed individually and collectively for both effective and
extremity dose.

Table 4.1
Man-Rem Budget Summary

Individual Combined
Total Total Effective Combined Shallow

Effective Dose Individual Shallow Dose Dose Equivalent
Dose Equivalent Equivalent (rem) (rem)

Equivalent (rem)
(rem)

0.089 0.150 3.4 6.2

4.2 The estimated Total Effective Dose Equivalent (TEDE) to the single individual with
greatest exposure is approximately 0.09 rem, well less than both the administrative limit and
the regulatory limit. In addition, that same individual is estimated to receive a shallow dose
equivalent (SDE) of 3.4 rem, well less than the administrative and regulatory limit.

3 Grove Engineering, Microshield Code, Version 5.03.
4 NEXTEP TM05-19, Kodak CFX Core ResidualActivity and Dose Modeling, D. Thatcher, CHP.
5 NEXTEP TM0702 Exposure Rate Estimates from Kodak MTR Plates in a 6M-55 Container, A.H. Thatcher,

CHP
6 NEXTEP TM0603 Exposure Rate Estimates from KodakMTR Fuel Plates, A.H. Thatcher, CHP.

7 Durham, J.S. VARSKIN MOD 2 and SADDE MOD 2: Dose from Skin Contamination. NUREG/CR-5873.
1992.
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4.3 The results show that the whole body dose is not a critical issue as the worst case estimated
effective dose is less than 100 mrem for a single individual. Practical considerations for
ALARA therefore focus on limiting the extremity dose. Plexiglas containers are made for
the temporary storage of the Type II and Type III plates to eliminate the beta dose. An open
ended box is also made for the canisters so that beta exposure from the plates will be greatly
diminished.

4.4 For the CFX, the reflector material will be left in place during decommissioning to eliminate
the beta dose during operations near the CFX. Lead shielding will be placed outside of the
reflector to reduce the gamma component of dose as well as reduce the very minor
contribution from bremsstrahlungS. In addition, while the top reflector must be removed the
gain access to the plates, temporary Plexiglas shields under lead sheets will be placed over
the baskets not being removed.

5 CONCLUSIONS

5.1 The estimated Total Effective Dose Equivalent (TEDE) to the single individual with
greatest exposure is approximately 0.09 rem, well less than both the administrative limit and
the regulatory limit. In addition, that same individual is estimated to receive a shallow dose
equivalent (SDE) of 3.4 rem, well less than the administrative and regulatory limit
(Section 4.2).

8 Bremsstrahlung contributions were estimated as -3 mrem/hr using the ISO-PC code.
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ATTACHMENT A

Beta and Gamma Dose Calculations
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Table A-i
Gamma Dose Caladtix

Distonce (6) Dose Miobum Total reo/ Maxlowm BEt
persolnnel f effew Ume- Rate EffeObc IWhole Body Dos Rob Dose SDE Doemfwasoae

Gamma contribution Svrd de m.) (m ) oe(me) D.om) (mor (o") hofzrlm)

ont remove 4 2Vto3 75 O. 7- 2I0 - .0M 12fm 3.0w

m st.an so onung and
eoppemt oruelm above the mopped

9 1 1 15 28.00 7.0 7.00 25.00 7.00 7.0T

S1 1 1 28.00 4.07 4.87 28.00 4.67 4.67

Removemt Oat esrea to the Idlde tb 1 1 10 28.00 4.67 4.67 80.00 15.00 15.00
R~emove upper supponst ccur 2 I 52.0 23 46 30 ," .,

Ramone any addifficsltu1be laentatidona
the may pose a fuel plate nmovell

obtcle I 1 5 28.00 2.33 2.33 90.00 7.50 7.50
Remoe pol abov CFX 21.87 4

Roeto nn n 2 1 5 28.00 2-3 4.57 50.O00 6.33 4.17
Sackoffscm•for• idtes24

low 1 1 10 28.00 4.67 4.67 80.00 15.00 15.00
Remove netedier miltodW V-Owud•

CFX lr o&* 2 1 6 28.00 2.33 4.67 320.00 5323 26.87

lace 2 1 5 28.00 2.33 4.67 320.00 53.33 206.7

Alme____ore iles 2 1 10 1 40 .0 4.17 2.33 110.00 3667 8I33
Pomlle to ©eaofa plato" 2- - 1 15 U112 0,0 0.60_ 100.00 50O 25M
lRemove aind dewl 4 tj"~l 11 plate -- 1 1 2 ;2-00 0.07, 0.071 70 .2 2

Prepatre 1st StoCK, Place nto can aind Sull

can 2 1b.5 5 14.00 1.17 Z.33 100.00 287 8am4
Record __obA 1 1.5 I 1.50 025 0.00 10.00 3.67 1633

rlac •t eltmn drum 1 1,. '1050,0 3.33 33Place 9K5 an 2Rt in land dnm1lsetd 2 1: 10 2.00 0f 0.67 ION0 3- 3 ---- M-----

2Remove1st0 0.28 0.52 100.00 18.6 8..3

2 01 !ý. 0.22.0 23

WIZ.I 1iO20IOS.O 103

2 .1 3.00 00 12.0 10.00 40.00 2800

Dose f o6.2 148.50 818.1 461762D

pr'ep Zn1 ,(. Plaet ntoM Ma -nd 0821
pan. I2 ý' : 1.5 5 4UZ6 1.1, 2.313 110.00 18.33' .3

;lace Can F into ru 57 77 1- 7 300 W0 .0 1000 33

Remove~ ~ 2l reaiin 7,lp lNelfo

Mooparenztol paento drum and sea0 ].2.7 MD -M -7-7-
can 2 1. -1.50 02 052 100-00 18.67 am

RemovrdontiinghteofCtn 2n 12 1 2ý3 28.10 225 .5 100 .71
Plac 0a G Ito55ý -1 1 160016.0 0IM, W 0.14 1 00.UU 3.333.3

Race ~ ~ 77' 1a -,n 20addm •d• • .3 05.00 27 10.00 3331D

Remove da 5o hos14e- 15 200T, 0.17 0.33 110.00 1.708

; odoocan B . 12 140.00 00 .230 05 0.• 00
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Table A-2
BeaaDose Caleulagioau

Total Extremity Maximum Extremity

Distance ime Dose Rate Dow SDE Dow for a single
Beta contribution personnelinvolved (feetn (minutes) (mremlhr) (re)ndividualSDE(mrem)

Cavlty Preparation
Concrete Block removal 4
WEP removal + 1o <<1
Remove Cf-252 source housing and
support structure above the support
structure housing 1 1 15 -1 1

Dlsassembly_
Remove hex nuts for each of 4 control
rods 1 1_ 10 <<1

Remove the set screws to the ulde tubes 1 1 10 -1
Remove upper su structure 2 1 5 -1
Remove any addito nal tube penetations
tat may pose a fuel plate removal
obstacle 1 1 51__<<1
Remove poly above CFX 2 1 4 <<1
Removetwofront angle supports 2 1 5 <<1
Back off screws for pressure plates 24
total 1 1 10 <<I
Remove reflector material surrounding
CFX it possible 2 1 5 <<1
P lead bricks around CFX- tape into

•lace 2 1 5<1

Fuel Removal <<
emove Ill f lees 1 0.5 2 700.0 23.3 23.3

Remove 29 I plates 2 0.5 10 700.0 233.3 116.7

time to clean off plates 2 0.5 1 700.0 350.0 175.0
Remove and dean 4 typeII plates 1 0.5 2 .0 23.3 23.3
Prepare 1st stack, place into can and seal
can 2 0.5 5 700.0 116.7 58.3
Recordweiht of can A 1 0.5 1 700.0 11.7 11.7
Pae an Ainto drum I 1 0.5 2 ..0 23.3 23
Place We on 2R and drum and seal 2 1 10 2.0 66.7 33.3
Remove 1 st drum-to hoist area 2 1.5 5 200.0 33.3 16.7

. E remove remalnin fuel from first basket:, 2 0.5 2.413793 700.0 ., 56.3 ,..k...........28.2

tmet oclean 2n llates 2 0.5 36' 0 8459 .:4•2 84.5

:Remover e pa•es fromrn econd bsket 2 "0.5 7 '8 700.0 18- 36. 3.
timeto cleanoff- lates, 0.5 121 700.0 1400 140.
preparei 2d stacK,'place into can and, seal

ca 2 0ý5 5 .700,0 118.7 58.3

e.ghtafocano 1 0.5 1 700.0 11 : 11.7

cecnBintodrum#2 -0.5 2 700.0 23.3 .23
Removeandclean4 ll:plates , 05 2 7000 .233 23
Placeldson2R and drumand seal- ,, 2 ,,. 1 10 200.0 -. 866.7 ,,,33.3
Removedrum to hoistarea 15 5 200.0 33.3 . 167
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Remove;1 remjaiwtnringfe foasketB 4, 9. "ý05"O M 0. .- i8.

" c OttS plate 2 0. 5 '10.34463 700, "'~~ 241 4

cleano and stace on tabl 2 0.5 3 103448 700.0 7233 11W27

O.•0 ' 45172 700500154.-

Prepare stack, place into can and "eal

an2 0.5 5 700.0 116.7 58.3

'" .Remove and rean 4n type I I plates 05 ro2 700 233 23!
Place sact pLates into Can E and

sealna 2 01.5 5 700.0 116.7 58';3

iý Record iht of Can E 1 0.5 1 700,0 11,7 17,
Plce can G into drum 4 1 0.5 2 70.0 23.3 2
Pface'lids on 2Rand; drum and seal 2 1 10 200,C 66, 33.7 :3

I RemA e drum to host area 21.5 25 200.0 33.3 1
FIRemove remaining uel from basket 4,

cleandoffndatack 2 0.5 10 700.0 233.3 116.7
12 0.51 15 7W- 350.0 175.0

Prepare atack, place into can an eal
can 2 0.5 5 700.0 116.7 58.3
Record welpht of Can F 1 0.5 1 700.0 11.7 11.7
Place Can Finto drum 51 0.5 2 700.0 23.3 23.3

Remove all remaining ltype III fuel from
CFX 2 1 10 700.0 233.3 116.7
Prepare atack, place inocan and aeal
.can 2 1.5 5 700.0 116.7 58.3

a'codeih CanG 1 0.5 1 700. 11.7 11.7
cecanj;!.WintrumG 1 0.5 2 700.0 23.3 23.3

Place kson 2Rand drum andaseal 2 1 10 200.0 66.7 33.3
Rem-u-eeJu rumtholatware 2 1.5 5 2.00 33.3 16.7

Remove all druma 1FroM-cavity and fll87ce
In loading dock 2 1.5 120 200.0 600.0 400.0

1 Total Dose 115,386.8 3,019.1
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ATTACHMENT B

Microshield Calculations at 6" from the CFX and an Individual
Fuel Plate
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Mieroshield External Exposure Calculations at 6"from a Type I Fuel Plate
Figure B-I
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Conversion ot cal~culatted exposure in wr 4<JYe
7FILE: z MSS DATM\KODAKWOSTSD¶1\CIF(CUBE.MSS

Thi cae as unoni•Wednesday, June6,20at1:3.1A

DosnePointt 11 tstscm

Microshield External Exposure Cakulation at 6" from CFX
Figure B2
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