
m s

'

.

. .

TABLE I - CDIPARIS0010F' A1 TO 1R AT 3 METERS
'

.(Based on Large Radwaste Liners)

xAl SEandard'Daviation

Case 1 - All'Co-60 (Theoretical)(1) 3.52.
J-

Case 2 - Representative Cases with 2.73 i 1.37:
'

Microshield Ca' g. (504 cases)
(Theoretical) C e .

.

Case 3 - 1987 Shipping Data Base 3.72. ~t - 2. 57 -
(500 + cases) - experimental)(2)

HRC Propo_ sed Value 2.0;

i

!

l1) . Theoretical evaluations.used to derive the 3m dose b'ased on' isotopic
Icontent,and'Microshield computer runs.

2) Experimental evaluations .use the measured value of contact dose' to i
determine the 3m dose. i
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TABLE II - SHIPMENT FREQUENCY TABLE.

i

.

: : : - : :
_

: : :
: CASK TYPE: NO. : >1.60A1 : >2.0A1 : >3.0A1 : ).8R/3m :- >1.0R/3m :,

| : : : : : : :-
| : : : (2)

(1): . 15 (.58) : 12 (.46) :17 (.65): 16 (.62) :

: : : :.

:-14-190 : 26 : 20 (.77) :
'

! : : : : : : : :
! : : : :

.
: : : :

: 14-195 : 275 : 14 (.05) : 6 (.02) : 4 (.015): 6 (.02): 2 (.01) :
: : : : : : : :
: : : : : : : :
: 14-215 : 220 : 6 (.03) : 5 (.025): 2 (.01) : 6 (.03): 5 (.025) :
: ? -: : : : : :
: : : : -: : : .:
: 6-80 : 19 : 16 (.84) : 15 (.79) : 14 (.73) : 13 (.68): 12 (.63) :
: : : : : : -: :
: : : : : : : :
: 8-120A : 44 : 34'(.77) : 33 (.75) : 30 (.69)-: 32 t.73): 30 (.69) :
: : : : : : : :

: : : : : : : :
: TOTAL : 584 : 90 (.154) : 74 (.126): 62 (.105): 74 (.126) 65 (.110) :
: ? : : : : : :

EIES: (1) Denotes the fraction of total cask usage.

(2) Represents the number of shipments that exceeds the defined- i

limit.
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~ Date:' October 26, 1988
' 611-2387U-88-

TO: ~. DISTRIBUTION LOCATION:- COLA /BARNHELL
,

,

[FRON:- R. ANDERSON LOCATION: COLUMBIA
.

"

SUBJECT: ,EVALLIATION OF TYPE B-LSA' Rui rt - CASE STUDIES

,

This memorandum presents the results of an evaluation of 59 actual-cask
shipments to determine if a close correlation between liner radiation dose'.R.,

.and the liner contents activity exists. The content activity is expressed int-

terms of the 10CFR71 defined A1 <(per the new IAEA regulations). The-intent ~
-

3was to ascertain ~the validity _of the proposed NRC regulations for Type B casks' *

- LSA (incorporating the-IAEA rules) where the.NRC desires.to' substitute a.2A1
-'value for a measurement of 1R-at 3 meters. from the liner surface (R3m)..

Two methodologies were used. In Case'A,|the measured value'of-the liner
contact dose.(data from RSM forms) was;used-to calculate R3m. In Case B, the
isotopic contents (isotope Ci from RSM) were used to calculate R3m. _The
Microshield' computer-program was used to' perform the calculations.-

'

i
! A concern was evidenced with possible poor data being used for measured values'

of R. To alleviate this..a comparison-was made-between the. Case A and 8
methods. It was determined that-any cases where xAl was less than 0.5, or >

greater than 12, resulted in extremelv poor correlation. ' Table I shows the '

data for all 59 cases, and Table II presents. data with 10 poor data points
removed (probably due to poor measurement or data input).

.

A summary ofAhe; averaged results for xAl is'as follows:

Table I Table II'>
'

NRC proposed Al 2.0 2.0 i

. Case A - Al 13.89 t 53.9 4.01't 2.7
| . Case B-Al .2.69 i 1.32 2.73 i 1.37 '

'

It is clear that Table II. data is far more realistic and representative.
L However, a close correlation between;Al'and R3m (based on measurements)

does-not exist.

<
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L ;Some other facts of interest:
'

1. The drop in dose rate between liner contact and'3' meters is
calculated to be about 19 for a typical 14 series liner. It is
probably 25-30 for a~55 gallon drum. Hence, the bulk of our 14
series shipments will not be jeopardized by the proposed NRC rule.

2. >

,

3.. It seems reasonable to push the~ industry - NRC for a higher valu'e
of A1 (say 3-4) based on our calculated data. -He are performing a '

study of all 1987 cask shipments'which we feel will show:

o Poor correlation between Al and R3m.

o xAl > 3 1

9

METHODOLOGY

1. All values were calculated from tht data base based on proposed ;

IAEA-Al values. Representative: cases were selected (59) with most A1
|values in the proposed range.. t

A total of 5 CNSI casks were included, and both concrete'and dewatered !

liners were evaluated in the.59, shipments- studied.

2. The Microshield computer program was used.to calculate R3m based on-
either the measured value of-R'(Case A) or the111ner isotopest(CaseLB). 1

3.- The value of xAl was normalized to: calculated values'of Al and R3m..
4. A spreadsheet (LOTUS) was used to calculate average values and;

i standard deviations, and is presented _as_ Table I.

5. Ten poor data cases were deleted from the data base and used to
'

develop Table II. y

6. . Cross-checks.were.made ofithe. input data used;to develop the Al values
and Microshield cor.puter~ runs.

| c J.| Allen
I, H. House i

l' N. Lewis ,

M..Macher '

P. Paquin-
H..Shamkhani

"

'L. Toner ,
'M. Whittaker-

.
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" C. 1-3 oc
fatters ;Mto: 21.H 22.2 e letc '

M 'Tl4/$ l. .

Ces;ilationofdoseratestatt 6 10 ' 32.26 32.21'

MM ' x ( M 4-d-(| S.M*51=#7*19aMf8' I*IN "*N "'N
g

' M
. :- toastrti t .ta'csittet -.

Al f "est 8 &Si '!!er laste vo! C/D !stal Cl CIIesit ' 11' ' leo:tt:t 13 til. leostatt U: 111 : tete /Ut
.

0 465 - 1 0145 1MH !H C 31. 0 0.H1 2.10 - 12.0. 0.55. 1.91 1.9) 0.36 6.H 22.0L( 0 01 2 4822 1HH . IH D H.4 0.259 . *.5 0 ,25.0 1.1T L1.0 15.0 0.1; IJi- 22.41

-

45106- ) 46H6 1 H H 10 D 0.20 0.M2 .1.(18 H.0 1d5 .1.25 H.26 1.0 2,3 ' 22.21 4

,

010 5 010 ;MH in D 11.00 0.iit 2.lH H.0 1.40 1.52 25.0 14!' 2.H *2.24.g 05H 1 OHi IMH 10 D H.00 0.40 3.01' I!.6 2.9) *11 M.H 1.4 2.G ' 22.H0 132 1 001 IMH 10 0 103.H :.1H 6.001- 25.0 i d) 1.)! 52.to 2.H 2.H 22.22

.

' *

010 t 01C 1MI). L'O P 103.to 8.110 2.U 1 U.0 2.3 1.3 .H.92 1.C i.'l- 22. 0g 010 10 H a1 I M ti 35 0 11.66 0.50 3.lH H.I 3d! !.23 H.H'1.W 14! ' 22. 4.! Hill 12 UHf ' ;Nt; 10 5 25.0 0.191 4.02 10J 2.2! :.fi - *i.H C.H 4.H U.HulH 1) H ui ; M t! 'O D 'U.H 4.10 4.%l. ! 1 2.2! 14: H.32 id) 1. U - U.H 'l

OlH H 01 3 1 M f) |0 3 !!$.M :.0 H 1.f)I H.s ;di ).il )*.H 1.C ' 2.H 22.!:
'

Un1 15 .itul iMH :ll D ' ' M.H 0J28 ;J5 !!.0.1.*) 4.H f.H ' t.H 2.H H.M(l!N 16 (!!! I M f4 10 3- 1 C.00 - ('t'2 2.0 4 35d 1.!! 1.it H.9) ;.n 2.H u.H. i,(, ilHi D. 48!!! M l; |H t 0.H 1.00 1.111 lla 1.D !.H M.it !.M i.H DJU(HH !! ( Hli 1 M il 112 C U2.H 6.109 2.D5 *0J C.!' -(41 1.H f.H !.M 3.11'
. -

40:0 H tina 1 M t! Di D O .50 0.!!)'2.121 1d i.3! L | 6.0 15.45 3.l( ' 2.!) - Hdir 4i101 .20 4H 0 | M lli D2 D 280.34. 1.60 - 5Jit St.0 1.11 ~ 2.11 - 0.4 2J! 2.0 t.11i (' Hit: ' 2: 48 H0 ' M il 32 D 17.H 0.01 3Jil !!a C.H 3.11 .it.H .);'2.!! 23.05 -CH6 22 CH4 IMil 112 D lic.it 1.00 :4.03 25.t '.M .2d5 | 31.M :.H - 2dl MJ)'( O23 23 02D I M ll M2 & 310. 0 2.209 1.123 10.C 1.50 5.n H.C-3.2) 2.C HJi00) 2! 00) I M il M2 3 200.H C.51 2.16) 1.0 0.H 1.0 H.3) 1.3 2Ji M.!!OfM N Ot31'!Mt! 01 C -H.M 0412 2.2}i. ' U.0 f.l; 3.4 IJf 2.H 1.u 9.11( 05H 21 O !H J N 15 ;O. ! H.H tJ11 2.0) 4d G.;; :2.H 11.:6 0.11 2.H 3.1)
,

0}!: H 010 ;M3 ".t! ' D 5:.)! 1Jil 2J!! !J ta!' id: M.H !.!! :.!! ;t!!Ul! M 013 H 2H 10. C H.n 'iJD 2.2H !J t.H l.12 1.H 0 !! 5.tl 3.H -( *, UtH M (llH M U5 it) D U.H 3.)H ).6H JI.0 t.12 3.H 23.n 1.E 2.19 19.1HIH 3) Hill HD 14 D 1H.Q( 2.H2 3.4H- 111.t 3d4 .1.*1 ' 13.12 .2.2i 1. 0 32.H

.

UN! H 0 35 H3 H D . H.2: ;J59~!.595 HJ 1.H (.!! !).51 1.H 1.!! M.D(~ HHi 35 HHl . H; H D 1H.64 1.428 3.H) 0.1 !J! 2.H HJt 1.13 2.H 32J)
,

4tM2 36' HU2 HQ H D 16.H 1.148 6.228 35J 1.01 .!.11 IM.n ).D ' .9) - 31.HHlu 31 0 02 H0 M D !! !) 1.2H 3.H) M.C . 0.99 L 3.H U.H '24: *11 H.25i HH2 34 0 112 H0 M D H.1G 'd2) 3.H4 )!.0'1.04 3.6 L62.M 1.1) ';.11 32. 8
. ' (-~

HH6 H UM) H4 .H D 52.10 0.H4 2.503 H.t - 0.H ' !.R UJ5 1.H 1.H 32.M

.

*

HH1 0 HHf Hi H D. )!.14 0.05 1.151 35.0 :.H 1.M 'M.H 4.11.'.H 32.11
..

'| g HIH U 0 34 HG H D U.52 t.lu 3.12 ~ U.0 2.0 1.0 12.41 1.!! 1.H MJ2H5M ~U 46511 MM - 105 D Hl.H 1.1R !.03 20d: 8.H 6.0 -15.64 2.!! ;.H H.fi'

05H O 05)(- MM ul D H.li 0.HI 2.6H !;.3 2.01 IJ2- M.H 1.D . 2Ji 24.t;
-{ 0 05- H 0 05 MH !!! -0 Ut.H 1.13) 1.05' O.G 1.!! !.C O.1) 1.H 1.H ' N.HOiH U 04H M25 1:1 D 64!0. CAM 2dM *! 1 0.5: 4.35 Edl !Ji'2di H.0

.

0 00 H 0H0 M20 05 D HJi 0.2M l.ill i.0 C.H :.*F (d) t.H :.% 25.H I
.i

( 0 940 0 CHO MM 105 D 1H.H :1.01 l.CE H.t 1.G 5.1L U).H 4.'5. ;di H.Hti!M 50 48!i2 ' M 20 - H! D 09.00 !.lu n.lu M.0 1.n . f.84 - |I!41 (.u: ',.H H.i)HIM 12 013 H20 10 t 23.D 2.tH H.10 H.* 1.H f.11 H.li 2 H 4.53 H.R
)

0 05 5) 4 05 |-120 135 0 H.O 0.524 2. H 1 20.0 5.0 2.55 25.D 1.04 :.!! M.H
i

H5H H 46520- l iH IH - 0 1HJ2 1.6M ).O( 50J 2.M 1.19 - . ' H.H :.l! J( 2'.H - I
i

4 001 il 4801 6 U0 35 D DI.H 1.1H 1.239 30.3 :.M 4.11 106.H (J2 2.t: H.I!F 44:18 % IMI-I!H id D- 35.H 2.Hi*1.!!! M.2 2,0 c n 3,n 3,H ;,n H,g30 03 M OHi MM 1:1 D ;)1.8 1.09 .5.31' HJ 1.0 3.M H.H :,H ;,H H.c060 ; H 0 681 M2: H5 D- Mt.H 1.Mt 6.01 H.3 2.H 3.04 12.29 HJ4.......................................... ...............L H ;.9)(: attraits; avera;ts:
UO.H 6.tH j.'56 32.H: :.32 (31 U.M . ;.H i.D H.H

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

stdder.: stider.: 11. 0 0.811 4.H) 20.Ht C.U! 2.1;; M.H! :;;; ;,p: (j93ft:in:e: varia:ce: 10i.32 ;.01 !.5D d2.1112.D: 1.H3 '; H.!!) ; di: . 0 1 U.5M

|
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I
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- ' .lactors IMH 21.1122.20 _ b- tcte$ ., t '.M
-

IMll < 19.15 H.tt -

h [ ! y ) h M M tospliation of dose rate ette! 0 .26.
, ,

| th M24 2(.34 24.11

|' Q ,l' tessure4 = iL I = Calculated- I-
2

,
48i Casti Ali u ser taste tel C/D 1stal Cl CiIctft 11 ! contact 13e til icostett ut til - Icttille
(1865 .1 Hill 1 M ll- 145 C 31. 0 0.211 2.11T 12.0.4.55 3.96 ' 1.13 edi l H 21.19
48022- 2 Holl ~1Hil til D 31.60 0.259 1.683 . 25.0 1.13 1.44 .1$ 0 - 0.10 . 2.31 - 22.21

Hiti . ') Hiti !M10 ' til- D ~ 41.20 . 9J12 1.641 34.4 -1 dl 1.25 16.24 6.13 2.31 22.21 -

4604 '4 4601 '!MH ' in D 4.0 0.031 0.10 '25.0 1 4) 4.13 1.50 0.01: 1.H - '2240
i

010 5 Old : 1Mll 1(l' C 11.00 0.669 2.42( 40.4 1.40 1.51 25.0 1.:,! 2.0 - 21.21 ;

0 185 i O!H IMtt 145 D 11.60 IJ46 8.(H li.C 1 41' O.44 4.0( 4.*l _ 2.!l ' 22.21
4

UHI 1 054 iMt 10 l' 6(.04 0.H1 3.08 H.0 2.13 1.11 ' 32.4( i.4 2.31 22.21 |

0 632 1 002.1M10 10 . D : 10.54. 8.11( l.001 25.0 1.13 $J3 52.80 2J4. 1.56 22.22 !
'

411(1 1- 01 0 1 M I) 10 1 ''!03.H _ 0.110 2.01- U.4 2.03 ' l.1' 24.12.142-2.11 22.21

* H111 10 (fl01.1 Mil. .10 D 11.60 0.H2 3.816 - 10.0 3.15: 1.2) H (l ; *.li ~ 243 22J1-

;

U1H 11 (lit) 1Mtc 1(5 C 10.231 0.111 4.!!! t.( 0.0 '.5.21 -2(.21-:.n-l.13 21.11-'
HG64 12 0066 1Mt3 *H D nl.41 0.196 4.02 50.0 243 1.ft !6.H ~ 0.14 l.fi - 22.21 = i

H:05 13 HlH 1Htt 10 3 .102.0: 0.1H . 4.118 ' .50.0 2.151 2.1; U.02 2.15 2 :1 .12 4 ; ;

0 801 H OlH 1MI: 10 ' D 154.34 !.CH. 3.lH . 2(J id! . 3.6( 31.13 1.0 2.U . 22.21 . 'i

18211 - II (in1 |Mt3 10 3 30.10 2.2:1 1.01 2!.0.14) t.H 1.88 0.0 2J! 22.21.
4tlH - Il 485H 1Mit -145 4 D 10.84. 5.112 2.Hl 35J 1.H 1.!!- :24.13 141 24: 22J1
'(lit! :i -(l!H.IMil 1H . C - !(5.16 1.845 1.111 2f 4 1.33 5.1)- : 3:.89 1d{ t.): 24.91

tilli ;i (1913 iMil - ill C - - 122.M 0.1t! 243! - -1:4 0.51 442 1J1'!Ji !Ji ll.15.

4i::: !! 480:1 Mil 112 0- U.!! 0.20 ' 2.*H s 1.5 Idl ' 6.01. ii.H C.it i.! '!!.9) ..

(68 0 20 480 -! Mil : 112 - D |li.30 IJ48 !JH 3td 1.H : 2.11. U.14 '2J1 -1.0 :1.19
Hitt M HH4 ' 1Mt! 112 0 11.1: .4.01 3.H3 *l.i 0 H 3.C '- tid! :.); 1.0 It.H

*0:ll - Il Olil I M t! 112 D !!:J; .40 4.41 25.1 IJL 3.4- 38.H 1.1; 2J! !!.91
Un1 :) (181 IMl! 112 D 240.80 2.209 1.123 H.C Ji.52 :" !.E - it.C - 343 - 2.C . H.2), i

*

4Hi! H titil : M ll 112 : 3.32 ' O.Cl3 0.!H 10J'3.!i*:46 (.22 : 41 !.!i 11.99

040 3 O (D I M ll -112 0 ilt43 C.ll! 2.10 -1J -C.31 1.19 H.)) :.21 241 19.9) '
CIH 'il 0933'1 Mil :12 : 33.01 CJH 2Jti 12.0 C.11 3.14 1Jt t.3? 6.*( 19.16

0 514 :1 P!11 I M :! 113 i it!( 0.216 2 d u - 4.0 043 MJ3 1848 -C.fi 2.11 11. 0
03!3 25 030 3H:5. lll 3 ~ -!!.35 :.lli 2Jn !.0 0J!' f.2(- 11.13 0.1: :.iG - U.l!-

4tEl H uni 1H3- ll) 114.80 t.Mt-3.2t! 24 GJt MJ8 2146-.;J3 2.0 3.0
*

Hi:! J: UC! |M:!- 10 : il40 - 0.243 : 2dH 5.0 0di 1.11 1.!(L 3.31 !.8) 3 .16s

Uni n (It:1 i M :$ 113 0 13.0! 1.3H 2.655 *l.0;0.9) 3.11 ' 25.l! 1.H; i.13 it.li

461 0 32 HH1 MO '14 0 129H *10 642 0.! 0.02 H J2. !H.i; 34: 1.H 32.21

tiill H 4till- M S 14 0 .114.06. 2Jil: 3.lH U1.21dl .11 - 13.12 2.H ~;.0 32J2
0 105 H (Mil MG 14 9 13.24 't.259 5.195 10.0 ~14( (51 't).H: 2.90 1.11 ' 32.H >

J .H 62.H 1.13 2.H M.H41066 35 (IH6 MG 14 1 ' !MJs 1.Cl 3.10. O.1 !J! 2

HM2 36 (in! Mt 14 9 16.H" 1.168 6.Mi 35.0 *.08~ !.it *H.H 3.2) 1,1) 32.25 i

'4tl32 D- tilH Me HD 11.! 1.2M 3.1E . 32.0 0.H 3.M 11.H ;J: .:.11 M.H
(IH2 .38 (It12 MS 1 D 43.10 141) 3.131 '33.0'!.it 3.0 6241 1.H - 1.H H.28 i

H0:0 it H010 Ma M v 12.10 4.144 2.10 1 15.0 0.H 5Ji- U.35 :.21 1.t! H.24.,

| H0H H 413H MO - 14 D 35.18 . 4.415 1.lli L3!.C.1.08 . 1.11 M.21 :J1 :.H 31.26
'

H1H (! 0 134 M O 14 D O.1010.M2 - 3.12 li.0 2dl : '!.it ' '62.l( :.91 1.!: 32.25

48!11 42 Ul11- MN 105 : 114.33 1.121 IJ U - H.0 C.50 4 4.4 l!.I( 2.0 : 10 H.15
OlH U1 O!H I120 . 105 0 (6.H . Id44 2.60 53.0 2.0: 1.M . ' H.H11di 2.H H.l! .
0 615 H 0 05 MH - 105 - D * 119.0 :.133 !.05 . ' O 0 .1.6L ' !.0 0 42 2.10 244 H.92
416H 45 04H M20 1H L D 64.50 0.614- 2.6H - 3 .0 0.I0 4.H n.H 14!'241 H.92,

|' 4Htt 46 06H M25 ' IC5 : D. H.35 fd32 0.lH 6.0 0.2( 24: 1.0 444 14 H.H
L CHl- 0 0 805 H2C 105 D 5.03 OJ51 048' .'3 J id; tal- 241 ;.:1 |J' N.H

O ! 40 4 Ofte' M20 105 D :H.0: 1.l!1 1.06 35.0 1.40 !.1F '!:3.! . (J! . :.H H.12,.

(- '- 446H H H689 l !N =105 D U 1.00 '!.051' 3.1 H 4.0-0.16-23.21 4(.12 1,1 2.ii H.ll
4 562 il 48502 MH iC5 D 121.03. 5.tH 11.80 - 30.0 1. H . f 81 1H 41. (.O :.11 H.92

_ ,

44515 51 41$15 lH 105 ; D 62t;M .5.190 21da) (0.0 1.61 13.20 253.5? M.*l * 2dl GJi ;.

O1H 52 4t!H M20 105 ' C 216.15 2.064 10.1 0 25.0 1.0 - 9.H . H.H 24: 4.H . HJ4
480$ 53 4805 H2O 105 D 55. 0 0.528 2.0 4 '- 20.0 0.82 2.54 llJ) 1.0 1.li H.!! 1

46520 -H 4652i M20 105 D 105.12 . 1.001 3. 0 6 H.0 - 2.01 ' !.10 - (5.!! '1.0 1.45 2(.D
| 48001 55 4tH1 M20 . 105 D- 111.16 1.104 8.231 - 30.0 1.H ' l.H 'Midt 1.3:1.93 H.12 ,

| Hill. ' li H191 1120 105 D- 31.44 0J38 1.595: 50.0 2.0: ~ 4.19 - 3J( t.15 242 H.H
'

l' 0H0 51 Otti HH 145 0 U1.40' 1.Hf 5.U1 40.0 1.61' 349 11.4 *.U- 1.t! H.!2
'

(Int. 51 H118 M20 1H D 234.H ' 2.09 U.0U 2.0 "0.ti U1J3 31di 1.5: 2.00 H.D
060 59 0 881 M2r Hi D Ut.H 1.229 6.01 31 J 2.01 3.08 lidt 3.D :.H H.M .

tk
''

averiges: averages: !!i.:!' 1.Cil 4.2 H H.lH 1.25| U.it (i. D 1.li 1.51 H.23 ,

stidet.: st4det.: 116.30 .1.Hi - 3JH n J D l.111 $3.131 . O.1301.01 !JH i *H )
taristce: -variance: Ulll.!! * J H M Jil 4 4 .! n 0. lit H H J M21.IM,2.tu :.10 .I.fli

3 . gQ s ) w& suYb {
*
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Sum of- the Fractions Report p 47
l*

r+ .p -/ {_

: < l '. :
' ( .

Liner Linr Vol Linr--Vol- . r

Cask Volume DR- Dose, Sum _of If Limit If' Limit- !
AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3:x A1

(Jo * ., 4. .c

'** Shipper
_

46532 14-215 194.10 R
,

2- 0.1760 ,0.000f _O.000
,

47548 FSV-1 5,,. : o 26.20 R 14000 213.7290 ' O.245c 0.368
47714 14-215 177.30 MR 120' O.0090' O.000: 0.000 4

47835 14-195 178.80 MR 1500- 0.4630 0.000 0.000-
48066 6-80 83;40 R 44 3.9430 42.305 63.458 .i
** Subtotal **

'659.80. .

** Shipper AL-FARLEY
46631 HN-100 172.60 MR 800 0.0720' O.000- 0.000
46051 14-195 121.00 MR= 14000 0.2170 0.000- 0.000
46903 HN-200 73.40.MR -B0000 1.7970 0.000' O.000 i

46985 HN-100 172.60 MR 8 0.0240 0.000- 10.000:
'47011 HN-100 172.60 MR- -4 0.0380 0.000 ~0.060
47039 HN-200 73.40 R 200 ,12.8780 11.399 17.099
48006- HN-200 73.40 MR 60000 6.1330 23.936 '35.904:
48028' HN-200 73.40 R -60 6.2130 23.627- 35.441 ;

48142 HN-100 172.60 MR. 1600' :0.1620 0.000 0.000. ,
.

'48225 HN-100 172.60:MR 400 0.0110 0.000 0.000
48298 HN-100 172.60 MR 400- 0.0050 ' O .' 000 - 0.000
48424 HN-200 73.40 R 250 6.0680 24.194~ 36.291
48467 HN-200 73.40 R 40- 5.3770 '27'.303' '40.955 q
48644 HN-100 172.60 R -- 2 0.0920 0.000 'O.000 t

49735 HN-100 172.60 MR 300 - 0.0270 0.000' O.000
48940 14-195 -172.60 MR 350' O.0780 0.000. 0.000

1

48971 14-195 114.90 R 7 'O.0520' O.000 0=.000
:**' Subtotal **

_,

2229.70
i .

'

i** Shipper ARMY
48368 ' SOURCE 10.50 MR 8 0.0560 0.000 0.000
48368.1 SOURCE 2.30 MR 8 'O.0330 0;000 0.000
48368.'2 SOURCE 1.10 MR 8 'O.0000: 0.000 0.000
48368.3 SOURCE 1.10 MR 8' 0.0000 -0.000 0.000 (
** Subtotal ** i

15.00 ;

** Shipper BATTELLE-M f
'47652 8-120 -125.20 R 100 11.2530 22.251 33.377

0.000 0.00047861 6-80 83.40 R 5 0.3510 -

47862 6-80 83.40 R 4 0;3460 .0.000 0.000
47902 6-80 83.40'R 4 0.3860 0.000 0.000

L ,v ,4 v.w:s 9 :M
,
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Sum \of

the Fractions Repo tr

AS No. Cask
Type 8

(Cubic Feet) Volume DR
Liner

!
Dose
Rate Sum Line VolCD48012

48050 14-195 Fractions Limit IfLine Vol
of If

48051 14-195
** Subtotal 14-195

114.90 MR 2 x A1 Limit
3: A1

114.90 MR 380**
114.90 425 0 3060MR

440 0.3220 0.000
** 5 hipper BG-C 720 10 0.1870 0.000 0.000
46847 CLIFF 0 000 0.000
46882 14-195 0.000
47396 6-80
48342 8-120 194.10 R

48605 14-195 83.40 R 39

** Subtotal 6-80
125.20 R 111 5.7990
194 10 R 1 3.8360 66.938
83.40 R 5 0.2510 43.481 100.407**

265 0.1940 0.000 65 222I

** Shipper 680.20 14.4520 0.000 0.000
46649 BOSTON-PIL 11 542 0.000

14-215 17 31246650
46693 14-215
46735 14-215 194 10 MR
46780 14-170 194 10 15MR

46888 14-215 194.10 12 0.2050MR
14-215 120.30 11 0.2030 0.000

46891 MR
46924 14-215 194.10 7 0.2010 0.000 0.000

MR
46925 14-215 202.10 20 0 1610 0.000 0.000

MR

46966 14-215 202 10 20 0 3490 0.000 0.000
R

46968 14-215 202.10 MR 2500 0 1990 0.000 0.000

46988 14-215 202.10 2000 0.6920 0.000 0.000
MR

47082 8-120 202.10 6 0.2140 0.000 0.000
MR

47095 14-215 202.10 MR 500 0.1880 0.000 0.000
120.30 400 0.1090 0.000 0.000

47218 14-215 202.10 80 0.1490 0.000 0.000R

47219 14-215 194 10 2 9 1470 0.000 0.000R

47355 14-215 194.10 3 0.4750 26 304 0.000R

47336 14-215 194 10 1300 0.3010 0.000 39.457MR
47657 14-215 MR

194.10 MR 2300 0.0630 0.000 0.000
17790 14-215 194 10 380 0.3450 0 000 0 000
8096 14-215 MR

194.10 R 510 0 0890 0.000 0.000
8135 14-215 194 10 2 0.0850 0 000 0.000
3201 14-213 MR

194.10 600 0.1300 0.000 0.000
1239 14-215 194.10 500 0 2420 0.000 0.000MR
330 14-215 MR

449 14-215 205.80 550 0.0490 0.000 0.000
R

14-215 205.80 R 2 0 0770 0.000 0.000
1 0.1690 0.000 0.000

205.80 MR
205.80 800 0.2040 0 000 0.000

MR
600 0.1430 0.000 0.000

0.0930 0.000 0.000
0.000 0.000

0.000

.

*
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Sum of the Fractions. Report

Liner Line Vol Line Vol
Cask Volume DR Dose Sum of.If Limit If Limit- .

AS No. Type (Cubic-Feet) CD Rate Fractions 2 x A1 3 x At

48012 14-195 114.90 MR 380- 0.3060- 0.000 0.000
48050 14-195 114.90 MR 425 0.3220- _,0.000 0.000
48051 .14-195 114.90 MR _440 0.1870 0.000- 0.000
** Subtotal,**

'

720.10

**' Shipper BG-C CLIFF
..

46847 14-195 194.10 R 39 5.7990 66.938 100.407
46882 6-80 83.40 R 111 3.8360 43.481- 65.222
47396 8-120 125.20 R 1 0.2510 0.000 0.000
48342 14-195 194.10 R 5 0.1940 0.000 0.000
48605 6-80 83.40 R 265 14.4570 11.542 17.312
** Subtotal **

680.20 .

** Shipper BOSTON-PIL
46649 14-215' 194.10 MR 15' O.2050 0.000 0.000
46650 14-215 194.10 MR 12 0.2030 0.000 0.000
46693 14-215 194.10 MR 11 0.2010 0.000 0.000
46735- 14-170 120.30 MR 7 0.1610 0.000 0.000 ,

46780 14-215 194.10 MR 20 0.3490 0.000- 0.000
46888~ 14-215 202.10 MR 20 0.1990 0.000 0.000
46891 14-215 202.10 R 2500 0.6920 0.000 0.000
46924 14-215 202.10 MR 2000 0.2140- 0.000 0.000
46925 14-215 202.10 MR 6 0.1880 0.000 0.000
46966 14-215 202.10 MR' 500 0.1090 0.000 0.000
46968 14-2f 202.10 MR 400 0.1490 0.000 0.000

' 46988 8-120 120.30 R 80 9.1470 26.304 39.457
47082 14-215 202.10 R- 2 0.4750 0.000 0.000
47095 14-215 194.10 R .3 0.3010 0.000 0.000
47218- 14-215 194.10 MR 1300 0.0630'. 0.000 0.000

~47219 14-215 -194.10 MR 2300. 0.3450- 0.000 0.000
47355 14-215 194.10 MR 380 0.0890 0.000 0.000
47356 14-215 194.10 MR 510 0.0850 0.000 0.000
G7657 14-215 194.10 R 2 0.1300. 0.000 0.000

790 14-215 194.10-MR 600 0.2420 0.000 0.000 ,

5 14-215 194'10 MR 500 0.0490 0.000 0.000 '

.

5 14-215' 194.10 MR 550- 0.0770 0.000 0.000 -

:01 14-215 205.80 R 2 0.1690 0.000 0.000
739- 14-215 205.80 R 1 0.2040 0.000 0.000 i

53 0 14-215 205.80 MR 800 0.1430 0.000 " O.000
- J449 14-215 205.80 MR 600 0.0930 0.000 0.000

i

I
,
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. Sum of the Fractions Report i

Liner Line Vol Linr Vol
Cask Volume DR Dose Sum of: If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions 2 x-A1- 3 x At

i
4

'

** Subtotal **
5001.00- ,

** Shipper C ED-IP 2
46989 14-215 120.30 MR 4000 0.5600 0.000 0.00047331 14-215 170.80 MR 5000- 0.0390 0.000 0.00047480 14-195 177.50 R 4 0.6940 0.000 0.000 .47520 14-215 177.50.MR 5000 0.6080 0.000- 0.000 i47611 14-195 125;20 R 2 0.4430 0.000 0.00047624 B-120 120.30 R 15 2.6140 92.047 0.00047648 8-120A 120.30 R- 200 11.5720 20.791 31.18747732 8-120A 120.30 R 300 13.8310 17.396 26.09347816 14-215 194.10 MR 4500 0.2970 0.000 0.000
47979 8-120 '120.30 R 850 19.3000 12.466 18.699 i

48071 14-215 170.80 R 10 0.0760 0.000 0.00048198 8-120A 120.30 MR- 50000 1.5950 0.000 0.00048402 14-215 120.30 R 2- 0.5770 0.000 0.000
** Subtotal **

4

1858.00 '

** Shipper CECO-BYRON-
- 46578 HN-100. 177.30 MR 1900 0.0310 0.000 0.00046586 HN-200 73.40 R 15 7.0890 20.707 31.06146668 HN-100 177.30 MR 10 0.0120 0.000 0.00046710 HN-100 135.80-R 12 0.1120 0.000 0.00046768 HN-100 177.30 MR 800 0.1200 0.000 0.00046940 HN-100 177.30 MR 310 0.0480 0.000 0.00047009 CEC 014-2- 177.30 MR 7 0.0110 0.000 0.000

,

47077 HN-100 177.30 MR 400 0.0210- 0.000 0.00047200 HN-100 177.30 MR 25 0.0020 0.000 0.00047258 HN-100. 163.30-R 2 0.0790 0.000 0.000
. 47361 14-D-2.0 177.30 MR 120 0.0050 0.000 0.00047441 .HN-100 177.30 MR 95 0.0190- 0.000 0.00047494 14-D-2.0 177.30 MR 40 0.0000 0.000 0.00047637 14-D-2.0 177.30 MR 850 0.0120 0.000 0.000

,47753 HN-100. 177.30 MR 30 0.0020 0.000 0.000 '

47886 HN-100 177.30 MR 70 0.0020 0.000 0.000
47939 HN-100 177.30.MR 30 0.0020 0.000 0.000 !

48043' HN-100 177.30 MR- 30- 0.0010- 0.000 0.00048117 HN-100 177.30.MR 15 0.0000 0.000 0.000
48226 HN-100 177.30 MR- 10 0.0020 0.000 0.00048377 HN-100- 177.40 MR 30 0.0020 0.000- 0.000
48417 CEC 014-1 163.30 MR -470 0.0160 0.000 0.000

.

g
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Sum of the Fractions Report :;
-

'

Liner Linc'Vol Line Vol:Cask Volume DR Dose Sum ofLIf Limit'If LimitAS No. Type (Cubic Feet) CD- Rate; Fractions 2 x-Al 3 v'A1-
.

I48481 HN-100 ' 177.30 MR~ 200 0.0050 0.000 0.000 i48665 14-D-2.0 177.30 MR 350 0.0090 0.000 0.000 '

~48694 HN-100 177.40 MR- 460 -0.0780 0.000 0.000 ~j

4

48746 14-D-2.0 177.40 MR 290 0.0210 0.000' O.000 !48975 HN-100 177.30 MR' 250- 0.0250 0.000_ 0.000 l49008 HN-100- 177.40 R: -2 0.0520- 0.000 'O.00049094 HN-100 177.40 R
** Subtotal **

- 2 -0.0930- 0.000' O.000
'

-

4968.80
1

!**-Shipper CECO-DRESD '

46446 14-195 177.50 MR 800 0.1050 0.000 0.00046460 -14-195- 177.50 MR 670 0.1730 0.000 'O.000
_

146473 -14-215 177'.50 MR' 836 ~0.0950 0.000 0.000 146500 14-195 105.00 MR' 2 -0.0870 * 0.000 0.000 146538 14-215 206.10 MR 900 0.0500- 10.000 0.000 ;46556 14-195 170.80 MR 630- 0.0370 0.000 -0.000 j46563 ;14-215 177.50 MR' 760 0.1350 0.000 0.000 i46576 21-300 328.50 MR 210- 0.0230 0.000 0.000 }46592 14-215f 177.50 MR 1200 0.5180; 0.000- :0.000' ;46612 14-215 177.50 MR 3600- 0.5510 .0.000 0.000 '

46626 14-195 177.50 MR 600 0.1690| 0.000 0.00046633 14-195 178.80 MR 30 0.4560; 0.000 0.00046656 14-215 194.10 nA 4 0.0280- 0.0001 0.000- i

;

46665 14-215 206.10 MR 5 0.0240~ 0.000 -0.000 q46681 14-195 177.50 MR 6 0'.0890 0.000 0.00046689 14-195 178.80 MR 4000 0.3770 0.000 0.00046700 14-195 206.10 MR 4 0.0210 'O.000 0.000 )46707 14-215 177.50 MR 450 0.0670 0.000 0.00046708 14-195 178.80 MR 1900 0.4610 0.000 0.00046730 14-215 206.10 MR- .1800 0.0320 0.000 0.00046736 14-195 178.80 MR 28 'O.7900 'O.000 0.000'46739 14-215 206.10 MR 7 0.0130 0.000 0.00046748 14-215 177.50 MR 5 0.0860 0.000- 0.000'46752 14-215 178.80 MR 7 0.0690> 0.000 0.00046772 14-195 206.10 MR 4 0.0150 0.000 'O.00046773 14-215 178.80 MR 30 0.4910 -0.000 0.00046777 14-170 178.80 MR 20 0.4470- 0.000 0.000 .;46788 14-170 178.80 MR 21 0.5470- 0.000 0.00046816 14-215 178.80 MR 450 0.0160 0.000 0.00046038' 14-195 206.10 R 1 0.0310 0.000 0.00046884 14-195 206.10 R 1500 -0.0400 0.000 0.00046892 14-195 206.10 MR 500 - 0.0270~ 0.000 0.000

.
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| Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of if Limit if Limit

AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1
.

46D95 14-215 206.10 R 1500 0.0370 0.000 0.000
46919 14-195 178.80 MR 25 0.5900 0.000 0.000 ;
46934 14-195 178.80 R 2 0.5560 v.000 0.000
46977 14-215 178.80 MR 350 0.0600 0.000 0.000
47015 14-215 178.80 MR 360 0.0440 0.000 0.000
47033 14-195 178.80 MR 475 0.0940 0.000 0.000
47253 14-195 178.80 R 2 0.2970 0.000 0.000
47367 14-195 178.80 R 2 0.1630 0.000 0.000
47374 14-195 178.80 R 2 0.2680 0.000 0.000
47409 21-300 177.50 MR 230 0.7380 0.000 0.000
47484 14-195 178.80 MR 1200 0.1600 0.000 0.000
47519 14-195 178.80 MR 900 0.1390 0.000 0.000
47570 14-195 177.50 MR 910 0.1520 0.000 0.000
47581 14-195 178.80 MR 1100 0.2490 0.000 0.000
47631 14-195 178.80 R 1 0.1930 ' O.000 0.000 ;47634 14-195 178.80 R 1 0.2200 0.000 0.000

"

47712 14-195 178.80 MR 1100 0.1840 0.000 0.000
>

47718 14-195 178.60 MR 1000 0.1270 0.000 0.000 i
47738 14-195 178.80 MR 1500 0.2780 0.000 0.000
47739 14-195 178.80 MR 1000 0.2050 0.000 0.000
47751 14-215 178.80 R 1 0.2480 0.000 0.000
47865 14-190 178.80 MR 12006 2.1830 163.837 0.000 j47868 14-195 178.80 MR 150) 0.4160 0.000 0.000
47933 14-145 178.80 R 12 2.2960 155.741 0.000
47992 14-215 17',50 R 5 0.7520 0.000 0.000
48044 14-195 177.50 R 6 1.1740' O.000 0.000
48062 14-195 178.80 MR 6 0.9250 0.000 0.000
48075 14-195 173.80 MR 800 0.1290- 0.000 0.000
49109 14-195 178.80 R 1 0.1610 0.000 0.000
48125 14-195 178.80 R 1 0.2300 0.000 0.000
48137 14-170 177.50 R 7 1.2710 0.000 0.000 |48156 14-195 87.20 R 9 1.2140 0.000 0.000 '

48192 14-195 178.80 R 2 0.2520 0.000 0.000 1

48193 14-170 177.50 R 5 1.0470 0.000 0.000 i48237 '4-195 178.80 R 4 0.9300 0.000 0.000 !.

48260 14-195 177.50 MR 4500 0.9020' O.000 0.000
48281 14-195 178.80 MR 5500 1.1640 0.000 0.000
48291 14-195 177.50 MR 5000 1.1640 0.000 0.000
48303 14-195 178.80-R 7 1.3980 0.000 0.000
48320 14-175 178.80 R 5 1.2830 0.000 0.000
48337 14-195 178.80 R 6 1.2250 0.000 0.000
48358 14-195 178.80 R 8 1.7510 0.000 0.000
48359 14-215 83.40 MR 240 0.0520 0.000 0.000

*
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Sum of the Fractions Report

!

Liner Line Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit 1

AS No. Type (Cubic Feet) CD Rate Fractions 2 x At 3 x At

I48401 14-195 177.50 R 8 1.3440 0.000 0.000
48436 14-215 178.80 R 2 0.2790 * 0.000 0.000 i48456 14-195 177.50 R 5 0.7260 0.000 0.000 I
48511 21-30' 206.10 MR 300 0.1870 0.000 0.000
48520 21-300 206.10 R 1 0.1110 0.000 0.000
48521 21-300 186.70 MR 500 1.0610 0.000 0.000 ,48540 14-170 178.80 MR 525 0.0870 0.000 0.000 )
48551 14-195 177.50 MR 450 0.1160 0.000 0.000
48690 14-170 178.00 MR 900 0.1880 0.000 0.000 j
48716 14-170 178.80 R 1 0.1290 0.000 0.000 l

48762 14-170 178.80 MR 830 0.1320 0.000 0.000 .

48768 14-170 178.80 MR 530 0.0830 0.000 0.000 I48817 14-170 178.80 MR 430 0.0600 0.000 0.000
48876 14-170 178.80 R 2 0.1400, 0.000 0.000
488Y4 14-170 177.50 MR 435 0.0710 0.000 0.000
48948 14-170 178.80 MR 510 0.0490 0 000 0.000

; 48956 14-190 178.80 R 29 7.8970 45.202 67.923
48974 14-170 178.80 MR 475 0.0540 0.000 0.000
48999 14-170 178.80 MR 600 0.0500 0 000 0.000
49089 14-170 178.80 MR 995 0.1340 0.000 0.000
** Subtotal **

17189.10 I

,

** Shipper CECO-LASAL
46667 CECO 14 163.30 MR 23 0.3630 C.000 0.000
46709 HN-100 163.30 MR 2000 0.3590 0.000 0.00046858 HN-100 163.30 MR 32 0.3640 0.000 0.00046876 HN-100 163.30 R 3 0.3720 0.000 0.000
46910 HN-100 163.30 MR 40 0.3980 0.000 0.000
46941 HN-100 163.30 R 4 0.3960 0.000 0.000
47205 HN-100 163.30 MR 2900 0.3480 0.000 0.000
47257 HN-100 163.30 R 4 0.3740 0.000 0.000
47342 HN-100 163.30 MR 3000 0.3740 0.000 0.000
47376 HN-100 163.30 R 3 0.3710 0.000 0.000
47377 CEC 014-1 163.30 R 4 0.4030 0.000 0.000

,

47462 HN-100 163.30 MR 3500 0.3710 0.000 0.000
47491 HN-100 163.30 MR 2700 0.3720 0.000 0.000
47603 HN-100 163.30 R 3 0.3760 0.000 0.000
47761 HN-100 163.30 R 4 0.3430 0.000 0.000
/9074 HN-100 163.30 R 1 0.3970 0.000 0.000* 48162 HN-100 163.30 ME 1500 0.2790 0.000 0.000
48219 HN-100 163.30 MR 5000 0.6670 0.000 0.000
48248 MH-100 163.30 MR 2400 0.6260 0.000 0.000

|

*
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Sum of the Fractions Report

:

Liner Line Vol Linr Vol
Cask Volume DR Dose Sum of If Limit 14 Limit

AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x At
.

48262 HN-100 163.30 MR 3000 0.6020 0.000 0.000
48274 HN-100 163.30 MR 2600 0.6740 'O.000 0.000 |
48287 HN-100 163.30 MR 1800 0.5920 0.000 0.000
48299 HN-100 163.30 MR 2300 0.6560 0.000 0.000 -

48535 HN-100 163.30 MR 2400 0.6720 0.000 0.000 '

48579 HN-100 163.30 MR 2200 0.3410 0.000 0.000
49021 HN-100 163.30 R 3 0.2230 0.000 0.000

'

49091 10-142 135.80 R 60 6.6310 40.962 61.443
49117 HN-100 178.90 MR 3000 0.3490 0.000 0.000
49144 HN-100 178.90 R 30 0.2060 0.000 0.000
** Eubtotal **

4739.40

** Bhipper CECO-QUAD '

46483 8-120 120.30 R 60 22.1550 ' 10.860 16.290
46530 10-142 128.30 MR 4000 0.8740 0.000 0.000
46536 8-120 120.30 R 80 20.4400 11.767 17.650 |

46577 B-120 120.30 R- 20 5.1730 46.509 69.764 |

46615 14-215 194.10 MR 2400 0.5280 0.000 0.000
46661 14-215 194.10 MR 16 0.3880 0.000 0.000 !
46704 14-213 194.10 MR 1200 0.4480 0.000 0.000
46747 14-215 194.10 MR 12 0.3200 0.000 0.000
46797 14-215 194.10 MR 11 0.2900 0.000 0.000
46824 14-215 194.10 R 2 0.6420 0.000 0.000
46852 14-215 194.10 MR 30 0.8070 0.000 0.000
46893 14-215 194.10 R 27000 0.9250 0.000 0.000
46939 14-215 205.80 R 4 1.6330 0.000 0.000
46986 14-215 205.80 R 3000 1.2490 0.000 0.000
47046 14-215 205.80 R 2 1.0670 0.000 0.000
47103 14-190 177.50 R 9 6.5910 53.861 80.791
47202 14-215 205.00 MR 1600 0.4710 0.000 0.000
47291 14-215 205.80 MR 3200 1.0610 0.000 0.000
47350' 14-215 205.80 MR 5000 2.3510 175.106 0.000
47397 14-215 205.80 R 3 1.1170' O.000 0.000
47454 14-215 205.80 MR 2600 0.8010 0.000 0.000
47516 14-215 205.80 MR 2700 0.4970 0.000 0.000
47576 14-215 205.80 R 4 2.4430 168.488 0.000
47689 14-215 205.80 MR 2600 1.4250 0.000 0.000
47792 14-215 205.80 MR 2600 0.8710 0.000 0.000
47820 14-215 205.80 R 2- 0.7800 0.000 0.000
47844- 14-215 205.80 MR 1200 0.3660 0.000 0.000
47898 14-215 205.80 MR 1200 0.4100 0.000 0.000
47946 14-215 205.80 MR 800 0.3080 0.000 0.000

F*
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Sum of the Fractions Report )

Liner Linr Vol Line Vol !
Cask Volume DR Dose Sum of If Limit If Limit

'

A8 No. Type (Cubic Feet) CD Rate Fractions 2 x At 3 x At

47997 14-215 205.00 MR 800 0.3360 0.000 0.000 .

48072 14-215 205.80 R 2 0.5780 ' O.000 0.000
48124 14-215 205.80 R 1 0.3680 0.000 0.000
48182 14-215 205.80 MR 900 0.3590 0.000 0.000 ;

48234 1'4-215 205.00 MR 740 0.2660 0.000 0.000 '

48258 14-215 205.80 MR 580 0.0540 0.000 0.000
48279 '14-215 205.80 MR 700 0.3050 0.000 0.000
48321 14-215 205.80 MR 1000 0.2170 0.000 0.000
48378 14-215 205.80 MR 1200 0.6080 0.000 0.000 e

48435 14-215 205.80 MR 910 0.2990 0.000 0.000
48496 14-215 205.80 MR 840 0.3270 0.000 0.000
48538 14-215 205.80 MR 650 0.1660 0.000 0.000
48592 14-215 205.80 MR- 520 0.1550 0.000 0.000
48651 14-215 205.80 MR 1500 0.3440. 0.000 0.000
48703 14-215 205.80 R 2 0.4120 0.000 0.000
48765 14-215 205.80 MR 1800 0.4120 0.000 0.000
48809- 14-215 205.80 MR 1400 0.3170 0.000 0.000
48849 14-215 205.80 MR 1200 0.3140 0.000 0.000
48809 14-215 205.80 R 3 0.4720 0.000 0.000
48958 14-215 205.80 MR 2500 0.8380 0.000 0.000
48990 14-215 205.80 R 38 0.6370 0.000 0.000
49029 14-215 205.80 R 2 0.5360 0.000 0.000
49079 14-215 205.80 MR 2400 0.5990 0.000 0.000 '

** Subtotal **
13245.70

** Shipper CECO-ZION
46481 14-215 194.10 MR 150 0.0270 0.000 0.000
46821 14-215 194.10 R 4 0.1470 0.000 0.000
46043 14-215 194.10 R 1 0.1470 0.000 0.000
47054 8-120 125.20 R 50 11.7220 21.361 32.041-
47088 8-120 73.40 R 30 5.2200 28.081 42.121
47158 14-215 194.10 MR 1000 0.0750 0.000 0.000 l
47249 14-215 194.10 MR 800 0.0860 0.000 0.000

'

47438 14-215 194.10 R 2 0.0840 0.000 0.000 J
47488 14-215 125.20 MR 300 0.1000 0.000 0.000
47722 14-215 194.10 MR 300 0.0640 0.000 0.000 |47981 14-215 205.80 MR 1 0.0150 0.000 0.000
48037 14-215 205.80 MR 200 0.0380 0.000 0.000
48046 .14-170 105.00 R 2 0.0640 0.000 0.000
48120 14-215 194.10 MR 45 0.0140 0.000 0.000
48204 14-215 205.80 MR 600 0.0900 0.000 0.000
48?55 14-195 125.20 R 10 0.1470 0.000 0.000

1
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Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit

AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1
,

48383 0-120 125.20 R 25 0.3350 0.000 0.000 :
48591 0-120B 125.20 R 18 8.1950 '30.555 45.833 !

48657 14-215 205.80 MR 800 1.0290 0.000 0.000
48898 8-120B 120.30 R 32 5.1050 47.126 70.689
48902 14-215 205.80 MR 1200 0.2430 0.000 0.000
48988 8-120B 125.20 R 50 3.9600 63.235 94.853
49018 14-215 205.80 R 2 0.2170 0.000 0.000 !49067 8-120B 125.20 R 60 3.8630 64.016 97.224 1
49078 14-215 205.80 R 4 0.5420 0.000 0.000 |

49137 8-120 125.20 R 70 3.9600 63.235 94.853
** Bubtotal ** i

4293.70

** Shipper CINTICHEM '

46449 TUX B-3 20.40 R 2 2.0630 19.774 0.000 ,

46475 TUX B-3 20.40 R 32 1.9970 0.000 0.000 |

46489 TUX B-3 20.40 R 39 2.5700 15.877 0.000 I
46608 TUX 2 & 4 20.40 R 29 1.7240 0.000 0.000
46625 TUX B-3 20.40 R 28 2.8820 14.158 0.000
46655 TUX 2 & 4 20.40 R 35 4.0690 10.026 15.039
46671 TUX 1&3 20.40 R 52 5.6220 7.257 10.886
46702 TUX 2 & 4 20.40 R 28 1.7340 0.000 0.000
46712 TUX 20.40 R 0 2.3420 17.422 0.000
46741 TUX B-3 20.40 R 27 1.5670' O.000 0.000
46759 TUX B-3 20.40 R 7 4.5400 8.987 13.480
46789 TUX 20.40 R 1 5.1330 7.949 11.923
46812 TUX B-3 20.40 R 21 0.7920 0.000 0.000
46844 TUX B-3 20.40 R 32 3.1500 12.953 19.429
46881 TUX B-3 20.40 R 49 5.6530 7.218 10.827
46904 TUX B-3 20.40 R 0 4.6050 8.860 13.289
47289 TUX B-3 20.40 MR 24 2.5100 16.252 0.000
47338' TUX B-3 20.40 R 39 3.6010 11.329 16.993 !

47363 TUX B-3 20.40 R 35 3.9250 10.395 15.592 1

47384 TUX B-3 20.40 R 42 4.7980 0.503 12.755
47418 TUX B-3 20.40 R 49 4.3700 9.337 14.005
47435 TUX B-3 20.40 R 52 4.5110 9.044 13.566
47474- TUX B-3 20.40 R 25 3.2670 12.490 18.735
47531 TUX B-3 20.40 R 74 6.7640 6.032 9.048
47564 TUX B-3 20.40-R 56 5.1500 7.922 11.884
47674 TUX B-3 20.40 R 45 5.4290 7.515 11.272*

47726 TUX B-3 20.40 R 52 5.9510 6.856- 10.283
47772 TUX B-3 20'.40 R 39 4.1900 9.738 14.607
47801 TUX B-3 20.40 R 50 5.5790 7.313 10.970
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Sum of the Fra-tions Report

,

Liner Line Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x Al

.

47842 TUX B-3 20.40 R 42 4.1150 9.915 14.872
47859 TUX B-3 20.40 R 39 4.4270 * 9.217 13.825
47901 TUX B-3 20.40 MR 67 6.8800 5.931 8.896
47941 TUX B-3 20.40 R' 46 5.3690 7.599 11.39947967 TUX B-3 20.40 R 60 6.9840 5.642 8.763
47991 TUX B-3 20.40 R 49 5.3680 7.601 11.40248026 TUX B-3 20.40 R 34 4.2300 9.645 14.46748056 TUX B-3 20.40 R 53 4.9040 8.320 12.48048090 TUX B-3 20.40 R 42 3.9480 10.334 15.50148166 TUX B-3 20.40 R 49 5.1240 7.963 11.945' 48197 TUX B-3 20.40 R 38 3.3410 12.212 18.31848218 TUX B-3 20.40 R 53 4.1410 9.852 14.77848268 TUX B-3 20.40 R 38 2.4240 16.831 0.00048293 TUX B-3 20.40 R 22 1.4520 0.000 0.000 I4,8312 TUX B-3 20.40 R 46 5.3830 7.579 11.36948340 TUX B-3 20.40 R 25 1.9090 0.000 0.00048585 TUX 1&4 20.40 R 52 5.8400 6.986 10.47948613 TUX B-3 20.40 R 52 5.7980 7.037 10.55648636 TUX B-3 20.40 R 38 4.4840 9.099 13.64948680 TUX B-3 20.40 R .52 5.6400 7.234 10.85248700 TUX B-3 20.40 R 60 6.2500 :6.528 .9.79348736 TUX B-3 20.40 R 46 5.1010 7.998 11.99748963 TUX B-3 20.40 R 39 4.0660 10.034 15.05248982 TUX 2 & 3 20.40 R 60 6.7570 6.038 9.05749009 TUX B-3 20.40 R 77 5.2850 7.720 11.58049026 TUX 2 & 3 20.40 R 49 4.9540 8.236 12.35549056 TUX B-3 20.40 R 40 3.8240 10.670 16.00449084 TUX B-3 20.40 R 56 6.8910 5.921 8.881

i 49125 TUX B-3 20.40 MR 63000 6.9050 5.909 0.863
** Subtotal **

1183.20

| ** Shipper CNSYD
47003 NAVY 39.00 MR 20000 0.1800 0.000 0.000

i 48106 NAVYCASK 42.90 R 10 0.0960 0.000 0.000
i 48231 NAVY 39.00 R 4 0.2590 0.000 0.000

48631 NAVY CK 46.80 MR 8000 0.3480 0.000 0.000
l 48713 N. CASK 397.60 MR 1800 0.0310 0.000 0.000
'

** Subtotal ** '

565.30
| -

** Shipper CP&L-BRUNS
46732 TN-8 22.40 R 13000 364.8390 0.123 0.184

,
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Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum if If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions ,2 x At 3 x At

46765 14-195 178.80 MR 600 0.1500 0.000 0.00046782 TN-8 14.93 R 360 472.2220 ' O.063 0.09546782.1 TN-8 7.47 R 36000 223.1340 0.067 0.10046793 14-195 178.80 MR 5 0.1240 0.000 0.00046809 14-195 178.80 MR 2 0.0530 0.000 0.00046830 14-195 178.80 MR 150 0.0300 0.000 0.00046839 TN-B 22.40 R 49000 351.1500 0.128 0.19146850 14-195 178.80 MR 200 0.0550 0.000 0.000
46901 10-142 128.30 R 1 0.1790 0.000 0.00046943 3-55 57.40 R 7500 121.2390 0.947 1.42046946 14-195 178.80 MR 70 1.7480 0.000 0.00047053 14-195 178.80 R 4 1.0900 0.000 0.000

'

47264 14-195 178.80 MR 6000 1.5590 0.000 0.000
47296 14-195 178.80 MR 6000 1.5050 0.000 0.00047297 14-195 178.80 MR 7000 1.7730 0.000 0.00047386 14-195 178.80 R 2 0.5720 0.000 0.00047399 14-195 178.80 R 2 0.6200 0.000 0.00047423 14-195 178.80 R 2 0.6010 0.000 0.000'47433 14-195 178.00 R 2 0.6090 0.000 0.00047401 14-195 178.80 MR 1000 0.2940' O.000 0.00047405 14-195 178.00 R 1 0.2800 0.000 0.00047518 14-195 178.80 MR 2500 0.7630 0'.000 0.00047540 21-300 265.90 MR 600 0.6780 0.000 0.00047572 21-300 265.90 R 2 1.5950 0.000 0.00047709 14-195 170.00 MR 3000 0.8160 0.000 0.000

'

47767 21-300 265.90 MR 2000 1.8330 0.000 0.00047778 21-300 265.90 MR 700 0.5610 0.000 0.000 '

47794 21-300 265.90 MR 1800 1.8120 0.000 0.00047806 14-195 177.50 MR 200 0.0740 0.000 0.000
47821 14-195 177.S0 MR 3000 0.9390 0.000 0.00047849 14-195 178.80 MR 1500 0.4620 0.000 0.00047883 14-195 178.00 HR 2000 0.6430 0.000 1.00047895 14-195 ,178.80 MR 100 0.0310 0.000 0.00047932 14-195 177.50 MR 100 0.0420 0.000 0.00047944 14-195 178.80 MR 100 0.0320 0.000 0.000
47961 14-195 177.50 MR 200 0.0740. 0.000 0.000
48038 14-195 177.50 MR 50 0.0160 0.000 0.000
48070 14-195 178.80 MR 120 0.0350 0.000 0.000
48097 14-195 194.10 R 5 0.1920 0.000 0.000.48107 14-195 194.10 MR 200 0.0070 0.000 0.000
48123 14-195 178.80 MR 200 0.0700 0.000 0.00048177 14-195 178.80 MR 800 -0.0560 0.000 0.000
48355 14-195 194.10 R 2 0.0480 0.000 0.000 ,

| !
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Sum of the Fractions Report '

Liner Linr Vol Line Vol '

Cask Volume DR Dose Sum of If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1
,

48441 14-195 194.10 MR 700 0.0220 0.000 0.000 ;48509 8-120 120.30 R 17 0.8400 ' O.000 0.00048541 14-195 194.10 MR 750 0.0240 0.000 0.00048567 1.4-195 194.10 R 2 0.0520 0.000 0.000 '

48710 21-300 265.90 MR 100 0.0990 0.000 0.00048739 14-195 105.00 MR 8000 0.3070 -0.000- 0.00048751 14-195 177.50 MR 350 0.1280 0.000 0.00048753 14-195 194.10 MR 1000 0.0530 0.000 0.000 ;

48763 14-195 177.50 MR 400 0.1530 0.000 0.00048767 14-195 178.80 NR 250 0.0740 0.000 0.00048708 14-195 177.50 MR 500 0.1940 0.000 0.00048794 14-195 177.50 MR 700 0.2490 0.000 0.00048799 14-195 177.50 MR 400 0.1490 0.000 0.00048813 14-195 194.10 MR 700 0.0240 0.000 0.00048830 14-195 177.50 MR 350 0.1310 0.000 0.00048857 14-195 194.10 MR 1900 0.0710 0.000 0.00048900 14-195 170.80 MR 8000 0.8820 0.000 0.00048917 14-195 170.80 MR 7000 0.8610 0.000 0.000 l48945 14-195 194.10 MR 800- 0.0350 0.000 0.000
;

l 48969 14-195 170.80 MR 10000 1.2950 0.000 0.00049013 14-195 170.80 MR 1500 0.1380 0.000 0.00049039 14-195 170.00 MR 12000 1.3050 0.000 0.00049065 14-195 170.80 MR 14000 1.3210 0.000 0.00049085 14-195 170.80 MR 10000 1.1240 0.000 0.00049109 14-195 170.80 MR 10000 1.1450 0.000 0.00049141 8-120A 120.30 R 100 9.5210 25.270 37.906
** Subtotal **

12102.60

** Shipper CP&L-ROBIN
47089 14-195 206.10 MR 3000 0.1680 0.000 0.00047460 14-210 202.10 MR 5000 0.9300 0.000 0.00047805 8-120 120.30 R 30 0.1800 0.000 0.00048573 14-195 202.10 R 2 v.5070 0.000 0.00049051 0-120A 120.30 MR 3000 0.0720 0.000 0.00049159 8-120A 120.30 R 100 6.1920 38.850 58.287

** Subtotal **
971.20

** Shipper CP-B ROCK
48416 1-13G 14.60 R 880 1'3.7720 2.120 3.18048527 1-13G 14.60 R' 1490 11.4350 2.553 3.830
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Sum of the Fractions Report
,

Liner Lanr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit iAS No. Type (Cubic Feet) CD Rate Fractions 2 x At 3 ( At |

|
'

** Subtotal **
29.20 -

+

** Shipper,CP-FALISAD
46776 14-195 194.10 MR 50 0.2870 0.000 0.000 t

46973 14-195 205.80 R 3 0.6030 0.000 0.000
47131 21-300 150.00 MR 3000 0.1450 0.000 0.000
48546 21-300 157.50 MR 725 0.1560 0.000 0.000 f
48914 1-13G 14.60 R 1100 6.0560 4.822 7.233 t

48962 1-13G 14.60 R 6 47.9060 0.610 0.914
** Subtotal **

736.60

** Shipper CT-H NECK -

46515 8-120A 120.30 R 10 0.4850* 0.000 0.000
46737 960.00 MR 2' O.0120 0.000 0.000
46871.5 67.50 MR 110 0.0040 0.000 0.000
46982 14-195 120.30 R o 0.4100 0.000 0.000
47110 14-195 120.30 MR 4 0.0700 0.000 0.000
47168 14-195 120.30 R 7 0.3630 0.000 0.000
47251 14-195 120.30 R 3 0.1590- 0.000 0.000
47490 0-120A 120.30 R 40. 5.1170 47.019 70.52847690 0-120 120.30 MR 6 0.5090 0.000 0.000 t

.

48259 14-195 120.30 MR 350 0.1710 0.000 0.000
48344 14-195 120.30 R 2 0.0600 0.000 0.000
48409 14-195 120.30 R 2 0.0570 0.000 0.000
48475 8-120 120.30 R 20 2.0410 117.872 0.000
48571 14-195 120.30 MR 900 0.0580 0.000 0.000
48687 O-120 120.30 R 7 0.7260 0.000 0.000
48688 14-195 120.30'R 2 0.1100 0.000 'O.000

** Subtotal **
2711.70

** Shipper DET-FERMI
46436 21-300 328.50 MR 18 0.0100 0.000 0.000
46470 21-300 328.50 MR 1300 0.5560 0.000 0.000
46575 21-300 328.50 MR 130 0.0770 0.000 0.000 -

,

46697 21-300 328.50 MR 14 0.0150 0.000 0.000
46783 21-300 328.50 MR 3 0.0650 0.000 0.000
47018 21-300 328.50 MR 1000 0.319J 0.000 0.000
47317 21-300 328.50 MR 420 0.2310 0.000 _0.000

*

47470- 21-300 328.50 MR 90 Os0150 0.000- 0.000
47639 21-300 328.50 MR 35 0.0040 0.000- 0.000 I

|
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Sum of the Fractions Report
, ,

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit '

AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 n A1

47780 14-195 194.10 MR 3000 0.5360 0.000 0.000 *

47906 21-300 328.50 MR 60 0.0090 'O.000 0.000
48016 21-300 328.50 MR 50 0.0090 0.000 0.000
48160 14-195 205.80 MR 5000 0.4190 0.000 0.000
48176 14-195 205.80 R 13 1.5330 0.000 0.000
48245 21-300 328.50 MR 100 0.0240 0.000 0.000
48691 14-195 -205.00 R 14 1.3130 0.000 0.000
48740 21-300 328.50 MR 800 0.1830 0.000 0.000 ,

48790 21-300 328.50 MR 135 0.0340 0.000 0.000
48927 21-300 328.50 R 2 0.2610 0.000 0.000
49016 21-300 328.50 MR 1500 0.4990 0.000 0.000
49111 21-300 328.50 MR 250 0.0380 0.000 0.000
** Subtotal **

6396.00 '

,

** Shipper DPC-LACROS
49062 HN-100 163.30 R 38 3.8210 85.486 128.228
** Subtotal **

163.30

** Shipper DUKE-CATAW
46831 0-120 87.20 MR '3 0.0110 0.000 0.000 '

46866 14-170 178.80 MR 400 0.0150 0.000 0.000
46931 14-195 194.10 MR 3000 0.3600 0.000 0.000
47007 14-195 205.80 MR 7000 0.4060 0.000 0.000
47109 14-195 205.80 R 7 0.9500 0.000 0.000
47483 14-195 205.80 MR 7000 2.7630 148.969 0.000
47645 14-195 194.10 R 2 0.3780 0.000 0.000
47850 8-120A 120.30 MR 4000 0.2350 0.000 0.000
47881 14-195 205.80 MR 1250 0.4580 0.000 0.000
'48083 14-195 109.50 R 18 0.7800 0.000 0.000
48140 0-120 120.30 R 2 0.0770 0.000 0.000
48296 8-120A 120.30 MR 3000 0.1340 0.000 0.000
48324 14-195 205.80 MR 5000 0.7060- 0.000 0.000
48936 14-215 205.80 MR 2500 0.2760 0.000 0.000
** Subtotal **

2359.40

** Shipper DUKE-MCGUI
,

46614 14-195 56.40 MR 2000 0.0490 0.000 0.000
46662 14-195 114.90 MR 3 0.5470 0.000 ' O.000
46724 14-195 114.90 MR 17000 0.1930 0.000- 0.000
46865 14-195 114.90 MR 70000 0.5440 0.000 0.000
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Sum of the Fractions Report

Liner Line Vol Linr Vol
Cask Volume DR- Dose Sum of If Limit If Limit

AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x At
1.

46916 14-195 114.90 R 4 0.1190 0.000 0.000
47169 14-215 541.60 MR 18 0.0020 0.000 0.000
47964 14-195 194.10 MR 1700 0.3950 0.000 0.000
47977 14-195 56.40'MR 500 0.0560 0.000 0.000
48099 14-195 56.40 MR 900 0.0460 0.000 0.000
48152 6-120 120.30 R 70 3.7890 63.502 95.252
48172 14-195 205.80 MR 1500 0.3070 0.000 0.000
48590 14-195 114.90 MR 2000 0.1680 D.000 0.000
40778 8-120A 120.30 R 2 11.0230 21.827 32.741
49157 14-195 114.90 MR 10000 0.3070 0.000 0.000
** Subtotal **

2040.70 '

** Shipper DUKE-OCONE I-

46546 14-195 114.90 MR 5000 0.4839 0.000 0.000
46796 14-195 206.10 MR 40 0 . 60f.'O 0.000 0.000
46932 8-120 120.30 MR 900 7.8670 30.019 46.228
47008 14-195 114.90 R 10 0. F,290 0.000 0.0.0047191 14-195 114.90 MR 3000 1.5930 0.000 0.000
47387 14-195 114.90 R 5 0.5260 0.000 0.000
47440 14-195 114.90 MR 2000 0.5930 0.000 0.000
47679 14-195 114.90 MR 4000 0.3450 0.000 0.000
48055 3-55 57.40 R 590 247.8370 0.463 0.69546069 3-55 '57.40 R 1140 159.2880 0.721 1.081
48101 3-55 57.40 R 880 128.3960 0.894 1.341
48116 14-195 114.90 MR 3500 0.4140 0.000 0.000
48400 14-195 114.90 R 5 0.3530 0.000 0.000
48462 14-195 114.90 MR 4000 0.6120 0.000 0.000
48589 14-195 114.90 R 3 0.3400 0.000 0.000 i

48705 14-195 114.90 MR 3000 0.3520 0.000 0.000
48885 14-195 114.90 R 7 0.3350 0.000 0.000
49076 14-195 114.90 MR' 900 1.3360 0.000 0.000
49131 14-195 114.90 R 9 1.3100 0.000 0.000
** Subtotal **

2107.20

i** Shipper DUG-BEAVER
46458 14-195 194.10 MR. 1400 0.0540 0.000 0.000
47945 6-80 83.40 MR 69870 6.4590 25.823 38.735
47998 6-80 83.40 MR 64649 6.0030 27.785 41.678
48385 14-195 194.10 MR 800 0.0500 0.000 0.000

,
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Sum of the Fractions Report

i

Liner Linr Vol Linr VolCask Volume DR Dose Sum of If Limit If LimitAS No. Type (Cubic Feat) CD Rate Fractions .2 x A1 3 x A1
,

** Subtotal **
555.00 *

** Shipper FP&L-ST LU
46520 9-120A 120.30 R 50 3.4060 70.639 105.95946571 14-195 194.10 R 13 1.4540 0.000 0.00046619 14-195 194.10 R 0 1.3400 0.000 0.000 >

46867 6-80 83.40 R 300 8.3550 19.964 29.94647271 14-195 194.10 R 2 0.3780 0.000- 0.00047349 14-195 205.80 R 2 0.9190 0.000 0.00047923 8-120B 120.30 R 70 13.1910 18.240 27.36047934 3-55 57.40 MR 15650 228.1710 0.503 0.75548128 14-215 205.00 R 2 0.1120 0.000 0.00048100 14-215 205.80 R 1 0.4530, 0.000 0.0D048208 8-120B 120.30 R 5 0.2610 0.000 0.00048832 6-80 83.40 R 32 3.7330 44.678 67.01749161 8-120A 120.30 R 275 4.0500 59.296 E8.930
** Subtotal **

1905.10

** Shipper FP&L-TURKE
46495 6-80 83.40 R 200 5.8600 '28.'466 42.69846537 6-80 83.40 R 15 1.2600 0.000 0.00046685 6-80 83.40 R 70 7.0390 23.695 35.54346849 6-80 83.40 R 0 6.2200 26.818 40.22747105 6-80 83.40 R 40 5.5950 29.810 44.71547960 14-215 202.10 MR 2000 0.1880 0.000 0.00048712 6-80 83.40 R 35 6.2280 26.783 40.17448972 ~6-80 83.40 MR 35 3.7380 44.628 66.94249010 6-80 83.40 MR 15000 2.5030 66.644 0.00049069 6-80 83.40 R 35 1.8570 0.000 0.00049071 14-215 202.10 R 4 1.4830 0.000 0.00049104 6-80 83.40 R 80 3.7200 44.845 67.26749110 14-215 202.10 R 2 0.1750 0.000 0.000

** Subtotal **
1440.30

** Shipper FPC-CRYSTA
46605 18-450 402.20 MR 0 0.0000 0.000 0.00046935 18-450 402.20 MR 0 0.0000 0.000 0.00047170 18-450 402.20 MR 0 0.0000 0.000 0.00047250 10-450 402.20 MR 0 0.0000 0.000 0.00047348' B-120B 120.30 R 30 6.6930 35.950 53.924
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| Sum of the Fractions Report |

Liner Line Vol Linr Vol
| Cask Volume DR Dose Sum of If Limit If Limit

AS No. Type (Cubic Feet) CD Rate Fractions ,2 x At 3 x A1 |
'

47422 14-195 194.10 R 2 0.0640 0.000 0.000
47599 8-120 120.30 R 120 11.1290 '21.619 32.428
47654 18-450 402.20 MR 0 0.0000 0.000 0.000 i

,

47976 18-450 402.20 HR 0 0.0000 0.000 0.000
48150 0-120B 120.30 R 140 20.1440 11.944 17.916 '

48174 8-120B 120.30 R 120 11.0310 21.812 32.718
48404 14-195 194.10 R 7 0.0600 0.000 0.000
48667 14-195 194.10 R 3 0.1370 0.000 0.000
48805. 21-300 328.50 R 1 0.2910 0.000 0.000
** Subtotal **

3805.20 |

** Shipper GA-HATCH - he b 197W0
46457 14-210 202.10 R 3 0.5810, 0.000 0.000 '

46461 14-210 202.10 R 10 1.6370 0.000 0.000
46486 14-210 199.40 R- 2 0.3390 0.000 0.000
46512 14-210 199.40 MR 400 0.0850 0.000 0.000
46531 14-210 199.40 R 1 0.1610 0.000 0.000
46604 14-210 132.40 R 2 0.2640 0.000 0.000
46652 14-210 202.10 R 1 0.8100 0.000 0.000 |46703 14-210 202.10 R. 35 0.7580 0.000 0.000
46733 14-210 199.40 R 4 0.2780 0.'000 0.000
46814 14-210 199.40 R 2 0.4090 0.000 0.000
46872 14-210 202.10 R 2 0.4820 0.000- 0.000
46905 14-210 199.40 R 1 0.3530 0.000 0.000
46914 14-210 202.10 R 5 0.8700 0.000 0.000
46956 14-210 202.10 R 1 1.7300 0.000 0.000

.

47027 10-142 132.40 R 200 9.4980 27.800 41.820
47064 14-210 199.40 R 2 0.3240 0.000 0.000

(' 47106 10-142 132.40 R 100 5.5240 47.940 71.910
47006 14-210 202.10 R 3 0.6400 0.000 0.000

47148 14-210 199.40 R 2 0.5860 0.000 0.000
47225 14-210 199.40 R 2 0.4030 0.000 0.000
47272 14-210 114.90 R 0 0.2550 0.000 0.000
47370 14-210 199.40 R 2 0.2870 0.000 0.000
47398 14-210 202.10 R 6 0.9390 0.000 0.000
47482 14-210 199.40 MR 500 0.0120 0.000 0.000
47573 14-210 199.40 R 2 0.4850 0.000 0.000

t 47609 14-210 199.40 R 2 0.2190 0.000 0.000
47630 10-142 128.30 R' 3 0.5560 0.000 0.000
47650 14-210 199.40 MR 300 0.0580 0.000 0.000
47695 10-142 132.40 R 50 2.3170 114.271 0.000
47759 14-210 199.40 MR 900 0.0840 0.000 0.000

l
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Sum of the Fractions Report
,

.

Liner Linr Vol Linc Vol
Cask Volume DR Dose Sum of If Limit If Limit |AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1 -

. t

47796 14-210 202.10 R- 7 0.6570 0.000 0.000
47811 10-142 132.40 MR 70 1.3920 0.000. 0.000
47815 14-210 202.10 R 2 0.4410 0.000 0.000 i47858 14-210 202.10 R 3 0.8060 0.000 0.000
47891 14-210 199.40 R 1 0.2080 0.000 0.000
47907 14-210 202.10 R 2 0.3710 0.000 0.000 ,

47949 14-210 199.40 R 1 0.1140 0.000 0.000 '

48036 14-210 202.10 R 6 0.9730 0.000 0.000
48114 14-210 199.40 MR 600 0.1390 0.000 0.000
48136 14-210 202.10 R 3 0.8610 0.000 0.000
48222 14-210 38.30 R 7 0.1970 0.000 0.000
48233 14-210 202.10 MR 700 0.1360 0.000 0.000
48257 14-210 199.40 MR 400 0.0550 0.000 0.000
48271 14-210 199.40 MR 2000 0.2860 0.000 0.000
48310 14-210 199.40 MR 300 0.0620' O.000 0.000
48323 10-142 132.40 R 15 2.4420 108.432 0.000 >

48347 14-210 202.10 R 12 1.5860 0.000 0.000
48369 14-210 199.40 MR 700 0.0660 0.000 0.000
48396 14-210 202.10 R 6 1.2630 0.000 0.000
48472 10-142 132.40 R 18 1.9480 0.000 0.00048513 14-210 202.10 R 2 0.3040 0.000 0.00048543 14-210 202.10 R 3 0.4550 0.000 0.00048569 14-210 202.10 R 5 0.6840 0.000 0.000
48587 14-210 202.10 R 5 0.8760 0.000 0.00048618 14-210 199.40 R 2 0.1640. 0.000 0.00048649 14-210 202.10 R 3 0.3540 0.000 0.00048684 14-210 202.10 R 5 0.5440 0.000 0.000
48E07 10-142 132.40 R 13 0.3800 0.000 0.00048865 14-210 202.10 R 2 0.4390 0.000 0.00048896 14-210 199.40 MR 2 0.2910 0.000 0.000
48929 10-142 132.40 R 100 6.9750 37.966 56.949
48937 14-210 202.10 MR 2 0.3640. 0.000 0.000
48954 14-210 202.10 MR 1200 0.2590 0.000 0.000
48978 14-210 202.10 MR 200 0.0480 0.000 0.000
48992 14-210 202.10 R 2 0.1610 0.000- 0.000
49014 14-210 202.10 MR 4 0.5840 0.000 0.000
49035 14-210 202.10 R 2 0.8100 0.000 0.000
'49082 10-142 132.40 MR 250 15.0540 17.590 26.385
49099 14-210 202.10 R 4 0.0420 0.000 0.000
49136 10-142 132.40 R 110 5.2050 50.874 76.312
49155 14-210 202.10 R 6 0.2360 0.000 0.000

*
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| Sum of the Fractions Report

Liner Linr Vol Line Vol -

Cask Volume DR Dose Sum of If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions ,2 x A1 3 x A1 -

.

** Subtotal **
13192.80 '

** Shipper GA-V0GTLE ;

48164 14-210 199.40 MR 5000 0.1170 0.000 0.000 '

48203 14-210 199.40 MR 180 0.0050 0.000 0.000 '

48944 14-210 132.40 MR 7000 0.1850 0.000 0.000
48967 14-210 202.10 MR 20000 0.4770 0.000 0.000
** Subtotal **

733.30
.

** Shipper GENERAL DY
47973 14-195 194.10 MR 0 0.0000 0.000 0.000
** Subtotal ** *

,

194.10

** Shipper GPU-OYSTER
46474 14-190 177.50 MR 1200 0.3160 0.000 0.00046524 14-195 177.50 MR 2500 0.7430 0.000 0.000 ,

46553 14-195 205.00 MR 6000 0.3040 0.000 0.00046561 14-195 177.50 MR 1200 0.3060 0.000 0.00046574 14-195 177.50 MR 1000 0.5P50 0.000 0.00046690 14-195 194.10 R 18 3.4830 111.448 167.172 "

46744 14-195 177.50 R 0 1.7540 0.000 0.00046813 14-195 177.50 R 4. 0.7860 0.000 0.00046987 14-195 177.50 MR 70 1.5500. 0.000 0.000 -

47024 14-195 177.50 R 2 0.3900 0.000 0.00047293 14-195 177.50 R 10 1.5390 0.000 0.00047369 14-195 177.50 MR 1000 0.3840 0.000 0.00047452 14-195 205.80 MR 5000 0.7040 0.000 0.00047571 FSV-1 26.20 R 14100 214.5700 0.244 0.36647575 14-195 177.50 R 2 0.6350 0.000 0.000 l
47614 FSV-1 26.20 R 11000 190.1890 0.276 0.413 147649 FSV-1 26.20 R 12 207.7430 0.252 0.378 |47687 8-120A 120.30 R 52 6.4370 37.379 56.06947731 14-195 177.50 MR 3000 0.9080 0.000 0.000- |47742 FSV-1 26.20 R 7000 207.0520 0.253 0.380 l

47762 FSV-1 26.20 MR 19500 207.9780 0.252 0.378 )47783 14-195 177.50 MR 800 0.0680 0.000 0.000
47822 - FSV-1 26.20 R 6300 207.9770 0.252 0.37847836 FSV-1 26.20 MR 9800 208.9030 0.251 0.37647925 14-195 177.50 MR 4000 1.8140 0.000 0.00047980 8-!20 120.30 R 35- 8.0160 30.016 45.024

-

1
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1
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Sum of the Fractions Report

Liner Linr Vol Line Vol ;

Cask Volume DR Done Sum of If Limit If Limit !

AS No. Type (Cubic Feet) CD Rate Fractions ,2 x At 3 x A1

48001 8-120A 120.30 R 30 8.2390 29.201 43.802
48060 14-195 205.f,0 R 2 0.2310 ' O.000 0.000
48092 14-195 177.'30 R 2 0.6510 0.000 0.000 !

48146 14-195 177.50 MR 1400 0.5860 0.000 0.000
48353 14-195 177.50 R 12 1.8590 0.000 0.000 :48469 14-195 205.80 R 1 0.6760 0.000 0.000
48477 14-195 177.50 R 1 0.3070 0.000 0.000
48611 14-195 177.50 MR 120 0.0540 0.000 0.000
48686 14-195 205.30 MR 340 0.1290 0.000 0.000
48717 14-195 177.50 R 4 0.5430 0.000 0.000
48795 14-195 177.50 MR 400 0.4420 0.000 0.000
48831 14-195 205.80 MR 325 0.0220 0.000 0.000
48994 14-195 177.50 R' 2 0.1160 0.000 0.000
49070 0-120A 120.30 R 60 13.2450 18.166 27.249
49143 14-195 177.50 R 8 1.4300 0.000 0.000
** Subtotal ** *

6176.00

** Shipper GPU-TMI
47116 HN-200 73.40 R 35 1.2310 0.000 0.000
47149 8-1205 125.20 MR 1000 3.2880 76.164 114.247
47179 HN-200 73.40 R 35 1.2330 0.'000 0.000
47285 HN-200 73.40 R 30 1.2310 0.000 0.000
47812 0-120B 125.20 MR 5000 2.9860 83.853 0.000

.48663 8-120B 36.50 MR 400 8.3490 8.744 13.116
'

48718 8-120B 36.50 MR 1000 24.8870 2.933 4.400
48910 0-120B 36.50 MR 550 17.4080 4.193 6.290
48953 8-120B 36.50 MR 5000 119.0340 0.613 0.920
49003 8-120B 36.50 MR 3500 45.5950 1.601 2.402
49047 8-120B 36.50'MR 5000 48.9720 1.491 2.236

** Subtotal **
689.60'

~
** Shipper GULF-RIVER
46714 14-195 206.10 MR 1750 0.0630 0.000 0.000
46734 14-195 206.10 MR 25 0.1180 0.000 0.000
46746 21-300 206.10 MR 1 0.0390 0.000 0.000
46750 14-195 206.10 MR 12 0.0990 0.000 0.000
46762 '14-195 206.10 MR 20 0.1570 0.000 0.000

l ,

46787 21-300 206.10 MP 2 0.0490 0.000 0.000 t46792 21-300 206.10 MR 2 0.0270 0.000 0.000 |46801 21-300 206.10 MR 9 0.0720 0.000 0.000 |
| 46875 21-300 206.10 MR 50 0.0130 0.000 0.000

]|

L |
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Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1

,

46890 21-300 206.10 MR 6 0.0520 ,0.000 0.000
47343 14-195 206.10 MR 4000 0.3620 0.000 0.00047358 14-195 206.10 MR 3000 0.2210 0.000 0.00047372 14-195 206.10 R 1 0.1040 0.000 0.00047393 14-195 206.10 R 2 0.3110 0.000 0.000
47411 21-300 206.10 MR 700 0.0970 0.000 0.000 ;47426 21-300 206.10 R 1 0.0420 0.000 0.000
47447 21-300 206.10 MR 700 0.1110 0.000 0.000
47582 14-195 206.10 R 5 0.9330 0.000' O.000
47686 21-300 206.10 R 2 0.1310 0.000 0.000
47713 21-300 206.10 MR 800 0.1830- 0.000 0.00047746 21-300 206.10 MR 300 0.1550 0.000 0.000
47701 '21-300 206.10 MR 490 0.1100 0.000 0.00047996 21-300 206.10 MR- -300 0.0400 0.000 0.06048029 21-300 206.10 MR 500 0.1230 0.000 0.00048127 14-195 206.10 R 2 0.7090 0.000 0.00048144 14-195 206.10 MR 1500 0.0960 0.000 0.00048348 14-195 206.10 R 2 0.3160 0.000 0.00040408 21-300 206.10 MR 275 0.0600 0.000 0.00048415 14-195 206.10 R 1 0.6440 0.000 0.00048443 14-195 206.10 MR 1700 0.2000 0.000 0.00048465 14-19E 206.10 R 3 0.6390 0.000 0.00048714 14-215 206.10 MR 5000 0.3560 0.000 0.00048815 14-215 206.10 MR 5000 2.2940 179.662 0.00048834 21-300 206.10 MR 700 0.2140 0.000 0.000

** Subtotal **
7007.40

** Shipper-I&M-DCCOOK
46526 HN-100 163.30 MR 1 0.3750 0.000 0.00046562 HN-100 163.30 MR 160 0.1550 .0.000 0.00046995 HN-200 73.40 R 200 40.9180 3.588 5.38147173 HN-100 158.10 MR 15000 3.3700 93.821 140.73247333 kN-100 172.60 MR 60 0.0240 0.000 0.000

t 47366 HN-100 158.10 MR 3000 0.4090 0.000 0.000'

47560 HN-200 73.40 R 54 15.0280 9.769 14.653
; '47715 HN-100 158.10 MR 500 0.4320 0.000 0.00048515. HN-100 177.90 MR 125 0.0240 0.000 0.00048542 HN-100 163.30 MR 800 0.0180 0.000 0.00048764 10-142 135.80 R 26 9.7910 27.741 41.612

'

|

48864 10-142 135.80 R 26 12.2730 22.129 33.19448964 .HN-100 163.30 R 2 0.0270 0.000 0.000;

-49116 HN-100 158.10 R 2 0.3820 0.000 0.000

1-
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Sum of the Fractions Report

Liner Linr Vol Line Vol,

Cask Volume DR Dose Sum of If Limit If Limit !AS No. Type (Cubic Feet) CD Rate Fractions 2 x At 3 x A1

** Subtotal **
2054.50 *

4

** Shipper !OWA-D ARN
46487 HN-100 163.30 MR 8000 1.6060 0.000 0.00046552 HN-100 163.30 MR 5000 0.9850 0.000 0.00046635 HN-100 163.30 MR 50 0.6700 0.000 0.000 ;46666 HN-200 73.40 MR 767 10.6800 13.745 20.618 '

46726 HN-200 73.40 MR 1470 18.5420 7.917 11.875 |46826 HN-100 163.30 R 10 1.2460 0.000 0.000 '

46926 HN-100 163.30 MR 40 0.5860 0.000 0.00046976 HN-100 163.30 MR 5000 0.5860 0.000 0.00047041 HN-100 163.30 R 2 0.3190 0.000 0.00047172 HN-100 163.30 MR 3000 0.4300, 0.000 0.00047256 HN-100 163.30 R 4 0.4470 0.000 0.00047334 HN-100 173.00 MR 50 0.0130 0.000 0.00047445 HN-100 163.30 R 4 0.5110 0.000 0.000 l47584 HN-100 163.30 R 4 0.5590 0.000 0.000 1
47754 HN-100 173.00 MR 350 0.0210 0.000 0.00047757 HN-100 163.30 MR 3000 0.5200 0.000 0.00047845 HN-100 163.30 MR 2500 0.4250 0.000 0.00047869 HN-100 163.30 R 4 0.3050 0.000 0.00047909 HN-100 163.30 MR 2000 0.1930 0.000 0.00048000 HN-100 163.30 MR 2000 0.2160 0.000 0.00048212 HN+100 163.30 R 2 0.2060 0.000 0.00048304 HN-100 163.30 MR 2000 0.1470 0.000 0.00048433 HN-100 163.30 MR' 2000 0.1260 0.000 0.00048627 HN-100 178.90 MR 2000 0.2340 0 000 0.00048692 HN-100 178.90 MR 700 0.0940 0.000 0.00048931 HN-100 178.90 MR 900 0.1600 0.(00 0.00049112 HN-100 178.90 MR 1100 0.1130 0.010 0.000* * Subtotal **

4311.10

** Shipper J.A. FITZ
46468 LN-14-170 181.70 R 14 3.5340 102.819 154.22946507 LN-14-170 181.70 MR 125 0.2290 0.000 0.00046559 LN-14-170 105.00 MR 4500 0.0590 0.000 0.00046692 LN-14-170 158.10 MR 1250 0.7820 0.000 0.00046971 LN-14-170 181.70 R 2 065250 0.000 0.000.47146 LN-14-170 181.70 MR 2500 1.2640 0.000 0.00047226 LN-14-170 181.70 R 4 1.3580 0.000 0.00047305 LN-14-170 181.70 MR 3000 0.7510 0.000 0.000

-
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Sum of the Fractions Report i

1'

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit

AS No. Type (Cubic Feet) CD Rate Fractions ,2 x At 3 x A1
,

47353 LN-14-170 181.70 MR 9300 2.1580 168.404 0.000
47407 LN-14-170 181.70 MR 230 0.1080 0.000 0.000
47461 LN-14-170 181.70 MR 4100 1.6700 0.000 0.000 ;

47549 LN-14-170 105.00 R 3- 0.1230 0.000 0.000
47623 LN-14-170 181.70 R 4 1.5350 0.000 0.000
47730 LN-14-170 181.70 MR 3000 1.4890 0.000 0.000
47918 LN-14-170 181.70 MR 175 0.0000 0.000 0.000

.

47959 LN-14-170 181.70 MR 4000 0.7920 0.000 0.000 i

48098 LN-14-170 181.70 R 5 1.1810 0.000 0.000
48133 LN-14-170 181.70 MR 4000 1.4150 0.000 0.000
48186 LN-14-170 105.00 R 2 0.1230 0.000 0.000
48242 LN-14-170 181.70 MR 650 0.2600 0.000 0.000
48395 LN-14-170 181.70 MR 210 0.0650 0.0c0 0.000
48514 LN-14-170 181.70 MR 130 0.0620 0.000 0.000
48581 LN-14-170 158.10 R 10 1.4590' O.000' O.000
48658 LN-14-170 181.70 MR 1200 0.3440 0.000 0.000
48770 LN-14-170 181.70 MR 1120 0.2110 0.000 0.000
48877 LN-14-170 158.10 R 12 1.4440 0.000 0.000

,

48976 LN-14-170 158.10 R 12 1.3430 0.000 ' 000
49045 LN-14-170 181.70 MR 120 0.0790 0.000 0.000
** Subtotal **

4763.10

** Shipper KG-WOLF CR
46465 HN-100 132.A0 R 10 0.1090- 0.000 0.00048474 8-120 120.30 R 70 18.8350 12.774 19.16148575 8-120 120.30 R 40 21.1830 11.358 17.03748689 8-120 120.30 R 4 3.7360 64.404 96.606

** Subtotal **
493.30

** Shipper LA-WATERFO "
46951 8-120 120.30 R 20 1.0120 0.000 0.000
47784 8-120 120.30 R 30 0.8140 0.000 0.000
** Subtotal **

240.60

** Shipper MAINE YANK
,

47717 14-195 158.10 R 2 0.1150 0.000 0.000
48338 HN-100 158.10 MR 2000 0.1540 0.000 0.000
48343 HN-100 158.10 R 55 0.2330 0.000 0.000
48397 14-215 114.90 MR 700 0.0210 0.000 0.000
48455 14-215 114.90 MR' 5000 0.0610 0.000 0.000,

.

*

*
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Sum of the Fractions Report

Liner Linr Vol Line VolCask Volume DR Dose Sum of If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions '2 x A1 3 x At

48461 14-215 114.90 MR 300 0.0250 0.000 0.00048492 HN-100 170.80 R 6 0.4560 ' O.000 0.00048659 HN-100 170.80 R 11 0.5400 0.000 0.00048671 HN-100 158.10 R 55 9.0060 35.109 52.663 -

,48708 14-215 158.10 R 20 0.5760 0.000 0.00048773 HN-215 114.90 MR 6200 0.4190 0.000 0.0004B804 HN-215 114.90 MR 750 0.4480 0.000 0.00048870 HN-215 114.90 MR 750 0.2290 0.000 0.000
** Subtotal **

1821.50 .

** Shipper hsRION
49145 14-170 96.50 MR 5 0.0200 0.000 0.000
** Subtotal ** '

96.50

** Shipper NE-MILLST
46494 14-195 202.10 R 3 0.0960 0.000 0.00046610 14-195 202.10 R 6 0.4610 0.000 0.00046616 14-195 132.40 R 12 1.3530 0.000 0.00046706 14-190 132.40 R 30 1.6880 0.000 0.00046745 14-190 132.40 R 0 1.9840 0.000 0.000 '

46779 14-195 132.40 R 0 0.2430 0.000 0.000 i46798 14-195 202.10 R 0 'O.3010 0.000 0.000 ;46983 14-195 202.10 MR 500 0.0240 0.000 0.00046990 14-195 181.70 R 10 2.1350 170.191 0.000 '

47040 14-195 202.10 R 2 0.1400 0.000 0.00047241 14-195 202.10 R. 4 0.4120 0.000 0.00047357 14-195 206.10 R 2 0.0440 0.000 0.00047427 14-190 132.40 R 20 1.9110 0.000 0.00047504.2 13.80 MR- 600- 0.0000 0.000 0.00047D46 14-190 132.40 R 65 3.4580 76.586 114.8794757E 18-450 188.00 MR 1500 0.0820 0.000 0.00047600 14-195 202.10 R 15 1.1860 0.000 0.00047621 14-195 202.10 R 3 0.3090 0.000 0.000 t47656 14-195 202.10 R 4 0.0600 0.000 0.00047706 14-195 202.10 MR 3500 0.5600 0.000 0.00047771 14-195 202.10 R 10 0.8740 0.000 0.00047788 8-120B 120.30 R 72 4.9000' 49.106 73.65947854 14-195 132.40 R 15 f.4320 0.000 0.00047864 14-195 202.10 R 17 1.2650 0.000 0.000 i47894 21-300 157.50 MR 1100 0.1030 0.000 0.000 '

47928 14-195 132.40 R .12 0.7460 0.000 0.000

' ..
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Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit !

AS No. Type (Cubic Feet) CD Rate Fractions ,2 x A1 3 x A1
*

|

47935 14-195 202.10 R 7 0.3370 0.000 0.000 !
47955 21-300 199.40 MR 2 0.0000 0.000 0.000 i

47963 21-300 199.40 MR 20 0.0000 0.000 0.000
47982 21-300 199.40 MR 10 0.0010 0.000 0.000
47987 14-195 131.60 MR 30 0.0600 0.000 0.000
48007 14-195 131.60 MR 300 0.0080 0.000 0.000 l

48022 14-190 132.40 R 25 1.6630 0.000 0.000 |

48078 14-195 202.10 R 3 0.4270 0.000 0.000 |

48079 21-300 199.40 MR 35 0.0030 0.000 0.000
48157 14-195 202.10 R 5 0.2210 0.000 0.000
48169 8-120B 120.30 R 13 0.8890 0.000 0.000 l
48185 14-195 202.10 MR 1500 0.3860 0.000 0.000 |

48210 14-195 202.10 MR 7000 2.1260 190.078 0.000
48325 14-195 202.10 MR 2000 0.2350 0.000 0.000
48394 14-190 132.40 R 150 13.9740* 18.949 28.424 )48431 14-195 132.40 R 16 1.0220 0.000 0.000
48463 14-195 202.10 R 2 0.0980 0.000 0.000 1

48529 14-195 202.10 MR 285 0.0560 0.000 0.000 ;

48547 14-193 202.10 MR 200 0.0240 0.000 0.000 l

48574 14-195 202.10 MR 100 0.0070 0.000 0.000
48609 14-145 202.10 MR 1250 0.1650 0.000 0.000
48639 14-195 202.10 R 2 0.1490 0.000 0.000
48731 14-195 202.10 R 3 0.4020 0.000 0.000
48744 14-195 178.80 MR 38 0.0040 0.000 0.000
48781 14-195 202.10 R 2 0.3120 0.000 0.000
48787 TN-8 22.50 R 26000 978.8760 0.046 0.069 t

48846 TN-8 22.50 R 7420 970.1950 0.046 0.070
48920 3-55 57.40 R 2100 187.0950 0.614 0.920
48924 14-D-2.0 132.40.R 100 14.1240 18.749 28.123
49005 14-190 132.40 R 50 4.7180 56.128 84.192

i 49064 21-300 199.40 MR 1 0.0000 0.000 0.000
49107 14-190 132.40 R 70 3.8760 68.310 102.465
** Subtotal **

9637.30

** Shipper NEUTRON
,

48489 14-195 105.00 R 12 0.2640 0.000 0.000
48985 14-195 105.00 R 20 0.3350 0.000 0.000

'

** Subtotal **
210.00

** Shipper NEWPORT
46723 6-80 83.40 MR 2 0.0120 0.000 0.000

|

*
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Sum of the Fractions Report !

Liner Linr Vol Linr Vol
Cask Volume DR Dose Eum of If Limit 14 LimitAS No. Type (Cubic Feet) CD Rate Fractions *2 x At 3 x A1

** Subtotal **
,

83.40' i

** Shipper'NIAG-9 MILE
i47055' 14-215 178.80 MR 500 0.1370 0.000 0.000

47069 14-215 205.50 MR 1500 0.9400 0.000 0.000
47134 14-195 178.80 MR 400 0.1250 0.000 0.000
47223 14-195 178.80 MR 450 0.1250 0.000 0.000
47306 14-195 178.80 MR 400 0.1250 0.000 0.000
47344 14-195 178.80 MR 450 0.1250 0.000 0.000

,

47408 14-215 178.80 R 5 1.0300 0.000 0.000
47956 14-195 205.80 R 2 0.0940 0.000 0.000
40019 14-195 170.80 MR 400 0.0510 0.000 0.000
48045 14-195 205.80 MR 700 0.0230 0.000 0.000
48104 14-195 205.00 MR 200 0.0650 0.000 0.00048302 14-195 205.80 MR 200 0.0430 0.000 0.000 '

48499 14-195 170.80 MR 180 0.0310 0.000 0.00048564 14-215 206.10 MR 350 0.2100 0.000 0.00048598 14-195 205.50 MR 200 0.0350 0.000 0.00048652 14-195 206.10 MR 100 0.0160 0.000 0.00048816 14-195 177.50 R 6 0.8920 0.000 0.00048905 14-195 205.80 MR 250 0.0380 0.000 0.00049118 14-210 181.70 MR 130 0.0750- 0.000 0.000
** Subtotal **

3626.40 l

** Shipper NSP PRA!RI
47509 8-120 120.30 R 33 14.9230 16.123 24.184
** Subtotal **

120.30

** Shipper NSP-MONTIC
46915 14-215 194.10 MR 26 0.5380 0.000 0.00047056 14-215 194.10 R 2 0.4050 0.000 0.00047523 14-215 194.10 MR 2200 0.3860 0.000 0.000

i47866 14-215 194.10 MR 7000 1.6810 0.000 0.00048155 14-215- 205.80 R 4 0.8410 0.000 0.000
48244 14-215 205.80 R 4 0.5790 0.000 0.00048285 14-215 205.80 MR 20000 1.2270 0.000 0.000

3
'

48906 14-215. 205.80 MR- 18000 3.6550 112.624 '168.937
** Subtotal **

1599.60

'.,

4
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Sum of the Frar.tions Report

Liner Linr Vol Line VolCask Volume Dit Dose Sum of If Limit If LimitAS No. Type (Cubic Feet) C) Rate Fractions 2 x At 3 x A1

** Bhipper NUCLEAR ME
47465 RANGER 240.00 MR 5 0.0000 0.000 0.000
** Subtotal,**

240.00

** Shipper NYPA IP 3
46451 14-D-2.0 172.50 MR 4500 0.0270 0.000 0.00046500 HN-100 158.10 R to 0.7550 D.000 0.00046883 HN-200 76.20 MR 420 4.5350 33.607 50.411 !46898 14-D-2.0 172.60 MR 650 0.0810 0.000 0.000 '

46945 TVA-SNP 158.10 R 0 0.7750 0.000 0.00048698 10-142 132.40 R 220 14.5040 18.257 27.385
** Subtotal **.

869.90
.

** Shipper PECO-LIMER
46861 14-170 163.30 MR 74 1.5470 0.000 0.00046865- 14-170 163.30 R 1930 0.4530 0.000 0.00046911 14-170 153.30 MR 400 0.0540 0.000 0.00046937 HN-100 153.30 MR 1500 0.0680 0.000 0.00046955 HN-100 153.30 MR 20 0.2220 0.000 0.00046980 14-170 153.30 MR 8 0.0500 0.000 0.00047021 HN-100 163.30 MR 1000 0.1470 0.000 0.00047048 HN-100 153.30 MR 250 0.0230 0.000 0.00047072 HN-100 153.30 R 1 0.2320 0.000 0.00047084 HN-100 153.30 MR 247 0.0860 0.000 0.00047129 HN-100 153.30 MR 248 0.0190 0.000 0.00047143 14-190 163.30 MR 40000 2.8240 115.655 0.00047154 HN-100 153.30 MR 147 0.0150 0.000 0.00047160 14-195 163.30 MR 25900 4.4830 72.846 109.27047163 HN-100 153.30 MR 140 0.0160 0.000 0.00047180 HN-100 153.30 MR 147 0.0370 0.000 0.00047187 HN-100 153.30 MR 3000 0.8210 0.000 0.00047194 14-170 153.30 MR 400 0.0560 0.000 0.00047208 HN-100 153.30 MR 400 0.0340 0.000 0.00047217 14-195 163.30 MR 30000 7.8230- 41.747 62.62047237 -HN-100 153.30 MR 100 0.0070 0.000 0.00047260- 14-190 153.30 MR 2000 0.8420 0.000 0.00047335 HN-100 153.30 MR 170 0.0410 0.000 0.00047364 HN-100 153.30 MR 600 0.0810 0.000 0.00047431 HN-100 153.30 MR 600 0.0910 0.000 0.000 i47450 HN-100 153.30 MR 296 0.0700 0.000 0.000 l47477- HN-100 153.30 MR 300 0.0780 0.000 0.000

i

.

t



Pcg3 N3. 28 I

07/18/88*

4

|

Sum of the Fractions Report

.

LJ rr Linr Vol Linr Vol
Cask . Volume DR * ase Sum of If Limit If Limit

AS No. Type (Cubic Feet) CD .a te Fractions *2 x A1 3 x Al
i

I 47503 HN-100 153.30 MR 700 0.1340 0.000 0.000
47538 14-170 153.30 MR 400 0.0370 ' O.000 0.000
47568 14-170 153.30 MR 337 0.0280 0.000 0.000
47606 14-170 153.30 MR 960 0.1430 0.000 0.000
47646 14-170 153.30 MR 313 0.1000 0.000 0.000
47728 14-170 153.30 MR 1180 0.2770 0.000 0.000
47748 14-170 153.30 MR 297 0.0390 0.000 0.000
47770 14-170 153.30 MR 698 0.1290 0.000 0.000
47809 14-190 163.30 R 24 3.9380 82.928 124'.392
47813 14-170 153.30 MR 200 0.0630 0.000 0.000
47917 14-170 163.30 MR 7820 1.3180 0.000 0.000
47919 14-170 153.30 MR 128 0.0110 0.000' O.000
47929 14-170 153.30 MR 97 0.0320 0.000 0.000 '

47930 14-170 153.30 MR 124 0.0250 0.000 0.000
48063 14-215 206.10 R 69 0.0270 0.000 0.000
48145 21-300 328.50 MR 300 0.1830 0.000 0.000
48199 21-300 328.50 MR 71 0.0210 0.000 0.000
48211 14-215 205.80 MR 2000 3.2850 125.293 187.940

i 48346 8-120 120.30 R 25 7.8970 30.466 45.699
48349 14-215 205.80 R 4 1.4320 0.000 0.000

'

48363 14-170 153.30 MR 350 0.0450 0.000 0.000
48379 14-170 181.70 MR 50 0.0070 0.000 0.000' 48405 14-170 153.30 MR 396 0.0370 0.000 0.000
48419 14-170 181.70 MR 24 0.0030 0.000 0.000
48497 14-170 153.30 MR 291 0.0200 0.000 0.000

| 48506 14-170 153.30 MR 243 0.0240 0.000 0.000
48702 HN-215 199.40 MR 68 0.0120 0.000 0.000
48709 HN-100 153.30 R 6 0.0110 0.000 0.000
48741 HN-215 197.40 MR 56 0.0110 0.000 0.000
48952 HN-215 208.00 MR 282 0.3330 0.000 0.000
48965 HN-215 208.00 MR 107 0.0690 0.000 0.000
49004 HN-215 202.10 MR 184 0.0190 0.000 0.000
49057 21-300 328.50 MR 90 0.0320 0.000 0.000'

l 49097 21-300 328.50 MR 120 0.0510 0.000 0.000
** Subtotal **

10564.10
| ** Shipper PECO-PEACH

46466 HN-100 174.30 MR 10 1.5790 0.000 0.000
46527 HN-100 174.30 R 6 0.6400 0.000 0.000
46572 14-195 174.30 R 15 1.5990 0.000 0.000
46591 HN-100 174.30 R 2 0.4430 0.000 0.000
46613 14-195 174.30 R ,10 1.8400 0.000 0.000

' . .
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Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If LimitAS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1

46620 OH-142 132.40 R 15 2.0610 128.485 0.00046621 HN-100 174.30 R 0 .0.1750 0.000 0.000 i

46688 HN-100 174.30 R to 3.6250 96.167 144.25046729 HN-100 174.30 R 0 0.6750 0.000 0.000'

46806 HN-100 174.30 R 0 1.5090 0.000 0.00046807 HN-100 174.30 R 0 1.5390 0.000 0.00046035 10-142 132.40 R 130 28.0340 9.446 14.16946869 HN-100 174.30 R 4 1.1660 0.000 0.00046899 HN-100 174.30 R 3 0.7170 0.000 0.00046918 HN-100 174.30 R 0 2.4430 142.712 0.00046944.2 143.00 MR 2 0.0000 0.000 0.00046965 HN-100 174.30 R 0 1.3920 0.000 0.00047059 HN-100 174.30 R 6 0.8160 0.000 0.00047181 HN-100 174.30 R 4 0.8940 .0.000 0.00047339 HN-100 174.30 R 7 1.0390' O.000 0.00047381 HN-100 174.30 R 4 2.3470 148.536 0.000 ;47432 HN-100 174.30 R 4- 1.4040 0.000 0.000 1

47506 HN-100 174.30 R 0 1.0970 0.000 0.00047537 HN-100 174.30 R 2 0.4650 0.000 0.00047539 14-195 174.30 R 8 1.9950 0.000 0.00047563 HN-100 105.00 R 2 0.3980 0.000 0.00047594 HN-100 174.30 MR 17 0.4470 0.000 0.00047643 HN-100 174.30 R 2 2.2600 153.719 0.00047665 HN-100 174.30 R 2 0.6990 0.000 0.00047669 HN-100 105.00 R 2 0.2490 0.000 0.00047673 HN-100 174.30 R 2 0.6860 0.000 0.00047765 HN-100 105.00 MR 6000 0.4800 0.000 0.000 -

47789 HN-100 174.30 R 3 0.8520 0.000 0.00047873 HN-800 180.00 MR 600 0.3200 0.000 0.00047904 HN-100 174.30 R 2 0.4080 0.000 0.00047950 HN-100 174.30 R 2 0.6540 0.000 0.00047989 HN-100 174.30 R 2- 0.6440 0.000 0.00048010 HN-100 174.30 R 2 0.6400 0.000 0.00048053 HN-100 105.00 R 2 0.3370 0.000 0.00048064 HN-100 174.30 R 4 -1.0770 0.000 0.000
,

48131 HN-100 174.30 R 2 0.9140 0.000 0.00048175 HN-100 174.30 R 4 0.8970 0.000- 0.00048265 HN-100 174.30 R 2 0.3100 0.000 0.00048276 HN-100 174.30 R 2 0.7040 0.000 0.00048301 HN-100 174.30 R 3 0.6850 0.000 0.00048316 HN-100 105.00 MR 1000 0.2520 0.000 0.00048341 HN-100 174.30 R 2 0.7260 0.000 0.00048392 HN-100 174.30-R 2 0.4500 0.000 0.000

.
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'

Sum of the Fractions Report

Liner Linr Vol Line Vol
Cask Volume DR Dose Sum of If, Limit '.f Limit -

AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1

i

48454 HN-100 174.30 R 2 0.5860 0.000 0.000,

48494 HN-100 105.00 MR 700 0.1790 0.000 0.000 ;

48517 HN-100 174.30 R 3 1.1730 0.000 0.000
48559 HN-100 174.30 R 2 0.5390 0.000 0.000
48560 HN-100 174.30 R 2 0.5000 0.000 0.000
48576 14-195 120.30 R 1 0.0290 0.000 0.000
48584 14-195 67.80 MR 14000 0.2170 0.000 0.000
48615 HN-100 174.30 R 1 0.2940 0.000 0.000
48619 14-195 76.60 R 2 0.0910 0.000 0.000
48635 HN-100 170.80 R 3 1.1590 0.000 0.000
48642 HN-100 174.30 R 2 0.4980 0.000 0.000
48660 0-120 83.40 R 1 0.0300 0.000 0.000
48706 HN-100 174.30 R 1 0.3160 0.000 0.000
48737 14-195 120.30 R 1 0.0150, 0.000 0.000
48791 HN-100 174.30 R 2 0.5950 0.000 0.000
48793 14-195 120.30 R 1 0.0160 0.000 0.000
48820 8-120D 120.30 R 80 6.8660 35.040 52.561
48826 HN-100 174.30 R 1 0.3690 0.000 0.000
48850 8-120B 120.30 R 14 0.8150- 0.000 0.000
48858 HN-100 174.30 R 1 0.3170 0.000 0.000
48941 HN-100 174.30 R 1 0.3040 0.000 0.000
49034 HN-100 174.30 R 2 1.1040 0.000 0.000

'

49000 HN-100 105.00 R 3 0.4550 0.000 0.000
49120 HN-100 105.00 R 4 0.3100 0.000 0.000
** Subtotal **

11317.20
!

** Shipper PERRY NPP
46946 14-170 181.70 MR 600 0.0250 0.000 0.000
46921 14-170 181.70 MR 2 0.0530 0.000 0.000
47092 14-170 181.70 MR 600 0.1450 0.000 0.000
47508 14-170 181.70 MR 200 0.0190 0.000 0.000
47547 14-170 181.70 R 2 0.2870 0.000 0.000
47777 14-170 181.70 MR 600 0.1710 0.000 0.000 |47988 14-170 181.70 MR 2000 0.4900 0.000 0.000

'

48042 14-170 181.70 R 2 0.4620 0.000 0.000t
'

48266 14-170 181.70 R 3 1.138v 0.000 0.000
48478 14-170 181.70 MR 5 0.0000 0.000 0.000
48519 14-170 181.70 MR 10 'O.0000 0.000 0.000
48562 14-170 181.70 MR 9 0.0000 0.000 0.000
48580 14-170 181.70 MR 15 0.0000 0.000 0.000
48603 14-170- 181.70 MR 20 0.0010 0.000 0.000
48623 14-170 181.70 MR 50 0.0010 0.000 0.000

1
-
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Sum of the Fractions Report

Liner Line Vol Line Vol
Cask Volume DR Dose Sum.of If Limit If Limit

AS No. Type (Cubic Feet) CD Rate Fractions '2 x A1 3 x At
,

48721 14-170 181.70 MR 15 0.0000 0.000 0.000
48745 14-170 181.70 MR 75 0.0010 ' O.000 0.000
48798 1.4-170 181.70 MR 980 0.0100 0.000 0.000
48821 14-170 181.70 R 4 0.8840 0.000 0.000
48836 14-170 181.70 MR 2 0.0000 0.000 0.000
48069 14-170 181.70 MR 250 0.0400 0.000 0.000
48887 14-170 181.70 MR 400 0.1540 0.000 0.000 .

48909 14-170 181.70 MR 500 0.2630 0.000 0.000
** Subtotal **

4179.10

** Shipper PP&L-SUSQ
46445 14-215 177.30 MR 1500 0.4430 0.000 0.000
46482 14-215 177.30 MR 1000 0.0500, 0.000 0.000 *

46496 14-215 177.30 MR 900 0.0370 0.000 0.000
46500 14-215 177.30 MR 1600 0.6970 0.000 0.000
46569 14-215 177.30 MR 400 0.0550 0.000 0.000
46502 14-170 177.90 MR 2000 0.5620 0.000 0.000
46596 14-215 177.30 MR 1500 0.1550 0.000 0.000
46598 14-215 177.30 MR 400 0.0160 0.000 0.000
46618 14-170 177.90 MR 9 0.1790 0.000 0.000
46648 14-215 177.90 MR 35 0.9570 0.000 0.000
46657 14-215 177.90 MR 4 0.1220 0.000 0.000
46673 14-215 177.90 MR 3 0.0410 0.000 0.000
46682 14-215 177.90 MR 2 0.0740 0.000 0.000
46694 14-215 177.30 MR 500 0.0410 0.000 0.000
46701 14-170 177.30 MR 300 0.0360 0.000 0.000
46705 14-215 177.30 MR 900 0.1600 0.000 0.000
46722 14-215 177.30'MR 300 0.0100 0.000 0.000
46731 14-215 177.30 MR 225 0.0750 0.000 0.000
46742 14-215 177.90 MR '1500 0.0720 0.000 0.000
46800 14-215 177.90 MR 2 0.0740 0.000 0.000
46912 14-215 177.30 MR 0 0.0070 0.000- 0.000
46954 14-215 177.90 MR 2 0.0400 0.000 0.000
47026 14-215 177.30 MR 5 0.0590 0.000 0.000
47074 14-215 177.90 MR 220 0.0350 0.000 0.000
47132 14-215 177.90 MR 200 0.0860 0.000 0.000
'47166 14-215 177.30 MR 1100 0.1000 0.000 0.000-
47171 14-215 177.30 MR 800 0.0300 0.000 0.000
47190 14-215 177.30 MR 120 0.1020 0.000 0.000
47224 14-215 177.30 MR 250 0.0400 0.000 0.000
47254 14-215 177.30 MR 260 0.0300 0.000 0.000
47325 14-215 177.90 MR 1700 0.1170 0.000 0.000

'

.
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Sum of the Fractions Report

Liner Linr Vol Line VolCask Volume DR Dose Sum of If Limit If LimitA8 No. Type (Cubic Feet) CD Rate Fractions 2 x At 3 x At

47388 14-215 177.90 MR 900 0.2140 0.000 0.00047400 14-215 163.30 R 6 0.4550 0.000 0.00047439 HN-200 73.40 R 75 0.1230 69.147 0.00047479 HN-200 73.40 R 80 2.1210 69.226 0.00047511 14-215 177.90 MR 3000 0.8250 0.000 0.00047552 14-215 177.30 MR 280 0.0480 0.000 0.00047566 14-215 177.90 MR 800 0.2290 0.000 0.00047579 14-215 177.30 R 1 0.2970 '.000 0.000O47595 14-215 163.30 R 4 0.'3290 0.000 0.00047629 14-215 177.30 R 1 0.0100 0.000 0.00047642 14-170 177.30 MR 2000 0.3400 0.000 0.00047658 14-215 177.90 R 2 C.2100 0.000 0.00047677 HN-200 73.40 R 70 2.0920 70.177 0.00047766 HN-100 177.30 MR 300 0.1150 0.000 0.00047774 HN-100 177.30 MR 1000 0.2290 0.000 0.00047791 14-215 177.30 MR 800 0.2100 0.000 0.000 !47802 HN-100 177.30 MR 950 0.0230 0.000 0.00047828 HN-200 73.40 R 60 2.0860 70.385 0.000 |

,

47830 14-215 177.90 MR 800 0.1380 0.000 0.000 i47839 14-215 177.30 MR 120 0.0260 0.000 0.00047840 14-195 177.30 MR 200 0.0310 0.000 0.00047846 HN-100 163.30 MR 220 0.0310 0.000 0.000 147856 14-215 163.30 MR 100 0.0030 0.000 0.00047860 14-195 177.30 MR 200 0.0230 0.000 0.00047863 14-215 163.30 MR 1000 0.0980 0.000 0.00047867 14-215 163.30 MR 500 0.0220 0.000 0.00047070 HN-100 163.30 MR 400 0.0540 0.000 0.00047882- 14-215 177.30 MR 250 0.0710 0.000 0.00047903 14-215 163.30 MR 900 0.0690 0.000 0.00047905 14-215 177.90 MR 1500 0.1240 0.000 0.00047924 14-215 177.30 MR 1000 0.2320 0.000 0.00047931 14-215 177.30 MR 1100- 0.2190 0.000 0.00047943 14-215 177.30 MR 500 0.1350 0.000 0.00047957 14-215 177.30'MR 100 0.0600 0.000 0.00047970 HN-100 177.30 MR 260 0.0990 0.000 0.00047978 21-300 177.30 MR 190 0.0850 0.000 0.000 !

,

47985 HN-100 177.90 MR 480 0.1200 0.000 0.00047994 HN-100 177.30 MR 140 0.0020 0.000 0.00048011 14-215 177.90 MR 3 0.0280 0.000 0.000 |48020 HN-100 177.90 MR 200 0.0310 0.000 0.000 I

48023 14-215 177.90 MR 200 0.0330 0.000 0.00048024 14-215 177.30 MR 100 0.0090 0.000 0.00048035 14-170 177.30 MR 200 0.0500 0.000 0.000
.
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Sum of the Fractions Report

4

Liner. Linr Vol Linr Vol
. Cask Volume DR Dose Sum of If Limit If Limit !AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x A1 ;

!48041 14-215 177.30 MR 200 0.0170 0.000 0.00048080 21-300 177.~30 MR 260 0.0690 ' O.000 0.000
~

48081 21-300 177.90 MR 350 0.1520 0.000 0.00048084- 14-215 177.90 HR 300 0.0360 0.000 0.00048102 14-215 177.90-R 2 0.7500 0.000 0.00048111 14-215 177.90 MR 260 0.0500 0.000 0.00048121 14-170 177.30 MR 240 0.1070 0.000 0.00048132 HN-100 177.30 MR 300 0.0460 0.000 0.00048148 14-215 177.90 MR 600 0.1920 0.000 0.00048158 14-215 177.90-R 2 0.5650 0.000 0.000 i48230 14-215 177.90 MR 700 0.2550 0.000 0.00048290 14-215 177.90 MR 160 0.0440 0.000 0.00048345 -14-215 177.90 MR: 800 0.0870 0.000 0.000 <

48376 14-215 177.30 R' 1 0.0700. 0.000 0.00048393 14-215 177.90 MR 220 0.0980 0.000 0.00048414 14-215 177.90 MR 250 'O.0680 0.000 0.00048428 14-215 177.30 MR 100 0.0330 0.000 0.00048458- 14-215 177.30 MR 250; 0.0290 0.000 0.00048476 14-215 177.30 MR 800 0.0940 0.000 0.00048487 HN-100 177.90'MR 480= 'O.2240- 0.000 0.00048723 14-215 177.90 MR: 700 0.1370 0.000 0.00048771 HN-100 135.80 R 75 0.9720 0.000 0.00048822 - 14-215 177.30 MR 125 0.0230 0.000 0.00048875 14-215 177.30 MR 125 0.0430 0.000 0.00048895 14-215 163.30 R 12 0.0890 0.000 0.00048966 14-215 177.90 MR 350 0.0590 0.000 0.00048973 14-215 177.90 MR 1200 0.8130 0.000 0.00048991 14-215 177.90 R 12 4 ' -1.1680 0.000 0.00049011 14-215 163.30 MR 180 0.0150 0.000 0.00049123 HN-200 73.40 R 140 2.C820- 70.507 0.000<

** Subtotal **
17761.00

** Shipper PSE&G-HOPE
46478 14-190 170.80 MR 25000 0.1430- 0.000 0.00046550 14-210 194.10 MR 20 0.0200 0.000 0.000
-46567 14-210 194.10 MR 180 0.0210 0.000 0.000.46594 14-210 194.10 MR 250 0.0180 0.000 0.00046632 14-210 194.10 MR -250 0.0220= 0.000 0.00046754 14-210 194.10 MR 2 0.0340 0.000 0.000i 46799^ 14-190 -170.80 R- 0 1.9850 0;000 0.00046837 14-210 194.10 MR 700 0.0110 0.000 0.00047035 ~ 14-215' 194.10 R 1 0.0920. 0.000 0.000

i
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Sum of the. Fractions Report
;

.

,

Liner Line Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit

~

AS No. Type ' (Cubic Feet)-CD. Rate Fractions- -.2 x A1 3 x A1
,

47051 14-210 194.10 R 2 0.0600 0.000 0.000-
47062 14-215 206'.10 R 2 0.0620 0.000 0.000
47085 14-215 206.10 MR 300 0.0070 0.000 0.000
47104 14-215 194.10 R 2 0.0740- 0.000 0.000
47238 14-210 194.10 R' 2 0.1360- 0.000 ~0.000
47553 14-215 205.80 R 2 0.1440 0.000 0.000
47554 14-215 205.80_R 2 0.1420 0.000 0.000
47741 14-190 170.80 MR- 45- 2.4100 -141.274 0.000'
47799 14-215- 205.80 R 2- 0.1490 0.000 0.000
47803 14-215 205.80 MR '2000' O.1490 0.000 0.000
48003 14-215 205.80 MR 1200 0.0010 0.000. LO.000
48288 14-215 205.80 MR -800. 0.2280 0.000 0.000
48331 14-210 205.80 MR. 1200' ~ 0.2950' O.000. 0.000
48406 14-210 205.80 MR 300 0.1010 0.000 0.000
48439 14-210 205.00 R 2 0.3170' O.000- 0.000
48502 8-120 120.30 R 30 11.8130 20.368 30.552
48516 14-215 206.10 MR 80 -0.0030 0.000 'O.000
48522 14-210 205.80 MR 800 0.1650- 0.000. 0.000
48528 8-120 120.30 R 170 11.7080 20.551- 30;826
48539 8-120 120.30 R 70 10.3820- 23,175~ 34'.762
48565 8-120A 120.30-R 100 4.3500 =55.316 82.974
48594- 14-190 170.00 R '35 2.4860= 137.388 0.000
48600 14-210 170.80'MR 2000 :0.3800 0.000' O.000
48655 14-210 206.10 MR 300 0.05S0 0.000- 0.000
48732 B-120A 120.30 R 100 5.2140 46.147 '69.220

149023 14-210 205.80 R 3 0.2710 0.000 0.000
** Subtotal **

6484.70

** Shipper PSEG-SALEM
,

46469 14-215 170.80 MR 3000 0,0260 0.000 0.000
'46848 8-120 120.30 R 70 9.3790 25.654- 38.481
47165 14-215 170.80 MR 4000: 0.3350 ,0.000 0.000
47185- 14-190 170.80 MR 26000 0.4640 0.000- 0.000 ,

47478 8-120A 120.30 R 7000 9.2170 '26.104 39.156
47536 8-120 120'.30 R 50 2.6450 90.951 0.000
47615 8-120' 120.30'R -40 5.4950 '43.782 65.670 1

47693 8-120A ~ 120.30'MR 75000 14.1330 17.023 25.535
47848 8-120A 120.30 R 100 4.9370 48.734 73.101
48681 14-215 194.10.MR 3000- 0.4010- 0.000 0.000
48775 14-210 170.80 R 3 0.1930 0.000- 0.000
49075.: 8-120 120.30 R 20 1.6470 0.000 0.000 ,

.
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Liner Line Vol Linr Vol'
Cask Volume DR' Dose Sum of If! Limit'If Limit >AS No. Type (Cubic Feetr CD Rate Fractions 2 x-A1. 3.x Al

L
'

'

** Subtotal **
1719.40 *

; ** Shipper ROCH-GINNA
, 46443 14-170 177.50 MR 60 0.0110 0.000 -0.000

~

L 46751 607.70 MR 1 0.0110 0.000' O.000
47368 8-120 120.30 R 30- 10.2090 23 567 35.351
** Subtotal **

905.50 I

** Shipper SCE&G-SUMM
46519 8-120 120.30 R 35 0.1520 0.000 0.000 .46660 14-190 -170.80 MR 0 0.0000 0.000- 0.000
46698 8-120 120.30 R 0 4.1260, 58.315 87.472'47628 14-170 131.60 R 2 0.1100? ,0.000 0.000
** Subtotal **

543.00

** Shipper SCIENTIFIC-
47504.3 14.30 MR 600 0.0000 0.000~ 0.000
** Subtotal **

14.30

** Shipper SYS-G. GULF 2 *5'"T *

46584 14-210 199.40 MR 2000 0.1900' O.0001 'O.00046628 -14-210 199.40 MR 500 0.0640 0.000 .0.00046715 14-210 199.40 MR 5 0.0590 0.000 0.000
L 46948 14-210 199.40 MR 3 0.0780 0.000 0.00047013 14-210 199.40 MR 500 0.0760: 0.000- 10.00047196 14-210 199.40 MR' '700 0.0710 0.000 0.000

'47392 14-210 199.40 R 1- 0.0440 0.000 0.000 r

47534 14-210 .202.10 R. 2 1.8970 0.000 0.000' j47593 14-210 202.10 R 2CF l'.6190 0.000' -0.000- '

-47640 14-210 202.10 MR 20000 2.2300 181.288 0.000 R47655 1-13G 14.601R' 0000 0.7890 0.000 0.000-- 47810' 14-210 -202.10 R '20 2.2060 183.194 0.00047965- 14-210 199.40 R 11 0.1440 0.000 0.00048002' 14-210 199.40 MR. 1000 :0.0910 0.000- 0.00048067 14-210 199.40 MR 300 0.0260 0.000 0.000 ;48100' 14-210 199.40 MR- 200 0.0030- 0.000 0.~000,

E 48108 14-210 '199.40 MR 200 0.0830 .0.000 0.000- 1

48143 14-210 -.199. 40 ' MR '150 0.0820 0.000- .0.000 |48209 14-210 199.40 R 3- 0.2410 0.000' '0.000 1

l

'
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Sum of the Fractions Report '

.

Liner . Linr Vol Linr Vol
Cask Volume DR Dose _ Sum of If Limit If Limit

AS No. Type (Cubic Feet) CD Rate Fractions .2 x A1 3 x A1
.

'48238 -14-210 ~199.40 R 2 0.2370 0.000 0.000
48269 14-210 199.40 MR 2000 .0.2420 'O.000 0.000'

48292 14-210 199.40 MR 125 0.0020 0.000 0.000 :
48318 14 210 199.40 MR 150 0.0850, =0.000 0.000
48371 14-210 _199.40 MR 150_ 0.0780 0.000 0.000
48407 14-210 199.40'MR 150 0.0750- 0.000 0.000
48425 14-210 199.40 MR 200 0.0760 ,0.000- 0.000
'48466 14-210 199.40 MR 200 0.0770. 0.000- 0.000
48485 14-210 199.40 MR .200- 0.0780 0.000 0.000
48525 14-210- 199.40 MR 150 0.0770 0.000 0.000-
48533 14-210 199.40 MR 175 .O.0770 -0.000 0.000 .

48553 14-210 132.40 MR' 15000' 1.1710 0.000 0.000
48583 14-210 199.40 MR 200- 0.0760 0.000 0.000
48607 14-210 132.40 MR 2000 1.1640 0.000 0.000
48647 14-210 199.40:MR- 5000 0.2000 0.000 0.000
48669 14-210 132.40 MR 8000i 1.1580- 0.000 0.000'
48727 14-210 199.40-MR- 600 0.1210 0.000- 0.000
48756 14-210 199.40 MR 600 0.0780 0.000 0.000
48783 14-210 199.40 MR 600 0.0770 0.000 0.000
48801 14-210 199.40 MR '200 0.0170 0.000 0.000
48824 14-210 199.40 MR- -100 0.0160 0.000 0.000
48842 14-210 199.40 MR 100 .0.0050 0.000 0.000
48872 14-210 199.40-MR 150 0.0210 0.000 0.000 i

48881 14-210 199.40 MR 800 0.0760 0.000 0.000
| 48913 14-210 199.40 MR 850 0.1190 0.000 0.000
| 48949 14-210 199.40 MR 800 0.1010 0.000 0.000

.'

49127 14-210 199.40 MR 300 0.0070 0.000 0.000
** Subtotal **

8797.40

** Shipper T ED-D BES
47135 14-170 117.20 MR 1500 0.0640 0.000 0.000o

L 47150 14-170 117.20 MR 80 0.0100- 0.000 0.000
** Subtotal **

234.40

** Shipper TVA-B FER M8 *

46456 TV-55 170.80 MR 1000 0.1810 0.000 0.000
46480 TV-55 170.80 MR. 1000 0.1650 0.000 0.000
46491- TV-83 120.30 MR 10000 1.3160 0.000 0.000

| 46501 TV-55 170.80 MR 1300 0.1650 0.000 0.000
L 46534 TV-55 170.00 MR 1300 0.1650 0.000 0.000

46543 TV-83 120.30 MR 10000- 1.3160 0.000 -0.000

|
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-Liner Linr Vol Linr Vol
Cask- Volume DR. Dose- Sum of If Limit If Limit

AS No. Type (Cubic Feet) CD Rate Fractions 2 x A1 3 x At

46548 TV-55 170.80 MR 1000. O'1650 0.000' O.000-
| 46570 TV-55 170.80 MR 700. 0.1650 * O.000 0.000 1

46588 TV-55 170.80 MR 800 0.1600 0.000 0.000
46617- TV-55 170.80 MR 70 0.1590 0.000 0.000 J
46624 TV-83 120.30 MR 8000 1.2350 0.000 0.000
46629 TV-55 170.80 MR 1000 0.1590 0.000 . 0.000
46663 TV-55 :170.00 MR 12 0.1590 0.000 0.000 '

46680 TV-55 170.80 MR 20 0.2250- 0.000 0.000
46750 TV-55 170.80 MR 20 'O.2250 -0.000 0.000
46764 TV-83 120.30 MR- 10000 1.2350 0.000> 0.000
46823 TV-83 120.30 R 9 1.3880 0.000 0.000
46828 TV-55 170.80 R 2 0.2250 0.000 0.000" 4

46855 TV-55 170.80-MR 2000 0.2250 0.000 0.000
46897 TV-55 170.80 R 1500 0.3160, 0.000 0.000
46908 TV-55 170.80-MR 150 0.3160 0.000 0.000
46947 TV-55, 170.80 MR 15, 0.3160 0.000 0.000
47022 TV-83 120.30 MR 1300 0.2260 .0.000- 0.000
47541 TV-55 170.80 MR 600 0.0800 0.000 0.000
47660 TV-55 170.80 MR 600 0.0000- 0.000 0.000 i
47685 TV-55 170.80 R 1 0;2560' O.000 -0.000

'

47755 TV-55 170.80 R -1- 0.2920L O.000 0.000 i

47807 TV-55 170.00 R l' O.2560 0.000L 0.000
47872 758.10 758.10'MR 120 0.0210 -0.000 0.000
47885 TV-55 170.80 MR 1000 0.2560 0.000 0.000
47938 TV-55 170.80 MR 3000 0.2460 0.000 0.000 !

47947 TV-55 170.80 MR 600- 0.1510 0.000- 0.000
48052 TV-55 170.80'R 2 0.1600 0.000 0.000
48068 TV-55 170.00;MR- 500- 0.1510 0.000 0.000
48163 TV-55 170.00 MR- 500 0.1510 0.000. 0.000y

' 48213 TV-55 170.80 R 1 0.1440' O.000 0.000
48261 TV-55 170.80 MR 1800 0.2560 0.000 0.000
48275 TV-55 170.80 MR 1800 0.2560' O.000 0.000

'

48305 TV-55 170.80'MR 2000 0.2560 0.000 0.000 ,

| 40322 TV-83 120.30 MR 4000 1.6870, 0.000 0.000
| 48382 TV-55- 170.80 R 2 0.2550~ 0.000 0.000 i

| 48423 TV-83 120.30 R 5 0.3710 0.000 0.000
*

1 48491. TV-45 194.10 R 2 0.2910 0.000 -0.000
48500 TV-83 120.30 R 2 0.1830 0.000 0.000
48532 TV-45 194.10 MR 2000 0.1140 0.000 0.000

;

48577 TV-45 194.10 MR 450. 'O.1150- 0.000 0.000
'

'

48593 TV-45 194.10 MR- 1800 0.3820 'O.000 0.000
48633' TV-45 194.10 MR 2000. 0.3820 0.000 'O.000
48695 TV-45 194.10 MR 1200 0.3820- 0.000 0.000

..
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.

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit If Limit

AS No. Type (Cubic Feet)-CD Rate Fractions 2 x A1 3 x A1
1

,

1

48749 TV-45 194.10 MR 700- 0.3820 0.000 0.000
48797 TV-45 194.10 MR 250 0.0600 0.000 0.000
48840 TV-55 170.80 MR- 300 0.0660 0.000 0.000
49025 TV-55 170.80 MR 400 =0.0660 0.000- 0.000
49036 TV-55 170.80 MR 400 0.0660 0.000' O.000
** Subtotal **

9542.40
, ,

/O** Shipper TVA-SEO -

46790. TVA-SNP 158.50 MR 12 0.1710 0.000- 0.000'
46909 TVA-SNP 158.50 MR 12 0.0060' O.000 0.000
46957 TVA-SNP 158.50 R 1 0.2560' O.000- 0.000 1

47921- TVA-SNP 158.50 MR 1500 0.2320 0.000 0.000
48049- TVA-SNP' 94.00'R 9. 0.1230 0.000 0.000
48139 TVA-SNP 94.00 R 3 0.401^ 'O.000 0.000
48232 TVA-SNP 94.00 MR 90- 0.023v 0.000 0.000'
48264 TV-83 '120.30 MR -20000 0.0070 0.000 0.000
48370 TVA-SNP. 94.00 MR' 9000 0.1380- 0.000 0.000
48438 TVA-SNP 94.00 R 7 0.0900 0.000 0.000
48693 TVA-SNP. 94.00 MR 4000 0.1480' 'O.000 0.000

3

48785 TVA-SNP- 94.00 MR 3000 0.1750 0.000 0.000
48868 TVA-SNP 94.00 MR 3000 0.0480 0.000 0.000 ,

** Subtotal **
'

1506.30 ,

Shipper VA PW N AN - AN!#
. .

**
46438- ' 14-210 194.10 MR' 2000 0.1220 0.000- 0.000
46467 14-210 194.10 MR 2500 .0.1310- 0.000 0.000
46490 14-210 194.10 MR 15 0.0010 0.000 0.000
46539 14-210 194.10-MR 10 0.0000 0.000 0.000 s

46630 8-120 120.30 R' 250- 25.8190 9.319 13.978
|L / '"2" -- "" ^ M "a 2 C . MOG G.vvv -- G.0vv.

; 46760. 14-210 194.10 MR 8 0.1020 0.000. 0.000
| 46949 8-120B 120.30 R O 8.6170 27.922' 41.883

46974 14-210 194.10-R 7 0.0620 0.000 0.000
47012 8-120 120.30 R 400 32.1330 7.488- 11.231-
47129 14-210 194.10 MR 3000 0.1200 0.000 0.000
47216 14-210' 194.10 MR 3000 0.0720 0.000 0.000
47302' 14-210 194.10 MR 3000- 0.0350 0.000- 0.000
47395 14-210 194.10-MR 700. 0.0270 0.000 0.000

,

47475 14-210 205.80 R 3 0.1640 0.000 0.000
47505 14-210 194.10 R- 35 0.3020 0.000 0.000
47972 14-210 194.10 MR 2500 0.0740 0.000 0.000

|
'
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Sum of-the. Fractions Report .

Liner
. Linr Vol Linr Vol

Cask Volume DR Dose Sum-of If Limit If Limit
AS No.- Type (Cubic Feet) CD Rate Fractions. .2 x A1 3 x A1

,

48563 14-195 194.10 MR 700 0.0200 0.000: 0.000*

48645 14-210. 202.10 MR 500 0.0370 * 0.000 0.000
48755 8-120B 120.30 R 100 20.2540 11.879 17.819
48800 0-120B 120.30 R 100' 16.0050 15.033 22.550
49129 14-210 206.10 MR 600- 0.2670 0.000 0.000

* * Subtotal **
4509.20-

** Shipper VA PW-SUR I$
46767 HN-200 28.00 R 15000 1.8020 0.000- 0.000

- 46840 3-55 57.40 R 1500 79.1450 1.451. 2.176
46057 3-55 57.40 R 2600 94.4370 1.216- 1.823
46930 14-170 158.10 MR 80 0.3010- 0.000 0.000
47010 -3-55 57.40 R 4700 386.3470' O.297 0.446-
47020 3-55 57.40 R 3130 203.9210 0.563 0.844
47535 14-195 158.10 R -9 0.5780 0.000 0.000
47653 14-195 158.10 R 2 0.1190 0.000 0.000
47668 14-195 158.10 R 12 0.5640- 0.000 0.000~
47855 14-170 158.10-MR 3000 0.0450 0.000 0.000
48217- 14-190 158.10-R 25 1.0600 0.000 0.000-
48278 10-142 135.80 R 30 0.5640 0.000. 0.000

- 48484 14-190 135.80 R 75 5.6710 47.897 71.845
48679 14-170 158.10 R 2- 0.0400 0.000 0.000
48697 14-170 158.10 R 2 0.0720 0.000 0.000
48729 8-120 83.40 R 10 0.5030 0.000 0.000
49031 14-170' 158.10 R 3 0.1800 -0.000 0.000
49054 14-170 158.10 MR 3000 0.1310 0.000 0.000
** Subtotal **

2193.60

** Shipper VA TECH IN
46786.4 3.30 MR 4 0.0000 0.000 0.000
** Subtotal **

3.30

** Shipper VT' YANKEE
46755 14-170 158.10 MR 22 0.2980 0.000 0.000
46845 14-170 158.10.R -0 1.0820 0.000 0.000
46927' 14-170 158.10 MR 65 0.7660 0.000 0.000.
46996 14-170 158.10 MR 18 0.9090 0.000 0.000
47075 14 170 158.10 MR 1000- 0.0970 0.000 0.000
47175 14-170 170.00 MR 400 0.0470 0.000 0.000
47321 14-170 158.10 MR .5000 0.61701 0.000~ 0.000

.
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Sum of the. Fractions Report 4

|
I

Liner- Linr Vol Linr Vol
Cask ~ Volume DR Dose Sum of If Limit If Limit = |

,

AS No. Type (Cubic Feet) CD Rate Fractions '2 x A1 3' x ' A1

-

|47382 HN-200 73.40 R 36 2.4030 61.090 0.000 1

47691 14-170 158.10 R 8 0.7210 0.000 0.000 l
48147 14-170 158.10 MR 1000 0.1050 0.000 0.000 |48361 14-170 158.10 R 1 0.0830 , 0.000' O.000- |48625 14-170 158.10 MR 3000 0.3440 0.000 0.00048828 14-170 158.10 R 3 0.0430 0.000 0.000 1

;

48943 14-170 158.10 MR ~3000 0.3700 -0.000 0.00049020- 14-170 158.10 R 5 0.4950 0.000 0.00049066 14-190 170.80 R 50 4.4720 76.390 114.586 j** Subtotal **
2469.50

!** Shipper WEPCO
46533 14-170 131.60 MR 320 0.0070 , 0.000 _0.00047580 21-300 157.50 R 3 ~0.0670> 0.000 0.000 H

,

47586 660.00 MR 85 0.0080 0.000 0.000 147743 14-170 177.50 MR 200 0.1750 0.000 0.00047744 14-170 177.50 MR 60 0.1750 0.000 0.00047795 14-170 177.50 MR 110 0.0650- 0.000 0.00048357 14-170 177.50 R 7 1.2620 0.000 0.00048621 14-170 177.50 MR 2500 0.8790 0.000 0.00049114 8-120 125.20 R 25 10.1630 24.638- _36.958** Subtotal ** '

1961.60

** Shipper.WIS PUB'
46603 14-190 158.10 MR 7000 0.3500 0.000. 0.000

|

47337 14-190 158.10 MR 17000 4.6150 68.510 102.76547425 14-195 114.90 R _1 0.2190 0.000 0.00047632 14-190 158.10 R 25 6.0010- 52.694 79.042** Subtotal **
589.20

*** Total ***
235129.40

,
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EFFECT OF THE PROPOSED ADOPTION OF THE INTERNATIONAL ATOMIC :1

ENERGY AGENCY ~ REGULATIONS.:1985 REVISION. ON THE U.S. ;

RADIOACTIVE HASTE-TRANSPORTATION INDUSTRY

By:-

Gary A. Benda, Mark S. Lewis, and James H. Allen
Chem-Nuclear, Systems, Inc.

. 220 Stoneridge Drive
. Columbia, South Carolina 29210

i

ABSTRACT '

The Nuclear Regulatory Commission (NRC) is proposing changes'to 10 CFR 71
.

transportation regulations to achieve compatibility with the 1985 IAEA |-

regulations. The intent of.these changes is:to be more compatible with the '

international standard on shipping containers, package requirements, and
performance criteria. The NRC has, however, modified part of its regulations;
to restrict the packaging of LSA by limiting the total activity rather than-
adopting the IAEA standard. "

;

This paper addresses how the proposed regulations will affect the: low-level
radioactive waste transportation industry. It describes.the' impacts on~ the
transportation industry in three major areas - IAEA _ consistency, economic
impact, and risk assessment., Available transport; data from.the Barnwell ,

'

disposal site was used in the analysis of the proposed-changes. The impacts-

addressed include possible-increased' radiation exposures, transportation risks
| and liability, transportation and processing costs, and< waste disposal costs-
: resulting in 1ittle health and safety benefit. Although.the health and safety-
P benefits of any change to the current regulations:are minima 1L suggested

citernatives to the proposed regulations are discussed that more closely
.

6

-conform with the international standards while still-maintaining healtn and
safety.

I
,

INTRODUCTION
'

The Nuclear Regulatory Commission and the Department'of Transportation are
proposing' changes to the regulations governing the transportation!of low-level
radioactive waste (LLH). The NRC' regulates.the' transport of greater than Type
A quantities of radioactive material according to Title 10 Code of Federal -

~

Regulations Part 71. The Department of-Transportation regulates the transport-
of all radioactive material according to; Title'49:of the Code of Federal-

|Regulations. Both regulatory bodies are preparing rulemaking to be more
Jconsistent-with'the 1985 International Atomic Energy Agency (IAEA)- 1regulations, Safety. Series 16.
U

| Many changes are proposed in the new rulemaking. However, this paper focuses;
; on the LSA-limit proposed by the llRC and its.effect onathe LLH transportation-

industry. Other proposed changes affecting the-transport of LLH: include the
redefinition of LSA,. modifying ar.d expanding the list'of- Al and A2 values to
meet the IAEA standards, and changing the' regulatory authority-for NRC
licensed Type A' casks from the NRC to the DOT.- Enforcement of the proposed j

>
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2Al LSA limit regulation is scheduled for one year from the regulation's
implementation.

This paper reviews the proposed 2A1 LSA limit, describes three studies
performed by Chem-Nuclear to evaluate the 2Al value proposed by the NRC,
reviews the draft EPRI economic report, addresses the Sandia LSA risk report,
and recommends solutions derived from the studies to-conform with the IAEA
regulations. The three studies, performed by Chem-Nuclear in 1988, focus on
the the NRC consistency with the IAEA standard.

The first study was an evaluation to determine what multiple of Al is equal to
the IAEA standard of 1 rem /hr at 3 meters from the unshielded LSA material
assuming Co-60 to be the only radionuclide in the waste. The second study was.
an evaluation of the 2Al limit using the dose rates from a select sample of 50
shipments made to the Barnwell Haste Hanagement Facility (BHHF) and computer
shielding equations. The third study was an evaluation of over 500 potentially
affected cask shipments made to the BHHF over one a year period to determine
the equivalent Al limit based on the recorded and calculated unshielded liner
dose rates using correlation factors and statistical analysis. These studies
and their results are described in detail.

PROPOSED REGULATORY CHANGES

Transportation of radioactive material is regulated by the NRC in Title 10
Code of Federal Regulations (CFR) Part 71 regulations and by the Department of
Transportation in the Title 49 regulations. The NRC. regulations: apply only to
greater than Type A quantities of radioactive material. Current regulations
require that greater than Type A quantities of-low specific activity

i radioactive material consigned " exclusive use" be transported in an NRC
licensed cask which meets Type A performance standards. No limitations are
placed on the inner container's radiation doses.

,

! One of the objectives of the U.S. nuclear industry and the regulatory agencies
I is to be consistent with the international standards. The International
! Atomic Energy Agency has developed standards with input from the United
| States. Their regulations are listed in the 1985 IAEA Safety Series #6

document. The U.S.00T and NRC are preparing rulemaking to be more' consistent
with these regulations.

One proposed change with potential impact to the low level radioactive waste
l (LLH) transportation industry is the restriction of LSA through dose rate or

total activity limits. The IAEA regulations require an unshielded LSA
container radiating more than I rem /hr at 3 meters to be placed in a Type B
cask. Only six Type B casks licensed by the NRC for the transport of
processed waste are available in the U.S. industry. A majority of the
processed waste material is shipped in NRC licensed Type A casks. The NRC
authorizes the transport of LSA material which contains a total activity
greater than A2 in Type A casks if the material is consigned exclusive use.

The NRC proposed rulemaking (NRC 1988) provides an alternative to the IAEA
restriction of I rem /hr at 3 meters by limiting the total radionuclide
activity. Current regulations identify activity limits signified by Al and A2

| values for each radionuclide. Al values (for special form material) and A2
values (for normal form material) are used to determine the activity limits in

' -2-

.

- --- . , , , - - - . . . - - - - - - . . - -



___ .. ..
. .-- .. .. . . . . .- -

-
-

;

.

'

packages. Due to the industry's difficult.y in complying with the i rem /hr at
3 meter radiation level standrd, the NRC chose not to adopt.the IAEA dose
rate limit but proposed a multiple of the A1 value as the limit to meet the
objective. Proposed rulemaking suggests that a total activity limit of 2x
revised Al value would equal the IAEA limit of 1 rem /hr at 3 meters from the
unshielded LSA material. No information was provided on how the 2xAl limit
was derived. The NRC staff position stated that it was a close approximation
of the IAEA standard.

,

ANALYSIS OF 2A1 LIMIT '

Chem-Nuclear Systems evaluated how closely the 2x the revised Al limit
approximates the I rem /hr at 3 meters IAEA standard as it applies to LLH
packages (Anderson 1988). The relationship of activity to dose rate depends
on numerous factors including the type and quantity of radionuclides, material
self-attenuation, and container volume. Actual LLH shipment data was used to
analyze the impact of the proposed regulation change on the current LLH
transportation industry.

Three studies were performed by CNSI to analyze the relationship. The data
was compiled from records obtained at the Barnwell Haste Management Facility
operated by Chem-Nuclear. The data reflects cask shipments during a twelve
month period in 1987 and 1988. The data includes unshielded dose ~ rate, waste
material, radionuclide type, and concentration. This data and radiation
shielding programs were used in the three studies with the results summarized
in the table below.

The first study involved theoretical calculations of the multiple of Al
equivalent to I rem /hr at 3 meters. Since the Co-60 isotcpe is the
predominant contributor in LLH dose through the walls of a shielded cask, a
theoretical calculation of the surface dose and corresponding 3 meter dose was
made using Co-60 only. The HICROSHIELD computer program (Grove, 1987) was
used to calculate dose rate values and the Al equivalent for a 200 cu.ft.
disposal liner. The proposed Al value of 10.4 curies: for Co-60 was assumed.
Based on limitations of 1 rem /hr at 3 meters and-the density of resin waste, a
multiple of the Al was calculated to be 3.52. Dewatered resin waste was usedin this analysis as the most conservative waste form. A limit of 3.52Al is-
76% greater than the 2Al value proposed by the NRC and would allow a
correspondingly greater activity content in-the LSA package without exceeding
the dose limit established by the IAEA.

The second study involved data from 50 representative shipments received at
the BWMF. The 50 shipments involved six different cask / liner types containing
either solidified or dewatered resins. Solidified and dewatered resins waste

i

forms were used in this study because they represent the type wastes that
might be affected by the NRC's proposed change. The multiple of Al for each~
shipment ranged from 0.18 to 21 with an average of 4.27. The Microshield
computer program was again used to determine the theoretical' dose rate from
the unshielded LSA material based on the specific radionuclide mix. The
average multiple of Al that corresponded to a. dose rate of 1. rem /hr at 3
meters was calculated. .This study showed an average Al value of 2.73 with a:
standard deviation of i 1.37. The data showed little correlation between
activity and dose rate as indicated by a correlation factor or R squared equal
to -0.2.

-3-

.

_ . _ _ . . _ . . . . . . . . . -



.

.

.

The third study involved the use of radiation dose and isotopic concentration
data for over 500 shipments. Only cask ~ shipments received at the BHHF
spanning one year in 1987 and 1988 containing either solidified or dewatered'

]resins were used. Data reflecting the measured ~ container dose rate on contact c
recorded by the shipper, isotopic quantity and type were input into'a computer !
program. The multiple of Al, again, based on the proposed Al limits was.
calculated for each shipment. A normalization formula was used to relate a
value of Al to a dose rate at 3 meters. The statistical aversge Al multiple ,

'

calculated was 3.72 with a standard deviation of i 2.57. . A plot of.the data
showed little correlation.between total activity and dose ra'.e on radioactive
waste packages.

.

I

CALCULATED Al VALUE EQUIVALENT
TO THE IAEA STANDARD OF'l REH/HR AT 3 HETERS

xAl i Standard Deviation

Case 1 All Co-60 In Haste 3.52-

(Theoretical)

Case 2 Select Cases Using 2.73 1 1.37-

Microshield Calculations
(50+ Cases - Theoretical)

Case 3 Database of 1987/1988 3.72 1 2.57-

Shipment Records
(500+ Cases - Experimental)

NRC Proposed Value 2.0

ECONOMIC IMPACT

Chem-Nuclear's analysis indicates an additional 300-600% increase in Type B
processed waste shipments (i.e solidified or dewatered resins) will be made in
order to comply with the proposed 2Al LSA limit. There are approximately
20-30 processed waste shipments made each year to the BHHF that are required -
to be shipped in Type B casks. There are many te shipments made in Type B
casks that are only_ require an NRC Type A cask. ype B casks a"e often
scheduled and used prior to processing of the was e and an evaltation of the
type package needed. The 2Al limit will increase the number of Type B
processed waste shipments to 90-120. Since the six(6) current T',pe B casks
are utilized approximately 70% of the time, there be a shortage of available
Type B casks and an additional 8 to 16 new casks will need to be manufactured
to service the industry. Historically, design, licensing and manufacturing of
new Type B casks. take 3-4 years.

Disposal volumes and associated costs will also increase. As the higher
volume Type A cask shipments are required to be shipped in the lower volume
Type B casks, disposal volumes increase. Each disposal liner is- not filled.
to the maximum to prevent spillage during processing and the burial volume on
each liner is greater than the fill volume. If,1 or example, the wastef

1
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currently transported in!200 cu.ft. Type A casks is transported in 120
cu.ft. Type B casks due to the proposed 2Al limit, it would take 1.7 Type B
shipments to transport a Type A shipment. The disposal volume increase is 2%
due to the inefficiency of processing smaller volume packages. 'Other ;

associated disposal costs assessed by shipment that will increase due to an '

increase in the number of shipments include cask handling and curie' surcharges -|that are assessed in activity ranges. The curie surcharge assessments favor a-
|

lower number of high volume, high activity shipments rather than a greater |
.

number of lower volume, medium to high activity shipments.

Adoption of the NRC proposed regulations will economically impact the U.S.. I
nuclear industry by 54 to $5 million per year according to EPRI (Daloisio
1988). EPRI's study utilized shipping inforn tion from a 1985/1986 databas'e.
The study evaluated solidified and dewatered primary and non-primary resin-
from BWRs and PWRs that were transported in three different casks. The $4 to-
55 niillion impact identified in this study is the direct cost increase in

i

package use,. transportation, and disposal. The-study did not evaluate the
cost of new equipment (i.e., cask and trailer) design, licensing, and )
manufacture.

]
RISK ASSESSMENT

Sandia National Laboratories was contracted by the U.S. Department of
|Transportation and the Department of Energy to evaluate the impacts of the

United States adopting the IAEA standards associated with LSA and the 1 rem /hr
at 3 meters from the unshielded cask restriction. In their risk assessment
(Ostmeyer et al. 1988), they assumed the worse case scenerio of high radiation
level'LSA waste, dewatered spent resin, with a specific activity at the
existing regulatory limit (0.3 mci /g). Although Sandia used the-worst case
scenerio for their risk assessment, they commented that in the typical
accident the radioactivity levels are likely to be orders of magnitude less <

than those assumed for their calculation and a release of 100% of the waste
material is unlikely. -They assessed the radiological-impacts =and-risks-in-the
event of a highway accident. Some of their conclusions are:

* " ... current LSA limitations are sufficient to prevent
excessive external radiation exposure to an individual
following a severe transportation-accident. Although
package dose-rate restrictions could provide a higher
level of confidence..that external radiation doses are-
not excessive, these restrictions would have a
substantial impact on shipping practices and costs for
transportation of LSA material."

* " Additionally, because the package dose-rate
restrictions would substantially increase the number
of shipments, the ' number of traffic fatalities' and -
injuries'from accidents involving transportation of
waste materials would also rise."

-We agree with these qualitative conclusions. However, one of the r.isks that
Sandia did not address is the increased dose to the worker at the nuclear-
facilities.while processing and preparing to' transport the additional

-

shipments that will result if either the 2A1 or i rem /hr at.3 meter-
restriction is invoked by the NRC.. The proposed, more restrictive limit, will

,

n
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lead to more shipments.-higher risk of accidents, higher costs for
transportation and disposal, and a higher dose to radiation workers,

w

l
CONCLUSION

Based on Chem-Nuclear's analysis two conclusions were~ reached, j

1) There is no close correlation between waste activity {(multiple of A1) and unshielded dose rate;(1 rem /hr at 3- '

meters). The activity of alpha and beta emitters have-no
bearing on the external' dose rate, but would. restrict the
package using an activity _ limit. ;

2) If an activity limit is to-be used.:A limit of'3.4A1 for
gamma emitting radionuclides is closer to the IAEA

1

standard of 1 rem /hr at 3 meters than the proposed 2A1
limit for LSA.

.

Based on these conclusions it is doubtful that the objective of consistency.
~

with the IAEA regulations-will,be. achieved:Using a 2Al activity. limit. The
1- rem /hr at 3 meters dose ~ limit, while being consistent with the IAEA
standards, also has its negative factors including ALARA concerns and the i

inability to determine classification and compliance: prior to waste packages

preparation. '

Chen-Nuclear is continuing to' study these impacts:~to; determine 1the need for
additional. Type B shipping casks, since many LSA shipments previously made-in
NRC Type A casks will now require NRC' Type B casks. .Since, Type B casks are
more expensive to use per-day and typically have a smaller capacity,^the
proposed change will result in more liners processed, more shipments made, and !higher burial costs. Type B casks will be harder to secure and more expensive; j
to use in the future if and when the. proposed regulations. are implemented.- '

Sandia's risk analysis has concluded that_any change'to the current
regulations would be costly with little health-and safety benefit. EPRI has
proposed a possible cost to the industry of $4 to $5 million per year. Many
other independent studies were conducted by industry groups and. shippers. . At
the time'this paper was prepared comments or 'his proposed regulation change-

are being solicited and accepted by the NRC. 7.ce adopted.ithe regulations
have a one year implementation period.- Comments and preparations should be
made by the affected LLH industry on this major regulatory change. <,

o
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ACa- HEM-NUCLEAR SYSTEMS,INC.

e
'

220 Stoner 6oge Drive * Columbia, South Carodna 29210 ~ -

February 8, 1990

|
i
I

l

g.

Secretary
U.S. Nuclear Regulatoryf Commission' ,

JWashington, D.C. 20555 - ,

Attn Docketing and Service Branch ;

Re: 1 Proposed Rule, Federal Register,-Wednesday, June 8,5 1988' ;

Dear Secretary: >

The following-and the. enclosed are Chen-Nuclear Systems' comments
concerning the. proposed. rule, " Transportation Regulations; .

Compatibility With the International. Atomic Energy, Agency:(IAEA)", |
published in the Federal Register on Wednesday,; June 8, 1988. |

|

In summary, the proposed rule'did, in most cases, achieve a-level ,

''of compatibility-with the regulations of the International Atomic-

Energy Agency, thus L f acilitate internati'onal . commerce,; and : will.. I

increase' the overall level of. safety: as > it relates, to :the: |
transportation of radioactive material. Those areas' addressed by j

'

thel proposed rule that have been Lin' need of d revision, .are well l
-

. received, and have chem-Nuclear's support; include: ,j

Documenting the timely' renewal system for certificates*

of compliance and quality assurance programs as.
proposed in 71.38',

L . .

Changing the activity value ct which advance
.

.| *

! notificationEis required'of a shipmentiof.nuclearr
waste to coincide with the' Department-of^
Transportation's. highway route-controlled 1 quantity
value as' proposed inu71.97.JThis proposed ruleLwill

4lead;to less shipper confusion when-' shipping higher--

|,

!' activity waste.

Expansion of and revision.to th's A1/A2 values.as*

proposed in 71 Appendix A-1.

i

,w M /
,AM L
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Proposed Rule, Federal' Register ;

Page 2

Also enclosed, are - a number of comments -in ' areas ~ ~ of L concern to
Chen-Nuclear. Because of the. extent of our_ comments and concerns,.
as well as, comments and concerns of our customers and many-other.
shippers of radioactive material, Chen-Nuclear ~ believes .: it . is
necessary for the Nuclear Regulatory Commission' to- revised this
proposed rule ~ and publish a second set of proposed rules . for;
another series. of comments 'before publishing a final rule based-

~

solely on this first. set of comments.-

As always,-Chem-Nuclear appreciates the opportunity to be a part~
'

-

of this rulemaking process that establishes"the safe . system of
radioactive :asterial- transportation.- If- you _need further;
clarification concerning any of these comments, please contact us.

Sincerely,

CHEM-NUCLEAR SYSTEMS, NC . -

. .,

Mark S. Le s
Radiological Engineer

MSL/nho

Enclosures

!
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C000MNTS CONCERNING TIM 10'CFR'71 PROPOSED REGULATION CHANGES
|

|

|

1. Department of Transportation fDOT) Rafarances,[10 CFR 71'.5
'

Many of the NRC regulations | continue to'be a duplication
of the Department of Transportation-(DOT) regulations.; All-
DOT. regulations that are applicable to NRCD regulated--

'
quantities.for transportation purposes need to be

.

incorporated by Reference in 71.5. ,

Specifically, the regulations that listed.below are a
duplicate of the DOT' regulations or so similar-that>the

,

majority can be incorporated by reference with the
difforences: identified: ,

NRC Reference- DOT Equivalent

10 CFR Part 71.41 49 CFR'Part'173.461
71.43 173.412
71.45 173.411
71.47 173.441-
71.52 173.453 i

71.71 173.412, 465, 466
71.75, 77 173.469

..

71.87 173.441, 442, 443,-475
| 71 App A 173.443, 435

L Incorporating the regulations by reference to DOT,will
eliminate the problems that have occurred in-the past and
may again occur in the future with a change-by.one agency
resulting in conflicting regulations until such time: the

,

other agency can make-the similar change.

2. TM-I Definition. 10 CFR 71.4 5

,

The new definition of=LSA-I that includes'a consideration
for deocamissioning/ decontamination waste (LSA-I'(iv)) is
too restrictive to include a najority of the uranium mill'. l

tailings that-are currently;being transported in bulk,
unpackaged. The LSA-I. limit for contaminated earth needs
to be 4e-6 A2/g, in order:to ship: mill' tailings bulk, or
mill' tailings needs to be' included astLSA-I by definition,.
such as~the~ ores-(LSA-I (i)).

I Mill tailings are nots-

* ores as defined for LSA-I (1)',
'

* solid unirradiated. natural or depleted uranium or
natural thorium as defined for'LSA-I (ii), or

1
'

*
, ..
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* radioactive material with-an unlimited A2 value
as defined for LSA-I (iii).

Some mill tailings'can be shipped according to definition
LSA-I (iv) as contaminated earth having.a concentration
less than le-6 A2/g which equates-to approximately 552
pCi/g total. Some of the mill tailings that are being

1transported from mill site to storage location to disposal' '

are.in concentrations up to 1000-PCi/g_ total. Radium 226-and-
Thorium 230, the most restrictive isotopes, effect the

-_ !

sun-of-the-fractions in such a manner.that simply doubling '

the concentration limit will not allow a majority of-the- _;

tailings to be classified as LSA-I. In= order for the
_

4

majority of mill tailings-to be classified as.LSA-I'and be.
shipped in bulk, ie, unpackaged in-a dump truck style

,

-

vehicle with a canvas top'to complete the closed? transport a
requirements, then the LSA-I.(iv)-limit for contaminated
earth needs to'be increasedLto 4e-6 A2/g.

-

If the industry is.to be allowed by'the DOT to continue'the
current bulk transport practice of-all mill: tailings, the

4

regulations need to reflect that' acceptance by modifying the lconcentration limits of the LSA-I (iv) definition or. '

identifying mill tailings as LSA-I by definition without an'
;

activity or concentration limit.
i

3. Purnosa smo Econe. 10 CTR 71.Ofnif2)

It seems more appropriate to identify-in the " Purpose and
Scope" MRC requirements by type of packaging-rather than
quantity'of material. Specifically, the part:of the
sentence "...in excess of.a Type A_ quantity." could be,
replaced with "... required-by this Part to be transported !

.

,

in a Type:B packaging." and MRC's jurisdiction would.be |
better defined. '

The following statement in the-Federal Register notice in.
-

the section titled Discussion of Major Changes under the-
heading Updating of Requirements for Shipment of LSA
Material helps to reenforce the' fact that-NRC's-
enforcement is over licensed material-required'to be-

,transported in Type B packagings.-

"This' action, if: adopted,'would'have
.the effect of. raising the threshold:
-level of radioactivity at whichiNRC_
. regulates shipments of LSA' radioactive
material-from the Type B quantity'

,

level-to the-level at which Type B
packages.are required."

2'
'
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The other material regulated;by-the NRC is also required-
to be transported-in a Type B packages,_ie. materials in

'

q
excess of a Type A quantity.or is specifically identified,
ie.-fissile material. !

i

4. Areantance critaria for-Packages Subject-To The Normal i
N ditions Of Trananort conditions 10 CFR-71.43ff) and

_{71.51(a)(1)-
{

There needs to be a measurable' acceptance criteria for i

packages subject to the normal condations of: transport a
conditions. The IAEA recommended criteria of up to 20 l
percent increase in external radiation levels'as a result ?
of. subjecting the package to the normal conditions of- 1
transport is a criteria that needs to be' considered.: j

The criteria "no significant-increase" has' historically 1

'

been interpreted as ano increase". By defining "significant"
the package designing engineer and the NRC review engineer._
have a measurable goal for the design and review that'is not'
only compatible with the IAEA,-.but is consistent with
engineering practice.

With the United States of America being a Nember State of
the International AtomicLEnergy Agency (IAEA) there should
be an obligation to fully-adopt the IAEA standards. If the
NRC feels-the IAEA standards are inappropriate,'as a-member,
the_NRC should lobby:for a change-in the international-

standard rather than developvinconsistent rules.-

F

5. Enviror==ntal T=n=ete. Prammhle of tha h m =ed R=aulations

The significant envizonmental' impacts in terms of-the
person-rea are associated _with these proposed regulations.
Through an extensive study (discussed _in detailLbelow) of
high specific activity LSA waste shipments'ande.to the
Barnwell Waste Management Facility during the second half of
1987'and thesfirst half of 1988,' it 'is: estimated that
additional. processing und shipping by_ generators will-
increase total person-rea over 10 rea/y.

The Type.B packages that have been available for shipping
have a smaller payload volume than the 200 cubic feet
packages that'are commonly used to transport the high '

specific activity LSA waste. For every three of.the 200
cubic feet Type A packages that exceed the'2 x Al-LSA limit
there.will'have to:five_of the approximately-120 cubic feet
packages processed and' transported for disposal..

During the time period analyzed there were over 40 LSA
shipments in the^200 cubic feet' size NRC Type A casks that
exceeded'the 2 x Al limit. These shipmenus that exceeded'

.the 2 x Al limit will have to be transported in Type B '

3
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casks according to the proposed rule. With the ratio of 5
to 3, there will be over-20 additional packages to process-
and ship. With exposures approximately 0.5 person
rea/ shipment,'there will be an increase of over 10
person-rom / year. If shippers choose to reduce the volume of-
the waste in order to achieve a less than 2xAl industrial
package shipment, the number of packages being processed and
total number of shipments could be'as high as.50 increasing
exposures to as high as 25 person-rea/ year.

6. Renorts. 10 CFR 71.95fei^

The new reporting criteria needs to-be more specific than
is-indicated by " Instances in which the conditions of :

approval in-the certificate 1of compliance were-not
observed in making a shipment."-

Most - if not- _all of the cask-: certificate: of- Compliances -
reference a' set of handling procedures prepared by the
license holder that has'many.very minor' conditions of
handling that if unobserved while shipping have no. safety
significance; ie. lute- on' a bolt, dual department: seals, .

3
or a signature.by the manager rather.than the director.

7. u r With creater Than 2xAl in Type B Pankaninas

Based on an analysis, Chem-Nuclear came to two conclusions
concerning the proposed 2xAl limit _on'Lah:in non-Type B;-
packagings:

>

'* There is no close currelation between waste activity
(aultiple of-A1) and-unshielded' dose rate (1 rea/hr
at 3 meters). The activity of: alpha and-beta

~

emitters have no effect on the external dose rate,
but would restrict the package using an activity
limit.-

* If an activity limit.is to be used,-a limit of 3.4A1
for gamma emitting radionuclides is-closer'to the
IAEA standard of 1 rea/hr at 3: meters'than the
proposed 2Al limit for LSA.

Clearly, the W W rule.is nott consistant with the IAEA
regulations. However,-consistency with the|IAEA regulations
for the transport of LSA material is unnecessary. : Since LSA -
anterial-is rarely it.ever transported: internationally,_no <

nhange to the current regulations-is required. Current
regulations have historically proven to be sufficient toj
protect the public health and, safety and,:without a-recorded
accident resulting in a' release of radioactivity, emergency
responders are at little if any risk.

'

4
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| ANALYSIS'0F 2Al LIMIT'

chen-Nuclear Systems evaluated how closely the-2x the-
revised A1 limit approximatesithe-1 rea/hriat'3 meters:IAEA
standard as it applies to LLW-packagesL(Anderson-1988). ~The.
relationship of activity to dose rate, depends oninumerous
factors: including-the type _and' quantity of radionuclides,-
material'self-attenuation, and container volume. Actual'LLW
shipment-data wasLused,to analyze the. impact ofithe' proposed
regulation change'on'the current LLW transportation '
industry.

Three studies.were-performed by CNSI to analyze'the' .,

relationship. The-data was;oompiled:from records obtained
at the barnwell Waste Management-facility operated by Chem-
nuclear. The data reflects cask-shipments during-a twelve

.

month period in 1987 and 1988. The data includes-unshielded
dose-rate, waste material, radionuclide type,'and
-concentration. This data and radiation shieldingLprograms
were'used in the three studies with:the results-summarized ,
in the table below.

'

The first study involved theoretical calculations of thel
multiple of Al equivalent to l'rea/hr;atL3 meters. Since
the Co-60 isotope'is the predominant contributor in LLW dose
through;the walls ofca shielded-cask,,a' theoretical
calculation of-the surface; dose and corresponding 3 meter
dose was made using co-60 only. The>MICROSHIELD computer3

program (Grove,-1987) wr.s used to calculate dose rateivalues
and the Al equivalent for aE200:cu.ft._ disposal < liner. 1The
proposed Al value of 10.4 curies;for Co-60 was1 assumed.
Based'on limitations of 1 rea/hr at.3 meters and the density:
of resin waste,.a multiple of the A1.wastcalculated to be
3.52. Dewatered resin waste was used :in- this analysis as
the most conservative' waste form. AJ11mit of 3.52Al is 76%
greater than the 2A1 value proposed.by the NRCland would
allow a correspondingly greater activity' content:in~the~LSA-
package without exceeding:the dose limit, established by the
IAEA.

The second study involved-data from 50 representative
shipments received at the Barnwell: Waste Management Facility
(BWMF). The 50 shipments. involved.six different cask / liner
types containing either solidified or dewatered resins.

' Solidified and dewatered resins waste forms were=used in'
this study because they represent the type wastes that might
be affected by the--NRC's proposed change.L=TheLaultiple of.
Al for each shipment' ranged from 0.18 to 21 with an average
of 4.27. The Microshield computer program-was.again used,to
determine the theoretical dose rata =froatthe' unshielded LSA
material based on the specific radionuclide mix. The
average multiple ofnAl that corresponded to a' dose rate of'1
rea/hr at 3 meters was calculated. This study showed an
average Al value cf 2.73 with a standard deviation of +/ -

5
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1.37. The data showed little correlation between activity-
and dose rate as-indicated by'a correlation factor or R
squared equal to -0.2.

The third study involved the use of radiation dose and
isotopic concentration data for over 500. shipments. Only |cask shipments received at the:BWMF spanning one year in '

1987 and 1988 containing,either solidified or dewatered-
resins were used. Data reflecting-the measured container
dose rate on contact recorded by the shipper, isotopic *
quantity and type were input-into a computer program. .The
multiple of A1,-again, based on the proposed.Al limite was
calculated for'each shipment. A normalization. formula was
used to relate:a;value of Al to a dose rate at:3. meters.-
The statistical average Al multiple calculated was 3.72<with ,

a standard deviation of +/- 2.57. .A plot-of the data showed:
little correlation between total activity and dose rate on
radioactive waste packages.

CALCUIATED Al VALUE BQUIVALENT
TO THE IAEA STANDARD OP.1 REN/HR-AT 3 METERS

xAl +/- Standard
Deviation

Case 1-- 'All Co-60 in wasta 3.52
(theoretical)

Case 2 - Select Cases Using 2.73 +/- 1.37Microshield-Calculations .

(50+ Cases - Theoretical)
Case 3 - Database of 1987/1988. 3.72' +/- 2.57Shipment Records

(500+ Cases - Experimental).

NRC Proposed-Value 2.00:

BCONOBEC IMPACT

Chem-Nuclear's analysis: indicates an additional 300-600%
increase.in Type B processed waste shipments;(i.e.
solidifled or dewatered; resins)~will.be made in order'to

-comply with the proposed |2Al'LSA-limit. There are-
approximately 20-30 processed waste. shipments made each year
to the BWMF'that'are required to be: shipped-in Type B casks.
There are many more shipments made in Type B. casks that'are

-

only require an NRC. type A cask. Type B casks'are often-
scheduled and used prior to processing of the waste;and an

4
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fevaluation of.the type package needed. The:2Al limit will -

increaso the number: of Type B processed ~ waste: shipments to~

-

90-1209. Since'the six (6)~ current vendor,available Type B I

casks are utilized approximately 70% of the time,:there will I
be a shortage ofiavailable Type B casks ~and an additional 8'

")~

to 16 new casks will be-needed,to be' manufactured to service
the industry. = Historically, design,. licensing.and; I
manufacturing.of new Type B casks could take years.

-1

Disposal volumes and associated' costs will also increase.
As the; higher' volume-Type'A cask shipments /are. required to' H

be shipped-in the lower volume Type B' casks, ~ disposal- |
i

' volumes: increase.- Each~ disposal liner'is not filled:to the '

maximum to. prevent spillage during processing and the burial ~o

volume on each. liner.is greater thanathe fill volume. If , . ;

forfaxample, the' waste currently transported: int 200:cu;ft. '

Type.A casks is' transported'in 120 cu.ft. Type:B casks!due-
to the proposed 2AILlimit, it would.-take 1.7 Type B;
shipments to transport a Type A| shipment. -The disposal
volume increase.is 2% due to the' inefficiency of processing'
smaller volume packages. Other associated disposal costs
assessed by' shipment that will' increase-due to:an: increase-
in the number of shipments' include cask handling' weight and
curie surcharges'that areLassessediin activity. ranges. The;
curie surcharge assessments favor.a,' lower number ofLhigh
volume, high activity shipmentairather than a' greater. number
of' lower volume, medium;to~high activity' shipments.:

Adoption of the-NRC proposed: regulations will' economically
impact the U.S. nuclear industry by1$4?to $5 million per
year according to EPRI (Daloisio 1988). EPRI's study,

utilized shipping'information-fron!a 1985/1986 database,|
1

The study evaluated solidified and dewatered* primary;andt

| non-primary resinEfrom BWRs and PWRs that;were transported
in three different casks. The $4' toe $5 million impact
identified in this study is the direct cost increasesin .
package use, transportation,- and disposal. The study did-
not evaluate the cost of new equipment (l'.e.,' cask and
trailer)' design, licensing, and manufacture.

RISK ASSESSMIDIT J
|

-(
Sandia National Laboratories was contracted by,the U.S. |

Department of Transportation and the Department of Energy to 1

- evaluate.the impacts.of'the United States adopting the'IAEA
standards associated with~LSA and the l ren/hr at 3 meters
from the unshielded cask restriction. 'In?their. risk >
assessment (Ostmeyer et al.J1988), they assumed the worse
case-scenario of high radiation level'LSA waste,'dowatered
spent resin, with a specific activity at'the existing
regulatory limit (0.3 aci/g). Although Sandia used the
worst case. scenario for their risk assessment, taey
commented that'in-the typical accident the radioactivity '

~

I

7
*
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levels-are.likely'to'be orderstof magnitude:less than those.
assumed for their calculation and a release of 100% of the
waste material is unlikely. They assessed the= radiological '|
impacts and risks in:the event-of a highwayfaccident. Some- i

of their conclusions are:

. . . current LSA limitations: are suf ficient!to. prevent* "
~

excessive external radiation exposure-to an individual 1
following-a severa transportation accident. although
package dose-ratez restrictions'could provide a higher-

1level of confidence that external-radiation doses are=
not excessive, these restrictions'would have a-

'i
substantial: impact on shipping-practices;and--costs-for t

transportation of LSA material."

* " Additionally, because the packageidose rate;
restrictions would substantially increase the number:of
shipsents,:the number'of traffic fatalities and
injuries from accidents involving transportation of
waste materials would-also' rise."

We-agree with-these qualitative' conclusions.. However', oneL
of the risks that-Sandia did'not: address is the: increase.
dose to1the worker at the nuclear facilities while
processing and preparing to transport-the additional

.

;

shipments that will result if either the 2Al'or 1+rea/hr'at 1

3.neter restriction is' invoked by the NRC. The: proposed,
more restrictive limit,1will lead to more shipments thusLa--

higher risk of accidents, higher: costs for; transportation- a
and disposal,cand a higher: dose'to radiation workers.' j

o
8. sinnlification of Fihaile Ma+meial clamamm, 10 CFR 71.55

Although the proposed rule does begin to simplify;the-
system of shipping fissile material,.most of.the1
difficulties still exist. A system of. performance-oriented-
packaging needs to be developed to reduce ~the: current'
complexity.of the design-oriented; package choices.:

. -

4
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HEM NUCLEAR SYSTEMS,INC.

4 ' 220 Stoneridge Drive * Columbia, Soum Caroima 29210
.

.

distributions !
'

* *
February 8, 1990 -

G.A. Rae' *

M.T..Ryan..,

J.J. Still
M.S. Whittaker ,

!-
Dockets Unit ,

Office of Hazardous Material Transportation, DRM-30
U.S. Department of Transportation ,

Washington, DC 20590- i
,

IRe: Docket. Number.HM-169A ,

!Dear-Dockets Unit: t.

The following and the enclosed'are Chem-Nuclear Systems' comments I

concerning the proposed rule, Docket- fNumber HM-169A,.
" Transportation Regulations; Compatibility With the Regulations of
the International Atomic Energy Agency", published ~in the Federal"
Register on Tuesday,. November 14, 1989.

In summary, the proposed. rule did,-_in most cases, achieve a-level
of compatibility with the regulations 3of the' International' Atomic i

Energy Agency, thus facilitate Dinternational' commerce, and'will
increase the overall level . of safety :as' it . relates to the
transportation of radioactive material. Those areas addressed by- d,-

the proposed rule that have been in need L of revision, :are -.well ~
received, and have Chem-Nuclear's-support includes i

"
Minimum design requirements for radioactive material'*

packages as proposed in 173.410. These standards will
increase the-overall integrity and, hopefully, public
confidence, of radioactive material packages in
transport.

~

Training requirements in the' areas of radiation-*

hazards and associated precautions for transport
workers as proposed in. 173.405(c).i

L

_

Revision to the table''used to. identify .the category of* <

L label to be applied to a: packages as proposed in-
(. 172.403. This - revised table''will clarify ' the labeling

requirements.

Expansion of and revision to the A1/A2L values as*

proposed in 173.435.

?

|- (803) 256 0450 * Telex: 216947 .

- - . .. . . . . . .- . . ., . . . . ~ - . - . . .
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j Also enclosed, are a number of comments in areas ' of concern to,

chen-Nuclear. Because of the extent of our comments and concerns, 1

as well as, comments and concerns of our customers.and many other ,

shippers of radioactive material, Chen-Nuclear 'oelieves it is '

,

|
necessary for the Department of Transportation to - revised this

| proposed rule and publish a second ' set . of proposed rules for
another series of comments before publishing a final rule based-
solely on this first set of comments.

As always, Chen-Nuclear appreciates the opportunity to be a part
of this rulemaking process that establishes the safe system of
radioact'ive material transportation. If.you need: further .

clarification concerning any of these comments, please contact us.-
s

sincerely,

CHEM-NUCLEARLSYSTEMS, INC.

"
-

Mark S. Lewis.

Radiological Engineer

MSL/nha

Enclosure
!

l

i
i

o

i

.

'

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ _ _ _ . . _ _ . , . . . ._ _.m. . . . . . . , , . . _ . _, ,, , ,, , . - . . .
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C000ENTS CONCERNING DOT's PROPOSED REGULATION CHANGES - 3

1

1. LEA-I Definition ,49 CPR 173.403 j
The new definition of LSA-I that includes a consideration a

for decommissioning / decontamination waste (LSA-I (iv)).is I

too' restrictive to include a-majority of?the uranium ~ mill 1

tailings that are currently-being transported-in bulk,- 1

unpackaged.-The LSA-I-limit for: contaminated earth need to
be 4e-6 A2/g, in order-to ship. mill tailings bulk, or- mill
tailings needs to be included as:LSA-I by_ definition,- such
as the ores (LSA-I (i))

'

Hill tailings are not

* ores as defined for LSA-I (i), |

*- solid unirradiated natural or depleted uranium or
natural thorium as defined for LSA-I (ii), or 7

1

radioactive material'with an: unlimited A2Lvalue*

as definadofor LSA-I (iii).
Some mill tailings can be shipped accordingJto-definition l
LSA-I (iv) as contaminated earth having u concentration
less than le-6 A2/g-which equates:to approximately 552
pCi/g total.LSome of'the: mill tailings that are being.

4

transported from mill site to' storage-location to disposal j
are in concentrations up-to 1000 pC1/g total. RadiumL226 and u

Thorium 230, the most restrictive isotopes,'effect.the
sum-of-the-fractions in.such a manner that simply doubling
the concentration limit will not. allow a majority.of:the
tailings-to be classified as LSA-I. In order for.the- !
majority of mill tailings to be' classified as LSA-I and be
shipped'in bulk, ie. unpackagedLin.a dump truck style
vehicle.with'a canvas top to complete the closed transport
requirements, then the LSA-I (iv) limit for contaminated
earth needs to be increased to 4e-6 A2/g.

:

If the1 industry is=to be allowed by.the DOT'to continue'the.
current bulk transport practice'of all'aill tailings, then
the regulations need:to reflect that acceptance by nodifying
the-concentration limits.of the LsA-I (iv)' definition or
identifying mill tailings as LSA-I.by definition without.an
activity or concentration limit.

1
.

.
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| 2. 3Lyirgiaantal Tanaets. Prammh1e of the Pronos @ )lg
4

i There is a significant environmental impact in terms of the
; additional person-ren that will result from these proposed !
j regulations. Through an extensive study (discussed in ;

; detail below) of high specific activity LSA waste shipments !

| made to the Barnwell Waste MantJement Facility during the |
.

second half of 1987 and the first half of 1988 it is 1

| estimatedthatadditionalprocessingandshipp1ngby |
; generators will increase total person-ren over 10 ren/y. |
| l

'

I The. Type B packages that have been available for shipping
j have a smaller payload volume than the 200 cubia feet
i packages that are commonly used to transport the high ,
i specific activity LSA waste. For every three of the 200
| cubic feet Type A packages that exceed.the 2 x Al LsA limit
! there will have to be five of the approximately 120-cubic

feet packages processed and transported for disposal.
.

i

During the time period analyzed there were over 40 LSA l
shipments in the 200 cubic feet size NRC Type A casks that
exceeded the 2 x A1 limit. These shipments that exceeded
the 2 x A1 limit will have to be transported in Type B
casks according to the proposed rule. With the ratio of 5'

to 3, there will be over 20 additional packages to process,

and ship. With exposures of approximately 0.5 person-
ren/ shipment, there will be an increase of over 10
person-rea/ year. If shippers choose to reduce the volume of

| the waste in order to achieve a less than 2xAl industrial
package shipment, the number of packages being processed and
total number of shipments could be as.high as 50 increasing
exposures to as high as 25 person-ree/ year.

,

I
,

3. TAA With Greater Than 2v11 in Tyne B Pankmalnaa, '

49 CFR 173.425fal

Based on an analysis, Cham-Nuclear came to two conclusions
concerning_the proposed 2xL1 limit on LSA in non-Type B 1

packagings:

There iu no close correlation between waste activity*

(multiple of A1) and, unshielded dose rate (1 rea/hr ,

at 3 meters). The quantity of alpha and beta ;

emitters do not contribute to the external dose rate,
#

but would restrict the package using an activity
limit.

* If an activity limit is to be used, a limit of' 3.4A1
'

| for gamma emitting radionuclides is closer to the
IAEA standard of 1 rea/hr at 3 meters than the
proposed 2A1 limit for LSA. >

2-
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Clearly, an activity limit is not consistent with the IAEA
regulations. However, consistency with the IAEA regulations
for the transport of LSA material is unnecessary. Since LSA
material is rarely if ever transported internationally, no
change to current regulations is needed. Current regulations
have historically proven to be sufficient to protect'the
public health and safety and, without a recorded accident
resulting in a release of radioactivity, emergency
responders are at little if any risk.

ANALYSIS OF 2A1 LIMIT
,

Chem-Nuclear Systems evaluated how closely the 2x the ;

revised A1 limit approximates the 1- ren/hr at 3 meters. IaEA i

standard as it applies to LLW packages (Anderson 1988). The
relationship of activity to dose rate depends-on numerous
' factors including the type and quantity o* radionuclides,
material self-attenuation, and container volume. Actual LLW
shipment data was used to analyze the impact'of the proposed
regulation change on the current LLW transportation
industry.

Three studies were performed by CNSI to analyze the
relationship. The data was compiled from records obtained !
at the barnwell Waste Management facility operated by Chem-
nuclear. The data reflects cask shipments during a twelve
month period in 1987 and 1988. The data includes unshielded
dose rate, waste material, radionuclide type, and
concentration. This data and radiation shielding programs
were used in the three studies with the results summarized
in the table below.

1
'

The first study involved theoretical calculations of the
multiple of A1 equivalent to i ren/hr at 3 meters. Since
the Co-60 isotope is the predominant contributor in LLW dose
through the walls of a shielded cask, a theoretical
calculation of the surface dose and corresponding 3 meter
dose was made using co-60 only. The MICROSHIELD computer
program (Grove, 1987) was used to calculate dose rate values
and the Al equivalent for a 200 cu.ft, disposal liner. The
proposed Al value of 10.4 curies for Co-60 was= assumed.
Bar,ed on limitations of 1 ren/hr at 3 meters and the density 1

c2 resin waste, a multiple of the Al was calculated to be
3.52. Dewatered resin waste was used in this analysis as
the most conservative waste form. A limit of 3.52A1 is 76%
greater than the 2A1 value proposed by the NRC. and would
allow a correspondingly greater activity content in the LsA
package without exceeding the_ dose limit established by the- !

IAEA.

!

l
3 i

4
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- The second study involved data from 50 representative,

i shipments received at the Barnwell Waste Management Facility
(BWKF). The 50 shipments involved six different cask / liner'

! types containing either solidified or dewatered resins.
solidified and dewatered resins waste forms were used in#

this study because they represent the. type wastes that might
i be affected by the NRC's proposed change. The multiple of

Al for each shipment ranged from 0.18 to 21 with an average
;

of 4.27. The Microshield computer program was again used to
determine the theoretical dose rate from the unshielded LSA
material based on the specific radionuclide mix. The

I average multiple of Al that corresponded to a dose rate of 1-
| rea/hr at 3 meters was calculated. This study-showed an
; average Al value of 2.73 with a standard deviation of +/-
| 1.37. The data showed little correlation between activity
j and dose rate as indicated by a correlation factor or R

squared equal to -0.2.
'

,

The third study involved the use of radiation dose and
; isotopic concentration data for over 500 shipments. only

cask shipments received at the BWMF spanning one year in
1 1987 and 1988 containing either solidified or dewatered
J resins were used. Data reflecting the measured container ,

; dose rate on contact recorded by the shipper, isotopic ,

quantity and type were input into a computer program. . The'

; multiple of A1,.again, based on.the proposed A1 limits was .i
calculated for each shipment. A normalization formula was '

!

used to relate a value of Al to a dose rate at 3 meters. !

Ths statistical average Al multiple calculated was 3.77 with I

a standard deviation of +/- 2.57. A plot of the data showed |
little correlation between total activity and dose rate on )'

radioactive waste packages.
;

| CA M ULATED Al VALUE EQUIVALENT '

TO THE IAEA-STANDARD OF 1 REN/HR AT 3 METERS

|

xAl +/- Standard
Deviation

,
,

Case 1 - All Co-60 in wasta 3.52

(theoretical) '
;

#

Case 2 - Select Cases Using 2.73 +/- 1.37
Microshield calculations
(50+ Cases - Theoretical)

Case 3 - Database of. 1987/1988 '3.72 +/- 2.57
Shipment Records
(500+ Cases - Experimental)

NRC Proposed Value= 2.00

4 .
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ECONOMIC IMPACT i

Chen-Nuclear's analysis indicates an additional 300-600%
increase in Type B processed waste shipments (i.e.
solidified'or dewatered resins) will be made in order to
comply with the proposed 2Al LSA limit. There *ere
approximately 20-30 processed waste shipments made each year
to the BWMF that are required to be shipped in Type B casks.-,

There are many more shipments made in Type B casks that arei

only require an NRC type A cask. Wpe B casks are of ten ;

scheduled and used prior to processing of the waste and an ,

evaluation of the type package needed. The 2A1 limit will '

'increase the number of Type B processed waste shipments to
90-1209. Since the six (6) current vendor available Type B
casks are utilized approximately 70% of the time, there will! ,

) be a shortage of available Type.B casks and an additional 8 |

to 16 new casks will be needed to be manufactured to service i

the industry. Historically, design, licensing and
:

manufacturing of new Type B casks could take years, j4

Disposal volumes and associated costo will.also increase.-
As the higher volume Type A cask shipments are= required to
be shipped in the lower volume Type B casks, disposal
volumes increase. Each disposal liner is not filled to the

'

maximum to prevent spillage during processing and the burial
volume on each liner is greater than the-fill volume. -If , l

for example, the waste currently transported in 200 cu.ft.
Type A casks is transported in 120 cu.ft; Type B_ casks due
to the proposed 2Al limit, it would take 1.7 Type B
shipments to transport a Type A shipment. The disposal
volume increase is 2% due to the inefficiency of processing
smaller volume packages. Other associated disposal costs
assessed by shipment that will increase due to an increase
in the number of shipments include cask handling, weight, ,

and curie surcharges that are assessed in activity ranges.
The curie surcharge assessments favor a lower number of high
volume, high activity shipments rather than a greater number
of lower volume, medium to high activity shipments.

Adoption of the NRC proposed regulations will economically ,

innect the U.S. nuclear industry by $4-to $5 million per
year according to EPRI (Daloisio 1988). .EPRI's study ,

utilized shipping information from a 1985/1986 database.
The study evaluated solidified and dowatered primary:and

;
- non-priman resin from BWRs and PWRs that were transported ;

in three different casks.- The $4 to $5.million impact
identified in this study is the direct cost: increase in a

package use, transportation, and disposal. The study did
not evaluate the cost of new equipment (i.e.,-cask and

3

trailer) design, licensing, and. manufacture.

.

'.

5
.

- - , - - - , , - - - . , . - - ,~i.,.-... , - ~ . - - . - . - . . , . - . _ - - - - - - - - - - . . - - - - - - - - - - - - - - - - - - - --



__ _ _ ____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _. _ _ .._______ _ .,_

i .

.

j RISK ASSESSMENT

!
i Sandia National Laboratories was contracted by the U.S.
! Department of Transportation and the Department of Energy to

evaluate the impacts of tha United States adopting the IAEA
standards associated with LSA and the 1 res/hr at 3 meters
from the unshielded cask restriction. In their risk

j assessment (ostmeyer et al. 1988), they assumed the worse
case scenario of high radiation level LSA waste, dewatered
spent resin, with a specific activity at the existing
regulatory limit (0.3 aci/g). Although Sandia used the

3

worst case scenario for their risk assessment, they'

,

commented that in the typical accident the radioactivity |
levels are likely to be orders of magnitude less than those i

,

assumed for their calculation and a release of 100% of the
waste material is unlikely. They assessed the radiological- .

i

impacts and risks in the event of a highway accident. Some j
of their conclusions are: '

' I
... current LSA. limitations are sufficient to prevent'* "

excessive external radiation exposure to an individual
following a severe transportation accident. although
package dose-rate restrictions could provide a higher
level of confidence that external radiation doses are<

'

not excessive, these restrictions would have a
: substantial impact on shipping prac?, ices and costs for ,

! transportation of LSA material." J
- l

* " Additionally, because the package dose rate I
'

Irestrictions would substantially increase the number of
shipments, the number of traffic fatalities and -

injuries from occidents involving transportation of j
waste materials would also rise." i

We agree with these qualitative conclusions. However, one
of the risks that Sandin did'not address is the increase
dose to the worker at the cuclear facilities while 1

processing and preparing to transport the additional I

| shipments that will result if- either. the 2A1 or i ren/hr at
3 meter restriction is invoked by the NRC. The proposed,,

! more restrictive limit, will lead to more shipments thus a
L higher risk of accidents, higher. costs for transportation
|- and disposal, and a higher dose to radiation workers.
,

4. Sinn11fication of Flanlia Matmelal clamaan. 49 CPR 173.417
|

| Although the proposed rule does begin to simplify the-

difficulties pping fissile material, most of the-system of shi
still exist. A system of performance-oriented

packaging needs to be developed to reduce the current
complexity of the design-oriented package choices.

6
I.
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i 5. unrkina and fmhalina tweentions For Brelusive Uma th m

49 CFR 173.42Bff)

| Low specific activity material (LSA) and surface
I contaminated objects (Sco) that are transported-exclusive
! use should continue to be excepted from specification
'

marking and labeling. 1

Specification markings and labelings are a communication
primarily to the carrier. LSA and.Sco when shipped
exclusive-use are not handled by the carrier in transit, |i

thus eliminating the need for those communications. The l
current mechanism of requiring the non-specification
marking " Radioactive-LSA" to be on the package, a . ,

.

radioactive placard on the vehicle, and properly executed j

and accessible hazardous material shipping papers are the '

appropriate communications to the carrier and any ,

emergency response personnel in the event of an accident.'
<

i

i In addition, LSA and-SCO materials are typically waste
materials destined for processing and/or disposal. Low-
level radioactive waste is rarely if ever shipped
internationally, so there will be no significant impact by !

the domestic regulations not being compatible in this area.' ;

I I
6. mulk Packman Markinas on 121 and aco 49 cra 172.329

| If LSA and Sco materials being shipped exclusive-use are
j not excepted from specification marking and labeling in

*

|.
the final rule (see comment #5 above), they should be
excepted from the bulk package markings (IDi on orange

| panel or square-on-point configuration).of 49 CFR 173.329. i

I :
'

i The bulk package markings required for the other hasardous
tmaterials are necessary because-there may be many

different IDi's associated with one placard. The large,
.

visible display of the IDi on a bulk package is helpful to
an emergency responder in actions taken at an-accident
scene when there may be many different 2Di's=and responsest

j that may need to be taken for each placard type,-ie.
iflammable liquid or solid. The radioactive. placard has few"

IDi's and associated responses that an. emergency responder
would need to know to appropriately respond at an accident
scene. When the radioactive hazard is significant, a
placard is required, which is sufficient communication to
the emergency responder in the-event of'an accident ,

without the presence of a bulk package marking. R

,

7. Ymhalina on TAA and sco Material. 49 CFR 172.403fa) ,

If LSA and Sco materials being shipped exclusive-use are- )
not excepted from specification marking _and labeling in
the final rule ( see . comment #5 above), then 49 CFR

|
.
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1 172.403(a) should not include the reference to 173.425.
|

The reference should only include "... excepted from )
labeling by 173.421 through 173.424...".

i

!
,

'

|
8. Tyne A and Tyne B Ouantity Definition. 49 cFR 173.403 )

A definition of Type A antity and Type B quantit needs
I to be added to the defi tion section, 173.403, similar to !

the way the NRC has added these definitions in their ;
,
' proposed regulations.
| Through definitions and activity limits one can derive what

quantity of material goes in which type package, but there |
'

j is currently not a defined term for the quantity of
| material that is less than or equal to the A1/A2 value or

j greater than the A1/A2 value. The. exceptions, is limited
- quantity, and the additions, highway route controlled

quantity, are well defined. Type A and Type.B quantity,

I should also be well defined. |
i

'

9. Mirturas of Radionuclidas. 49 CFR 173.433fd)

1It is not clear how the mixture formula found in
173.433(d) is used when determining if a mixture of
radionuclides in a package can be shipped limited quantity
or if and how this mixture is used to determine if a .

i material has to be shipped as a highway route controlled j

i quantity (HRCQ).

The reference from Table 7, 173.423, does not indicate 1

that the excepted quantity values be placed in the !-

denominator rather than the Al or A2 value. Since i

173.433(d) only makes reference to the Al and A2 value in -

the denontnator of the formula, is a shipper subject to ,

the NRCQ requirements if the sum-of-the-fractions using the
MRCQ values in the denominator of this formula is greater i

than i for a mixture of high activity radionuclides in the
same package? ,

,

10. con &==1 nation Limits. 49 cFm 173.443rd)i

;

The contamination limits that apply to a package at the
i- time of shipment on a vehicle that is marked "For

,

Radioactive Material ~Use only" are not clearly identified )<

by 173.443(d). ;

This paragraph does identify a value of 10 times the
levels prescibed in paragraph (a), 173.433, but does not
clearly state if this limit applies to'the packages at-

the time of transport or the release of_the vehicle after-
the packages have been taken off.

8

-
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'

.

.

11. Eweluelve-Daa nadiation Laval Limitatlans,4

i is CER 173.dalfe) and fa)

The repirements of instructions for the maintenance of
'

exclusive use are found in both paragraphs- 173.441(c) and
; (e). These two paragraphs need to be combined and one

paragraph reference eliminated to simplify the
'

j requirements.

|

| 12. Radiation sv=hals on Tyne a, afu). and afM) Pankmaan,
,

49 CFR 172.310fd)
1

Type B, B(U), and B(M) packages should'not be required to
have the additional radiation symbol marking. ;

- ,

Shipments of material in Type B, B(U), or B(M) packages
will require a DOT White I, Yellow II, or Yellow III. |,

label affixed to'its surface. The radiation; symbol is
part of these label designs. The size of the label's
symbol is bigger than the size of the proposed marking '

; radiation symbol. The duplication of radiation symbols on
a package at and during. transport seems unnecessary. jI

.

13. Table 7, clarifications. de cFR 173.423
1 ;

) Table 7, 173.423, remains a very confusing table. To I

help clarify the table, here are some suggestions: -

1

* In the Nature of contents column under the Gasses form
the words Special form and other form should bei

directly below Tritium. It should appear as Tritium,
. :

i

;Special form, and Other form gasses not as special
form and other form Tritium as a gas.

,

* Rather than using the term "Other-Form", use "Hormal )
Form". By definition if a material is not special form
it in normal form. "Other Form" is not defined. ;,

Title the last column as " Limited Quantity Material I*
-package limit", rather than just " Materia 1' package,

limit". j.

In the heading for each column-put the-part and section*

notation to' help cross reference the table to the-
,'

original reference. For example Naterial. package
limit, 173.421. i

i
i i
(
,

9
?.

i
- . . . -. .-.-..,a-_ _ . . , . . .- -.- - - - .-. ;



__ _

.

.

14. si and customary units. 4e cFR 172.203(dif1)f111) and
172.403faif2)

Recording of activity on shipping papers and making the
activity notation on labelt should be authorized for
domestic shipments in customary or SI units, not "SI or SI
and customary units".

The U. S. radiation industry has not adopted, does not feel
comfortable with, does not have equipment or instrumentation
reading in, and are bound to make many mistakes by beginning
to .use SI units. The use of SI units needs to be phased in
over several years, by using both units all of the time.

.

15. Radioactive Markinas for Ynatrimmanta and Articles.
49 CPR 173.422fh)

An alternative to having the marking " Radioactive" on
each instrument and article should be to have the marking
" Radioactive" on the package that contains the instruments
and articles. ,

16. Canaral Radiation Protection Prineinlaa. 173.405fa)

compliance with these standards.would require-shippers to
maintain dose rates on the exterior of a vehicle at less
than 100 area per week (0.6 area /hr)-since a member of the
public could stand next to a parked vehicle and be exposed.
Since this is clearly not DOTS intent, this section should
be revised or deleted.

A vehicle with a contact dose rate.of 200 area /hr (within
D.O.T. limits) that is stopped at a truck stop for an hour.
is the potential source of an exposure that; exceeds either 2
area in an hour or 100 aren'in the week. It is not
practical for the exposure to' occur above these limits,.but
the potential exists if, as the proposed regulations state, i

"an individual were continuously present in the area".. '

I

17. Canaral andlation Protection princialaa. 173.40std)

Given the package exterior dose limits, it seems highly.
unlikely that a transport worker could be exposed to more
than 1500 area /yr. Before imposing dosimetry. requirements,
actual measurements of transport worker exposures |should be
made. It dosimetry requirements are imposed, requirements
on documentation, reporting, and quality control are-
necessary. See 10 CPGR 20.401 .409,- as-an example.

.

10
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is, canaral w anhiemi errorm,

The following is a list of what is presumed to be
typographical errors:

,

172.403(c) - for a Yellow III label, the maximum*

radiation level at any point on external surface

(middle column) should read "More than 0.5'aSv/h ..."
rather than "More than 0.005 RSv/h...".

* 173.425(a) "... exceed 2A2" should read "...~ exceed
2Al".

* 173.423 Table 7 - the subscript under the table should.
read "... see 173.433(c)-(e)"-rather than "... see
173.443(b)".

* 173.443(d) "....by public highway rail of..." should
read "... by public highway of..." or "...by public-
highway or rail of...".

* 173.403 Radioactive Material definition "... greater 1

than 70 Bq (0.002..." should read "... greater than 70
Bq per gram (0.002...".

* 173.465(c) Table 12 - all of the greater than and less
than signs are missing. !

* 173.405(e)(3) "5.0 RSv (50 mrea) in any twelve-month
period" should read "5.0msv (500 mrea) in any twelve- *
nonth period."

!

|

1

i

|

!
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December 12,1985
LC 8512 08
File: C.I.2, E.13.0

To: W. Didgeon [ Columbia, SC)

cc: R. Anderson L. Poppe. [ Columbia, SC)
M. Benjamin [Barnwell, SC) D. Presley '

M. Kirshe G. Rae [ Columbia, SC)
M. Lewis [ Columbia,'SC) L. Toner [Barnwell, SC)
J. Mason (Barnwell, SC) S.Zdanuk

B. Zibung [ Midwest Office)

From: M. Macher M d,
4

Subject: Additional CNSI Cask Shielding Curves

References:

1. 'CNSI Cask Data,' W. A. Didgeon October 22,1985, MR 1039185.

2. *CNSI Cask Data," W. A. Didgeon October 28,1985. MR 10399 85.

3. " Revised CNSI Cask Shielding Curves," M. Macher, April 16,1985, LC 8503 47

INTRODUCTION

The shleiding curves pcesented in this memorandum are calculated in response to
your requests (References I ard 2). The methodology used to calculate the curves follows
the procedure given in Referenc6 3. !

!
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DISCUSSION

Sets of cask shielding curves already exist for eight casks. Appendix A shows the j

maximum allowable total activity concentrations and the maximum allowable liner dose i

rates for the following six additional casks
1

CNS 1 13C/G '

l

i
CNS 3 55 l

|
CNS 4 85 |'

,

CNS 6 75
i

CNS 7100 i

i
: CNS 8120B i

I

Appendix A also contains curves for the eight casks previously analyzed. Thus, Appendix
A is a complete reference of the shielding capabilities of CNSI casks. Note that only one
set of curves has been prepared for the casks CNS 113C and CNS l 13G. The only '

difference between these two casks from a shielding standpoint is that the CNS 113C
has an additional thickness of 0.25 inches of steel that the CNS 113G does not have.
This is not significant from a shielding point of view, as both casks have 5.0 inches of
lead shielding. Similarly, casks CNS 14170 Series 11 and CNS 14170 Series III are
identical from a shielding viewpoint.

.

Appendix B shows the same data as plotted in Appendix A except all graphs are
plotted on semi log paper instead of on linear paper. The graphs in Appendix B allow a
quick determination of a suitable cask I'or a shipment. A cask chosen from the curves
shown in Appendix B should then be checked against the Appendix A curves to insure |
that the semi log curves have been read properly. '

1
The CASC computer program (which calculates dose rates from any waste mixture) '

has been updated to include data for the six additional casks. The revised CASC- I
program and its documentation will be released thertly.- The CASC program provides

,

better estimates of shielding capabilities than the shielding curves, especially for waste
mixtures with a low percentage of Co 60.

Appendix C shows point source shielding curves from the SAR's for the CNS 8120B
|

and the CNS 10160 casks, as you requested. Please note that these curves are not useful '

.from a marketing viewpoitit. The sources shipped by CNSI nearly always resemble line
|sources rather than point so.irces. l

|

! 2

. |
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CONCLUSION

The shielding curves shown in Appendices A and B complete the shielding evaluation
for CNSI's casks. They (and the CASC computer program) provide a consistent and
simpic method for choosing the optimum cask for transport.
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APPENDIX A

CASK SHIELDING CURVES ON LINEAR PAPER

.
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APPENDIX C i

POINT SOURCE SHIELDING CURVES FROM SAR'S '

.

WARNING: DO NOT USE THESE CURVES FOR MAREETING PURPOSES !
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