(Based on Large Radwaste Liners)

KAl

Case 1 ~ A1l Co-60 (Theoretical)(1)

Case 2 - Representative Cases with

Microshield Ca}g. (50 + cases)
(Theoretical)!

Case 3 - 1987 Shipping Data Base
(500 + cases) - experimental)(2)

HRC Proposed Value

Theoretical evaiuations used to derive the 3m dose based on isotopic

content and Microshield computer rums.

Experimental evaluations use the measured vaiue of contact dose to
determine the 3m dose.




{CASK TYPE: NO. :

>1.60A1

>2.0A)

.
A

»3.0A1

>.8R/3m ;

>1.0R/3m

' 14-190

.
-

26

120 €.77)

(2)

(n): : $
: 15 (.58) : 12 (.46) :

-

A

17 (.65):

4

16 (.62)

A

: 14-195 : 275 : 14 (.085)

6 (.02) : 4 (.015):

A

6 (.02):

—

2 (.ON

. 14-215

220

6 (.03)

.
1

5 (.025): 2 (.01) :

alk

6 (.03):

5 (.025) :

6-80

A

19 : 16 (.84)

"

s

15 (.79) : 14 (.72} ¢

13 (.68):

12 (.63)

B-120A : 44 : 34 (.7I7)

-y

A

: 33 (.75) : 30 {.69) :

32 (.73):

e

30 (.69)

TOTAL

: 584

: 90 (.154)  : 74 (.126): 62 (.108):

74 (.126)

65 (.110) :

NOTES:

(1) Denotes the fraction of total cask usage.

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

Timit.



Date: October 26, 1988

611-2387U-88
10: DISTRIBUTION LOCATION: COLA/BARNWELL
FROM: R. momson,&/ LOCATION: COLUMBIA

SUBJECT:  EVALUATION OF TYPE B-LSA RULES - CASE STUDIES

This memorandum presents the results of an evaluation of 59 actual cask
shipments to determine 1f a close correlation between 1iner radiation dose, R,
and the 1iner contents activity exists. The content activity is expressed in
terms of the 10CFR71 defined A1, (per the pew IAEA regulations). The intent
was 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 2A
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, C! from RSM) were used to calculate R3m. The
Microshield computer program was used to perform the calculations.

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 B
methods. It was determined that any cases where xAl was iess than 0.5, or
greater than 12, resulted in gxtremely 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 of the averaged results for xAl 1s as follows:

~Jable I Table II
NRC proposed Al 2.0 2.0
Case A - A) 13.89 ¢ 53.9 4.01 ¢+ 2.7
Case B-Al 2.69 ¢ 1.32 2.73 & 1.37

It 1s clear that Table Il data is far more realistic and representative.
However, a close correlation between Al and R3m (based on measurements)
does not exist.



Som¢ sther facts of interest:

1. The drop in dose rate between 1iner contact and 3 meters is
calculated to be about 19 for a typical 14 series 1iner. 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.

3. It seems reasonable to push the industry - NRC for a higher value
of Al (say 3-4) based on our calculated data. We are performing a
study of all 1987 cask shipments which we feel will show:

0 Poor correlation between Al and R3m,

0 XAl > 3

METHODOLOGY

A1l values were calculated from the data base based on proposed
IAEA-AY values. Representative cases were selected (59) with most Al
values in the proposed range.

A total of 5 CNSI casks were included, and both concrete and dewatered
liners were evaluated in the 59 shipments studied.

The Microshieid computer program was used to calculate R3m based on
either the measured value of R (Case A) or the liner {sotopes (Case B).

The value of xAl was normalized to calculated values of Al and R3m.

A spreadsheet (LOTUS) was used to calculate average values and
standard deviations, and 1s presented as Table I.

Ten poor data cases were deleted from the data base and used to
develop Tabie II.

Cross-checks were made of the input data used to develop the Al values
and Microshield computer runs.

Allen
House
Lewis
. Macher
Paquin
Shamkhani
Toner
Whittaker
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Cask
AS No. Type
X% Shipper
446532 14-218
4754€E Fev=-1
47714 14-215
47835 14-19%
48066 &~80

¥ Subtotal xx

2% Shipper AL-FARLEY

46631
46851
46902
46985
470114
47039
48006
48028
481472
48220
48296
46424
484467
48644
48735
48%40
48971

HN=100
14-1998
HN=200
HN=100
HN=100
HN=200
HN=200
HN=200
HiN=-1 00
HN=100
HN~100O
HN=200
=200
HN=1Q0
HN=100
14~-198
14-195

X% Subtotal *x

X% Shipper ARMY

48368

4B8368.1
48366.2
48168.7

SOURCE
SOURCE
E0URCE
S0URCE

k% Subtotal xx

X% Shipper BATTELLE ™

474652
47861
47862
47902

8-120
680
6~80
6-80

Al

Sum of the

Volume

(Cubic Feet)
¢4 ?

194.10
26,20
177.30
178.80
83.40

65% .80

172.60
121.00
J.40
172.60
172.60
73.40
73.40
72.40
172.460
172.60
172.60
73,40
73.40
172,60
172.60
172.60
114.90

2229.70

10.50
2.30
1:190
1.10

15.00

125.20
83.40
83.40
82.40

Fractions Report

] B
DR
CD
.'~")

K
R
MR
MR
R

MR
rR
MR
MR
MR

MR

MR
MR
MR

MR
MR

MR
MR
MR
MR

amnm:n

‘.pc) o
L 's b
-gve, s

~

Liner
Dose
Rate

-
-

14000
120
1500
44

800
L4000
BO0O00

8
4

200

60000
&0
1600

400

400

250

40
&
OO
IS0
4

oMo m

100

>aWMn

)"

] / /

Linr Vol Linr Vol

' R

Sum of I Limit 14 Limit

Fractions

0.1760
213.72%90
0.00%0
0.4630
2.9430

00,0720
0.,2170
1.7970
0.0240
0.0280
12.8780
6.1330
6.2130
0.1620
0.0110
0.0080
6.0680
S.3770
0.0920
0.0270
Q.0780
0.08520

0.0560
0.0330
Q.Q000
Q.0000

11.2530
0.3510
0.3460
0.3860

LA

2 x Al

0,000
0,245
0,000
0. 000

42,308

0.000
0.000
0,000
0,000
0.000
11.399
23.936
23.627
0000
0.000
0.000
24.1%94
27 . 303
0,000
0,000
0.000
0.000

0.000
0.000
0,000
0.000

22.251
Q.000
0.000
0.000

I x AL

0,000
0,368
0,000
Q.000
63,458

0.000
0,000
0,000
QL.000
0000
17.09%9
I5.904
0L.000
Q.000
0,000
36.2%1
40,985
Q.000
O.000
0,000
G,000

0.000
G, 000
0,000
Q.000

. 0 Y 4
O 000
0,000
0,000



Q.QQO 0,000
0.900 0.000

0, '_'n_'n_': Q.0 0
Q, QOC) Q. ._'»(_’)(_')
Q. QOO 0, Q00
Q.0 Q0 G, (WThTy)
Q.OQQ Q,Qoo
Q. (fu_'n_’; 0, 4)00
0, (:JC)(_) Q, QO
0,000 Q.QQQ
0,000 Q,QOO
26.304 39.457
0.000 Q0,000
o OL"C) 0, (:'(:IC)
0.000 0,000
0,000 0,000
Q.QOQ Q,QQQ
0, QO O 0, Q00
0,000 0,000
0.0DO 0_000
0.000 0.000
0.000 0,000
0.000 0.000
0.000 0.000
O.QQQ : 0.000
O.QQQ 0.000




VT A0 00

AS No.

48012

48050
480851

Cask
Type

14-198

14-195

14-195

% Subtotal &x

%% Shipper EG-C CLIFF

46847
46682
47396
48342
48405

14-1585
6-80
8-120
14-178
&=B0

%% Subtotal *x

% Shipper EBCSTON-FIL

46649
46650
46693
46775
46780
46888
46891
46524
46925
46566
46968
46568
47082
47095
47218
47219
47355
47356
47457
790

5

=

o1
239
130

. 4449

14-2195
14-21S
14-215
14-170
14-215
14-2195
14-2135
14-219
14-213
14-219
14-2°

8-120

14-218%
14-21i8
14-215
14-2195
14-215
14-218
14-2195
14-21%5
14-215
14-21%5
14-2195
14-215
14-215
14-215

Sum of the

Volume
(Cubic Feet)

114.90
114,90
114.90

720.10

194.10
83.40
125.20
194.10
83.40

680,20

194,10
194.10
194,10
120.30
194.10
202.10
202.10
202.10
202.10
202.10
202.10
120,30
202.10
194.10
194.10
194,10
194.10
194.10
194.10
194.10
194.10
194.10
205.80
208.80
205.80
205.80

Fractions Report

DR
cD

MR
MR
MR

Pl B Ll i o

MR
MR
MR
MR
MR
MR

MR
MR
MR
MR

MR
MR
MR
MR

MR
MR
MR

R
MR
MR

Liner
Dose
Rate

380
42%
440

Fractions

0.3060
0.3220
0.1870

5.7950
3.8T60
0.2810
0.1940
14,4520

0.2080
Q,2030
Q.2010
0.1610
O,2490
0.1990
0.6920
0.2140
0.1880
0.1090
0.14%0
9.1470
Q.4750
0.3010
Q.0630
0.3450
0. 0890
Q.,0830
0.1300
0.2420
0.04%90
0.0770
0.16%0
Q,2040
0.1430
Q.0930

Linr Vol Linr Vol
Sum of 1€ Limit I Limit

2 x Al

0.000
. 0,000
0.000

66.918
42.481
0.000
0.000
11.542

0.000
Q.000
Q.00
Q.00
QO.000
0.000
Q.000
Q.000
0.000
Q.000
Q.00
26.704
Q,000
Q.000
Q.000
0,000
0.000
O L0000
Q.000
0,000
0.000
Q.0Q0
0.000
Q.000
0,000
0.00¢C

2 % Al

Q0,000
Q0,000
0,000

100,407
65,222
0,000
Q.000
17342

0.000
Q.000
0,000
QL0000
0. 000
O, 000
0,000
Q.000
Q.00
0. 000
Q,.000
X9.457
0,000
0,000
G000
QL0000
0,000
0,000
0.000
0.000
0.000
0,000
0.000
0.000
Q.000
0.000



Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume Dose Sum of I4 Limit I+4 Limit
AE No. Type (Cubic Feet) Rate Fractions 2 x Al 3 xn Al

-

2% Subtotal %4
S001.00

8% Shipper C ED-IF 2

446989 14-215 120,30 | 4000 0.5600 0,000 0.000
4734 14-218% 170.80 | S000 0,03%0 0.000 0,000
47480 14-195 177.80 R 4 0.6940 0.000 0,000
47520 14-2185 177.50 ‘ SO00 0.6080 0.000 Q.000
47611 14-195% 125.20 R < 0.4470 0.000 0.000
47424 8-120 120.30 R 1S 2.6140 92.047 Q.000
47648 B-120A 120. 3 200 11.8720 20.791 31.187
&7732 8~1204A 120.30 R 300 13.8310 17.396 26,083
47816 14-215% 194,10 ) S00 0.2970 0.000 0.000
4797% 8-120 120.30 R 880 19.3000 12.486 18.69%
48071 14-21% 170.80 R 10 0.0760 0.000 0.000
48198 8-120A 120,30 MR S0000 1.5950 0.000 Q.000
48402 14-21% i20.30 R - 0.5770 0.000 0.000
k¥ Subtotal %x

1888,00

k% Shipper CECO-EBYRON

446578 HN=1 Q0 177.30
46586 HN=200 73 .40 7.0890 20.707 =1.061

0. 0310 Q.000 0,000

4é068 HN=100 177 .30 0.0120 Q,000 0,000
46710 HN= [ QO 135.80 0.1120 0,000

46768 MN=100 177.30 0.1200 0.000 D
46940 HN=100 177.30 : 0.0480 0,000 Q000
47009 CECO14-2 177.30 0.0110 Q.000 Q0.000
47077 HN=100 177.30 0.0210 0.000 0,000
47200 HN=100 177.30 ' : 0.,0020 0.000 0,000
472% HN=100 163.30 R 0.0790 0.000 0.000
472461 14-D~2.0 177.30 ' 0.0050 0.000 0.000
47441 HN=100 177 .30 0.01%90 0,000 QL.Q00
47494 14-D-2.,0 177 .30 0.0000 Q.000
47637 14-D=2.0 177.30 ' 0.0120 0.000 0.000
47753 HN=100 177 .30 ‘ 5 0.0020 Q.000 0,000
47884 HN=100 177.30 0.0020 0.000 0,000
47939 HN=100 177.3 0.0020 0.000 0,000
48047 HN=-100 177 .30 0.0010 Q.000 0,000
48117 HN=100 177 .30 s 0.0000 0.000 0,000
48226 MHN=100 177.30 s nL,0020 0.000 QL0000
48377 HN=100 177.40 ' 0.0020 0,000

48417 CECD14~1 163.30 y 0.0160 0.000 0.000

0,000




Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of I¢ Limit I Limit
AS No. Type (Cubic Feet) CD Rate Fractions 2 x Al 3 v Al

48481 HN=100 177 .30 MR 200 0.008G Q.000 0,000
4B6LS 14-D~-2.0 177.20 MR 380 0.0090 Q.000 Q. 000
4B&54 HN=100 177.40 MR 4460 0.0780 0.000 0. 000
487464 14-D=2.0 177.40 MR 2590 0.0210 0.000 Q.20
48975 HMN=100 177.30 MR 250 0.0250 Q.000 0.000
49008 HN~100 177.40 R 0.0520 0,000 0.000
49094 HN=100 177.40 R 0.0930 Q000 0,000

2% Subtotal xx
4948,80

&% Shipper CECO-DRESD

46444 14-19% 177 .80 0.1080 Q.000 Q.000
46460 14-198 177.50 ' 0.1730 0.000 0.000
46473 14-218 177.80 Y Q.0950 0.000 Q.000
446500 14-1585% 105.00 k 0.0870 0.000 0.000
446538 14-215 206.10 0.0500 0.000 Q.000
46556 14-195% 170.80 ; 0.0370 0.000 0000
26567 14-215 177.80 3 0.13%0 0.000 Q.000
446574 21-300 I28.80 0,0230 0000 0.000
O.000 G000
Q.000 0,000

46592 14-21%5 177.80 y 0.5180
46612 14-215 177.50 0.3510

46626 14~-198 177.850 ‘ 0.16%0 Q0,000 Q.0C0
K663 14-198 178.80 ; .C 0.45460 0,000
REESEH 14-215 194,10 0.0280
466465 14~-215 206,10 : 0.0240
446681 14-198 177.80 \ 0.08%0
446689 14-1985 178.80 0.3770 0.000 Q. 000
446700 14-195 2046.10 0.0210 0.000

446707 14-218 177.50 0.0679 0.000

46708 14-198 178.80 0.4610 0.000 0.000
/46730 14-21% 206,10 y 00,0320 0.000 0.000
46736 14-19% 178.80 ; 0.7900 0.000 0.000
46725 14-218 206.10 : 0. 0130 0.000 Q.000
446748 14-215 177.50 1 0.0B&0O 0.000 0.000
46752 14-2158% 178.80 ' 0.06%90 Q.000 0,000
46772 14-19% 206.10 0.015%0 0.000 0.000
26773 14-213 178.80 C.4%10 Q.000 Q. 000
A6777 14-170 178.80 y 0.4470 0,000 0.000
446788 14-170 178.80 - 0.5470 Q000 0.000
448146 14-21% 178.80 ) S 0.0160 0.000 0.000
446878 14-19%5 206,10 R 0.0310 Q.000 0,000
446884 14-198% 206.10 0.0400 0.000 0.000
446892 14-198 206.10 0.0270 0.000 Q.000

0,000
0,000 Q.000
Q.000 0,000
0.000 0.000




Sum of the Fractions Report

Line: Linr Vol Linr Vol
Volume Dose Bum of I¢ Limit 14 Limit
A8 No. (Cubic Feet) Rate Fractions 2 % AL g % Al

-

46898 206,10 R 1500 0.0370 0,000 0.000
46919 178.80 29 0.9900 0,000 0.000
46924 178.80 K Py 0.5360 Ve Q00 0.000
46%77 178.80 * XS0 0,0600 0,000 Q.000
47018 178,80 360 00,0440 0,000 0.000
47033 178.80 a47% O,0940 0,000 0.000
472953 176.80 Py 0.2970 0,000 0,000
47367 1786.80 2 0.1630 0.GO0 0,000
47374 178.80 R e 0,26B0 0.000 0.000
47409 177.50 230 0,7380 0,000 0.000
47484 s 178.80 1200 0.1600 0,000 0,000
47819 178.80 SO0 0, 1390 0,000 0,000
47870 177.50 10 0.18520 0.000 Q000
47581 178.80 ] 1100 Q,.24%0 Q000 0,000
47601 178.80 R i 0, 1930 0.000 0O.000
47674 176.80 i 0.2280 G000 Q.000
47712 178.80 g 1100 0.1840 0,000 0.000
47718 178.680 1000 01270 0,000 Q.000
47738 178.80 ) 1800 0.,.2780 O.000 O,000
4773% 178.80 1000 0,2080 0,000 Q.000
47781 178.80 i 0. 2480 0.0Q00 Q.00

47865 178.80 1 200C¢ 2.1B30 1632.827 0,000

47668 178.80 150 ¢C.4160 0. 000 0,000
47522 178.80 2.2960 185,741 0,000
47942 177,80

48044 177 .50
48062 178.80
4807% 173.80
48109 178.80
48125 178.80
48137 177.50
48156 87.20
48192 178.80
28193 177.850
48237 178.80 Q.9X00 0,000 0,000
48260 177.80 0.9020 0,000 Q. 000
48281 176.80 1.1640 0,000 0,000
48291 177.5%0 1.1640 0,000 O, 000
483703 178.80 K 1.3980 0,000 0.000
48320 178.80 1.2830 0,000 O L 000
48337 178.80 R 1.2250 0.000 0,000
45258 178.80 R 1.7510 Q.000 0,000
48359 83.40 0.0520 0.000 0,000

0.7520 0,000 GO, 000
1.1740 0,000 0,000
0.92850 0,000 0.000
0.12%90 0,000 Q000
0.1610 0,000 0,000
0.2300 0,000 0,000
1.2710 0.000 0,000
1.2140 0,000 0,000
0.2%20 0,000 0,000
1.0470 Q. 000 QL 000

PUNDIN= OO o




OR/16/688

Sum of the Fractions Report

Liner
Cask Volume DR Dose
AB No. Type (Cubic Feet) CD Rate
48401 14-19%5 177.%0 R &
4B4 3% 14-21% 1786.80 R 2
46456 14-16% 177.%0 R S
48511 al=30 206.10 MR 300
48520 21300 206,10 R 1
48521 21=300 186.70 MR $00
48540 14170 178.80 MR 529
48551 14-195 177.50 MR 450
48650 14-170 178.80 MR 00
48716 14-170 170.80 R 1
48762 14170 178.80 MR 830
48768 14~170 178.80 MR 530
46817 14~170 1768.80 MR 430
4BB76 14-170 176.80 R s
48BY4 14~170 177.50 MR 418
4BY46 14170 178.80 MR $10
48556 14-190 178.80 R 29
48974 14-170 i78.80 MR 47%
48999 14-170 178.80 MR 600
459089 14-170 178.80 MR 99%
48 Subtotal =»
17189.10

&% Sh.ipper CECO-LASAL
4b667 CECO 14 163,30 MR o3
446709 HN=100 163.20 MR 2600
46858 HN= 100 163,30 MR 32
46876 HN=1 00 163,30 K 3
446510 HN=100 163.30 MR a0
44694 HN=100 163.30 R 4
47208 HN~100 163.30 MR 2900
47257 HN= 100 163.30 R 4
47342 HN=100 163.30 MR 2000
47376 HN=100 163,30 R h
47377 CECO14~1 163.30 R 4
474462 HN=100 163,30 MR IS500
47491 HN=100 163.30 MR 2700
47603 HN=100 163.30 R X
47761 HN=100 163.30 R 4
<R074 HN=100 163.30 R 1
481462 HN=100 163.30 ME 1500
4B219 HN= {00 163.30 MR S000

48248 bii=100 163.30 MR 2400

Fractions

1.3440
0.27%90
0.7260
0.1870
0.1110
1.0610
0.0870
0.1160
0.1680
0.12%90
0.1320
0.0830
0.0680
0.1400
0.0710
0.04%90
7.8%970
00,0840
0. 08500
00,1740

0.3630
0. 38550
0.3640
0.3720
0.3980
0.3960
0.3480
0.3740
0.3740
0,3710
0.4030
0.3710
0.3720
¢.3760
Q.3430
0.3970
00,2790
0.6670
0,6260

Linr Vol Linr Vol
Sum of 14 Limit I4 Limit

2 % Al

0,000
C 0000
0.000
0.000
0,000
0.000
0,000
Q000
Q.000
0,000
Q. 000
0.000
O.000
0,000
Q. 200
Q.000
4%.282
QL.000
Q, 000
Q000

L QOO
Q.000
0.000
0.000
0.000
0.000
Q.00
0,000
Q.0Q00
0.000
0,000
0.000
Q.000
0,000
Q.000
0,000
0.000
0,000
Q.000

T x AL

0,000
0,000
. 000
0,000
0,000
0. 000
G, 000
Q. 000
0,000
0.000
0.000
0,000
0,000
0,000
0,000
0.00C
67,923
0,000
Q. 000
0,000

G, 000
0,000
0,000
1,000
0,000
0,000
0,000
0,004
O,000
0,000
0,000
0.000
0,000
0,000
0,000
0.000
0,000
0, ('C,O
0,000



Wrs a0 e

‘

AS No.

4B262
4B274
48267
4B259
483535
4BS7%
45021
45091
45117
49144

Cask
Type

HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
10-142
HN=100
HN=100

¥ Eubtotal »x

% Shipper CECO-QUAD

46483
46330
46536
46577
466195
44661
446704
46747
46797
46824
46BS2
46652
446939
46586
47046
47103
47202
472%1
47350
47397
47454
47516
47576
47689
477%2
47820

47844

47858
47946

8~120

10142
8-120

8~120

14-21%5
14-21%
14-215
14-21%5
14-2185
14-21%
14-21%
14-21%
14-218%
14-21%5
14-218
14~190
14-2195
14-21%5
14-218
14-219%5
14-218
14-2198
14-218%5
14-2185
14-218
14-215
14-21%5
14-218%
14-215

Bum of the

Volume
(Cubic Feet)

163.20
163,30
163.30
163.30
163.30
163,30
163,30
135.80
176.90
178.%0

4739.40

120,30
128,30
120,30
169,30
194,10
194,10
194,10
194,10
194,10
194,10
194,10
194,10
205.80
20%.80
205.80
177.%0
205.80
208,80
20%5.80
205.80
205.80
208.80
208.80
208.80
205.80
2085.80
20%5.80
205.80
205.80

Fractions Report

DK
co

MK
MK
MK

MR
MR

MR

Liner
Dose
Rate

JI000
2600
1800
2300
2400
2200
3

60
000
30

60
4000
80
20
2400
16
1200
12
11

2

30
27000
4
I000
2

6
1600
T200
S000
3
2600
2700
4
2600
2600
2
1200
1200
8Co

Fractions

0.6020
0.6740
0.5920
0.6560
0.6720
0.,2410
0,2230
6.6310
0.34%90
0.2060

22,1580
0.8740
20,4480
$.1730
0.5280
0.3880
0.4480
0.3280
0.2980
0.6420
0.8070
0.9250
1.6330
1.24%0
1,0670
6.5910
00,4710
1.0610
2.38510
1.1170
0.8010
0.4970
2.4430
1.4250
0.8710
0.7880
0.3660
0.4100
0.3080

Linr Vol Linr Vel
Sum of 14 Limit 14 Limit

2 x AL

0.000
0000
0.000
. 000
0.000
0.000
L 000
40.962
0.000
Q.000

10.860
0,000
11.767
46,509
0,000
O,000
0,000
Q. 000
0,000
0,000
0,000
0.000
0,000
0,000
0.000
S3.6861
Q.000
Q.000
175,106
Q000
0,000
0,000
148,488
0,.000
N,000
0,000
0,000
0,000
Q.000

3 x Al

Q.00
Q000
Q.00
0,000
0,000
0,000
0.000
61,447
Q.000
0,000

16,290
0,000
17.6%0
69.764
Q.000
0,000
O, 000
0,000
0000
0,000
Q000
0.000
0,000
0000
0,000
80,791
QL0000
Q000
0, 000
0. 000
0,000
0,000
0,000
0,000
0,000
Q0,000
0,000
0,000
0,000



Uy/siwr/eow

Sum of the Fractions Report

Liner
Cask Volume DR Dose
AB No. Type (Cubic Feet) CD Fate
47997 14-219% 205,80 MR 80O
48072 14-218% 205,80 R by
48124 14-21% 205.80 R 1
48182 14-21% 208,80 MR SO0
48234 14-21% 20%5.80 MK 740
48296 14-21%5 208,80 MR Seo
486279 14-215 20%.80 MR 700
48121 14-21% 205,80 MR 1000
AB1786 14-219% 205,80 MR 200
4B4TY 14-219 205,80 MK 910
48494 14-219 208,80 MR 849
4B536 14-219% 205.80 MR 650
4BSe 14-215 208.80 MR 8520
48691 14-218% 208,80 MR 18500
48707 14-215% 205,80 R 2
48765 14-218 20%.80 MR 1800
48609 14-21% 205,80 MR 1400
4BR4S 14-218 205,80 MR 1200
46689 142195 205,80 R 3
48958 14-218 205.80 MR 2500
48950 14-21% 205.80 R I8
49029 14-215 205.80 R 2
49079 14-215 205.80 MR 2400
% Subtotal x#
12245.70

%% Shipper CECO-ZI0N
46481 14-218% 194,10 MR 150
46821 14-218 194,10 R 4
446843 14-21%5 194,10 R 1
47084 8~-120 1285.20 R S0
47088 8-120 73.40 R 30
47158 14-21%5 194,10 MR 1000
47245 14-2195 194,10 MR 800
47418 14-218 194,10 R 2
47488 14-21% 129.20 MR 300
47722 14218 194.10 MR 300
47981 14-215%5 205.80 MR 1
48027 14-215 205.80 MR 200
48046 14-170 105.00 R 2
48120 14-21% 194.10 MR 45
48204 14-215 205.80 MR 600

48°%t 14-1985 125.20 R 10

Fractions

0.3360
0.5780
0,3680
0.,35%0
0,2660
0.08540
0.30%0
0.2170
Q. 6080
0.29%90
0.3270
0.1660
0.18%0
0,3440
0.4120
0.4120
G.3170
00,7140
04720
00,8380
0.,6370
0.5360
0,.59%0

0.0270
0.1470
0.1470
11,7220
5.2280
0.07%0
0.0860
0.0840
0.,1000
0.0640
0.0150
0.0380
0.,0640
0.0140
0.0900
0.1470

Linr Vol Linr Vol
Sum of 14 Limit 14 Limit

2 x Al

Q.000
0,000
0,000
0,000
0 OO0
0,000
0,000
G000
0,000
0,000
Q.00
0.000
0,000
0,000
Q0.000
0,000
0.000
0,000
0,000
0,000
0,000
0,000
0.000

0.000
0,000
0,000
21.361
28.081
0,000
Q. 000
0,000
Q.000
Q,000
0.000
0,000
0.000
Q.000
0.000
Q. 000

3 x AL

0,000
0.000
0000
Q000
Q. 000
2,000
O . “’00
(¥] 00
Q000
0,000
0,000
0,000
0,000
Q.000
0.000
Q.000
0,000
0,000
GL,000
0,000
0,000
0,000
0,000

0,000
O,000
O L0000
I2.041
42.121
0,000
0,000
0,000
0,000
Q. 000
0.000
Q.000
0,000
0,000
Q.000
0,000



0%/18/68

A8 No.

48767
46591
48657
4BBYE
48902
4B966
4%018
49067
45076
49137

k% Subtotal x»

% Shipper CINTICHEM

46449
46475
464BY
46608
46625
46659
46671

46702
46712
4674

46759
44789
46812
46844
4468861

46504
47289
473218
47767
47384
47418
47478
47474
47531

47564
474674
A7T726
47772
47801

Cask
Type

8~120

8-1208
14-219%
8~1208
14-218
8-120F
14-218
8-120B
14-215
8-120

TUX
TUX
TUX
TUX
TUX
TUX
TUX
TUX
TUX
TUX
TUX
TUx
TUX
TUX
TUx
TUX
TUX
TUX
TUX
TUX
TUx
TUX
TUX
TUX
TUX
TUX
TUx
TUX
TUx

B-3
B-3
B-

- "N
!

i o PR

™ ﬂ!? L Il )

>

D ia4d

Sum of the

Volume
(Cubic Feet)

125,20
125,20
205.680
120,30
208.80
125.20
2085.80
125.20
20%.80
125.20

4293.70

20,40
20,40
20,40
20,40
20,40
20,40
«0, 40
:00‘0
20,40
20,40
«0.,40
20.40
20,40
20.40
20.40
20,40
20,40
20,40
20,40
20.40
20,40
20,40
20,40
20,40
20,40
20,40
20,40
20.40
20.40

Fractions Report

DR
cDb

J!IJ!!II%J.IIU!

:Ul!!:'l!l:ﬂl”:ﬂ]ﬂ1';101!2:”7?ZZ”]!DIB’!”:&Z!PJ!

Liner
Dose
Rate

]
18
800
32
1200
S0
2
60

4
70

32
39

-
-
~
3
= -
o
-
-

0
7

21

32
49

24
I8
38
42
49
3
]
74
Sé
45
S2
I9
S0

Fractions

0,323%50
0.19%0
1.0290
5.1080
0.2420
2.9600
0.,2170
J.8630
0.5420
T. 9600

2,0630
1.9970
2.5700
1.7240
2.8820
4,0&90
8.6220
1.7340
2.3420
1.5670
4.5400
S.1330
0, 7920
J.1500
5.6530
4.,60850
25100
J.6010
I.9280
4.7980
4,3700
4.5110
J3.2670
6.7640
S.1500
S.4250
5.98510
4.1%900
5.57%90

Linr Vol Linr Vel
Sum of I¢ Limit 14 Limit

2 % AL

0,000
30.55%
0,000
47.126
0,000
63.23
0,000
64,816
Q.000
63,239

19.774
0,000
15.877
0,000
14,158
10,026
7.2%57
QL. 000
17.422
0,000
8.987
7.94%
Q. 000
12,9853
7.21@
8.860
16,252
11.32
10,398
8.50%
®.337
§.044
12.4%0
6,032
7.922
7.918
6.856
,.738
7.313

I x AL

0.000
45,823
0,000
70,689
0,000
54,882
0,000
§7.224
0,000
54,6852

0,000
0,000
G000
0,000
0,000
185,039
10,886
Q000
0, 000
0,000
17,480
11.923
0,000
19.429%
10.827
13,289
Q000
16.992
15.592
12.758
14,008
2.8566
18,738
§.048
11.884
11.272
10,283
14,607
10,970



wilr a QI 0

Eum of the

Cask Volume
AS No. Type (Cubic Feet)
47842 TUX B=3 20.40
47859 TUX B=3 20.40
47501 TUX B-3 20.40
47%4) TUX BE-3 20.40
47567 TUX E=-3 20,40
475% ) TUX B=3 20.40
48026 TUX B~3 20.40
48056 TUx B=3 20.40
4BO%0 TUX B=3 20.40
48166 TUX B=3 20.40
48197 TUX B=3 20.40
48218 TTUX B=3 20.40
4B268B Tux B-3 20,40
48293 TUX B=3 20.40
48212 TUX B-3 20,40
48240 TUX E-3 20,40
A4BE6S TUX 1 & 4 20,40
484170 TUX B=3 20.40
48636 TUx E=-3 20.40
4B&LEO TUX B=-3 20.40
48700 TUX BE~3 20,40
4B7 34 TUX E=3 20,40
48567 TUX B=2 20.40
48582 TUX 2 & 3 20,40
459009 TUX B=3 20,40
45026 TUX 2 & 3 20.40
45084 TUX E=3 20,40
45084 TUX EB=3 20.40
49175 TUX B=3 20.40

% Subtotal »»
1183.20

&% Shipper CNSEYD

470032 NAVY I9.00
48106 NAVYCABK 42.%0
48231 NAVY 39.00
484621 NAVY CK 46.80
48713 N. CASK 3187.60

¥t Subtotal
56%5.30

% Shipper CPLL-BRUNS
46732 TN~-8 22,40

Fraztions Report

DR
CcD

R

R
R
M
R
R
L
R
R
K
R
R
R
R
R
R
K
R
R
R
R
R
R
R

R
R
R
R
K
MR

MR

MK
MR

R

Liner
Dose
Fate

42
39
67
46
60
4%
14
S3
4z
a9
8
53
8
22
46
29
S2
S2
I8
o2
60
46
39
&0
77
49
40
Sé
63000

20000
10

a
8000
1800

13000

Fractions

4.1150
4.4270
6.8800
9.36%0
6.5840
S5.3680
4.2300
4.5040
3.54680
5.1240
T.3410
4.1410
2.4240
1.4520
5.3830
1.9090
S.8400
5.7980
4.4840
5.6400
6.2500
5.1010
4.0660
6.7570
S.285%0
4.5540
3.8240
6.8510
6.%050

0.1800
0.0960
0.2550
0.3480
0.0310

J64,83%90

Linr Vol Linr Vol
Sum of 14 Limit 14 Limit

2 %X Al

9.918
‘9,217
.31
7.59¢
5.642
7.601
§.64%
8.320
10,324
7.963
12.212
%.852
16.831
0.000
7.579
0.000
6.986
7.037
F.088
7.234
¢.528
7.598
10.034
&.0%8
7.720
reob
10,670
5.921
85.509

Q000
0.000
Q.000
Q. 000
0,000

T x Al

14,872
13.82%
8.89¢
11.39%
8.763
11.402
14,447
12.480
15.%501
11.94%
18,318
14,778
0,000
0.000
11.369
0,000
10,479
10.5%56
17,648
10,852
F.752
11.997
15,082
§.087
11,8580
2.38%
16,004
B8.6881
8.663

0,000
QL0000
0,000
0,000
0,000

0.164



OF/1B/68

Sum of the Fractions Report

Liner

Cask Volume DR Dose

A8 No. Type (Cubic Feet) CD Rate
46765 14-1685 178.80 MR 600
46782 TN-B 14,92 R 360
46782.1 TN-8 7.47 R 36000
446797 14-19% 178.B0 MR S
46809 14-18% 178.80 MR 2
4680 14-19% 178.80 MR 150
46819 TN-8 22.40 R 459000
46850 141985 178.80 MR 200
46901 10-142 128.30 K 1
46942 3-88 $7.40 R 7500
46546 14-195 178.80 MR 70
47083 14-19% 178.80 R 4
47264 14-199% 178.80 MR 6000
47296 14-19% 178.80 MR 6000
47287 14-19% 178.80 MR 7000
47386 14-19% 176.80 R 2
47389 14-195 178.80 R 2
47427 14-198 178.60 R l
47437 14-16% 178.80 R e
47481 14-19% 178.80 MR 1000
47405 14-16% 178.80 R 1
47516 14-19% 178.80 MR 2500
47540 21=300 265.90 M 600
47572 21=300 265.90 R 2
47708 14-19% 178.80 MK 3000
47767 21300 265.90 MR 2000
47778 21=300 265.90 MR 700
47754 21300 265.90 MR 1800
47806 14-19% 177.50 MR 200
47821 14-1985 177.89 MR 3000
4784% 14-168 178.80 MR 1500
47883 14~-19S 178.8¢C R 2000
4789S 14-198 178.80 MR 100
47312 14-199 177.50 MR 100
47944 14-19% 178.80 MR 100
47961 14-19% 177.50 MR 200
48038 14-19% 177.50 MR S0
48070 14~19S 178.80 MR 120
48097 14-1985 194,10 R S
48107 14-18% 194,10 MR 200
48123 14-19% 178.80 MR 200
48177 14-19% 178.80 MK 800
-

48358 14-195 194,10 R -

Fractions

0.1500
472.2220
223.1340

0, 1240

0,08530

0. 0300
I51.1500

0.,0850

0.17%0
121.23%90

1.7480

1.0900

1.855%0

1.5080

1.7730

0.8720

Q.6200

0,6010

0.,6080

0, 2940

0.2800

00,7630

0,6780

1.9980

0.8160

1.8330

0.35610

1.8120

0. 0740

0.93%0

00,4620

0.6430

0.0310

00,0420

00,0320

0.0740

0.0160

00,0380

0.1920

0, 0070

0.0700

0.28560

00,0480

Linr Vol Linr Vol
Bum F 14 Limit 14 Limit

2 x AL

0,000
0,063
0,067
0,000
0,000
0,000
0.128
0.000
0.000
0.947
0,000
0,000
0,000
0,000
0.000
0,000
0,000
0,000
Q,G0O0
0,000
Q, 000
0,000
0,000
Q,000
0,000
0,000
Q000
Q.000
0,000
0,000
0.000
Q. 000
0,000
0,000
0.000
Q.,000
0.000
0.000
0,000
0.000
0,000
0,000
0.000

I x Al

0,000
0.09%
0,100
04000
0,000
Q. 000
0.191
0,000
0. 000
1.420
0,000
0,000
0. 000
0,000
0.000
0,000
Q.000
0,000
0,000
Q000
Q. Q00
0,000
0,000
0,000
Q000
Q000
0,000
Q000
0,000
0,000
QL.000
1,000
‘:, . ‘:’0('
0,000
Q.000
0,000
Q000
0.000
0,000
0,000
0,000
0,000
0,000



O%/16/68
Sum of the

Cask Volume
A8 No. Type (Cubic Feet)

48441 14-19% 194,10
4BR09 6-120 120,30
48541 14-19% 194,10
4BSe7 14-198 194,10
48710 21-300 265.%0
487219 14-19% 108,00
487951 14~19% 177.5%0
48752 14-19% 194,10
4872 14-19% 177.50
48767 14~19% 178.80
48788 14~19% 177.%0
48794 14~195 177.5%0
4B79% 14-19% 177.%0
4BB1T 14-19% 194,10
4BBT0 14~18% 177.%0
48857 14-19% 194,16
48900 14-195 170.80
48917 14-19% 170,80
48945 14-19% 194,10
4B9469 14-195 170.80
45013 14-198 170.80
450219 14-19% 170.80
450468 14~165% 170.80
45085 14-19% 170,80
4%910% 14-198 170,80
4914 8~120A 120,30

k% Subtotal xx
12102.60

% Shipper CFPAL-ROBIN

47089 14~19% 206.10
47440 14~210 202.10
4780% 8-120 120.30
48572 14-19% 202.10
45081 8-120A 120,30
491859 8-120A 120,30

k% Subtotal xx
971.20

%% Shipper CP~-B ROCK
484146 1-136 14,60
4BE27 1=-136 14.60

Fractions Report

DR
cD

MR
R

MR
R

MK
MR
MR
MR
MK
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR
Mk
MR
MR
MR
MR
MR
R

MK
MR
R
R
MR
R

R
R

Liner
Dose
Rate

700
17
750

2

100
8000
380
1000
400
250
00
700
&00
700
80
1900
8000
7000
800
12000
1800
12000
14000
10000
10000
100

J0C0O
S000

<0

I000
100

880
1450

Fractions

0.0220
0.8400
0.0240
0.0820
00,0990
0.3070
0.,1260
0,08530
0.15%0
0.0740
0.,1840
0,24%0
0.,14%0
0.0240
0.1310
0.0710
0.8820
0.8610
0.0380
1.,29%0
0.1380
1.3080
1.3210
1. 124('
1.14580
9.8210

0.1680
0.9320
0.1800
V.S070
00,0720
6.1920

13,7720
11,4350

Linr Vol Linr Vol
Sum of 14 Limit I4 Limit

2 » AL

0.000
C 0,000
0.000
0. 000
0,000
0.000
0.000
0,000
7,000
0.000
Q.,000
0.000
0.000
0,000
0.000
QL0000
0,000
0.000
Q. 000
0,000
0,000
0,000
Q.000
0,000
0,000
25.270

0,000
0,000
0,000
0.G00
0.000
38.8%6

2:.120
2,883

3 x AL

0,000
0,000
0.000
0.000
0,000
0.000
Q. 000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0.000
Q,000
0,000
0,000
0. 000
0,000
Q000
Q.000
0,020
O, 000
Q000

7 .906

0,000
Q.000
0,000
0,000
0,000
$8.287

3.180

=830



UYrilerew

Sum of the

Cask Volume
A8 No. Type (Cubic Feet)
% Bubtotal s
29.20
&% Shipoer CF~FALISAD
46776 14-19% 154,10
46972 14-16% 208,80
47131 21=300 150.00
48544 21=300 157.50
48914 1-136 14,60
48962 1-126 14,60
¥k Subtotal #»
726.60
k% Shipper CT=M NECK
44651% 8~120A4 120,30
46727 §60,00
46871.9 67.50
46982 14-19% 120,30
47110 14-198 120,30
47168 14-19% 120,30
47281 14-19% 120,30
47490 B-120A 120,30
476590 8-120 120,30
48289 14-13% 120.30
48344 14-19% 120,30
48409 14-16% 120.30
48475 8-120 120.30
48571 14-195% 120,30
4B6LE7 8-«120 120,30
48488 14-19% 120.30
% Subtotal #»
2711.70
%% Shipper DET~FERMI
46476 21-300 328.50
446470 21-300 328.50
446579 21-300 328.5%0
4464697 21=-300 328.50
46783 21-3G0 328.50
47018 21=300 JI28.50
47317 21-300 328.50
47470 21-300 328.50

47639 21-300 328.50

Fractions Report

MR

MR
MR

MR
MR
I

XIIPDIRI
»> b

2PBIXIIBIINI
n

MR
MR
MR
MR
MR
MR
MR
MR
MR

Liner
Dose
Rate

S0

3000
72%
1100

-

—
—

»

A
o
NNCONNCOrOCUNBIOND

0
on

i8
1300
130
14

1000
420
S0
38

Fractions

0.2870
0.6030
0.14%0
0.1560
6.08560
47 .9060

00,4850
0.0120
0,0040
0.4100
C,0700
0,1890
S.1170
0,50%0
Q1710
0.0600
Q,0870
2.0410
0.03580
0.7260
0. 1100

0.0180
0.58560
0.0770
0.0150
0.0650
0.3190
0.2710
0 0150
., 0040

wafir Vol Linr Vol
Sum of I¢ Limit 14 Limit

2 x Al

0.000
0O,000
0.000
Q000
4,822
0.610

0,000
0.000
Q.000
Q.000
Q.000
0,000
Q.000
47.019
0,000
Q. 000
Q.00
0,000
117.872
0.000
Q.000
Q.000

0.000
0,000
0,000
0,000
0.000
0,000
0,000
G000
0,000

3 » Al

0,000
0,000
Q000
0,000
7.232
0,914

0,000
0.000
0,000
0,000
0,000
0,000
Q. 000
70,528
0,000
0. 0C00
0,000
0,000
0.000
0,000
0,000
0,000

0,000
0,000
0,000
Q.000
Q.000
Q.000
0,000
Q.000
0,000



0%/18/68

Bum of the
Cask Volume
AS No. Type (Cubic Feet)
47780 14-195 194,10
479506 21=300 128.%50
48016 21-300 328.%0
48160 14-198 20%.80
4aB176 14-195 208.80
48245 21=300 328.%0
48691 14-198 205.80
48740 21=200 328.50
a4aB7%0 21-300 1268.50
48927 21=300 328.%50
45016 21=300 328.50
49111 21=300 328.%50
% Subtotal xx
6396.00
8% Shipper DFC~LACRDS
459062 HN=100 163.30
k¥ Subtotal wx
163.320
% Shipper DUNE~CATAW
446831 8-120 87.20
46866 i4=170 178.80
46971 14=190 194,10
47007 14-19% 20%.80
47109 14-195 205.80
47487 14-195 208.80
47645 14-195 194,10
47850 B8-1204 120,30
476881 14-19% 205.80
48083 14-198% 109.50
48140 6-120 120,30
48294 8-120A 120,30
A4BI24 14-198 205.80
48976 14-2195 2085.80
4% Subtotal s
235%.40
k't Shipper DUKE~MCGUI
446614 14-19% 56.40
46662 14-195 114,50
46724 14-195 114.%90
46865 14-19%5 114.%0

—

Fractions Report

DR
co

MR
MR
MR
MK

MR

MR
MR

MK
MR

MR
MR
MR
MR

MR

MR
MR

MR
MR
MR

MR
MR
MR
MR

Liner
Dose
Rate

3000

. |
400
2000
7000
b .
7000
-

-
4000
1280

18

2
J000
S000
2500

2000

17000
70000

Linr Vol Linr Vol
Sum of 14 Limit I4 Limat

Fractions 2 »x Al I % Al
0.85360 Q000 0,000
0.00%0 0000 0,000
0.00%0 0,000 0.000
0.41%90 Q000 0,000
1.5330 Q.000 0,000
0.0240 0.000 Q000
1 . 3 ‘ !‘0 0 . 000 (W] . (:N:)t:l
0. 1830 0,000 0,000
00,0340 0.000 0,000
0.2610 0,000 0,000
0. 4590 0,000 0,000
00,0380 0,000 0,000
3.8210 85.486 128.228
0.0110 O.000 0,000
00,0180 Q.000 G000
Q. T600 Q.00 Q.000
00,4060 0,000 QL0000
0 . 9500 C, . OC‘C) ‘:' . (:’C'C,
2.7630 148,569 0,000
0.3780 0,000 0,000
0.2350 0,000 0,000
0 . ‘sao 0 . OC’O C’ . 0(:’(_'
0,7800 0.000 0.000
0.0770 0.000 Q000
0,1340 0.000 0,000
0,7060 Q.000 Q. 000
0.2760 QL 000 0,000
0.04%0 0,000 Q.000
00,5470 Q.000 ~ 0,000
0.1930 Q. 000 0,000
0.5440 0,000 G000



a8 No.

46916
47169
475464
47977
4BO9®
48152
48172
48590

Sum of the

Cask Volume
Type (Cubic Feet)

14-193 114,90
14-215 541,60
14-155 194,10
14-15% 96.40
184-195 56.40
6-120 120,30
14-165 205.80
14-19% 114,90

Fractions Report

Liner
Dose
Rate

4
18
1700
S00
00
70
1900
2000

Linr Vol

Linr Vol

Sum of I4 Limit 14 Limit

Fractions

0.11%90
00,0020
0.3I980
0.0560
0.0440
X.78%90
0.3070
0.14680

2 % Al

0. 000
QO,000
Q.000
Q.000
0.000

63,502
0,000
Q,.000

T x Al

0,000
0,000
0. 000
0,000
0.000
S.282
0,000
0.000

aB778 B8-1204 120,30 2 11.0230 21.827 I2.741
491%7 14-195 114.%90 10000 0.3070 0,000 Q.000
88 Subtotal %2

2040.70

8% Shipper DUKE~QCONE
46548 14-19% 114.9%0 S000 0.483) 0,000 0. 000
46796 14-19% 206.10 ' 40 0,600 Q000 0,000
46932 8-120 120.30 s SO0 7.8070 -0.819 46,228
47008 14198 114,90 R 10 Q.F290 0,000 0,000
47191 14-195 114,90 2000 1 §%930 0.000 0. 000
47387 14~19% 114,90 - 1.9260 0,000 0,000
47430 14-19% 114.90 MR 2000 00,5930 ¢4 OO0 0. 000
Q7679 14-195 114,%0 3 4000 0O,.X850 0,000 O, 000
48085% =59 57.40 R 90 247.8370 0. 467 0,695
45069 *=55 S$7.40 1140 159.2880 Q,721 1.081
48101 =959 57.40 R 880 128.3560 0.B54 1,341
48116 14~195 114,90 3 38500 00,4140 0,000 Q. 000
48400 14-19% 114,90 S 0.3530 Q000 0,000
484462 14-19% 114,90 ' 4000 0.6120
48569 14-195 114,90 R 3 Q. 3400

Q.00 OL,000
o Q.000 Q0,000
48708 14-198 114,90 ' 000 0.3820 Q,000 0,000
48885 14-195 114,90 R 7 00,3350 0.000 0,000
49076 14-19% 114,90 SO0 1.33460 0,000 0,000
49131 14-19% 114,90 R & 1.3100 0,000 O.000
%3 Subtotal sx%
2107.20

&% Shipper DUG-BEAVER

446458 14-195 194,10 ) 1400 0.0540 0,000 0,000
47945 6-80 83.40 &9870 6.45%90 25.823 I8.738
47958 4&-80 83.40 64449 6.0030 27.78% 41.678
483895 14-19% 194,10 800 0.,0%00 Q.000 G.000




. N'b A e
. 0%9/16/88

A8 No.

Cask
Type

% Subtotal

8% Shipper FPAL-ST LU

46520
46571
46619
46867
47271
47349
47923
47934
468128
481606
48208
48832
49161

8-120A
14-19%
14-19S
6-80

14~15885
14-19%
B6-120F
3-88

14-215
14-215
8-120B
6-80

8-120A

8% Subtotal

¥% Shipper FPLL-TURKE

46495
446537
46685
46849
47105
47960
48712
48972
45010
45069
49071
49104
49110

6~80
6-80
6-80
6-80
&-8B0
14-218
&~80
6-80
&-80
&~80
14-21%
6-80
14-219%

8% Subtotal x»

¢¢ Shipper FFC-CRYSTA

46605
46935
47170
47250
47348

18-450
18-4%50
18-450
18-450
8-120B

Sum of the

Volume
(Cubic Feet)

588.00

120.30
194,10
194,10

83.40
194,10
205.80
120.30

$7.40
205.80
205.80
120.30

83.40
120,30

19085.10

B8T.40
87.40
87.40
83.40
83.40
202.10
83.40
e:.‘o
83.40
83.40
202.10
8X.40
202.10

1440,.30

402.20
402.20
402.20
402.20
120.30

Fractions Report

DR
CD

T D

R

DRI IDINIDD

n

2

BIDIIDIIIINDIININ
nx

MR
MR
MR
MR
Fe

Liner
Dose
Rate

S0
13

300

70
15650

32
275

200
15
70

40
2000
I8
35
15000
38

80

Fractions

J.4060
1.4540
1.3400
8.3550
0.3780
0.91%90
13.1910
228.1710
0.1120
0.4530
0.2610
3.7230
4.0580

5.8600
1.2600
7.03%90
6.2200
$.5950
0.1880
6.2280
3.7380
2.5030
1.8570
1.4830
3.7200
0.1750

0.,0000
0,0000
0.0000
0.0000
6.6930

Linr Vol Linr Vol
Bum of 14 Limit 14 Limit

2 % Al

70.629
0.000
0.000

19.964
0.000
0.000

18.240
G.503
0.000
0.000
0.000

44,678

09.2%96

28,466
0,000
23.695
26.818
29.810
0,000
26.783
44,628
&6.644
Q,.000
0.000
44,848
0,000

0,000
Q.000
0,000
0.000
I5.950

3 x Al

105,989
0,000
0.000

<9.546
0,000
0,000
27.360
0.788
0.000
0.000
0.000
67.017
£6.930

42.698
0,000
25,843
40,22
44,715
O, QOO0
40,174
bb.942
0,000
Q,000
0,000
6&7.267
0.000

Q. 000
0, Q00
0.000
0,000
852.924



R I v

0%718/8

Sum of the Fractions Report

Liner Linr Vel Linr Vol
Cask Volume DR Dose Sum of 14 Limit 14 Limit
AS No. Type (Cubic Feet) CD Rate Fractions 2 % Al 3 x Al
47422 14~19% 194,10 R 2 0.0640 0,000 0.000
47599 6-120 120.30 R 120 11.1290 '21.61% J2.428
47654 16-450 402.20 MR ] 0.0000 0,000 Q. 000
47976 18-4%50 402.20 IR Q 0.0000 0.000 Q.000
48150 8-120B 120,30 R 140 20,1440 11.944 17.916
48174 8-120F 120.30 R 120 11,0310 21.812 v2.718
A4B4LO4 14-19% 194,10 R 7 0.0680 0.000 0.000
48667 14-198 194,10 R 3 0.1370 0.000 0.000
4BBOS 21-300 328.50 R 1 0.2910 0,000 0,000
12 Subtotal x»
3808, 2V

% Shipper BGA-HATCH = "/‘ A "5‘“"’/
46457 14-210 202,10 R 3 0.5810 0.000 0.000
464461 14-210 202.10 R 10 1.6370 0,000 0.000
446486 14-210 199.40 R 2 0.3I3%0 0.0C0 0.000
46512 14-210 199.40 MR 400 0.08%0 0.000 Q.000
46571 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
446702 16210 202,10 R h 4. 0.7880 0. 000 0.000
46727 14-210 199.40 R a 0.2780 0,000 0. 000
46814 14-210 199.40 R 2 0.40%90 0,000 0,000
46872 14=-210 202,10 R 2 0.4820 0,000 0,000
446908 14-210 199,40 R 1 00,3530 0,000 Q.000
46514 14-210 202,10 R = 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 .880 41.820
47064 14-210 199.40 R s 0.3240 0,000 0,000
47086 14-210 202.10 R 3 0.6400 0.000 0.000
47106 10-142 132.40 R 100 5.5240 47,340 71.%10
47148 14-210 199.40 R 2 0.5860 0,000 0,000
4722% 14-210 199.40 R 2 00,4030 D000 0,000
47272 14-210 114,90 R Q Q,2850 0.000 0.000
47370 14-210 199.40 R 2 0.2870 0.000 0. 000
47358 14-210 202.10 R é 0.93%0 0,000 0,000
47482 14-210 199.40 MR S00 0.0120 0.000 0,000
47572 14-210 199.40 R 2 0.485%0 0,000 0,000
47609 14-210 199.40 R e 00,2190 Q.000 QL. 000
47620 10-142 128.30 R 3 0.5860 0.000 0,000
47650 14-210 199.40 MR 00 0.0880 Q.000 0,000
A7695 10-142 132.40 R S0 2.3170 114.271 0.000
47789 14-210 199,40 MR 00 00,0840 Q.000 QL 000



LYA

A8 No.

47756
47811
47815
47858
47891
47%07
47949
48036
48114
46136
48222
4@213
48257
48271
48310
48323
48147
48369
48156
aBazz
485173
4B547
4ETEY
48587
4B618
48649
48684
4BEOQ7
48865
48896
48929
48917
48954
46978
48992
45014
45038
49082
49099
49136
49185

Cask
Type

14210
10~142
14-210
14-210
14-210
14-210
14-210
14-210
14-210
14-210
14-210
14~210
14-210
14-210
14210
10-142
14-210
14-210
14-210
10-142
14~210
14-210
14-210
14-210
14-210
14-210
14~210
10=-142
14-210
14-210
10~142
14-210
14-210
14-210
14-210
14-210
14-210
10-142
14-210
10-142
14-210

e

Sum of the

Volume
(Cubic Feet)

202.10
132.40
202.190
202,10
199.40
202.10
199,40
202.10
199.40
202.10

38.30
202.10
199,40
199.40
199.40
132.40
202.10
199.40
202.10
132.40
202.10
202.10
202,10
202,10
199,40
202.10
202.10
132.40
202.10
199.40
132.40
202.10
202.10
202.10
202.10
202.10
202.10
132.40
202.10
132.40
202.10

Frections Report

DR
co

EFDRITIDIDIRIDID
o o

2 XX
23>

MR

I:BJIDJ?;JBZ

1’%:’1’2:”])1

I
nxnm

MR
R
MR
R
R
R

Liner
Dose
Rate

~

NUOOT—~N=UNT

16

—

.-
NN =
o0 ©O
NPNOCOCNONNWAOWNUIWMWN

250

110
6

Fractions

0.6570
1.3920
0.4410
0.8060
00,2080
00,3710
0.,1140
0. 9730
0.1390
0.8610
0.1970
0,1360
0,0880
Q.2860
00,0620
2.4420
1.5860
0.06460
1.2630
1.9480
0.2040
0,48580
00,6840
0.8760
0.1640
00,3540
0.5440
0,3800
0.43%0
0.2910
&6.9750
0.3640
0.25%0
0.0480
0.1610
©.5840
0.8180
15.08540
0.0420
S.20850
0.2360

Linr Vol Linr V2l
Sum of 1€ Limit 14 Limit

2 x Al

0,000
- 0,000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0,000
108,422
0,000
0,000
0,000
0,000
0 . (JOU
0,000
0.000
QL,000
0,000
0,000
0,000
0.000
0,000
0,000
I7.9A6
Q0,000
0.000
0.000
0.000
0,000
0.000
17.5%90
0.000
S50.874
0.000

3 % Al

0,000
0.000
0.000
0,000
Q.000
0,000
0,000
0,000
0.000
0.000
0.000
0.000
0,000
0,000
Q0,000
Q. 000
0. 000
0,000
O,000
Q0,000
O,000
0,000
G,000
O,000
0,000
QL. 000
0,000
Q,000
0,000
0,000
56.949
0,000
0,000
0,000
0,000
Q. 000
‘) . 00(’
26,3789
0,000
76,312
0,000



s see
0O%718/68

AS No.

Cask
Type

&% Bubtotal »x

&t Shipper BA-VOGTLE
14-210

48164
48203
ap944
48967

14-210
14210
14-210

% Subtotal

% Ehipper GENERAL DY

47973

14~168

% Subtotal x»

% Shipper GFU~0OYSTER

46474
46524
46553
46561
46574
46650
446744
46B1T
46587
47024
47293
47369
47452
47571
47575
47614
A764%
47687
47731
47742
47762
47783
47822
47836
47925
47980

14-180
14-195
14-1995
14-195
14195
14-19%5
14~18%5
14-165
14-195
14-195
14195
14~158
14-195
FEV=~1
14-19%5
F8v=-1
FEV~1
6~120A
14-199
FEv=~1
FEv-1
14-1§5
FEV=-1
FEV~1
14195
68-:20

Volume DR

(Cubic Feet) CD

13192.80

199.40 MR
155.40 MR
132,40 MR
202.10 MR

733.30

194,10 MR

194,10

177.80 MR
177.50 MR
205,80 MR
177.850 MK
177.50 MR
194.10 R
177.80 R
177.850 R
177.50 MR
177.50 R
177.50 R
177.50 MK
205.80 MR
26.20 R
177.50 R
26.20 R
26.20 R
120.30 R
177.50 M
26,20 R
26.20 MR
177.50 MR
©6.20 R
26.20 MR
177.50 MR
120.30 R

Liner
Dose
Rate

S000
180
7000
20000

1200
2500
8000
1200
1000

18

70

10
1000
S000

14100

11000
12

3000
7000
19500
800
6300
FB00O
4000
35

Bum of the Fractions Report

Fractions

0.1170
0.0080
0.18%0
0.4770

0.0000

0.3160
0.7430
0.3040
0.3060
0,.5R%0
X.4830
1.7540
0.7860
1.8500
0.3%900
1.53%90
0.3840
0.7040
214,.5700
0.6350
190.,18%0
207 .7430
6.4370
0.9080
207.0820
207.9780
0.,0680
207.9770
208.9030
1.8140
8.0160

Linr Vol Linr Vol
Sum of 14 Limit 14 Limit

2 x AL

0.000
0.000
0.000
0.000

0,000

0,000
0,000
0,000
0,000
0,000
111,448
0,000
0,000
0,000
0,000
0,000
Q. 000
0,000
0.244
0,000
0.276
0.282
3I7.379
0.000
0,253
0,282
0,000
0.252
0,251
0,000
J0.016

I x Al

0,000
0,000
0000
0,000

0.000

0,000
0.000
U, 000
0,000
G000
167,172
0,000
0,000
G000
Q.000
0,000
0,000
0.000
0.366
0,000
0.413
V. 378
S56.069
0.000
0,380
0,378
0.000
0.378
0,376
0.000
45,024



S e

08/718/8

A8 No,

48001
48060
4B0O%2
48146
4B3ST
46469
4BA77
48611
4B6BS
48717
487995
48831
48994
4%070
49143

Cask
Type

8-120A
14-195
14-15%5
14-15S
14-15%
14-195
14-15%
14~155
14-19%
14-19%
14-195
14-195
14-19%
8-120A
14~195

&8 Subtotal »x

#% Shipper GFU-TMI

47116
4714%
4717%
47285
47812
4B6ET
48718
48910
48907
49002
45047

MN=2Z00
8~120F
MN=200
HN=200
6-120F
B-1208
8-120E
8-120K
8-1208
8-120E
68-120B

8% Subtotal *»

% Shipper GULF-RIVER -{’

46714
446734
46746
46750
46762
46787
46792
446801
468795

14-195
14-195
21-300
14-195
14-195
21-300
21-300
21=300
21=300

Sum of the

Volume
(Cubic Feet)

120,30
205.10
177.'50
177.50
177.50
205,80
177.50
177.50
205,30
177.%50
177.50
205.80
177.%0
120,20
177.50

6176.00

73,40
125- 20
73.40
73.40
125,20
I6.50
36.50
36.50
36.50
36.50
36.50

689,60

206.10
206.10
206.10
206.10
206.10
206,10
206.10
206.10
206.10

Fractions Report

DR
CcD

R

MR
R

R

MK
MR
MK
MR
MR
MR
MR

MR
MR
MR
MR
MR
e
MR
MR
MR

Liner
Done
Reate

30
s

2

1400
12

120
340

400

328

60

35
1000
38
0
5000
400
1000
550
S000
IS00
S000

17850
25

1

12
20
2

P

9
S0

Fractions

6.2390
0.2310
0.6810
0.5860
1.85%0
0.6760
0.3070
0.0840
0.1290
0.5430
0.4420
0.0220
0.1160
13,2450
1.4300

1.2310
7.26880
1.2330
1.2310
2.9860
8.74%90
24,8870
17.4080
119.,0340
45.5950
48.9720

200 W’ lier officted,

0.0630
0.1180
0.03%90
0.09%0
0.1570
0.04%0
0.0270
0.0720
0.0130

Linr Vol Linr Vol
Sum of 14 Limit I4 Limit

2w Al

29.201
0,000
0.000
0,000
0.000
0.000
0,000
0,000
0.000
CL 000
0.000
0.000
Q000

1B8.166
0,000

0.000
76,164
0,000
0,000
83.85%
807“
2.933
4,193
0.613
1,601
1.491

0.000
0.000
0,000
0,000
0.00G
0.000
0.000
0.000
0.000

I x Al

43,802
Q.000
0.000
0000
Q. 000
0.000
0.000
0.000
0.000
0,000
0.000
0,000
0. 000

27 .249
Q.000

0,000
114,247
0,000
0,000
C' . OC‘C'
13.116
4.400
6.250
0.920
2.402

.36

0,000
QL.000
0,000
0,000
0,000
0.000
Q.000
0,000
0,000



Fage No.

‘0%9/18/68

A8 No.

46850
472473
47258
47372
47392
47411
47424
47447
47582
47686
47713
47744
47781
479946
48029
48127
48144
4848
48408
48419
48447
48445
48714
48819
48874

Cask
Type

«1=300
14-19%
141995
14~19%
14~195
21-300
21=300
21=300
14-19%5
21=300
21=300
21=300
21=300
21=300
21=300
14-19%
14-16%
14-198
21=300
14-195
14-19%
14-19¢
14-21%
14-21%

21=300

% Subtotal xx»

¥% Shipper 1&M-DCCOOK

46526
46562
46998
471732
47313
47366
47560
47715
48515
4E54D
48764
48864
48964
49116

HN=100
HN=100
HN=200
HN=100
HN=100
HN=100
HN=200
HN=100
HN~100
HN=100
10-142
10-142
HN=100
HN=100

Sum of the

Volume
(Cubic Feet)

206.10
206,10
206.10
206.10
206.10
206.10
206.10
206.10
206.10
206.10
206.10
206.10
206.10
206,10
206.10
206.10
206.10
206.10
206.1G
206,10
<06.10
206.10
206.10
<06.10
206.10

7007 .40

163.30
163.30

73.40
158.10
172.60
158.10

73.40
158.10
177.90
163.30
135.80
135.80
163.30
158.10

Frections Report

DR
cb

MR
MR
MR

MR
MR

MR
MR
MR
MR
MR

MR
MR
MR

MR
MR
Mk

MR
MR
R
MR
MR
MR
R
MR
MR
MR
R
R
R
R

Liner
Dose
Fate

6
4000
2000
1
2
700
1
700
S

2

800
200
490
J00
500

2
1500

- 4

o773

1
1700

X
S000
S000

700

1
160
200
13000
60
3000
S4
S00
128
200
26
26

2

2

Fractions

0.0820
0.3620
0.2210
0.1040
0.3110
0.0970
0.0420
0.1110
0.9320
0.1310
0.1830
0.1550
0.1100
0.0400
0.1230
0.70%0
0.0960
0.3160
0.0600
0.6440
00,2080
C.67%90
0.3860
2.2%940
0.2140

0.37850
0.,1850
40,9180
33700
0.0240
0.40%90
15.0280
0.4320
0.0240
0.0180
7.7910
12,2730
0.0270
0.3820

Linr Vol Linr Vol
Sum of 14 Limit 14 Limit

2 x AL

- 0.000
0,000
0.000
0. 000
0.000
0.000
Q. 000
C.000
0,000
0,000
0,000
0,000
0,000
0,000
0.000
Q.,000
0,000
0,000
0,000
Q.000
Q.000
0,000
0,000

179.662
Q000

0.000
0,000
2.568
83.821
0 . 30('
0,000
9.769
0,000
0,000
0,000
27.741
22.129
0.000
0,000

S x Al

0.000
0,000
0,000
0.000
0,000
0,000
0.000
0.000
0.000
0.000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
\:’ . QC’C'
0,000
0.000
Q000
Q,000

0. 000

0,000
0OL,000
g.281
140,722
0,000
0.000
14,653
0,000
0,000
QL.000
41.612
32,194
0,000
0,000



e -

PR - .-

L 09/18/8

AS No.

Cask
Type

% Subtotal

53 Shipper 10WA-D ARN

46487
46552
46618
46666
46726
46626
46926
46974
47041
47172
47286
47274
47445
47584
47754
47757
47840
47865
47509
48000
ag212
48204
48432
48627
48452
48971
49112

HN=100
MN=100
MHN=100
HN=200
HN=200
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
MN=100
HN=10G0
HN=100
HMN=100
MN=100
HN=100
HN=100
HN=100
HN=100

5% Subtotal

L 3 Sl’iipbir J.A, FIT2

46466
46507
46559
46652
46971
47146
47226
47308

LN=-14-170
LN=14-170
LN=14~170
LN=14=170
LN=14~170
LN=14-170
LN=14~170
LN=14~170

Sum of the

Volume
(Cubic Feet)

<0%54.,.%50

163,30
163.30
163,30
73.40
73.40
163,30
163.30
163,30
163.30
163.30
163.30
172,00
163,30
163,720
173.00
163,30
163,30
163,30
163,20
163,23
162,30
163,30
163.30
178.90
178.90
178.90
178,90

4311.10

181.70
181.70
105,00
158,10
181.70
181.70
181.70
181.70

Fractions Report

DR
cD

MR
MR
MR
MK
MR

MK
MR

MR
MR

MR
MR
MR

MR
MR

MR
MK
MR
MR
MR
MR

MR
MR
MR
MR

MR

Liner
Dose
Rate

14
129
4500
1280

2500
3000

Fractions

1.6060
0.98%0
0.6700
10,6800
18.5420
1.2460
0.5860
0.5860
0.31%0
0.,4300
0.4470
0.,0130
V.85110
0.858%0
0.0210
Q.85200
00,4250
0.,3080
0.1930
0.2160
0. 2060
0.1470
0.1260
0, 2340
0.uR40
Q. 14600
Co1130

3.5340
0.2290
0.05%0
0.7820
0.5250
1.2640
1.3580
0.7810

Linr Vol Linr Vo)
Bum of I¢ Limit 14 Limit

2 x Al

0,000
0.000
0.000
13.74%
7.917
0,000
0,000
0.000
0,000
0.000
0.000
0,000
0,000
0. 000
0,000
0,000
Q000
0,000
L0000
O, 000G
0.000
Q.000
0,000
Q 000
Q4 200
0.0 00
0,0%

102,819
0,000
0,000
0,000
0,000
0,000
0.000
0,000

S x Al

0,000
Q.000
0,000
20,618
11,878
0,000
0,000
Q.000
0,000
Q.000
0,000
Q0,000
0,000
0,000
Q,000
0,000
G QO
0,000
0,000
0. 000
0,000
0,000
Q,000
0,000
Q,000
0,000
0,000

154,229
Q,000
0,000
Q000
0. 000
0,000
0,000
0.000



OR/18/68

AS No.

47353
47407
474461
475849
47627
47730
479186
A7959
48098
48133
48186
4B242
48295
48514
48581
4B6T8B
48770
48677
4AB976
45045

Cask
Type

LN~14~170
LN=14-170
LN=14~170
IN=14~170
LN=14~170
LN=14~170
LN=14~170
LN=14~170
LN=14~170
LN=14~170
LN=14~170
LN=14~170
LN=14-170
LN=14~170
LN=14~170
LN=14-170
LN=14~170
LN=14-170
LN=14~170
LN=14~170

k% Subtotal x»

&% Ehipper KOG-WOLF CK

46465
4Ba74
4B857S
ABLARY

HN=100
8-120
8-120
8-120

8% Subtotal »s

¢8 Shicper La-waTERFO — A ‘Z/* B

46951
47784

8-120
8-120

% Subtotal &

8% Shipper MAINE YANK

47717
48138
48347
483%7
4BA4SS

14~19%5
HN=100
HN=100
14-21%
14-215

Sum of the

Volume
(Cubic Feet)

181.70
181.70
181.70
108,00
181.70
181.70
181.70
181.70
181.70
181,70
1085.00
181.70
181.70
181.70
1568.10
181.70
181.70
158.10
198.10
181.70

47463.,10

32.40
120.30
120,320
120.30

493.30

120.30
120,30

240,60

158.10
158.10
158.10
114,90
114.%0

Fractions FReport

Liner
DR Dose
cD Fate
MR SI00
MR 230
MR 4100
R 3
[ a
MR 2000
MR 178
MR 4000
R S
MR 4000
R 2
MR 650
MR 210
MR 130
[ 10
MR 1200
MR 1120
K 12
R 12
MR 1286
R 10
[ 70
R 40
R “
R 20
R 0
R 2
MR 2000
[ S
MR 700
MR S000

Fractions

2.1580
0.1080
1.6700
0.,1230
1.85280
1.46%0
0.0809
0.7920
1.1810
1.4150
0.1230
0,2600
0,06%50
0,0620
1.45%0
0.3440
0.2110
1.4440
1.3430
0.0790

0.1090
18.83%0
21.1830

3.7360

1,0120
0.8140

0.1150
0.1540
0,2330
0.0210
0.0610

Linr Vol Linr Vol
Sum of 14 Limit 14 Limit

2 x AL

168,404
0,000
0.000
0000
0.000
0,000
0. 000
0,000
0.000
0,000
Q.000
O.OOCI
Q.0 o
0,000
0,000
0,000
Q.000
Q000
Q.000
Q000

0,000
12.774
11,358
64,404

Q. 000
Q. 000

Q.000
0,000
0.000
0.000
0.000

3 x AL

0.000
0,000
0. 000
0.000
0,000
0,000
Q. Q00
Q000
0.000
0,000
0,000
0.000
0 . (100
0,000
0.000
0,000
0.000
0,000

QOO
0,000

0,000
19.161
17.037
96,606

O, 000
O, 000

0.000
0,000
0.000
0,000
0,000



+09/718/88

Sum 0¥ the

Cask
Type

Volume

A8 No. (Cubic Feet)

4B4As
48482
48659
48671
48708
48772
48804
48870
L 3}

14-215
HMN«100
HMN=100
MN=100
14-215
HN=-219
MN=-2195
HN=219
Subtota)l #e

114,90
170.80
170.80
156.10
156.10
114,90
114,90
114,%0

1821.50

#3 Shipper MNaRION
49145 14«170
58 Subtotal s

%6.50

96 .50

8% Shipper NE-MILLST
46454 14-19%
46610 14-195
déé616 14-19%
46706 14-150
46745 14=150
446779 14-199
46798 14-19%
446582 14-195
46950 14~195
47040 14-19%
47241 14195
47357 14-19%
47427 14-1%0
47504, 2
47544
4757F
476013
47621
47656
47706
47771
47786
47654
47864
47894
47928

«02.10
202.10
132,40
J2.40
132,40
132.40
«02.10
202,10
181.70
202.10
202.10
206.10
132.40

13.80
132.40
188.00
202.10
14-195 202.10
14198 202.10
14-19% 202.10
8-120K 120,30
14195 132.40
14-19% 202.10
21=300 1i57.5¢
14-198 132.40

14-190
18-4%50
14-19%5
14-199

Fractions Report

Liner
Dose
Rate

Sum of
Fractions

00 00,0250
& 0.4560
i1 0.5400
o5 9.0060
0.85760

0.41%90

00,4480

0.2290

0.0280

00,0980
0.4610
1.3530
1.6880
1.9840
0.,2430
Q.3010
0.0240
2.1330
0.1400
0.4120
0.0440
1.9110
Q.0000
T.4580
0.0820
1.1860
Q,30%90
0.0600
0.5600
0.8740
4.9000
1.4320
1.26%0
R 0.1030
R 0.7460

IDIIIDIBIDIDIDIAABRDIDIEIDIIIIRARD

Linr Vol
I4 Limit
e X Al

0,000
0,000
Q.000
35.109
(:) " (_N)(:l
Q0,000
Q,000
0,000

0.000

Q.,.000
0,000
0.,.0CO
Q.000
Q.000
Q.000
Q. Q00
0,000
170.191
0,000
0.000
0,000
Q.,000
0,000
76. 886
QL0000
0.000
Q. GGO
Q . ()(;)\:l
0,000
Q. 000
49,106
Q.,000
0,000
0.000
0,000

Linr Vol
I Limit
3 x Al

0,000
0. 000
0.000
92.663
1,000
J 000
0.000
Q000

0,000

Q000
0,000
O.000
G, 000
0,000
Q,000
0,000
0,000
0,000
Q000
0,000
Q,000
0,000
Q.G00
114,879
QL. 000
0,000
0,000
0,000
Q0,000
0,000
73.6%59%
Q.000
0,000
0,000
Q0,000




'ovixozoo

A8 No.

4793%
47955
47963
47982
47987
48007
48022
48078
48079
48157
48169
48185
48210
48329
48394
484321
48447
48529
ABN47
48574
48609
48619
48731
4B744
487E1
48787
48846
48920
48924
45008
45064
49107

Sum of the

% Subtotal xx

2% Shipper (EUTRON

4B4BY
48985

% Subtotal x2

¥t Shipper NEWFORT

46727

Cesk Volume
Type (Cubic Feet)
14-19% 202.10
21300 199.40
21=300 159,40
21=300 199.40
14-16% 131.60
14198 131.60
14~1%0 132.40
14~198 202,10
21-300 159,40
14-199% 202.10
B8-120k 120,30
14-19% 202,10
14-16% 202,10
14-19% 202.10
14-19% 132.40
14-15% 202.10
14-19% 202.10
14193 202,10
14-16% 202,10
14-199 202.10
14~{5% 202.10
14-197 202,10
14-198 178.60
14-19% 202,10
TN=-8 22.50
TN~8 22.50
I=-58 57.40
14-D-2.0 132.40
14-190 132.40
21=300 199.40
14-190 132.40
9637.30

14-19% 105.00
14~198 105.00
210,00

6-80 83.40

Fractions Report

Liner Linr Vol Linr Vol
DR Dose Sum of I4 Limit I4 Limat
cD Rate Fractions 2 % Al S % Al
K 7 0.3370 0.000 0.000
MR z 0.0000 0,000 0.000
MK 20 0.0000 0,000 0.000
MK 10 0.0010 0,000 0.000
MR 30 0.0620 0.000 0.000
MR 00 0.0080 0.000 Q.000
R 3 0.4270 0,000 0,000
MR 39 00,0030 0.000 0,000
R -] 0.2210 0,000 0,000
K 13 0.88%0 0.000 0.000
MK 1800 0.38460 0000 0,000
MR 7000 2.1260 190,078 0,000
MR 2000 0.23%50 0,000 0,000
R 1850 12.9740 18,949 28,424
W 16 1.0220 0,000 0,000
R 2 0.0980 0,000 0,000
MR 288 0.C560 0,000 0,000
MR 200 0.0240 0.000 0,000
MR 100 0.007¢ G, 000 0,000
MR 1280 0,1650 0,000 0,000
R 2 0.14%0 0.000 0,000
R 4 0. 4820 0,000 0,000
MR I8 0.0040 0.000 0,000
R 2 0.3120 0,000 0,000
R 26000 878.87460 0,046 0,069
R 7420 §70.1950 0,046 0,070
R 2100 187.09%0 0.614 0.520
R 100 14,1240 18.74% 28,123
R SO 4.7180 96.128 84,192
MR 1 0.0000 0,000 0,000
R 70 I.8760 68.310 102,465
R 12 00,2640 0.000 0,000
R 20 0.33850 Q000 0,000
MR 2 0.,0120 0.000 0,000



reage nNo., ALY
- 0%/18/68

Sum of the

Cask Volume

A8 No. Type (Cubic Feet)

% Subtotal

B8X.40

% Shipper NIAG-SMILE
4708% 14-215 178.80
47049 14-21% 205.69
47124 14-19% 178.80
47227 14-19S% 178.80
47206 14-19% 178.80
4744 14-195 178.80
47408 14-21%5 178.80
47956 14-195% 205,80
48019 14-198 170.80
48045 14-195 208.80
48104 14~15% 205,80
48202 14-195 205.R0
48495 14~-195 170.80
48564 14-218 206.10
4ES9B 14-19% 205,80
4BLST 14-198% 206,10
48816 14-155 177.50
4BR0S 14-16% 208,80
49118 14-210 i81.70

k¢ Subtotal »x

J626.40

k% Shipper NSP FRAIRI
47509 8-120 120.30
¥t Subtotal »»

120,30
% Shacoper NSP-MONTIC
46919 14-218% 194,10
47054 14-219%5 194,10
475232 14-218 194,10
47866 14-218 194,10
481858 14-2185 205.80
48244 14-215 208.80
48285 14-215 205.80
48906 14-215 205.80

¥t Subtotal x»
1599.60

Fractions Report

DR
Ccb

MR
MR
MR
MR
MR
MR

MR
MR
MK
MR
MR
MR
MR
MR

MR
MR

MR
MR
MR

MR
MR

Liner
Dose
Rate

S00
1500
400
450
400
450

400
700
200
200
180
3850
200
100

250
130

33

26
2200
7000

20000
18000

Fractions

0.1370
0.9400
0.1250
0.1280
0.1250
0.12%50
1.0200
0.0%940
©.0810
0.0230
0.0650
0.0430
0.0210
0.2100
0,0350
0.0160
0.8920
0.0280
0.0750

14,9230

Q.5380
0.4080
0.3860
1.6810
0.8410
0. 8790
1.2270
3.65%50

Linr Vol Linr Vol
Sum of I4 Limit I+ Limit

‘@ % Al

0,000
0,000
0.000
0,000
0.000
0,000
Q.000
0,000
0,000
0,000
0,000
0,000
0,000
Q,000
Q.000
0,000
Q. 000
0,000
Q,.000

16.122

0 . C’\:'C'
Q000
Q.00
0,000
Q,000
0,000
0,000
112.624

3 x AL

0,000
0,000
0.000
0,000
0. 000
0.000
0.000
0,000
0.000
"0.000
0.000
0,000
0,000
OL,000
0,000
0, 000G
0,000
0,000
0,000

24,184

O,000
Q,000
Q.000
0,000
0,000
0,000
0,000
168.937



Fegyw vy, -/

cO0R/18/68
Sum of the Frartions Report
- Liner Linr Vol Linr Vol
Cask Volume Dit Dose Bum of 14 Limit 1¢ Limit
AS No. Type (Cubic Feet) CJ Rate Fractions < x Al 3 x Al

f k8 Bhipper NUCLEAR ME
: AT744% RANGER 240,00 MR

5 Q,0000 0,000 0,000
'} 88 Subtotal %
- 240,00
&% Shipper NYFA IPF 3
464%1 14=-D=2.0 172.50 MR A500 0.0270 0.000 0.000
i 46580 HN=100 158.10 R 10 0.78%0 0,000 0,000
46687 MN=Z 00 76.20 MR 20 4,.5350 33,607 80,411
46898 14-D=2.0 172.60 MR 650 0.0810 0.000 0,000
46949 TVA~ENF 158.10 R 0 0.77850 0.000 Q.00
ABLSE 10-142 132.40 R 220 14,8040 18.2%7 27 . 38%
¥3 Subtotal &
B869.%90
k8 Shipper FECO-~LIMER
468461 14~170 162,70 MR 74 2470 Q.00 Q000
468865 14170 1£3,30 R 1930 00,4530 0,000 Q.0
46911 14170 153,30 MR 400 00,0540 QO,000 0,000
446537 MN=1 O 182.30 MR 1S00 0,0&80 Q000 0,000
469585 M= 1 0O¢ 193.30 MR <20 0.2220 0,000 0,000
; 46980 14-170 183.30 MR &8 0.08500 Q.,000 Q000
! 47021 HN= 100 163.20 MR 1 OO0 0.1470 0,000 O 000
| 47048 MN=10C 197.30 MR 250 0,0230 0,000 0000
4707% HN=100 Te.30 R 1 00,2320 0.000 0, 00¢
47084 MN= 100 183.30 MR 247 00,0860 0,000 0,000
47129 HN=10C 1933.30 MR 248 0.0190 Q,Q00 0. 000
: 471473 14190 163.30 MR 40000 <.B240 115.45%% 0.000
. 47154 HN=100 133.30 MR 147 0.,0150 0,000 0,000
e 47160 14-19% 163.30 MR 25900 4.4830 2.846 109.270
4714673 HMN=100 153.30 MR 148 00,0160 0,000 0,000
47180 HN=100 153,30 MR 147 0.0370 Q.000 0,000
47187 HN=100 153.30 MR I000 0.8210 0,000 0,000
47194 14-170 153.30 MR 400 0. 08560 Q,000 0,000
47208 HN~100 153.30 MR 400 0.0340 0.000 0.000
N 47217 14-195% 163,30 MR 30000 7.8230 41.747 62.620
47237 HN=100 153.30 MR 100 0,0070 0,000 0,000
o 47265 14-190 153,30 MR 2000 0.8420 0,000 0,000
47335 HN=100 153.30 MR 170 0.0410 0,000 0,000
47364 HN=1 00 153.30 MR &00 0,.0810 0.000 0,000
; 47471 MHN=100 153.30 MR 600 0.,0910 0,000 0,000
“ 47450 MN=100 153.30 MR 296 0.0700 0,000 0,000
} 47477 HN=100 153,30 MR 200 0,0780 0,000 0,000




Fage No, 28

C O%/18B/88
Sum of the Fractions Report
Li »ar
Cask Volume DR ' ase
A8 No. Type (Cubic Feet) CD ate Fractions
47503 HN=100 183.30 MR 700 0.1340
47518 14-170 153.30 MR 400 0.0370
47548 14~170 153.30 MR 337 0.0280
47606 14-170 153.30 MR 960 0.1420
47646 14-170 183.30 MR 313 0.1000
47728 14170 153.30 MR 1180 ©.2770
47748 14-170 1853.30 MR 297 0.03%0
47770 14-170 153.30 MR 698 0.1290
47809 14-190 163.30 R 24 3.9380
47813 14-170 193.30 MR 200 0.0630
47917 14-170 163.30 MR 7820 1.3180
47916 14-170 153.30 MR 128 0.0110
47929 14~170 183,30 MK 97 0.0320
47930 14-170 183.30 MR 124 0.0250
4BO6T 14-215 206.10 R 69 0.0270
46148 21=300 I28.50 MR 06 0.1830
46199 21=300 328.50 MR 71 0.0210
48211 14-21% 208,80 M 2000 3.28%0
483446 B~120 120.30 R 28 7.8%970
48749 14-21% 205.80 R 4 1.4320
4867 14-170 153.320 MR I850 0.04%0
48179 14-170 181.70 MR S0 0,0070
48405 144170 1823.30 MR 396 0.0370
48419 14=-170 181.70 MR 24 0.0030
48497 14-170 153.30 MR 291 0.0280
48806 14-170 153.30 MR 243 00,0240
48702 HN=215 159.40 MR 68 0.0120
487089 HMN=100 183.30 R é Q.0110
48741 MN=21% 197.40 MR 56 0.0110
48952 HN=218 208.00 MR 282 0.3330
48545 HN=-218 208,00 MR 107 0.,06%90
49004 HN=218 202.10 MR 184 0.0190
45087 21-300 328.50 MR S0 C.0320
45087 21=300 328.50 MR 120 0.0510
5% Subtotal ¥x
10564.10

$% Shipper FECO-FEACH
46466 HN~100 174,30 MR 10 1.5790
446527 HN=100 174,20 R & 0.6400
446572 14-198 174.30 R 1S 1.5990
446551 HN=100 174,30 R 2 0.4430
46613 14-198 174.30 R 10 1.8400

Linr Vol Linr Vol
Sum of T4 Limit 14 Limit

2 x Al

- 0,000
0.000
0.000
0.000
Q. 000
0,000
0.000
0,000

82.928
0,000
0,000
0.000
0.000
0.000
0,000
0,000
Q. 000

125,293

0. 466
Q.00
0,000
0,000
0,000
0L 000
0.000
0,000
Q.000
0,000
0.000
Q.000
0,000
Q.000
0,000
Q.000

0,000
0,000
0.000
Q.000
0,000

S x Al

0.000
0.000
0.000
0, Qo0
0000
0L.000
0,000
0.000
124,392
0,000
0,000
0,000
Q.000
0.000
0.000
0.000
Q.000
187.940
45,659
D000
0,000
0,000
0,000
Q,000
0,000
0,000
0,000
Q. 000
0,000
0,000
0,000
0,000
Q.000
0,000

0.000
0 . 00‘:'
0,000
0,000
Q.000



. h'b Ty

0%/18/68

AS No.

46620
46621
46666
46729
46806
46807
46B8T%
44869
446899
46916
46944 .2
469465
47059
47181
47339
47381
47432
47806
478537
47519
47567
47594
47647
476468
476469
47672
47765
4778%
478772
47904
47950
47989
48010
4B0ST
46064
48131
48175
4B24S
48276
48301
48716
48341
48392

Cask
Type

OH-142
HN=100
HMN=100
HN=100
HN=100
HN=100
10~142
HN=100
HN=100
HN=100

MN=100
HMN= 100
MN=100
HN=100
HN=100
MN=100
MN=100
HMN=100
14-198%
HiN=100
MN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=B00
HN=100
HN=100
HN=100
HN=100
MN=100
HN=-100
HN=100
HMN=100
HN=100
HN=100
HN=100
HN=100
HN=100
HN=~100

Sum of the

Volume

{Cubic Feet)

132,40
174,30
174,30
174,30
174.30
174,20
132.40
174,30
174,30
174,30
143.00
174,20
174,30
174,20
174,20
174,30
174.30
174,30
174,30
174,30
108,00
174,30
174,20
174,30
105,00
174,30
108,00
174,320
180,00
174,30
174.30
174,30
174,30
105.00
174,30
174,30
174,30
174,30
174,70
174,20
105,00
174,20
174,30

Fractions Report

Liner
DR Dose
(4] Rate
R 18
R Q
R 10
k 0
R 0
KR ]
R 130
K 4
R 3
R 4]
MR 2
R V]
R &
[ 4
R 7
k 4
R 4
R 0
R 2
R 1]
R 2
MR 17
R b
R 2
R P
R 2
MR 6000
R 3
MR 600
R 2
R 2
R 2
R 2
R 2
R 4
R e
R 4
R 2
R e
R 3
MR 1000
R 2
R 2

Fractions

2.0610
0.1750
2.6250
0.67%0
1.50%0
1.5390
28,0340
1.16460
0.7170
2.4430
0.0000
1.3920
08160
0.8940
1.03%90
2.3470
1.4040
1.0970
0.4650
1.99%0
00,3980
0.4470
2.2680
0. 69590
0.24%0
0.68840
0.4880
0.8520
0.3200
0.4080
0,46540
0.6440
0.6480
0,.3370
1.0770
0.9140
0.8970
0.3100
00,7040
0,.68%0
0.2520
0.7260
0.4500

Linr Vol Linr Vol
Eum of I Limit I4 Limit

2 x Al

128.46%
¢ 0.000
86,167
0.000
Q000
0,000
9.44¢
Q.000
0.000
142,712
0.000
0,000
0.000
0.000
0.000
148,536
0.000
0,000
Q.000
Q.000
0,000
0.000
193.719
0,600
0.000
Q000
0.000
0.000
0,000
0.000
Q,000
0,000
0.000
0.000
0.000
Q.000
0,000
0,000
0.000
Q,000
0.000
0.000
0,000

3 x Al

0.000
Q.000
144 ,2%0
0,000
Q0,000
0,000
14,16%
Q. 000
0.000
0,000
0,000
Q.000
0.000
0.000
0,000
0,000
0,000
0.000
0.00N
0,000
0,000
0.000
0,000
0,000
0,000
0,000
0,000
0,000
0.C00
0,000
0.000
Q0,000
0,000
Q. 000
0,000
Q0,000
C.000
Q.000
Q.000
0,000
0,000
0,000
0,000



Fage No, iAW)

‘0%9/1B/E8
Sum of the
Lirer
Cask Volume DR Dose
A8 No. Type (Cubic Feet) CD Rate
48454 HN=100 174,70 R 2
48494 HN=100 105.00 MR 700
48517 HN=100 174,30 R 3
48559 HN=100 174,30 R 2
48540 HN=100 174.30 R s
48576 14198 120.30 R 1
4B584 14~198 67.80 MR 14000
48615 HMN=100 174.20 R 1
4861°% 14-195 76.60 R 2
48638 HN=100 170.80 R 3
48642 HN=100 174.30 R 2
48640 8-120 83.40 R 1
4AB706 HN=100 174,395 R 1
48737 14-198 120,30 R 1
48791 HN=100 174.30 R -
4B792 14198 120.30 R 1
48820 8-120K 120,30 R 80
4BB26 HN=100 174.30 R 1
48850 8-120K 120,30 R 14
48858 HN=100 174,30 R 1
48541 HN=100 174,30 R 1
45034 HN=100 174,30 R 2
459080 HN=100 105.00 R 3
49120 HN=100 105.00 R 4
kX Subtotal xx
11317.20
% Shipper FERRY NFP
46844 14-170 iB81.70 MR 600
46921 14-170 181.70 MR 2
47082 14-170 i81.70 MR &00
47508 14-170 181.70 MR 200
47547 14=170 181.70 R 2
47777 14-170 181.70 MR 600
47988 14-170 181.70 MR 2000
48042 14-170 181.70 R -
48266 14-170 181.70 R 3
48478 14-170 181.70 MR -]
48519 14-170 181.70 MR 10
48562 14-170 181.70 MR S
48S80 14-170 181.70 MR 15
48403 14-170 181.70 MR 20
484623 14-170 181.70 MR S0

Fractions Report

Fractions

0.5860
0.1790
1.1730
0.853%0
0.85000
0.02%90
0.2470
0.2%940
0.0%910
1.18%0
00,4980
00,0300
00,3160
0.0150
0.5950
0.0160
b.846460
0,36%90
0.8180
0.3170
0.3040
1.1040
0.4550
0.3100

0.0250
0.0530
0.1450
0.01%90
0.2870
0.1710
0.4%500
0.4620
1.13B8.
0.000C
0.0000
0.0000
0.0000
0.0010
0.0010

Linr Vol Linr Vol
Sum of 14 Limit "¢ Limit

2 x Al

- 0.000
0.000
0.000
Q.000
0.000
0.000
0.000
0.000
0.000
Q.000
Q.000
0.000
0.000
0.000
0.000
0,000

295.040
0.000
0,000
0,000
0.000
0,000
Q.000
O,000

0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
Q.00G
0.000
0.000
0.000
0.000
0.000

T x Al

0. 000
0.000
0,000
0.000
0,000
0.000
Q.000
0.000
0.000
0.000
Q.000
GG
0,000
0, 000
0. 000
0, 000
92.961
0, 000
0, OO
0, 000
0. 0G0
0, 000
0. 000
0,000

0, OO
Q. 000
0,000
0O 0O
0, 0G0
QOO0
0, 000
Q. 0O
QDO
OGO
Q. 0G0
0,000
O, O
O, 00
O, OO



Fage No, 31

*09/18/68
Sum of the Fractions Report
Liner
Cask Volume DR Dose
A8 No. Type (Cubic Feet) CD Rate Fractions
48721 14=170 181.70 MR 19 0.0000
48745 14-170 181.70 MR 75 0.0010
48758 14-170 181.70 MR 980 0.0100
48821 14~170 i81.70 R 4 0.8B40
48816 14-170 181.70 MR < 0.0000
48869 14-170 181.70 MR 250 Q.0400
4BER7 14-170 181.70 MR 400 0.1540
48909 14-170 181.70 MR 800 0.2630
Kk Subtotal xx
4179.10
kx Shipper FFPAL-SUSQ
446445 14-215 177.30 MR 1500 00,4470
464872 14-215% 177.20 MR 1000 0.,0800
46494 14-215 177.30 MR 00 0.0370
46508 14-215 177.30 MR 1600 0.6970
46565 14-215%5 177.30 MR 400 0.08%0
446582 14-170 177.90 MR 28O0 0.5620
40596 14-218% 177.30 MR 1500 0.18%50
446598 14-218 177.30 MR 400 00,0160
464618 14=170 177.90 MR 9 0.17%90
46645 14-215 177.90 MR 33 0.9570
46657 14-219% 177.90 MR 4 0.1220
46673 14-218% 177.90 MR I 0.0410
46682 14-2195 177.90 MR b 0.0740
46694 14-218% 177.30 MR S00 0.0410
446701 14-170 177.30 MR 300 0.07%60
46708 14-21% 177.30 MR 00 0.1600
46722 14-219 177.30 MR J00 0.0180
446731 14-218 177.30 MR 28 0.0780
46742 14-215 177.90 MR 18500 00,0720
46800 14-219% 177.90 MR e 0.0740
46912 14~21% 177.30 MR ¥ 0.007¢
46954 14-219%5 177.90 MR 2 0. 0400
47026 14-215 177.30 MR - 0.08%0
47074 14-218 177.90 MR 220 0.0380
47132 14-21% 177.90 MR 280 0.0B&0
47166 14-218 177.30 MR 1100 0.1000
47171 14-21% 177.30 MR 800 0,0300
47150 14-21%5 177.30 MR 120 0.1020
47224 14-2195 177.30 MR 250 0.0400
47254 14-215 177.30 MR 260 0.0300
47325 14-21% 177.90 MR 1700 0.1170

Linr Vol Linr Vol
Eum of I4 Limit I¢ Limit

‘e x Al

0,000
0,000
Q.000
0.000
0,000
0,000
0,000
Q.000

0.000
0,000
Q.000
0,000
0,000
0,000
0,000
Q0,000
0.000
0.000
0,000
0,000
0,000
Q0,000
0.000
0.000
0,000
0.000
0,000
0,000
0.000
0,000
0.000
0,000
Q0.000
0,000
0,000
0.000
0,000
0.000
0.000

3 x Al

V. 000
0L000
0,000
0.000
0.000
0,000
0,000
0.000

0.000
0.000
0.000
0,000
0,000
0,000
Q.,000
Q000
0,000
0,000
Q0,000
QL0000
Q.000
0.000
Q.000
0.000
OL000
0.000
0,000
Q.000
Q,000
0,000
0,000
0,000
0,000
0,000
0,000
Q.000
0,000
0,000
Q.000



R A S s

09/718/68

Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of 14 Limit I¢ Limit
A8 No. Type (Cubic Feet) CD Rate Fractions 2 x Al 3 & Al

- L

472168 14-219 177.90 MR S00 0.2140 0.000 0,000
47400 14219 163.30 R & 0.48%50 0.000 0.000
47439 HN=200 73.40 R 7% 2.1230 69.147 0.000
47479 HMN=200 73,40 R 80 . 1210 69.226 0.000
47511 14-21% 177.50 MR =000 0.82%50 0.000 0,000
47552 14-215 177.30 MR 280 0.0480 0,000 0,000
47866 14-218% 177.90 MR 800 0.22%90 Q.000 0.000
47579 14-21% 177.30 R 1 0.29%9 0.000 0,000
473598 14-21% 163.30 K 4 0.32%0 0.000 0,009
47629 14-219% 177.30 R | 0.0100 0.000 0.000
47642 14-170 177.30 MR 2000 0.3400 0,000 0.000
47658 14-21% 177.90 R by C.2180 0,000 0.000
47677 HN=200 72.40 R 70 2.0920 70.177 0.000
47766 MN=100 177.30 MR e 0.1180 Q000 Q.000
47774 HN=100 177.30 MR 1000 2290 0.000 0.000
47791 14-215% 177 .30 MR 800 0.2180 0,000 0.000
47802 HN=100 177.30 MR eS80 0.0230 0,000 0,000
47828 HMN=200 73.40 R 60 2.0860 70,385 0.000
47870 14-215 177.90 800 0.1380 0,000 0,000
47819 14-21% 177.30 MR 120 0.0260 Q.000 Q.00
47840 14-19% 177.30 MR 200 Q.0310
47844 HN=100 163.30 MR 220 0.0310 0.000 Q. 000
478%6 14-21%5 167.30 MR 100 Q.0030 Q0,000 0, Q00
47840 14195 177.30 MR 200 0,0230 U.000 OL.000
478467 14-219% 163.30 MR 1000 0,.0%80 Q.000
47847 14-2195 162.30 MR SO0 0.0220 Q.000 0,000
47870 MN=100 163.30 MR 400 0,0840 0,000 0,000
47882 14-215% 177.30 MK 250 0.0710 Q.000 0,000
47902 14-218 163.30 MR 00 0.06%0 0. 000 0,000
47505 14-21% 177.90 MR 1500 0.1240 0,000 0,000
47924 14-21% 177.30 MR 1000 0,2320 0,000 0.000
47931 14-2195 177.30 MR 1100 02190 Q.000 Q000
47947 14-215 177 .30 S00 0.13850 0. 000 0,000
47987 14-21% 177.30 MR 180 0.0600 Q000 0000
47970 HN=100 177.30 MR 240 00,0890 0.000 0.000
47978 21=-300 177.30 MR 190 0.0850 0,000 0,000
479865 HN=100 177 .90 480 0.1200 0,000 G000
47994 HN=100 177 .30 MR 140 0.0020 0.000 0,000
48011 14-215 177.90 MR - { 0.0280 0.000 0.000
48020 HMN=100 177.90 MR 200 0.0310 0.000 0,000
48023 14-21% 177.90 200 0.,0330 0,000 0,000
48024 14-21% 177.30 MR 100 0.00%90 0.000 "0.000
48025 14-170 177.70 MR 200 Q,.08%00 0.000 0,000

0,000 0,000

0,000




Fage No, 3
05/18/88

4

Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of I4 Limit I4 Limit
AS No. Type (Cubic Feet) CD Rate Fractions 2 x Al 3 x Al

48041 14-215 177.30 MR 200 0.0170 0,000 0.000
48080 21=300 177.3C MR 260 0.,046%90 0,000 0,000
43081 21-300 177 .90 MR I50 0.1520 0.000 Q0.000
48084 14-218 177.90 MR 00 0.0360 Q.000 0,000
48102 14-21%5 177.90 R s 0.7500 0.000 0,000
48111 14-21% 177.90 MR 260 0.0500 Q.000 0. 000
48121 14-170 177.30 MR 240 0,1070 0.000 0.000
48132 HN=100 177.30 MR 00 0.046C 0,000 0,000
48148 14-21% 177.90 MR 600 0.1920 C.000 0.000
48158 14-215 177.90 R 2 0.5650 0.000 0,000
48230 14-21% 177.90 MR 700 0.2850 0.000 0.000
48290 14-214 177.90 MR 160 0.0440 0.000 0,000
48345 14-215% 177.90 MR 800 0.0870 Q.000 0,000
48376 14-218 177.20 R i 0.0700 C.000 0.000
48392 14-21% 177.90 MR 220 0.0980 0.00G 0.000
48414 i4-21% 177.90 MR 2950 Q,.0680 0,000 0.000
48428 14-215 177.30 MR 100 0.0330 0,000 0.000
48458 14-21%8 177.30 MR 250 Q.0290 0.000 0,000
48476 14-21% 177.30 MR 800 0.0%940 Q.000 0.0Q00
48487 HN=100 177 .90 MR 480 0.2240 0,000 0.000
48723 14-215 177.90 MR 700 0.1370 0.000 0,000
48771 HN=1 0O 135.80 R 75 0.9720 Q.000 0,000
48822 14-215 177.30 MR 25 0.0230 0.000 0,000
4B67E 14-218 177.30 MR 128 0.0430 0.000 0,000
46695 14218 163.30 R 12 0.08%0 Q.000 0.000
48966 14-215 177.90 MR IS0 0.0590 0.000 0,000
489732 14-21% 177.90 MR 1200 0.8130 0,000 0,000
48991 14-21%5 177.90 R 24 1.1680 Q.000 0,000
459011 14-21%5 163.30 MR 180 0.015%0 0.000 0,000
49122 HN=200 73.40 R 140 2.08290 70.8507 0,000

Bk Subtotal #»
17761.00

EX Shipper FSEAG-HOFE

446478 14-1%90 170.80 MR 25000 0.1430 0.000 0,000
46550 14-210 194,10 MR 20 0.0200 0.000 0O.000
46567 14-210 194,10 MR 180 0.0210 Q.000 0.0C0O
446594 14-210 194.10 MR 250 0.0180 0,000 0O.000
46632 14-210 194,10 MR 250 0.0220 0,000 0,000
446754 14-210 194.10 MR 2 0.0340 0.000 0O.000
446799 14-190 170.80 R O 1.98%0 0,000 0,000
446837 14-210 194.10 MR 700 0.0110 0.000 0,000

7038 14-215 194,10 R 1 0.0%920 0,000 0,000




Ve v

. O%9/18/88

A8 No.

47051
A7062
47085
47104
47238
47553
47554
47741
47799
47803
48003
48288
48331
48406
48439
48802
48516
48522
485208
48539
48565
48594
484600
4B65S
4732
49027

-

Cask
Type

14-210
14-21%5
14-218
14-2195
14-210
14-219%5
14-219%
14-190
14-2185
14-2195
14-219%5
14-215%5
14-210
14-210
14-210
8-120

14-215
14-210
8-120

8120

8-120A
14~190
14-210
14-210
8-120A
14-210

X% Subtotal xx

% Shipper PSEG-SALEM

46449
46846
47165
47185
47478
4756
476195
474693
47848
48681
487785
49075

14-2195
8~120
14-2195
14-1%90
8-120A
8-120
8-120
8-120A
£~120A
14-2195
14-210
8~120

Sum of the

Volume
(Cubic Feet)

194,10
206,10
206.10
194,10
194,10
205.80
205.80
170.80
2085.80
205.80
205.80
205.80
208.80
208.80
205.80
120,30
206.10
20%5.80
120,30
120.30
120,30
170.80
170.80
206.10
120.30
205.80

6484,70

170.80
120.30
170.80
170.80
120.30
120.30
126.30
120.30
120.30
194,10
170.80
120.30

Fractions Report

IXIDINDDINRJIIIN
2D 2 A

DINIIX
nnomxn

X
Py

b ol B Ll L 4
o

r i ds e |
o

MR
R
MR
MR
R
R
R
MR
R
MR
R
R

Liner
Dose
Rate

“
o
NanNNuNNNoN

r
o
L= I
o

~

1200
800
1200
300
2
30
680
800
170
70
100
3
2000
200
100
4

-

3000
70
4000
26000
7000
o0

40
78000
100
3000
3

20

Fractions

0.0600
00,0620
00,0070
00,0740
0.1360
0.1440
0.1420
2.4180
0.14%0
00,1490
0.,0010
00,2280
0.2950
0.1010
Q.3170
11.8130
00,0030
00,1650
11.7080
10,3820
4.,3500
2.4860
0.2800
0.08580
S5.2140

0.2710

0.0260
?.37%90
0.33%50
0.4640
?.2170
2.6450
£.4950
14,1330
4.9370
0.4010
0.1930
1.6470

Linr Vol Linr Vol
Sum of I€ Limit I4 Limit

2 % Al

0.000
0,000
G.000
0,000
0.000
0,000
0.000
141,274
0.000
0,000
0.000
Q0,000
0.000
0.000
0,000
20,3768
0,000
0.000
20,881
&3.178
595.316
137.388
0,000
Q.000
46.147
0,000

0.000
25.654
0.000
0,000
26.104
90.951
43,782
17.023
4B8.734
0.000
0.000
Q.000

I % Al

0,000
0.000
0.000
0,000
0,000
0.000
0,000
0.000
0,000
0,000
0,000
0.000
0.000
0.000
0,000
30,5852
0,000
0.000
I0.826
T4,.762
82.974
0.000
0,000
0,000
69.220
0.000

0,000
I8.481
0.000
0.000
J9.156
0.000
65.67
25.93%
75.101
0,000
0.000
Q. 000



rege No. <9
.0%9/18/88

Cask
AS No. Type

k% Subtotal xx

¥t Shipper ROCH-BGINNA
46443 14~170
46751

47368 8-120

k% Subtotal xx

¥t Shipper SCEALG-SUMM
446519 8-120

46660 14-1%90
46698 8-120

474628 14-170

kX Subtotal xx

% Shipper SCIENTIFIC
47504, 73
kX Subtotal xx

k¥ Shipper SYS-G GULF
46564 14-210
464628 14-210
46715 14-210
465946 14-210
47013 14-210

471%6 14-210
47392 14-210
47534 14-210

47593 14-210
~47640 14-210
47655 1-136
-47810 14-210
47965 14-210
480072 14-210
4B0O&7 14-210
48100 14~210
48108 14-210
48143 14-210
48209 14-210

Sum of the Fractions Report

Volume
{Cubic Feet)

1719.40

177.50
607.70
120.30
905.%50
120.30
170.80
120.30
131.60

S43 .00

14.30

14,30

DR
CcD

MR
MK

MR

Liner
Dose
Rate

&0

30

NCCO

&00

Fractions

0.0110
0.0110
10,2090

0.1520
0.0000
4.1260
00,1100

0.0000

Z‘htdﬂ/“é ’ﬁl:‘/. Y/ .7

199.40
199.40
199.40
199.40
199.40
199.40
199.40
202.10
202.10
202.10

14,60
202.10
199,40
199.40
199.40
199.40
199.40
199.40
199.40

MR
MR
MR
MR
MK
M
R
R
R
MR
R
K
K
MR
MR
MR
MR
MR
R

2000
S00
S

3
S00
700
1

2

20
20000
8000
20

1
10C0
300
200
200
150
3

0.1900
0.0640
0.05%90
0.0780
0.0760
0.0710
0.0440
1.8970
1.6190
2.2300
0.78%0
2.2060
0.1440
0.0%10
0.0260
0.0030
0.0830
0.0820
0.2410

Linr Vol Linr Vol
Sum of If Limit I¢ Limit

2 x Al

0.000
0,000
23.567

0.000
0.000
S58.318
0.000

0,000

0.000
Q.000
0,000
0.000
0.000
0.000
0,000
Q.000
Q.000
181.288
0.000
187.194
0,000
0.000
0.000
0,000
0.000
0,000
0.000

3 # Al

0,000
0.000
35,351

0.000
0,000
87.472
0.000

0,000

0.000
0.000
0.000
0,000
0.000
0.000
0.000
Q.000
0.000
0.000
0,000
Q.000
0.000
0,000
0.000
QL0000
Q.000
0.000
0.000



Foge vO, -0

+ 09/18/88

Sum of the

Cask Volume
AS No. Type (Cubic Feet)

48278 14-210 199.40
48269 14--210 199.40
48292 14-210 199.40
48316 14210 199.40
48371 14-210 199,40
48407 14-210 199.40
48425 14-210 199.40
48466 14-210 199.40
48485 14-210 199.40
48525 14~210 199.40
48533 14-210 199.40
4BSS53 14-210 132.40
48583 14-210 199.40
48607 14-210 132.40
48647 14-210 199.40
486669 14-210 132.40
48727 14-210 199.40
48756 14-21G 199.40
48787 14--210 169.40
48801 14-210 199.40
48824 14-210 199,40
48842 14-210 199.40
48872 14-210 199.40
48881 14-210 199.40
489135 14-210 199.40
48949 14-210 199.40
49127 14-210 199.40
X% Subtotal xx
8797.40
XX Shipper T ED-D BES
47138 14-170 117.20
47150 14-170 117.20
kX Subtotal xx
234.40
%% Shipper TVA-B FER ,/,,7,{4‘
A46456 TV=-58 170.80
46480 TV-55 170.80
46491 TV=-83 120.30
446501 TV=-85 170.80
446534 V=55 170.80

46547 TV=-83 120.30

Fractions Report

DR
CD

R

MR
MR
MR
MR
MR
MR
MR
MR

MR
MR
MR
MR
MK
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR
MR

MR
MR

MR
MR
MR
MR
MR
MR

Liner
Dose
Rate

2
2000
125
150
150
1350
200
200
200
150
175
15000
200
2000
S000
8000
600
600
600
200
100
100
150
800
850
800
300

1500
80

1000
1000
10000
1300
1200
10000

Fractions

0.2370
0.2420
0.0020
0.0850
0.0780
0.0750
0.0760
0.0770
0.0780
0.0770
0.0770
1.1710
0.0760
1.1640
0.2000
1.1580
0.1210
0.0780
0.0770
0.0170
0.0160
0.0050
0.0210
0.0760
0.11%90
0.1010
0.0070

0.0640
0.0100

0.1810
0.14650
1.3160
0.1650
0.1650
1.3160

Linr Vel Linr Vol
Sum of If Limit I Limit

2 X Al

0.000
0,000
0,000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0.000
0.000
0.000
0.000
0,000
0.000
0,000
0,000
0,000
0.000
0.000
Q.000
0.000
Q.000
Q.000
0,000
0.000

G.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000

I x AL

0.000
0.000
0.000
Q.000
0,000
Q,000
V. 000
0,000
0,000
0.000
0,000
0,000
0.000
0.000
0.000
0.000
0,000
G.000
0,000
0.000
0,000
0.000
0,000
0,000
0.000
0.000
0.000

0.000
0.000

0.000
Q.000
0.000
0,000
0.000
0,000



Fage No. 37

0%/18/68
Sum of the Fractions Report

Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of If Limit I4 Limit
AS No. Type (Cubic Feet) CD Rate Fractions 2 x Al I x Al
446548 TV-55 170.80 MR 1000 0.1650 0.000 0.000
46570 TV=-58 170.80 MR 700 Q. 1650 ' 0,000 0.000
446588 TV=-88 170.80 MR B0OO 0.1600 0,000 0,000
446617 TV-SS 170.80 MR 70 0.1590 0,000 0.000
46624 TV-83 120.30 MR 8000 1.2350 0,000 0.000
46629 TV=-5% 170.80 MR 1000 0.15%90 0,000 0.000
46663 TV-5% 170.80 MR 12 0.15%0 0.000 0.000
446680 TV-88 170.80 MR 20 0.22%50 0,000 0,000
46758 TV-85 170.80 MR 20 0.22%50 0.000 0.000
46764 TV=-62 120.30 MR 10000 1.2350 0.000 0.000
46827 TV-83 120.30 R 9 1.3880 0.000 0,000
44828 TVv~-58 170.80 R 2 0.2250 0.000 0,000
46855 TV=-85 170.80 MR 2000 0.22%0 0.000 0.000
46897 TV-5S 170.80 R 1500 0.3160 0.000 0.000
46908 TV-58 170.80 MR 150 0.3160 0.000 0.000
46947 TV=-88 170.80 MR 15 0.3160 0.000 0.000
47022 TV=-83 120.30 MR 1300 0.2260 0.000 0.000
47541 TV=-85 170.80 MR £00 0.0800 0.000 0,000
47660 TV=-55 170.80 MR 600 0.0800 0,000 0,000
47685 TV-58 170.80 R i 0.2560 0.000 0.00¢
27758 TV=-58 170.80 R 1 0.2920 0.000 0.000
47807 TV=58 170.80 R 1 0.2560 0.000 0,000
47872 758.10 758.10 MR 120 0.0210 0.000 0,000
47885 TV=-88 170.80 MR 1000 0.2560 0.000 0.000
47978 TV=-58 170.80 MR 3000 0.2460 0.000 0.000
47947 TV-55 170.80 MR 600 0.1510 0.000 0.000
4B0S2 TV-58 170.80 R 2 G.1680 0,000 0.000
48048 TV-5% 170.80 MR S00 0.1510 0,000 0.000
48163 TV-55 170.80 MR 500 0.1510 0.000 0.000
48213 TV=-58 170.80 R 1 0.1440 0,000 0,000
48261 TV=-5%5 170.80 MR 1800 0.2%560 0.000 Q.000
4827% TV-58 170.80 MR 1800 0.2560 0.000 0.000
48305 TV-58 170.80 MR 2000 0.2560 0.000 0.000
48322 V=83 120.30 MR 4000 1.6870 0.000 0.000
48382 TV=-58 170.80 R 2 0.255%50 0.000 0,000
484273 TV-83 120.30 R S 0. T10 0.000 0.000
48491 TV-4% 194.10 R 2 0.2910 0.000 0.000
48500 TVv-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 0.1150 0.000 0,000
48592 TV=-4%5 194.10 MR 1800 0.3820 0.000 0.000
48633 TV=-4% 194.10 MR 2000 0.3820 0.000 0.000

484695 TV=45 194.10 MR 1200 0.3820 0.000 0.000



rege o, -

09/16/68
S8um of the Fractions Report
Liner Linr Vol Linr Vol
Cask Volume DR Dose Sum of I Limit I4 Limit
RS No. Type (Cubic Feet) CD Rate Fractions 2 x Al I3 x Al
48749 TV=48 194.10 MR 700 0,3820 0.000 0.000
48797 TV=45 194,10 MR 250 0.0600 0,000 0.000
48840 V=55 170.89 MR 200 0.0660 0,000 0.000
49028 TV-585 170.80 MR 400 Q,0660 0,000 0.000
49074 TV=-55 170.80 MR 400 0.0660 0,000 0,000
¥x Subtotal =xx
9542.40
% Shipper TvA-SEQ — All oF
46790 TVA=SNF 158.50 MR 12 0.1710 0.000 0,000
446909 TVA=ENP 158.50 M 18 0.0060 0.000 0.000
46957 TVA=SNF 188.850 R 1 0.2560 0.000 0.000
47921 TVA=SNF 1858.50 MR 1500 00,2320 0.000 0.000
48049 TVA=SNF 94.00 R L 0.1230 0.000 0.000
48139 TVA=ENF 94.00 R 3 0.401" 0.000 0,000
4232 TVA=ENF 94.00 MR S0 G.025u 0,000 0,000
48264 TV=-83 120.30 MR 20000 0.0070 0,000 0.000
48370 TVA=SNF 94,00 MR 000 0.1380 0.C00 0.000
48438 TVA=SNF 94.00 R 7 0,09C0 0,000 0.000
48697 TVA=SNF 94,00 MR 4000 0.1480 0.000 0,000
48785 TVA=SNF 94.00 MR J000 0.1750 0.000 0.000
488648 TVA=SNF 94.00 MR JI000 0.,0480 0.000 0.000
kx Subtotal *xx
1506. 30
*% Bhipper VA PW N AN ~ AWl OF
46438 14-210 194.10 MR 2000 0.1220 0,000 0,000
464467 14-210 194.10 MR 2500 0.1310 0.000 0,000
464%0 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
46620 B8-120 120.30 R 250 25.81%90 ?.319 13.97
Ao — o Bl 3~ AN e ot e o
46760 14-210 194.10 MR 8 0.1020 0,000 0.000
446949 8-120B 120.30 R Q 8.6170 27 .922 41.883
446974 14-210 194,10 R 7 0.0620 0.000 0,000
47012 8-120 120.30 R 400 32.1330 7.488 11.891
“w7iTY 14-210 194.10 MR J000 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 J000 0.0350 0.000 0.000
473295 14-210 194,10 MR 700 0.0270 0.000 0,000
47475 14-210 205.80 R 3 0.14640 0.000 0.00C
47508 14-210 194.10 R 3s 00,3020 0.000 0.000

47972 14-210 194.10 MR 2500 0.0740 0.000 0.000



. Gl‘E LR A

, 09/718/88
Sum of the

Cask Volume
AS No. Type (Cubic Feet)

48567 14-19% 194.10
484645 14-210 202.10
4B75S 8~120B 120.30
48800 F=120B 120,30
49129 14-210 206.10
8% Subtotal %2

4%509.20

%8 Shipper VA FW-sur | AW
446767 HN=200 28.00
46840 >=38 S7.40
446857 3=-58 57.40
46927 14-170 158.10
47010 S=58 $7.40
47020 S~38% S57.40
47535 14-195 158.10
474653 14-195 158.10
476468 14-19% 188.10
4788% 14-170 1$8.10
48217 14-190 158.10
4827 10=142 135.80
48484 14=-150 135.80
48679 14~170 i88.10
48677 14-170 158.10
48729 8-120 83.40
49031 14-170 188.10
49054 14-170 188.10

tx Subtotal xx&

2193.,60

¥% Shipper VA TECH IN
46784 .4 3.30
% Subtotal %%

Se30

¥% Shiponer VT YANKEE

46755 14-170 158.10
46845 14-170 158.10
46927 14-170 188.10
446996 14-170 158.10
47075 14-170 188.10
47175 14-170 170.00
47321 14-170 1858.10

Fractions Report

IR DDDIDBZDANIIDAIND

o

p

o

Liner
Dose
Rate

700
S00
100
100
600

185000
1500
2600

80
4700
S130

=

-
&

12
J000
25
h.{a)
75

2

-
-

10
3

&5
18
1000
400
S000

Sum of
Fractions

00,0200
0.0370
20.2540
16.008%0
0.2670

1.8020
79.1450
94.4370

0.3010

386.3470
203.9210

0.5780

0.11%0

0.5640

0,0450

1.0600

05640

S5.6710

0.0400

0.0720

0.503¢

0.1800

00,1310

Q.CO00

0.2980
1.0820
0.76460
0.90%90
0.0970
0.0470
0.6170

Linr Vol Linr Vol
I4 Limit 14 Limit

2 x Al

0.000

o 0 o C)(.N:)
11.879
19,033

Q0,000

0. 000
i.4951
1.216
0.000
J.297
0.9563
Q.000
0,000
Q.000
0,000
0,000
G000
47 . 897
0,000
0,000
0Q.000
0.000
0O.000

0,000

Q000
0,000
0.000
0,000
0.000
0.000
0,000

S % Al

0.000
0,000
17.819
22.5%0
0,000

0,000
2.176
1.827
0,000
0,446
0.844
0.000
Q000
0,000
O,.000
0,000
Q,000
71.84%
Q.000
O.000
0,000
0,000
O,.000

O, 000

0,000
O,000
Q.000
0,000
Q,000
0,000
O,000




ey - e

, 09/18/6

AS No.

47382
47691
48147
48361
486295
46828
48943
4%02¢C
459066

Cask
Type

HN=200
14-170
14-170
14-170
14-170
14-170
14-170
14-170
14-190

X% Subtotal xx

% Shipper WEFCO

46537
47580
47586
47743
47744
47798
48357
4BH21
49114

14-170
21-300

14~170
14-170
14-170
14-170
14-170
8-120

¥¥ Subtotal xx

¥ Shipper WIS PUB

4464603 14-190
47337 14-1%90
47425 14-198%
47632 14-190
k% Subtotal xx
kX% Total xxx

Sum of the

Volume
(Cubic Feet)

73.40
198.10
158.10
158.10
1€8.10
158,10
158.10
158,10
170.80

2469.50

131.60
157.50
660,00
177.50
177.5¢C
177.50
177.50
177.50
125.20

1961.60
198.10
158.10
114,90
198.10
589.20

235129.40

Fractions Report

Liner Linr Vol Linr Vol
DR Dose Sum of If Limit I Limit
cD Rate Fractions 2 » Al 3 x Al
R 36 2.4030 61.0%0 0,000
R 8 0.7210 . 0,000 0,000
MR 1000 0.,1080 0.000 0,000
R 1 0.0830 0,000 0.000
MR 3000 0.3440 0.000 0,000
R 3 0,0430 0.000 0,000
MR 000 00,3700 0.000 0.000
R S 0.49%50 0,000 0,000
R S0 4,4720 76.3%0 114,586
MR 320 0.0070 0.000 0.000
R 3 0.04670 0.000 0.000
MR 8% 0.0080 0.000 0,000
MR 200 0.1780 0,000 0.000
MR &0 0.1780 0,000 0.000
MR 110 0.0650 0.000 0.000
R 4 1.2620 0.000 0.000
MR 2500 0.87%0 0,000 0.000
R 25 10,1630 24,638 ob.958
MR 7000 0.3500 0.000 0.000
MR 17000 4.6150 68.510 102.76%
R 1 0.21%90 0.000 0,000
R 25 6.0010 S52.4694 79.042



EFFECT OF THE PROPOSED ADOPTION OF THE INTERNATIONAL ATOMIC
ENERGY AGENCY REGULATIONS, 1585 REVISION, ON THE U.S.
RADIOACTIVE WASTE TRANSPORTATION INDUSTRY

By:

Gary A. Benda, Mark S. Lewis, and James H. Allen
Chem-Nuclear Systems, Inc.
220 Stoneridge Drive
Columbia, South Carolina 29210

ABSTRACT

The Nuclear Regulatory Commission (NRC) {s proposing changes to 10 CFR 7)
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 1imiting the total activity rather than
adopting the IAEA standard.

This paper addresses how the proposed regulations will affect the low-leve)
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 Barnwel)
disposal site was used in the analysis of the proposed changes. The impacts
addressed include possible increased radiation exposures, transportation risks
and 11ability, transportation and processing costs, and waste disposal costs
resulting in 1ittle health and safety benefit. Although the health and safety
benefits of any change to the current regulations are minimal, sug?esteo
alternatives to the proposed reguiations are discussed that more ¢ osely
cogform with the international standards while sti11 maintaining healtn and
safety.

INTRODUCTION

The Nuclear Regulatory Commission and the Department of Transportation are
proposing changes to the regulations governing the transportation of low leve)
radioactive waste (LLW). 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 materfal according to Title 49 of the Code of Federal
Regulations. Both regulatory bodies are preparing rulemaking to be more
consistent with the 1985 International Atomic Energy Agency (IAEA)
regulations, Safety Series #6.

Many changes are proposed in the new rulemaking. However, this paper focuses
on the LSA 1imit proposed by tne IRC and its effect on the LLW transportation
industry. Other proposed changes affecting the transport of LLW include the
redefinition of LSA, modifying ard expanding the 1ist 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

)



2A1 LSA 1imit regulation is scheduled for one year from the regulation's
implementation,

This paper reviews the proposed 2A1 LSA 1imit, describes three studies
performed by Chem-Nuclear to evaluate the 2A1 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 multipie of Al 1s 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 2A1 1imit using the dose rates from a select sample of 50
shipments made to the Barnwell Waste Management Facility (BWMF) and computer
shielding equations. The third study was an evaluation of over 500 potentially
affected cask shipments made to the BWMF over one a year period to determine
the equivalent Al 1imit 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
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
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 1isted in the 1985 IAEA Safety Series #6
document. The U.S.DOT and NRC are preparing rulemaking to be more consistent
with these regulations.

One proposed change with potential impact to the low level radioactive waste
(LLW) transportation industry 1s the restriction of LSA through dose rate or
total activity limits. The IAEA regulations require an unshielded LSA
container radiating more than 1 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 1n NRC 1icensed 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 matertal is consigned exclusive use.

The NRC proposed rulemaking (NRC 1988) provides an alternative to the IAEA
restriction of 1 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 specia! form material) and A2
values (for normal form material) are used to determine the activity limits in
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packages. DOue to the industry's difficulty in complying with the | rem/hr at
3 meter radiation level staniard, the NRC .hose not to adopt the IAEA dose
rate 1imit but proposed a multiple of the Al 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 1imit of | rem/hr at 3 meters from the
unshielded LSA materfial. No information was provided on how the 2xA) limit

was derivec. 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 | rem/hr at 3 meters IAEA standard as it applies to LLW
packages (Anderson 1988). The reiationship of activity to dose rate depends
on numerous factors including the type and quantity of radionuclides, material
self-attenvation, 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 Barnwel)l 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

shieiding 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 1 rem/hr at 3 meters. Since the Co-60 isotcpe 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.
Based on limitations of | 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 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 1imit 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
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 radionuc!ide mix. The
average multiple of Al that corresponded to a dose rate of | rem/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 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
spanniny 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 inout into a computer
program. The muitiple of Al, again, based on the proposed A1 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 average Al multiple
calculated was 3.72 with a standard deviation of ¢ 2.57. A plot of the data

showed 1ittle correlation between total activity and dose ra‘e on radioactive
waste packages.

CALCULATED Al VALUE EQUIVALENT
TO THE IAEA STANDARD OF 1 REM/HR AT 3 METERS

XAl ¢ Standard Deviation

Case 1 « A1l Co-60 In Waste 3.52
(Theoretical)
Case 2 - select Cases Using 2.73 + 1.37

Microshield Calculations
(50+ Cases - Theoretical)

Case 3 - Database of 1987/1988 3.1 2 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 propcsed 2A1 LSA 1imit. 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 mqre shipments mede in Type B
casks that are only require an NRC Type A cask.mpkype B casks a—e often
scheduled and used prior to processing of the waste and an evaliation of the
type package needed. The 2A) 1imit will increase the number of “/pe B
processed waste shipments to 90-120. Since the six(6) current T e 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 Le 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, for example, the waste
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currently transporied in 200 cu.ft. Type A casks is transported in 120

cu.ft. Type B casks due to the proposed 2A1 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
fncrease in the number of shipments include cask handling and curie surcharges
that are assessed .n 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.
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 dewatered primary and non-primary 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
package use, transportation, and disposal. The study did not evaluate the
cost of new equipment (i.e., cask and trailer) design, 1icensing, and
manufacture.

RISK ASSESSMENT

Sandia National Laboratories was contracted by the U.S. Department of
Transportation and the Department of Energy to evaiuate 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 1imit (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 1ikely to be orders of magnitude less
than those assumed for their calculation and a release of 100% of the waste
materfal 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 cof traffic fatalities and
injuries from accidents involving transportation of
waste materials would also rise."

We agree with these qualitative conclusions. However, one of the risks 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 1 rem/hr at 3 meter
restriction is invoked by the NRC. The proposed, more restrictive limit, will
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lead to more shipments. higher risk of accidents, higher costs for
transpertation and disposal, and a higher dose to radiation workers.

CONCLUSIOHN
Based on Chem-Nuclear's analysis two conclusions were reached.

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.

If an activity 1imit is to be used, a 1imit of 3.4A) for
gamma emitting radionuclides i1s closer to the IAEA
standard of 1 rem/hr at 3 meters than the proposed 2A)
1imit for LSA.

Based on these conclusfons, 1t 1s doubtful that the objective of consistency
with the IAEA regulations will be achieved using a 2A1 activity limit. The
| rem/hr at 3 meters dose limit, while being consistent with the IAEA
standards, also has its negative factors including ALARA concerns and the

inability to determine classification and compliance prior to waste package
preparation.

Chem-Nuclear is continuing to study these impacts to determine the need for
additional Type B shipping casks, since many LSA shipments previously made in

NRC Type A casks will now reguire NRC Type B casks. Since Type B casks are
more expensive to use per day and typically have 2 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
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 1ittle 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 “*.{s proposed regulation change
are being solicited and accepted by the NRC. _.-.ce adopted, the regulations
have a one year implementation period. Comments and preparations shouid be
made by the affected LLW industry on this major regulatory change.
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CHEM-NUCLEAR SYSTEMS, INC.

220 Stonerigge Drive » Columbia, South Carolina 28210

February 8, 1990

Secretary

U.S. Nuclear Regulatory Commission
Washington, D.C. 20555

Attn: Do_keting and Service Branch

Re: Proposed Rule, Federal Register, Wednesday, June 8, 1988
Dear Secretary:

The following and the enclosed are Chem-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 facilitate international commerce, and will
increase the overall level of safety as it relates to the
transportation of radicactive material. Those areas addressed by
the proposed rule that have been in need of revision, are well
received, and have Chem-Nuclear'’s support include:

* Documenting the timely renewal system for certificates
of compliance and quality assurance programs as
proposed in 71.38.

* Changing the activity value &t which advance
notification is required of a shipment of nuclear
waste to coincide with the Department of
Transportation’s highway route controlled quantity
value as proposed in 71.97. This proposed rule will
lead to less shipper confusion when shipping higher
activity waste.

* Expansion of and revision to the Al/A2 values as
proposed in 71 Appendix A-1l.

(B, 1) 2880450 @ Telaxy 21R047



Proposed Rule, Federal Register
Page 2

Also enclosed, are a number of comments in areas of concern to
Chem-Nuclear. Because of the extent of our comments and concerns,
as well as, comments and concerns of our customers and many other
shippers of radicactive material, Chem-Nuclear believes it is
necessary for the Nuclear Regulatcry 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
radicactive material transportation. If you need further
clarification concerning any of these comments, please contact us.

Sincerely,

CHEM~NUCLEAR SYSTEMS, INC.

Mark S. Levis
Radiological Engineer

MSL/nhs

Enclosures



COMMENTS CONCERNING THE 10 CFR 71 PROPOSED REGULATION CHANGES

Repartment of Transportation (DOT) References, 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

antities for transportation purposes need to be
ncorporated 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
differences 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
71.71 173.412, 465, 466
71.7%, 77 173.469
71.87 173.441, 442, 443, 475
71 App A 173.443, 435

Incorporating the regulations by reference to DOT will
eliminate the problems that have cccurred 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.

LSA-I Definition, 10 CFR 71.4

The new definition of LSA-I that includes a consideration
for decommissioning/decontamination waste (LSA-I (iv)) is
too restrictive to include a majority of the uranium mill
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 as LSA-I by definition,
such as the ores (LSA-I (1)).

Mill 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



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

Some mill tailings can be shipped according to defirnition
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 ere being
transported from mill site to storage location to disposal
are in concentrations up to 1000 pCl/g total. Radium 226 and
Thorium 230, the most restrictive isotopes, effect the
sun-of-the-fractions in such a2 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
nazority of mill tallings to ba classified as LSA-I and be
shipped in bulk, ie. unpackaged in a dump truck style
vehicle with & canvas top to complete the closed transport
requirenents, then the LSA-I (iv) limit for contaminated
earth needs to be increased to 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
regulations need to reflect that acceptance by mod fying the
concentration limits of the LSA-I (iv) definition or

identifying mill tailings as LSA-I by definition without an
activity or concentration limit.

It seems more appropriate to identify im the “"Purpose and
Scope™ NRC requirements by type of pockaging rather than
guantity of materisl. Specifically, the part of the
sentence ®...in axcsse of a Typs A quantity.® could bs
replaced with "...reguired by this Part te be transported

in a Type B packaging.” and NRC’s jurisdiction would be
better daefined.

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
ievel of radiocactivity at which NRC
regulates shipments of LSA radioactive
nmaterial from the Type B quantity
level to the level at which Type B
packages are required.®




The other material regulated by the NRC is also required
to be transported in a Type B packages, ie. materials in

excess of a Type A quantity or is specifically identified,
ie. fissile meterial.

There needs to be a peasurable acce ce criteria for
packages subject te the normel conditions of transport
conditions. The IAEA recommended criteris of up to 20
percent increase in external radiatiorn lovels as a result
of subjecting the package to the norwal conditions of
transport is a criteria that nesds to be considered.

The criteria "no significant increase® has historicall¥

been interpreted as "no 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 congistent with
engineering practics.

With the United States of America being a Member State of
the International Atomic Energy Agency (IAEA) there should
be an obligation to fully adopt the IAEA standards. If the
NRC feels the IAEA standerds are inappropriate, as a member,
the NRC should lobby for a change in the international
standard rather than develop inconsistent rules.

The eignificant environmental impacts in terms of the
person-rem are associunted with these proposed regulations.
Through an extensive study (discussed in detail below) of
high specific activity LSA waste shipments mads to ibe
Barnwell Waste Mansgewment Pacility during the second half of
1967 and the first half of 1988, it is eestimated that
additional processing und shipping by generators will
incrense total person-rem over 10 rem/y.

The Type B packages that have been available for shipping
have a skaller 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 fest 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 shipmencs that exceeded
the 2 x Al limit will have to be transported in Type B
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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
ren/shiprent, there will be an increase of over 10
person-rem/year. If shippers choose to reduce the volume of
the weste in order to achieve a lese than 2xAl industrial
package shipment, the nunber of packages being processed and
total number of shipments could b2 as high as 50 increasing
exposures to as high as 25 person-rem/year.

The new reporting criteris needs to be more specific then
is indiceted by "Instances in which the conditions of
approval in the certificste of compllance were not
observed in making a shipment.®

HMost 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 coenditinns of
handling that if unobserved while shipping have no safety
significance; ie. lute on a bolt, dual department seals,
or a signature by the manager rather than the director.

8ased on an analysis, Chem-Nuclear came to two conclusions
cencerning the preposed 2xAl 1limit on LSA in non-Typs B
packagings:

There is no close c.rrelation between waste activity
(sultiple of Al) and unshiclded dose rate (1 rem/hr
at 3 meters). The activity of alpha and beta
emitters have no effect on the external dose rate,

bggiucula restrict the package using an activity
1l t.

If an activity limit is ¢o be used, & limit of 3.421
for gamma emitting redionuclides ie clozer to the
IABR standard of 1 rem/br at 3 meters than the
proposed 241 limit for LSA.

Clearly, the proposed rule is not consistent with the IARA
regulaticens. However, consistency with the IARA regulations
for the transport of LSA material is unnecessary. Since LSA
material is rerely if ever transported intarnationally, no
change to the current regulations is regquired. Current
regulations have historically proven to be sufficient te
protect the public health and safety and, without a recorded
accident resulting in a releases of radicsctivity, emergency
responders are at little if any risk.




ANALYSIS OF 2A1 LIMIT

Chemn-Nuclear Svastems evaluated how closely the 2x the
revised Al limit approximates the 1 rem/hr at 3 meters IAEA
standard o3 it epplies to LLW 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 LLW
shipement data was used to analyze the impact of the proposed

regulation change on the current LLW transportation
industry.

Three studies vere perforwed by CNSI to analyze the
relaticnship. 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 date and radiation shielding prograns

were used in the three studies with the results summerized
in the table below.

The first study involved theoretical calculations of the
aultiple of Al eguivalent to 1 rem/hr 2t 3 meters. Since
the Co-60 isctope is the predominant contributor in LLW dose
through the walle of a shielded cask, a theoretical
calculation of the surfece dose and corresponding 3 meter
dose was made using Co=-60 only. The MICROSHIELD computer
program (Grove, 1987) wre used to calculate dese rate values
and the Al equivalent for a 200 cu.ft. disposal liner. The
propesed Al value of 10.4 curies for Co=-60 was assumed.
Based on linitations of 1 rem/hr at 3 meters and the density
of resin waeste, & multiple of the Al wae 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 thae NRC and would
allow a corrcspondinqli greater activity content in the LSA
n

package without exceseding the dose limit established by the
IAEA.

The second study involved data from 50 representative
shipnents received at the Barnwell Waste Management Facility
(BWMF). The 50 shipments inveolved six different cask/liner
typee containing either solidified or dewatered resins.
Sclidified and dewatered resing waste 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 Hicroshield 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 ~f 2.73 with a standard deviation of +/-
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1.37. The data showed lithle correlation between activity
and dose rate as indicated by a correlation factor or R
squared agual to -0.2.

The third study involved the use of rediation dose and
isotopic concentration data for over 500 shipaents. Only
cask shipments received at the BWMF spanning one year in
1987 and 1988 containing either solidified or dewatered
resirs wvere used. Data reflecting the measured container
dose rate on contact recorded by the shipper, isotopic
quantity and type were input inte a computer program. The
multiple of Al, again, based on the proposed Al iimite was
calculated for each shipment. A normalization formula was
used to relate a value of Al to & dose rote 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
radiocactive waste packages.

CALCULATED Al VALUE BOUIVALERNT
TO THR IAEA STANDARD OF i REM/HR AT 3 METERS

xXAd +/= Standard
Deviation

All Co=60 in waste 3.52
(theoretical)

Select Cases Using 2.73
Microshield Calculations
(50+ Cases -~ Theoretical)

Database of 19387/1988
Shipaent Records
(500¢ Casee - Experimental)

NRC Proposed Value

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 2A1 LSA 1imit. There are
approximately 20-30 processed waste shipments made cach year
to the BWNF 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




evaluaion of the type package needed. The 2Al1 limit will
increasy 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
the industry. Historically, design, licensing and
manufacturing of new Type B casks could take 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,
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 2A1 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 propcsed regulations will economically
impact the U.S. nuclear industry by $4 to $5 million per
year according to EPRI (Daioisio 1988). EPRI‘s study
utilized shipping information from a 1985/1986 database.
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 $5 million impact
identified in this study is the direct cost increase in
package use, transportation, and disposal. The study <id
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 ITAEA
standards assoclated with LSA and the 1 rem/hr at 3 meters
from the unshielded cask restriction. 1In their risk
assesspent (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 mCi/g). Although Sandia used the
worst case scenario for their risk assessment, t.ey
commented that in the typical accident the radiocactivity
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levels are likely to be orders of magnitude less than those
assuned for their calculation and & release of 1008 of the
wasto material is unlikely. They assessed the radiological

impacts end 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 & severa 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
substantiel impact on shipping practices and costs for
transportation of LSA material.®

"Additionally, becsuse the package dose rate
restrictions would substantially increase the number of
shipments, the number of traffic fatalities and
injuries from accidents invoelving transportation of
vaste materials would also rise.®

We agree with these qualitative conclusions. However, one
of the risks that Sandia did not address is the increase
dose to the worker at the nuclear facilities while
processing and preparing to transport the additional
shipments that will result if either the 2Al1 or 1 rem/hr at
3 meter restriction is invoked by the NRC. The proposed,
more restrictive limit, will lead te more shipments thus a
higher risk of accidents, higher costs for transpertation
and disposal, and a higher dose to radiation workers.

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

office of Hazardous Material Transportation, DHM-30
U.S. Department of Transportation

washington, DC 205%0

Re: Docket Number HM=-169A
Dear Dockets Unit: \

The following and the enclosed are Chem-Nuclear Systems’ comments
concerning the proposed rule, Docket Number 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 of the International Atomic
Energy Agency, thus facilitate international commerce, and will
increase the overall level of safety as it relates to the
transportation of radioactive material. Those areas addressed by
the proposed rule that have been in need of revision, are well
received, and have Chem-Nuclear’s support include:

* Minimum design requirements for radiocactive material
packages as proposed in 173.410. These standards will
increase the overall integrity and, hopefully, public
confidence of radiocactive material packages in
transport.

* Training requirements in the areas of radiation
hazards and associated precautions for transport
workers as proposed in 173.405(¢c).

* Revision to the table used to identify the category of
label to be applied to a packages as proposed in
172.403. This revised table will clarify the labeling
requirenents.

* Expansion of and revision to the Al/A2 values as
proposed in 173,435,

(803) 256-0450 @ Telex: 216947



Also enclosed, are a number of comments in areas of concern to
Chem-Nuclear. Because of the extent of our comments and concerns,
as well as, comments and concerns of our customers and many other
shippers of radiocactive material, Chem-Nuclear Dpelieves 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, Chem-Nuclear appreciates the opportunity to be a part
of this rulemaking process that establishes the safe system of
radioactive material transportation. If you need further
clarification concerning any of these comments, please contact us.
Sincerely,
CHEM~-NUCLEAR SYSTEMS, INC.

“

Mark S. Lewis
Radiological Engineer

MSL/nhs

Enclosure



COMMENTS CORCERNING DOT’es PROPOSED REGULATION CHANGES

The new definition of LSA-I that includes a consideration
for decommissioning/decontamination waste (LSA-I (iv)) is
too restrictive to include a majority of the uranium mill
tailings that are currently being transpoerted in bulk,
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)’

Mill tailings are not:
& ores as defined for LSA-I (1),

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

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

Some mill tailings can be shipped according te 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
transported 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 isctopes, effect the
sup-of~the-fractions in such a manner that simply doubling
the concentration limit will not allow & majority of the
tailings to be classified as LSA-I. 1In order for the
majority of mill tailings to be classificd 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
regquirements, then the LSA-I (iv) limit for contaminated
earth needs to be increased to 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, then
the regulations need to reflect that acceptance by modifying
the concentration limits of the LSA-I (iv) definition or
identifying mill tailings as LSA-I by definition without an
activity or concentration limit.




3.

Environsental Impeacts. Preamble of the Proposed Rle

There is a significant environmental impact in torms of the
additional person-rem that will result from these proposed
regulations. Through an extensive study (discussed in
detail below) of high specific activity LSA waste shipments
made to the Barnwell Waste Man' jement Facility during the
second half of 1987 and the first half of 1988, it is
estimated that additional processing and shipping by
generators will increese total person-rem over 10 rem/y.

The Type B packages that have been available for shipping
have a spaller payload volume than the 200 cub . feet
packages that are commonly used to transport the high
specific activity LSA waste. For every three of the 200
cubic feet Type A packa?os 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.

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 shipments that exceeded
the 2 x Al limit will have to be transported in Type B

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

LSA _With Greater Than 2xAl in Type B Packagings.
49 CFR 173.425(a\

Based ¢n an analysis, Chen-Nuclear came to two conclusions
concerning the proposed 2x/ | limit on LSA in non-Type B

packagings:

There iu no close correlation between waste activity
(multiple of Al) and unshielded dose rate (1 rem/hr
at 3 meters). The quantity of alpha and beta

enitters do not contribute to the external dose rate,
bgtiwould restrict the package using an activity
linit.

. If an activity limit is to be used, a limit of 3.4A1
for gamna emitting radionuclides is closer to the
IAEA standard of 1 rem/hr at 3 meters than the
proposed 2A1 limit for LSA.



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
aaterial is rarely i{f ever transported internationally, ne
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 radiocactivity, emergency
responders are at little {f any risk.

ANALYSIS OF 2A1 LIMIT

Chen~Nuclear Systems evaluated how closely the 2x the
revised Al limit approximates the 1 rem/hr at ) meters l.EA
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 of radionuclides,
material self-attenuation, and container volume. Actual LW
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 wes compiled from records obtained
at the barnwel)l Waste Management facility operated by Chem~
nuclear. The data reflecte cask shipments during & twelve
nonth period in 1987 and 19886. The data includes unshielded
dose rate, waste material, radionuclide type, and
concentration. This data and radiation shielding prograns
were usad in the three studies with the results summarized
in the table below,

The first study involved theoretical calculations of the
multiple of Al equivelent to 1 rem/hr at 3 meters. Since
the Co-60 isotops is the Trodoainant contributor in LLY dose
through the walis of a shielded cask, & 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 & 290 cu.ft. disposal liner. The
proposed Al value of 10.4 curies for Co-60 wes assumed.
Bared on limitations of 1 ren/hr at 3 meters and the density
~¢ reein vaste, 2 multiple of the Al was calculated to be
3.52. Devatered resin waste was used in this analysis as
the most conservative waste form., A limit of 3.52A)1 is 76%
greater than the 2A) value proposed b{ the NRC and would
gllow a correspordingly 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.
sgf:dltiod and devatered resins waste forms were used in
thir study because they represent the type wastes that nlght
be affected by the NRC's proposed change. The multiple o

Al for each shipment ranged from 0.16 to 21 with an average
of 4.27. The Microshield computer program was again used to
deternine the theoretical dose rate from the unshielded LSA
naterial based on the specific radionuclide mix. The
average multiple of Al that corresponded to a dose rate of 1
renm/hr at ) 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
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 BWMFP uranninq 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 Al, again, based on the proposed Al linits was
calculated for each shipment. A normalization formula was
used to relate a value of Al to a dose rate &t 3 meters.

Thz 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
radiocactive waste packages.

CALCULATED Al VALUE EQUIVALENT
TO THE IAEA STANDARD OF 1 REM/HR AT 3 METERS

XAl +/=- Standard
Deviation
Case 1 - All Co~60 in waste 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



ECONOMIC IMPACT

Chem~Nuclear’s analysis indicates an wdditional 2300-600%
increase in Type B processed waste shipments (i.e.
solidified or dewatered resins) will be made in order to
conmply with the proposed 2A1 LSA limit. There ure
Jpproximately 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 reqguire an NRC type A cask. pe B casks are often
scheduled and used prior to processing of the waste and an
evaluation of the type package needed. The 2A1 linit 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
the industry. Historically, design, licensing and
manufacturing of new Type B casks could take years.

Disposal volumes and associated costu will also increase.

As the higher volume Type A cask shipnents are reguired to
be shipped in the lower volume Type B casks, disposal
volumes increase. Each disposal liner is not filled to the
naximum to prevent spillage during processing and the burial
volume on each liner is greater than the fill volume. 1If,
for example, the waste currently transported in 200 cu.ft.
Type A casks is transyortod in 120 cu.ft. Type B casks due
to the proposed 2A1 limit, it would take 1.7 Type B
shipments to transport a Type A shipment. The disposal
volume increase is 2% due to the inotticioncx 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 hlndlin?. wveight,
and curie surcharges that are assessed in activity ranges.
The curie surcharge assessments favor a lower number of high
volume, high activitx shipnents rather than a greater number
of lower volume, medium to high activity shipments.

Adoption of the NRC proposed regulations will economically
imract the U.S. nuclear industry by $4 to §5 million per
y. ar according to EPRI (Daloisio 1988). EPRI’s study
utilized shipping information from a 1985/1986 database.
The study ovafuatod solidified and dewatered primary and
non-prima 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
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 impacte of the United States adopting the IAEA
standards associated with LSA and the 1 rem/hr at ] meters
from the unshielded cask restriction. In their risk
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
regulatery limit (0.3 mCi/g). Although Sandia used the
worst caseé scenario for their risk assessment, they
commented that in the typical accident the radiocactivity
levels are likely to be orders of magnitude less than those
assumed for their calculation and a release of 100% of the
waste naterial is unlikely. They assessed the radiological
impacts and risks in the event of a highway accident. Some
of their conclusions are:

. ",...current LSA linjitations are sufficient to prevent
excessive external radiation exposure to an individual
following a severe transportation accident. although

ackage dose-rate restrictions could provide a higher
evel of confidence that external radiation doses are
not excessive, these restrictions would have a
substantial impact on lhipping prac“ices and costs for
transportation of LSA material.”

* "Additionally, because the Tacknqo dose rate
restrictions would substantially increase the number of
shipnents, the number of traffic fatalities and
injuries from accidents inveolving transportation of
waste materials would also rise.™

We agree with these gualitative conclusions. However, one
of the risks that Sandia did not address is the increase
dose to the worker at the ~uclear facilities while
processing and progarinq to transport the additional
shipnents that will result if either the 2Al1 or 1 rem/hr at
J meter restriction is invoked by the NRC. The proposed,
more restrictive limit, will lead to more shipments thus a
higher risk of accidents, higher costs for transportation
and disposal, and a higher dose to radiation workers.

Simplification of Fissile Material Classes. 49 CFR 173,412

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



Marking and lLabeling Exceptions For Exclusive Use LSA.
49 CFR 1723.425(£)

Low specific activity material (LSA) and surface
contaninated obzocts (SCO) that are transported exclusive
use should continue to be excepted from specification
marking and labeling.

Specification markings and labelings are a communication
primarily to the carrier. LSA and SCO when shipped
exclusive-use are not handled the carrier in transit,
thus eliminating the need for those communications. The
current mechanism of requiring the non-specification
marking "Radioactive-LSA" to be on the package, a
radioactive placard on the vehicle, and properly executed
and accessible hazardous material uhipfinq papers are the
appropriate communications to the carrier and any
emergency response personnel in the event of an accident.

In addition, LSA and SCO materials are typically waste
naterials destined for processing and/or disposal. Low=-
ievel radicactive waste is rarely if ever shipped
internationally, so there will be no significant impact by
the domestic regulations not being compatible in this area.

Bulk Package Markings on LSA and SCO,. 49 CFR 172,229

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), thog should be
excepted from the bulk package markings (IDf on orange
panel or square-on-point configuration) of 49 CFR 173,329,

The bulk package markings regquired for the other hazardous
materials are necessary because there may be many
different ID#’'s associated with one placard. The large,
visible display of the ID# on a bulk package is helpful to
an emergency responder in actions taken at an accident
scene when there may be many different iD#’s and responses
that may need to be taken for each placard type, ie.
flanmable liquid or solid. The radicactive placard has few
ID#'s and associated responses that an emergency responder
would need to know to apfrcpriatoly 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.

labeling on LSA and SCO Materisl. 49 CFR 172.403(a)

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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10.

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...".

Type A and Type B Ouantity Definition. 4% CFR 173.40)

A definition of Type A quantity and Type B guantity needs
to be added to the definition section, 173.403, similar to
the way the NRC has added these dctinitiono in their

proposed regulations.

Through definitions and oct1v1t¥ limits one can derive what

antity of material goes in which type package, but there

8 currently not a defined term for the quantity of
material that is less than or equal to the Al/A2 value or
greater than the Al/A2 value. The exceptions, le limited
guantity, and the additions, highway route controlled
quantity, are well defined. Type A and Type B quantity
should also be well defined.

Mixtures of Radionuclides. 49 CFR 173.433(d)

It 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 gquantity
or if and how this mixture is used to determine if a
naterial has to be shipped as a highway route controlled
quantity (HRCQ).

The reference from Table 7, 173.423, does not indicate

that the excepted quantity values be placed in the
denominator rather than the Al or A2 value. Since
173.433(d) only makes reference to the Al and A2 value in
the denominator of the formula, is a shipper subject to

the HRCQ requirements if the sum-of~-the-fractions using the
HRCQ values in the denominator of this formula is greater
than 1 for a mixture of high activity radionuclides in the
sane package?

contamination Limits, 49 CFR 173.443(d)

The contamination limits that apply to a package at the
time of shipment on a vehicle that is marked "For
Radioactive Material Use Only" are not clearly identified

by 173.443(d).

This parnqrafh 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.



11, Exclusive-Use Radiation Level Limitations,

12.

13.

49 CFR 173.441(c) and (e)

The r irenments 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 elininated to simplify the
requirenents.

Radiation Symbols on Type B, B(U), and B(M) Packages.
49 CFR 172.210(d)

Type B, B(U), and B(M) fuckoqol 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 s 1l is
part of these label designs. The size of the label’s
symbol is bigger than the size of the proposed marking
radiation symbel. The duplication of radiation symbols on
a package at and during transport seems unnecessary.

Table 7, Clarifications. 49 CFR 173,423

Table 7, 173.423, remains a very confusing table. To
help clarify the table, here are some suggestions:

. In the Nature of contents column under the Gasses form
the words Special form and other form should be
directly below Tritium. It should appear as Tritium,
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 “"Normal
Form". By definition if a material is not special form
it is normal form. "Other Form" is not defined.

Title the last column as "Limited Quantity Material
1c§uqo limit", rather than just "Material package
mit™,

In the heading for each column put the part and section
notation to help cross reference the table to the
original reference. For example: Material package
limit, 173.421.



Recording of activity on shipping papers and making the
activity notation on labelr should be asuthorized for
domestic shipments in customary or SI units, not “SI or SI%
and customary units”,

The U, §. radiation industry has not adopted, does not feel
confortable with, doas not have equipnent or instrumentation
reading in, and are bound to make many mistakes by beginning
to use SI units. The us® of SI units needs to be phased in
over several years, by using both units all of the time.

An alternative to having the marking "Radioactive" on
each instrument and article should be to have the marking

"Radicactive" on the package that contains the instruments
and articles.

Compliance with these standards would require shippers to
maintain dose rates on the exterior of a vehicle at less
than 100 arem per week (0.6 mrem/hr) since a member of the
public could stand next to a parked vehicle and be exposed,
Since this is clearly not DOTe intent, this section should
be revised or deleted.

A vehicle with a contact dose rate of 200 mrem/hr (within
D.O.T. limits) that ia stopped at a truck stop for &n hour
is the potential source of an exposure that exceeds aither 2
nrerm in an hour or 100 mrem in the week. It ig not
practical for the exposure to occur above these limits, but
the potential exists if, as the proposed regulations state,
"an individual were continuously present in the area".

Given the package exterior dose limits, it seems highly
unlikely that a transport worker could be exposed to more
than 1500 mrem/yr. Before imposing dosimetry requirements,
actual measurements of transport worker exposures should be
made. I? dosimetry requirements are imposed, requirements
nn documentation, reporting, and guality control are
necessary. See 10 CPGR 20.401 - .409, as an example.




The following is & 1ist of what is presumed to be
typographical errors:

]

172.403(¢c) =~ for & Yellow IIXI label, the maximum
radiation level at any point on external surface
(niddle column) should resd "More than 0.5 mSv/h ..."
rather than "Hore than 0.005 mSv/h...%.

173.425(a) = "... exceed 2A2" should read "... exceed
2A1%,

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 Radiocactive Material definition - "... greater
than 70 Bq (0.002..." should read "...greater than 70
Bg per gram (0.002...".

173.465(c) Table 12 - 8l)l of the greater than and less
than signe are nissing.

173.405(@)(3) = "5.0 mSv (50 mrem) in any twelve-month
period" should read "5.0mSv (500 mrem) in any twelve-
month period.”
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References:

. "CNSI Cask Data,* W. A, Didgeon, October 22, 1985, MR-10391-85.

. "CNSI Cask Data,* W. A. Didgeon, October 28, 1985, MR-10399-85

"Revised CNS] Cask Shielding Curves," M. Macher, April 16, 1985, LC 8503-47.

INTRODUCTION

The shielding curves p.esented in this memorandum are calculated in response to

your requests (References | and 2). The methodology used to calculate the curves follows
the procedure given in Referency 3.

]

CHEM-NUCLEAR SYSTEMS, INC.




DISCUSSION

Sets of cask shielding curves already exist for eight casks. Appendix A shows the
maximum allowable total activity concentrations and the maximum allowable liner dose
rates for the following six additional casks:

CNS 1-13C/G
CNS 3.55
CNS 4-85
CNS 6-75
CNS 7-100
CNS 8-120B

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 1-13C and CNS 113G, The only
difference between these two casks from a shielding standpoint is that the CNS 1-13C
has an additional thickness of 0.25 inches of steel that the CNS 1-13G does not have.
This is not significant from a shielding point of view, as both casks have 5.0 inches of
lead shiclding. Similarly, casks CNS 14-170 Series I1 and CNS 14-170 Series 111 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 & suitable cask ior a shipment. A cask chosen from the curves
shown in Aypendix B should then be checked against the Appendix A curves to insure
that the semi-log curves have been read properly.

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
program and its documentation will be released «%urtly. 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 £-120B
and the CNS 10-160 casks, as you requested. Please note that these curves are not useful
from a marketing viewpoiat. The sources shipped by CNSI nearly always resemble line
sources rather than point so.urces.

*



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
simple method for choosing the optimum cask for transport.

/mm



APPENDIX A

CASK SHIELDING CURVES ON LINEAR PAPER

CHEM-NUCLEAR SYSTEMS, INC.
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APPENDIX B

CASK SK "LDING CUNVES ON SEMI-LOG PAPER




Figure |
Concrete Waste
Mazimum Allowable Activity Concentration
Versus Co-60 Percent of Total Activity
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Figure 2
Concrete Waste
Mazimum Allowable Liner Dose Rate
VYersus Co-60 Percent of Total Activity
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Figure 3
Resin Waste
Mazimum Allowable Activity Concentration
Versus Co-60 Fercent of Total Activity
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Figure 4

Resin Waste
Maximum Allowable Liner Dose Rate
Versus Co-60 Percen. of Total Activity
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APPENDIX C

POINT SOURCE SHIELDING CURVES FROM SAR'S

WARNING: DO NOT USE THESE CURVES FOR MARKETING PURPOSES
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