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EXECUTIVE SUMMARY

As a consagquence of this country's non-proliferation policy, the reprocessing of
spent nuclear fuel has been delayed indefinitely. This has resulted in spent light
water reactor (LWR) fuel being considered as a pofentiol waste form for

" disposal.  Since the Nucleor Regulatory Commission (NRC) is cu‘i:renily

developing methodologies for use in the regulation of the rnanagemenf and
disposal of high-level and tronsuranic wastes, a comprehensive data base
describing LWR fuel technology must be compiled. This document provides that
technology baseline ond, as such, will support the devzlopment of those
evaluation stondards ond criteria applicable to spent nuclear fuel,

The most likely scenario for the spent fuel waste management program includes
the following:

Fuel is discharged from the reactor and is retained at the
site in a spent fuel pool for a short pericd of time (less
than one year). This allows for decay of the short lived
radioactive fission products.

The "cooled” fuel is then shipped fo an off-site interim
storoge focility where it is repackaged as necessary to
meet the criteria of the final disposal site. This interim
facility also uses pools for spent fuel storage but in this
case, for periods of up to twenty years.

Following interim storage, the repackaged fuel is trans-
ported t¢ a federal repository where it is stored in
preparation for refrievable underground disposal in deep
geologic formaions.

In arder to adequately develop licensing methadologies for each of these waste
management program steps, four categories of information must be included in
the spent fuel data base. These are:

Physical characteristics of the spent fuel

Composition of the spent fuel ond fuel bundles in the
spent fuel pool

%
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o Spent tuel transportation and shipping cask descriptions

o  Accident considerations and potential radioactive releases

Sections 2.0 through 5.0 of this report contain the specific data for each of the
above categories. Because of the nature of a data base, this executive summary

* provides a quide to the types of information to be found in each section rather

thon a condensed listing of the information itself.

Physical Characiaristics

Section 2.0 of the report describes the physical, chemical, thermal, and
radiological characteristics of spent nuclear fuel resulting from the operations of
reactors manufactured by General Electric (BWR), Westinghouse (PWR),
Combustion Engineering (PWR), and Babcock and Wilcox (PWR), Also included
are projections of the future quantities of fuel to be discharged expressed in both
number of assemblies and metric tons of uranium.

Composition

Section 3.0 consists primarily of the inventories of fission products contained in
the fuel as a function of time after discharge from the reactor. Description of
the activation products deposited on the fuel assemblies and the fuel bundle
materials are also provided.

Transportation

In Section 4.0, transportation practices are discussed and regulatory require-
ments applicable to the shipping of spent nuclear fuel are summarized,
Following this is a detailed description of each of the spent fuel shiping casks in
use in the United States. Both fruck ond rail casks are included.

Accident Cunsiderations

Section 5.0 is concerned with a description of typical postulated accidents for
LWR fuel during storage or tronsportation including the potential radioactive

]
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released associated with such accidents, The initial section covers the charac-
teristics of the most biologically significant radienuclides present as a functian
of time after discharge from the reactor. Alfernate sourcas of radioactivity
(such as the pool water purification system) and possible release mechanisms are
also discussad. The final sections analyze the probabilities and consequences of

. specific fuel pool and transportation accidents.
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10 INTRODUCTION

The purpose of this document is to establish a detailed and comprehensive base
of physical, chemical, thermal and radiological data which will serve to describe
the specific characteristics of spent nuclear reactor fuel, the typical plant fuel

" storage environment, the mechanisms of fuel handling and transportation, and

postulated modes of accidental fuel failure, These date huve been accumulated
fo provide a common basis from which fo perform evaluations ond analyses in
support of the Nuclear Regulatory Commission's waste management program
which is under the control and auspices of the Lawrence Livermore Laboratory
{LLL)

The Nuclear Regulatory Commission is currently developing standards and licensing
review methodologies with which it can effectively and efficiently regulate
the manogement ond disposal of high-level and transuranic wastes (HLTW).
A major aspect of the HLTW program is the development of an information
base and standards in the areas of:

¢  Waste form performance criteria
¢ HLTW repository site suitability criteria
e  HLTW repository design/performance criteria

e  HLTW management radiological per formance objectives

The spent fuel waste management program encompasses the handling of spent
LWR fuel in the foliowing scenario. The spent fuel is stored at the reactor for
short periods of time before it is transported to an off-site interim storage pool
{either privately or federally owned). At this interim facility, the spent fuel will
be repackoged os necessary to meet the criterio of the federal repository to
which it will be sent next. It is understood that total interim storage could be
for periods opprooching 20 years. Upon the completion of storage ond
repackaging, either by the removal of the fuel material and separation of
cladding hull from the spent reactor fuel or by any other potential packaging

1-! &
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technique, the repackaged spent fuel will then be transported to a federal
repository where it will be stored in preporation for underground retrievable

disposal in o deep geologic formation,

The purpose of the LLL program is to develop potentia! criteria for evaluating

) .the regulatory decisions necessary to allow the implementation of this or ¢

similar spent fuel waste monagement program,

In order to achieve the regulatory program for the waste monagement activities
dealing with spent LWR fuel, criteria ond methods which encompass the
technology presently utilized in the nuclear industry must be developed, The
spent fuel date base document has been prepared to provide this technology
baseline,

2 %
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20 SPENT FUEL PHYSICAL CHARACTERISTICS

The following material is provided to define the physical, chemical, thermal and
radiological characteristics of the spent nuciear fuel resulting from aperation of
reactors designed by the following reactor manufacturers:

e  General Electric Company (BWR)
o  Westinghouse (PWR)

o  Combustion Engineering (PWR)

e  Babeock & Wilcox Company (PWR)

Emphasis has been placed on BWR and PWR fuel types, since only one HTGR
facility is in operation in the United States and since General Atomic Company
has ceased manufacturing operations. Further, due to their more exotic charac-
teristics and very limited numbers, research and experimental reactor tuels and
Pu-recycle elements have not been included in the data base at this time, This
information will be provided if it is deemed necessary. The bulk of the data
nresented will be in a tabular or graphical form,

2. GENERAL FUEL DESCRIPTIONS AND DATA

This section summarizes data applicable to all spent fuel types ard provides
iypical fuel configurations and data.

ALi ENERGY CAPACITY AND SPENT FUEL DISCHARGED

The inventory of nuclear fuel discharged to spent fuel pools is summarized (ond
projected) in Figures 2-1 and 2-2, and Table 2-1.

Figure 2-1 shows the cumulative discharge of spent fuel assemblies through the
year |986. Two projections are shown, The lower curve represents the results of

2-] &
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TABLE 2-|
CUMULATIVE MTU DISCHARGED

L F—

Lf Year Low Case ERDA 77-25
sy 1570 54
: 1? 1971 12
- 1972 287
' 19713 489
1 1974 769
. 1975 {197
1976 1814 2342
1977 2635 3376
1 1978 Jol4 4733
’ 1979 4690 6258
o 1980 5864 8121
\ 1981 7126 10017
(. 1982 854 12490
1983 10190 15366
l 1984 12080 1B€06
1985 14257 22587
1986 16791 26503
- 1987 19673
l 1988 22847
1989 26292
) 1990 30015
[ 1991 34033
- 1992 38365
1993 43024
I" 1994 48020
1995 53743
1996 59111
o 1997 65042
[ 1998 71762
- 1999 18662
$- 2000 - 85937
), Assumptions:  In Column 2 a ratio of 0.176 MTU/Assembly for a BWR and
0,412 MTU/Assembly for o PWR were used. These were the
1 ' calculated averages from ERDA-25, @

i &4 %
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ERDA's planning projection based on ERDA long range goals, The upper curve
is based ori a recenl survey completed for ERDA of both existing plants ond
those under construction. Qver the near term, i.e,, to [986, the upper curve is
considered to be the more accurate projection because it is based on actual
industry data.

" Figure 2-2 uses the number of PWR and BWR bundies discharged to plot the

cumulative metric tons of uranium discharged, This information is extended to
the year 2000 in Table 2-1, Using the industry projection, there will be 26,000
MTU in 1986, The ERDA projection for the yeor 2000 shows that 86,000 MTU
will have been discharged, While numerous projections appear nearly weekly, the
exact magnitude of the cumulative inventory is not presently critical and dota

are only provided to indicate the future magnitude of the spent fuel disposal

problem.

Fuel in U.S. pools includes zircaloy as the principal cladding alloy, but dlso
includes fuel with stainless steel cladding from both boiling water reactor (BWR)
and pressurized water reactor (PWR) electric generating plants. Approximately
90 percent of the fuel bundles now stored in U.S. pools have zircaley-2 or
zircaloy-4 cladding. The nominal compositions for the two alloys are: zircaloy-
2, 1,5 Sn, 0,20 Fe, 0.15 Cr, 0.05 Ni; zircaloy-&, 1.5 Sn, 0.24 Fe, 0.13 Cr, 0,005 Ni.
Zircaloy-2 is the principal BWR clodding and zircaloy-4 is the principal PWR
cladding. The behavior of the two alloys is expected to be similar under pool
storage conditions. Only three W.5. power reactors currently operate with
stainless steel clodding: Zonnecticut Yankee (PWR, 600 MWe), San Onofre |
(PWR, 450 MWe) ond La Crosse (BWR, 56 MWe), Stainless seel fuel cladding
materials are alloys 304 and 348H.

2,1.2 MAXIMUM FUEL BURNUPS

Table 2-2 summarizes maximum burnups on fuel now in storage, reported by
surveyed U.S, uﬁliﬁes.m

% ERDA has been replaced by the Department of Energy (DOE),

TERACORPORATION
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L TABLE 2-2

oy MAXIMUM FUEL BURNUPS ON STORED
[ COMMERCIAL FUEL

i s
- . MWd/MTU Reactor
Clodding Reactor Maximum Discharge Date
1, Zircaloy-2 BWR 25,900 1974
Lo Zircaloy-4 PWR 33,160 1976
L’ Stainless Stee! PWR 33,200 1973
’ f Stainless Steel BWR 2,000 1975

*  Applies to bumup on peak bundle, i.e., fuel bundle subjected fo highest
neutren fluence,

L
]
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Fuel burnup expressed as MWd/MTU is a measure of the power generated by the
fuel. On the other hand, radiation damage phenomena generally are correlated
in terms of neufron fluence (neutrons/cmz). A rigorous conversion from burmup
{e.g., MWd/MTU) to fluence must account for the physics of the specific fuel and
reactor in question, However, the following expression approximates the
conversion for a pressurized water reactor (based on data in WCAP-8837 by H,

* H. Crain, T. E. Caye, and P. J. Sipush, Tables 2-4 and 2-5):

| MWA/MTU & 17 x 10'7 nfem?, > | MeV.

Thus, the estimated neutron fluence corresponding to 33,000 MWd/MTU is 5.6 x
l(l2 l n/cmz, > MeV. Values for BWRs would generally be lower due to lower
power densities. Changes in cladding properties, such as increased strength,

decregsed ductility and metal growth have been reported for zircaloy © and

)

stainless steel, (©) The residual radioactivity in the cladding *'* and the fission

®

product inventories - and heat generation rate are relateble to fuel burnup, but

1hey decrease with time after discharge, due to radioactive decay.
213 FUEL CONFIGURATIONS

Figures 2-3, 2-4 ond 2.5 show a typical LWRK fuel element, typical BWR fuel
assembly ond typical PWR fuel assembly, respectively. Table 2-3 summarizes
the range of materials in stainless- and zircoloy-clad fue! bundles.

2,14 COMPOSITION*

Typical characteristics of spent fuel, as listed in Appendix C, are based on
operation of ¢ typical large PWR with fuel exposed to 25,000 megawatt-days
thermal per metric fon of uranium (MWd/MTU) at a specific power of 35 mega-
watts per metric ton (MW/MTU), Composition of BWR spent fuel would be

*  Extracted from Reference 9,

2-7 %
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pacimamany
S,

Compenent
Fual Rods:

Fuel Spacers:

Upper Tie Plafes:

Lower Tie Plates:

Tie Rods:

TABLE 2-3
FUEL BUNDLE MATERIALS'Y
Sub-Companents Materlcl
- Zircaloys
Stainless Steel:
Grid: Stainless Stee)
Inconel
Zircaloy
Springs: Inconel
Bail/Tie Plate Stainless Steel
Bolts/Nuts Stainless Steel
Inconel
Springs Incone!
Tia Plate/Nozzle Stainless Steel
Zircaloy
Stainless Steel

Ally
Zry-2 (BWR)

Zry-4 (PWR)
304

3484

304

718

Zry-4

718

=

(a) Some variations on material and dlloy specifications may occur.

2-1i
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similar, but its fresh-fuel U-235 content would be from | o 10 percent lower.
The values shown in the tables represent anticipated moximum burnup of 25,000
MWd/MTU under current cperating conditions, although on expectancy of 33,000
MWd/MTU has been indicated by the suppliers.* With operation at this higher
burnup, the activity of a number of the long-lived fission products ond trans-

- uranics would be increased, but by no more than about 30 percent. Howaver, due

to periodic reactor shutdowns as necessary for partial refusling of the core ond
for plont maintenance af least annually, the actual time of fuel residence in the
reactor will always be longer than that implied by the specific power and burnup
valves stated above, Therefore, the activity of intermediare-lived fission
products ond transuranics (half-life of one to five years) is expected fo be
reduced from the indicated values. (Appendices A, B and D present composition
data for other specific powers ond burnups) The composition data were
extracted from output of the ORIGEN computer code ot the Oak Ridge National
Laboratory. +*

2140 FISSION PRODUCTS

During its service in a reactor, nuclear fuel undergoes fission, A portion of the
initial uranium und some of the plutonium generated in situ is fragmented or
fissioned, with o release of heat ond the production of fragments, or fission
products. These fission products consist of two groups of elements: one group
has atomic weights somewhat less than half that of uranium; the other group has
atomic weights somewhat more thon half that of uranium. Some of these fission
product elements are stable and indistinguistable from elements found in nature,
while some are wnstable (radioactive) and seek a stable state by radicactive
decay. A measure of their instability is the half-life of each radionuclide. These
half-lives vary from a small fraction of a second fo millions of years. Specific

*  Nuclear Fuel, September 4, 1978 reports that severa! nuclear utilities are
moving fo an 18 month refueling schedule, with somewhat higher uranium
enrichments and expected burnups in the 40,000 MWd/MTU range,

*  ORIGEN-Oaok Ridge Naticnal Laboratery model for spent fuel,
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activity, @ function of decay time, and biological effects of the emitted
radiation are the predominant factors in evaluating the human risk of exposure
to the radioactive constituents in spent fuels.

Table C-7 (Appendix C) lists the fission product radionuclides pres:nt in spent
fuel in concentrations that produce more than 0.00] curie per metric ton of

" uranium contained in the spent fuel after a decay time of 120 days following

reactor shutdown (the decay time normally stipulated as @ minimum far storage
prior to spent fuel reprocessing). This table characterizes each nuclide by its
half-life, mode of decay, specific activity, energy (MEV) of the principal modes
of decay, and the primary daughter element produced by radioactive decay.
Table C-1 (Appendix C) is a tabulatiua of the radioactivity generated by these
nuclides as a function of decay time. The times were chosen to represert the
conditions at rea.wr shutdown (U days), short storage times (30 ond 90 days),
release for shipping to a reprocessing plant (normally about 120 days), the
maximum average age (365 days) for the fuel in o large spent fuel storage
installation, ond after 10 years (3,653 days) to show decay characteristics of
individual nuclides over a relatively long time period in storage. Table C-2
(Appendix C) shows the quantities of these same radionuclides in units of grams
per metric ton of uranium in the fuels, ogain as a function of decay times over @
range of 0 to 3,653 days.

2142 TRANSURANICS

During its service in a reactor, ¢ portion of the uranium present also undergoes
nucleor transmutation by the absorption of nevirons, Elements formed from
uranium, or from further transmutation of uranium absorption preducts, consti-

tute a group of heavy nuclides knows as transuranics.

Table C-8 (Appendix C) lists the transuranics and their daughter products present

in spent fuels in concentrations which produce more than 0.0001 curie per metric
ton of uranium in the fuel ofter a decay time of 180 days following reactor
shutdown. The nuclides are characterized in the same manner as shown in Table
C-7. Similarly, Tables C-3 and C-4 (Appendix C) show the radioactivity and
grams per metric ton of uranium, respectively,

21 %
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2143  LIGHT ELEMENTS AND MATERIALS OF CONSTRUCTION

- The metallic structural components of reactor fuels also undergo tronsmutation
while in service in a reoctor, Tabie C-8 identifies those radionuclides from this
source present in concentrations which produce more than 0,001 curie per metric

" ton of uranium in the spent fuel. Table C-9 provides the equivalent quontities of
light elements. The confribution fo total radioactivity of the fuel assembly from
this source is minor, being at least two orders of magnitude less than that of the
fission products in the fuel.

- 2.1.5 HEAT GENERATION#*

Radioactive decay is a mechanism by which on unstable nuclide reaches a more
stable erergy state by the ejection of olpha and beta or beta particles from its
nucleus and the release of energy in the form of gamma rays. The ejection and
absorption by matter of such particles and energy rays produce heat. The
radionuclides present in spent fuel produce heat in the fuel by this mechanism,
The rate of heat generation reflects the total radicactive decay processes going
- on at any specific time after reactor shutdown and is a complex function of the
quantities of radionuclides present and their decay rates, Figure 2-6 is a plot of
- heat generation for spent fuel that has been exposed to 25,000 MWd/MTU of
reactar operation at a specific power of 35 MW/MTU, Meat decay rate declines
from a thermal power of almost 100 KW/MTU at |0 days to less than | KW/MTU
as delay times approach IO4 days.

2.2 GENERAL ELECTRIC (BWR) FUEL'?

Tables 2-4 and 2-5 and Figures 2-7 through 2-9 provide specific, detailed fuel
assembly design parameters ond drawings for General Electric fuel assemblies.

#+  Extracted from Reference 9.
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SPENT FUEL HEAT GENERATION RATE
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Parameter

TABLE 2-4
GENERAL ELECTRIC FUEL ASSEMBLY DESIGNS

216

i 2

Overall assembly length (cm) 435 435

" Active fuel length (cm) %6 %6
Nominal envelope (13.8cm)? (139 em)?
Avg wt U per assembly (kg) 195 210
Total weight per assembly (kg) 310 215
Fuel rod array Tx7 8x8
Fuel rod Q. D. {cm) 145 1.25
Fue! rod clad material Zirc-2 Zirc-2
Burnable poison material GdZOS Gd203

%
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TABLE 2-5
FUEL PARAMETERS
GENERAL ELECTRIC
BWR 6 (8x 8)
" WEIGHT 5Ky
CLADDING
Material Zircaloy=2
Thickness 0.086 cm
FUEL COMPOSITION
UO2 210 Kg
Zircoloy-2 53Kg
Zircaloy-4 2 Kg
Type 30488 - 4 Kg
ACTIVITY PER ASSEMBLY (Ci) 160 days Lyr
Cladding & Structural aaa --
Actinides — e
Fission Products 15 x 103 7.8x I0*
HEAT GENERATION (WATTS)
Actinides - -
Fission Products 7.0 x 102 3.8x 102
Total Weight
217

10 yrs

i xl0?

40x 10!

%
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23 WESTINGHOUSE (PwR) FUEL !

Tabies 2-6 and 2-7 und Figures 2-10 and 2-17 provide specific, detailed fuel
assembly design parameters and drawings for Westinghouse fuel assemblies.

- 24 COMBUSTION ENGINEERING (PWR) FUEL'2

Tables 2-8 and 2-9 and Figures 2-11 through 2-14 provide specific, detailed fuel
assembly design porameters ond drawings for Combustion Engineering fuel
assemblies,

2.5 BABCOCK & WILCOX (PWR) FUEL 13 14
Tables 2-10 and 2-11 and Figures 2-15 through 2-16 provide specific, detailed

fuel assembly design parameters and drawings for Babcock & Wilcox fuel assem-
blies.

221 &
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Overall assembly
length (cm)

Active fuel length (cm)
Nominal envelope

Avg wt U

assembly &erg)

Total weight per
assembly (kg)

Fuel rod array

Fuel rod O, D. (cm)

Fuel rod clad material
Burnable poison material

[A A A

NOUYAOHOD w3l

23 352 352 410
3| X9 305 366
182em? @lbcmP  (197cm) (214 cm)?
255 410 340 445
- 600 485 650
18x 18 I15x 15 14 x 14 I5x 15
0.86 1.07 1.07 1.07
SS SS 55 Zirc-4
- - - Boro-

silicate
glass

410
%6
(19.7 cm)?

390

510
14 x 14
1.07
Zirc-4

Borated
pyrex

415
%6
@14 em)?

445

650
15x 15
1.07
Zirc-4

silicate
glass

418
%6
1.4 cm)®

450 -

650
15% 15
).07
Zirc-4

Borated
pyrex

418
366
214 crn)2

445

640
I5x 15
1.07
Zirc-4
Boro-

silicate
glass

410

214 em)?
521

656
17x17
0.95
Zirc-h

Boro-
silicate
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TABLE 2-7

FUEL PARAMETERS
WESTINGHOUSE |,
17 x 17 FUEL ASSEMBLY

WEIGHT 656 Kg

CLADDING
Material Zircaloy-4
Thickness 057 cm
Conductivity —_—

FUEL COMPOSITION
uo, 521 Kg
Zircaloy-4 129 Kg
Inconel 625 ?

Type 30455 ?

ACTIVITY PER ASSEMBLY (Ci) 160 days " Iyr 10 gt
Clodding & Structoral 1.1 x 10 L0x 102 9.4x 102
Actinides s x ot nex 0 29x103
Fission Products 1.7 106 89x10° 13 x10°

{I) time after discharge

DECAY P(-IEAT PE)R ASSEMBLY |
WATTS 160 days Ly 10 bAL]
Actinides 3 x 102 19x102  90x 10
Fission Products 727x10° 82x100  43x 102

CORRQSION PRODUCTS ON STRUCTURAL

MEMBERS OF FUEL ASSEMBLIES

RADIONUCLIDE Ci/ASSEMBLY ELEMENT MASS (gms)
Cr-51 0.2 Cr 0.23
Mn-54 0.05 Fe 1.85 3
Co-58 0.70 Co 7.0 x 10°
Fe-59 0.03 Ni 2.5
Co-60 0.11 Zr 0.40
Zr-95 0.0l
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Parameter

Overall assembly length (cm)
Active fuel length (cm)

Nominal envelope

Avg wt U per assembly (kg)
Total weight per assembly (kg)
Fuel rod array

Fuel rod O. D. (cm)

Fuel rod clad material
Burmnable poison material

= e A e s SR svarn Tt
TABLE 2-8
COMBUSTION ENGINEERING FUEL ASSEMBLY DESIGNS
{ 2 3 4 5 6
378 426 399 uén u64 u49™
335.3 ws.7 7.2 318 281 381
(20.6 cm)2  (20.8 em)2  (20.8 ecm)Z  (20.8 em)Z  (20.8 em)Z  (20.2 cm)?
41s 375 375 375 450 485
615 590 570 570 £50 852
15 % I5 4 x 14 14 x 14 14 x 14 4 x ta 16 x 6
1.05 1.12 1.12 1.12 .12 0.97
Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4 Zirc-4
B,C B,C B,C B,C - B,C

ﬁl’his value applies to the 16 x 16 core array used at Aricansas Nuclear 1. The later CE "System 80" plants are currently designed

with a 16 x 16 array; of the parameters listed in this table, only the overall assembly length differs in the "Systemn 80" design,
and it is 453 cm. The weight may be greater by a small amount, of course, with the additional assembly length.

%

Lol




F rrand p———
LT L

|

TABLE 2-9
FUEL PARAMETERS
COMBUSTION ENGINEERING
SYSTEM 80 ASSEMBLY
(16 x 16)
" . WEIGHT 852 Kg
CLADDING
Material Zircaloy-4
Thickness 0.089 cm
FUEL COMPOSITION
UOZ 485 Kg
Zircaloy-4 134 Kg
Inconel 625 1.0 Kg
Type 0435 33Kg
ACTIVITY PER ASSEMBLY (Ci) 16D days )yr
. == X 5
Claddin & Structural 70 x10 27x 10
Actinides 34 x 10% 3.0 x 10*
Fission Products ld x IO6 60 x 105
HEAT GENERATION (WATTS)
Actinides 23 x 102 13 x 102
Fission Products 52x 10° 28x 103

10 yrs
65 x 102

20 x 10t |
8.6x lo* '

6 x 10
2.9 % 10°

CORROSION PRODUCTS ON STRUCTURAL MEMBERS

OF FUEL ASSEMBLIES
1SOTOPE Ci/ASSEMBLY ELEMENT
Cr-51 0.17 Cr
Mu-54 0.04 Fe
Co-58 0.58 Co
Fe-59 0.02 Ni
Co-60 0,09 Ir
Zr-95 0.0!
2-26

MASS (ams)

0.17
1.55
0.006
2.13
0.33

%

TERA CORPORATION



RS
sevmemani

==

DISHED —F | |
PELLETS ;
0.325" —d—f—
PELLET |
DIA ] 161. 64

- .,

At

| FUEL

|| LENGTH
FEL [T
CLADDING {1
0.382°00 -
0.025" WALL
SPACER\r-
i
CAP—

FIGURE 2-H1
SYSTEM 80 FUEL ROD
COMBUSTION ENGINEERING %
2-27 TERA CORPORATION



17%.8

OVERALL

ALIGNMENT POST

o 1.505 .

TOP VIES,

il

A

A R N

CEA
SuIN TUBE
ASSENBLY
(e—rUEL ROD
4
N lgsdslaiiisialaly o
SPACES =
AT |
14-1%6d»
167 -17i6 o
AT
fiL
LENLoTH
A
816+
S 2w
§.050 5
i |
|
MU
VEBEREHit et | I
246 i 1 (e
4+ L& 10601
. :
3.812 '
L bt OUIR
END FITTING

FIGURE 2-12

SYSTEM 80 FUEL ASSEMBLY
COMBUSTION ENGINEERING

2-28

%

TERA CORPORATION


file:///t-/m-
file://L:/GTK

[ [mesn p—

AR S
LI RPN .
:.':\Tz:‘ .#}éhw

Y

-

<§§?’<’>
e

3}

J-

s
e

T

’/n"\#q -~
)
Ky

Snaz

.-

3

o
-

<7
<,

e St S
9;

) ] 5
A
g R, =/ F0)

- T

<Z

A

e

a5
{

GRID GRID CtA FUEL
SPRING PERIMETER  GUIDE TUBE ROD
STRIP STRIP LOCATION

FIGURE 2-13

SYSTEM 80 FUEL SPACER GRIP
COMBUSTION ENGINEERING %

2-29 TERA CORPORATION



N\ T . 4

N i — w R

ST Ny 3 i — g J! |
O \O—24
3

o= 2
V400D oI 4 MM N\

i
b
y

IR

FIGURE 2-14

SYSTEM 80 FUEL ASSEMBLY HOLD DOWN
COMBUSTION ENGINEERING %

I
230 TERACORPORATON




TABLE 2-10
BABCOCK & WILCOX FUEL ASSEMBLY Desicns'™ 1
£ PARAMETER S N
' " Overall assembly length (cm) &2l 82
Active fuel length (cm) 36 %3
Nominal envelope 1.7 em)? @1.7 em)?
Avg wi U per assembly (kg) 45 520
F { Total weight per assembly (kg) 00 746
Fuel rod array 15 % 15 17 x 17
5 Fuel rad 0. D. (em) 1,09 0.9
Fuel rod clad material . Zirc=4 Zirc-4

. 23] &
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TABLE 2-11
FUEL PARAMETERS
BABCOCK & WILCPX,,
MARK C ASSEMBLY >
(17 x17)
" WEIGHT 746 Kg
CLADDING
Material Zircaloy-4
Thickness 0.119 em
FUEL COMPOSITION
v, 520 Kg
Zircaloy-4 228 Kg
ACTIVITY PER ASSEMBLY (Ci) 160 days iyr
Cladding & Structoral ~ 88% 10° 4% 10°
Actinides w3x 0t 38x 10°
Fission Products L x 10° 0% 10°
HEAT GENERATION PER
ASSEMBLY 160 days Iyr
Actinides 28 10° 16x 102
Fission Products 65 10° 35x 103
EXTERNAL CORROSION PRODUCTS
ISOTOPE Ci/ASSEMBLY ELEMENT
Cr-51 0.18 Cr
m\‘s" OJM Fe
Co-58 0.60 Co
Fe-59 0.02 Ni
Co-£0 0.09 Zr
2r-95 0.0l
232

10 yrs
8.0x10

24 x 1o
100 x 10°

Jus
1.6x 10

36 x 102

MASS (gms)

0020
0.16
0.m6
.22
0.24
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30 COMPOSITION OF SPENT FUEL AND FUEL BUNDLES
IN THE SPENT FUEL STORAGE POOL

Spent fuel is stored in the spent fuel storage pool for a period of at least 120
days following reactor shutdown, '

Appendix E describes the design of the spent fuel pool for both commercial light
water reactor types and the operations associated with refueling,

3.1 COMPOSITION OF SPENT FUEL

Appendices A, B, C ond D give inventories of fission products in fuel rods as a
function of fime after reactor discharge.

3.2 COMPOSITION OF THE MATERIAL DEPOSITED EXTERNALLY
TO THE SPENT FUEL

The activation products on the cladding of the spent fuel come principally from
corrosion products from the reactor primary circuits which deposit as crud layers
on fuel bundle surfaces (F e203, Fe304, spinnels, sometimes oxides of nickel and
copper). Crud Jayers may be 25 to 50 um thick, particularly on BWR fuel rods,
The layers generally are thinner and sometimes are almost absent on PWR fuel
rods, The crud layers are quite insoluble at fuel temperatures, but do release
some particulates to the poo) water, together with traces of soluble species. The
corrosion products on zircaloy rods (Zr02) also have low solubilities and generally
resist spallation, As described in Appendix E, some of the fission products
escape to the spent fuel storage pool,

3.3 FUEL BUNDLE MATERIALS

Table 3-1 describes the materials contained in stainless- ond zircaloy-clad fuel
bundles.

3 &
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Compenent

T Fuel Rods:

Fuel Spacers:

Upper Tie Plates:

Lower Tie Plates:

Tie Rods:

TABLE 3-{
FUEL BUNDLE MATERIALS
Sub-Components Material
- Zircaloy:

Grid:

Springs:
Bail/Tie Plate
Bolts/Nuts

Springs
Tie Plate/Nozzle

32

Stainless Steel:

Stainless Steel
Incone!
Zircaloy

Inconel

Stainless Steel

Stainless Stee!
Inconel

Inconel
Stainless Steel

Zircaloy
Stainless Steel

Al
Zry-2 BWR)
Zry-4 (PWR)

304
348H
304

718
Zry-4

718
304

718

%
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50 SPENT FUEL TRANSPORTATION/SHIPPING CASKS

The following section provides ¢ summary of current spent fuel transportation
practices ond a detailed description of fuel shipping casks now being designed
or used by the nuclear industry,

"4 TRANSPORTATION PRACTICES*

Irradiated nuclear fuel has been fransported in the United States since the
mid-1940's, with numerous shipping cask designs developed because of the variety
of AEC (ERDA), military, research, and commercial nucleor reactors in service.
Experience gained in the design and use of these casks, plus stringent NRC and
Department of Transportation (DOT) regulaticns, have led fo the present generation
of LWR shipping casks.

All spent LWR fuel transported in the United States currently is shipped in
heavily shielded casks by truck or rail. Truck casks weigh 25-35 fons when
fully loaded and will normally eccommodate one to three PWR or two to seven
BWR fuel assemblies, Rail casks can weigh in excess of 100 tons fully loaded
and can take seven to 12 PWR or {8 fo 32 BWR fuel assemblies. Barge shipment
remains unexploited, Since air shipment of plutonium in any form is presently
precluded by law, spent fuel cannot be fransported by air.

The primary reliance for safety in transport of irradiated nuclear fuels is based
on the shipping cask design, Cask design and operation are influenced by regulations
imposed by the NRC, DOT, and the individual states. These regulations are
described helow,

*  Summary extracted in part from Reference 9.
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4.l REGULATORY AND STATE REQUIREMENTS

Strict criterio regarding allowable radigtion levels, criticality sofety, heot
dissipation, and release of radioactive materials have been established for spent
fuel shipping casks. Cask design must prevent loss or dispersal of spent fuel

- under normal operating ond severe design base accident conditions.

Primary responsibility for overseeing the transportation of radioactive materials
in the United States rests with the DOT and NRC. State requirements are
normally auxiliary regulations that pertain to fransportation routes in highway
weight limits, or require additional safety measures.

Some degree of overlap does exist between the NRC and DOT, but a
memorandum of understonding signed in 1966 and revised in March of 1973
generally delineates the authority of the DOT as setting stendards for marking,
labeling, safety in shipment (radiation levels, temperature, etc.), regulating
shippers and carriers, and approving various packages as suitable for transport of
radioactive materials. The authority of the NRC (then AEC) was set forth as
reviewing and appraving shipping containers for fissile, Type B, and large
quantities of radioactive materials as defined by Title 49 CFR 173.38%, This
represents almost oll radioactive materials,

FEDERAL

NRC regulations for the transport of radioactive materials are set forth in
"Standards for Protection Against Radiation” (10 CFR Part 20), and "Puackaging
of Radioactive Materials for Transport ond Transportation of Radioactive
Material Under Certain Conditions" (10 CFR Part 71).

The packaging and shipping requirements for transport of radioactive materials

are a function of the quontity, type, and fissile characteristics of the isotopes
being shipped, The "transport group" of an isotope refers to any one of seven

4-2
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groups into which radioactive materials in normal form cre classified according
to toxicity ond potential hazard in tronsport as defined b Title 49 CFR Part
173,383. Because of the presence of plutonium and other highly toxic isotopes,
irradiated nuclear fuel is classified as Tronsport Group |, the most restrictive

grouping,

" The quantities of isotopes which can be shipped as Type A, Type B, or large

quontities vary with the transport group. Spent nuclear fuel is shipped under a
large-guantity designation.

Shipments of fissile material are classified as either Fissile Class |, Il or lil, as
defined by Title 49 CFR Part 173,389, Spent fuel shipments are rated as the
most rastrictive class, Fissile Class I, which requires special arrangements
between the shipper and carrier 1o ensure nuclear criticality safety for shipment.

The geeral NRC criteria for packaging and shipment of radioactive materials
are given in 10 CFR Part 71, Subparts B, C, ond D. Because of the larger-
quantity designation for irradiated fuel shipments, spent fuel casks must also be
designed to mzet hypothetical accident conditions when applied sequentially.
The hypothetical accident conditions and the resultant cask condition, as set
forth, represant what are coiisidered reasonably conservative estimates of what a
transportation accident might involve.

NRC regulotions for fransportation of radioactive maoterials are also included in
10 CFR Part 20, ond reguire a receiver to check any package (cask) for
smearchle contamination within three 'ours after receipt and to notify the
carrier ond the NRC immediately if contomination levels above 22,000 dpm/100
cm2 are found. Records must be kept of all such cask surveys and monitorings.
Licens2es must also maintain and follow established proceduras for opening or

handling any shipping cask.
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Security requirements for protection of special nuclear materials given in 10
CFR Part 73, "Physical Protection of Plants and Materials," poragraphs 73,30-
73.36, 73,60, and 73.70, do not apply for spent fuel shipments because of the
exemption i-anted for special nuclear material (SNM) that is not readily
separable from other radioactive matericl and that lhas a dose rate greater than
100 rem per hour at a distance of three feet when there is no intervening

* shielding.

DOT regulations for transportation of radicactive materials are given in 49 CFR
("Transportation”) Parts 170-179. These regulations set the criteria for radiation
levels, surface temperatures, surface contamination levels, bill of lading
information, labeling, placarding, shipper certification, accident response, and
general packaging.

In 1974 the DOT proposed a new labeling system for hazardous materials called
the DOT Hi system. If adopted, this system will alter the information given
betow and would require additional emergency response information to be carried
with the shipment.

Spent fuel casks are transported in exclusive-use vehicles and must be filled only
by the consignor and opened only by the consignee. Allowable radiation limits
for exclusive-use vehi~las qre:

s 1000 mR/hr at three feet from the external surface of the
package (cask)

s 200 mR/hr at any point from the external surface of the
vehicle (truck or rail car)

o 10 mR/hr at six feet from the external surface of the
vehicle '

¢ 2 mR/hr in any normally occupied position in the vehicle

4-4
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Becouse of the large size of the packoges used for shipping irradiated fuel, the
limiting factor will be the radiation level at either three feet from the surface of
the package or six feet from the vehicle, Therefore, the radiation levels at the
package surface will be considerably below those allowed by the regulation,

Based on actual experience, radigtion levels around some irradiated fuel casks

"may exceed 200 mrem/hr at the surface of the cask, but will meet the

limitations of 1,000 mrem/hr for closed vehicle shipments. In order to meet the
limitation of 10 mrem/hr at six feet from the vehicle surface, the level will
rarely exceed about 5) or 60 mrem/hr at the vehicle surface, or 25 mrem/hr at
three feet from the truck or rail car.

Although a radiation level of 2 mrem/hr is permitted in a truck cab, the level
based on actual experience is unlikely to exceed 0.2 mrem/hr, because of the
distance from the cask and shielding provided by intervening material,

2 or less for beta-gamma

Surface contamination levels must be 2,200 dom/ 100 cm
(B-¥) radiation, and less than or equal to 220 dom/I100 em? for alpha (@)

radiation,

Heat generated within shipping casks must be dissipated so as not to affect the

efficiency of the cask or to damoge the contents, Maximum cccessible external

surface temperature of a package (cask) transporfed as an exclusive use shipment
must be 180°F or less.

STATE AND LOCAL

State ond local regulations on the transport of nuclear materials are normally
limited to those requirements for any type of vehicle traffic, such as gross
vehicle weight ond dimensions, Overweight shipments are sometimes subject to
limitations on routing and time of operation. In addition, some states have
adopted or are considering regulations to cover the foilowing:
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o Routing restrictions, speed limits, or blanket prohibi-
tions on shipments

e  Advance notification of shipments and approval by states
e  Inspection of shipments
e  Pilot vehicles or escorts

e  Special training of drivers, odditional monitoring person-
nel, and emergency plans

o  Requiring drivers fo carry copies of state regulations
o  Special-use trains
o  Classifying drivers as radiation workers

e  Emergency preparedness by state officials

The effect each of the cbove can have on transportation of spent fuel will
vary from state to state and will have to be evaluated on an individual basis.

4.2 DESCRIPTION OF CASKS

At present, all spent fuel shipments in the United States are by truck or rail
casks. Truck casks are more mobile and much lighter than rail casks, Truck
casks are limited fo a loaded weight of about 25 tons because of the maximum
73,280-pound load limit (tractor-trailer included) for most highways., Weights
up fo 35 fons are usually acceptable on an overweight basis, although most states
will require certain restrictions, such as routings, time of travel, or early notifi-
cation of shipment, Rail casks weigh about 100 tons fully loaded, and have
a much larger fuel assembly capacity. (It would take six trips with a truck
cask to carry the same amount of fuel that could be transported in a fully loaded
rail cask.)
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One advontage to fruck casks is the faster turn-around time, about three to
four days being necessary for a 3,200-kilometer round trip with a truck cask,
compared with nine days for a rail cask. Experience at one reprocessing plant
showed two round trips of 177 kilometers each were possible in slightly more
than four hours with a truck cask, Truck casks will still be needed for those

- reactors without rail facilities. Of the 89 reactors scheduled for operation

by 1980, 56 percent have rail spurs at the site, Table 4-1 summarizes those
casks in the United States that are either presently licensed or known fo be
in the planning/fabrication stage and that are capable of transporting spent
LWR fuel,

The majority of those casks presently licensed or known to be in the plansiing/fabri-
cation stage in the United States are discussed in more detail below.

4.2.1 TRUCK CASKS

NFS-4—The Nuclear Fuel Services NFS-4 is a water-filled | PWR/2 BWR truck
cask, The license application was submitted in January 1972, with final AEC
approval in November 1972, The first two casks were completed in 1973, The
cask has an internal cavity 452 cm long by 34 cm in diameter, with interchangecble
baskets for either PWR or BWR fuel assemblies. Surrounding the cavity for
gamma shielding and structural strength is 16.8 cm of lead and cbout & cm of
stainless steel (in several layers), Neutron shielding is provided around the
body by |1.& cm of borated waier-antifreeze solution. The cask lid is held down
with high-strength bolts and sealed with Teflon O-rings, Stainless-steel-encased
balsa wood impact limiters are provided around the side and ends of the cask.
(See Figure 4-1.)

Heat rejection is by convection through the water coolant in the cavity to the
inner wall, conduction to the neutron shield, convection to the outer wall, and
convection plus radiation to the atmosphere, Maximum heat rejection capacity
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TABLE 4-1
SUMMARY TABLE
SPENT FUEL CASKS
Primary Veight Capacity Fluid Cavity Design Heat Casks
Transport Loaded in £lesents, in Length/0ia. , Generation Major Neutron Avatisble
Cask* Hode tons“" PHR/ DR Cavity cm Rate, kW yShielding Shiciding Jan. 1926

NAC-1 Truck 25 2 Water 452/34 11.5 Lead and Soratsd W0 4
steal antifreeze

WFS-4 Truck 25 w2 Water 452734 1.5 Lead and Sorated HXO 2
stesl antifreeze

WM.i-1/2 Truck 24 2 Helium 452/32 10.6 Lcadl.nd Water 2
stee

NLI-10/24 Rail 97 10/24 Helium 455/114 17 lead'and Water -
stee

N-8 Truck/rail 40 3 PWR Alr 427/170 35.5 Lead and Sorated solid -
steel Tesin

TH-% Truck/rail 38 7 DwR Air 452710 24.5 Lead and Boratad solid -
stewl resin

TH=128%n Raid 17 12/32 Ailr 467 135 Steel lor:tlr! sotid -

- resin

IF-300 nait 58 /18 Mater 458/95 61.5 Uranfum Water 4

and steel
*Lask inttials:

NAC = Nuclear Assurance Corporation
WES = Nuclear Fuel Sarvices, Inc.

M1 = M. Industries (previously Nationa) Lead Compary)
TN = Trans Nucléairs
IF = “Irradiated Fue)”, symbo) used by General Electric Corporation.

*t%ot including auxiliaries.

%ot autharized by U.S. Wuclear Ragulatory Commission.
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is 11.5 kW. Maximum design conditions for the inner cavity during normal trans-
port are 176°C ot 150 psig. Normal pressure upon receipt is almost always
less than 5 psig, however, so the design is quite conservative. Under the maximum
fire accident, the cask will withstand 222°C ot 948 psig with no loss of contqinment.

h IN-8—The Transnuclear TN-8 is a 40-ton truck cask designed to transport three

PWR assemblies in an air atmosphere, The TN-§ will normally travel under
overweight restrictions, although several could be placed together on a rail
car. A license was granted by the AEC in 1974, Casks of the same design are
presently operated in Europe. The TN-B has an inner cavity length of 427 cm,
with three separate cubicles of 24 x 24 cin for the individwal assemblies. Shielding
is by 18.5 cm of lead and 6 cm of steel (in several layers), Neutron shielding
is provided by 15 cm of borated solid resin, Shock absorbing covers are attached
to the top and bottom of the cask. (See Tables 4-2 and 4-3 for detailed charac-
teristics, See also Figures 4-2 and 4-3.)

Maximum design heat generation is bosed on 35.5 “W. During normal operation
the maximum temperature of the inner shellis) is 115°C, Heat rejection is
via conduction through the cask body to the outer wall, with convection and
radiation from copper cooling fins on the outside, Pressure is stated to be atmos-
pheric during fransport. The cavity design pressure is |10 psig.

A unique feature of the TN-8 is a cylindrical shell which is placed around the
outside of the cask before it is lowered into o loading or unloading pool. The
annular space is filled with clean water during loading, This, along with other
devices fo protect the ends of the cask, minimizes contamination of the cask
surface and therefore reduces decontamination time and expense.

TN-9—The Transnuclear TN-9 is essentially identical to the TN-8 except the
TN-9 is designed for seven BWR assemblies, The inner cask cavities are 25
cm longer, with the cask design heat generation rate equal to 24,5 kW, (See
Tables 4-2 ond 4-4 and Figures 4-4 and 4-5 for details.)
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TABLE 4.2
TN-SPENT FUEL CASK - DETAILED CHARACTERISTICS

R PACKAGING TN 8 TN N {2
T FUEL !
! !
- Type of Fuel PWR  BWR  PWR/BWR
Number of Assemblies 3 7 1232 :
Average Burnup, MWD/TU 38,500 36,500  38,500/36,500 |
- Minimum Cooling Time, Days 150 150 150
} Maximum Residual Power, KW 35.5 4.5 135
i CaviTy
Fluid During Transport Air Air Air
Pressure During Transport . S Atmospheric-n==-= )
Design Pressure, psia 125 125 440
: é Cavity Length 14 1410 |53
- SHIELDING
X Gamma Shield Material Lead Lead Steel
i Gamma Dose Rate (2 m from surface), mrfhr 6.5 6.5 6.5
Neuvtron Shield Material &-"--Borated Solid Resin-—--)
- Neutron Dose Rate (2 m from surface), mr/hr 2 2 2

HEAT REJECTION

Surface Nicke! Plated Copper Fins
o Mode Naturql Convection & Radiation
i ) OVERALL DIMENSIONS
) Outside Diameter 58" 58" g2
Length With Covers 18" 1" 22"
’" Length Without Covers i¢ le'or |7e"
i_ WEIGHT
- Total Weight, Loaded, Ib. 78,000 77,600 213,800
= Total Weight, Empty, b, 73,200 73,000 183,000
’ Weight, Two Covers, Ib. {,820 1,820 5,230
L Weight, Lid, Ib. 1,870 {,510 7,710

The TN-12 cask is also available with an exten-
sion, This cask has the follewing different data:

Cavity Length: 63"

Length With Covers: 237"

Total Weight, Loaded, ib: 225,000
Total Weight, Empty, Ib: 194,000

4-11 %
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TABLE 4-3
TN-8 DATA SHEET

AEC Certificate of Compliance Number: SNM-1474 Amendment 71-1.
Common Name: Transnuclear, TN..8
Date of Most Recent AEC Certificate Ravision: May 14, 1974
Description of Packaging:
The inner steel lined cavity is divided into three compart-
ments which are surrounded in order, by a lead shield,
a secondary steel containment, a solid resin neutron
shield, Nickel plated copper fins protrude through the
resin ond dissipate heat energy to the surrounding air
by natural convection and radiation. Balsa wood is located
inside removable covers ond fixed end drums to provide

impact protection. The atmosphere in the cavity is dry
air near atmospheric pressure,

Interior ond Exterior Dimensions: Three compartments 9.1 inches by

9.1 inches by 168 inches, each. Qutside diameter 6.5 inches, length with
covers 2{8 inches, without covers 192 inches,

Type and Thickness of Shielding: L.ead - 7 inches, Resin - 6 inches.
Authorized Contents: Three irradiated PWR fuel assemblies.

Heat Removal Capacity: 35.5 kw

Special Conditions of Use: Truck transport on custom trailer with over-
weight permit,

Number of Packagings Owned: As of January 1975, two in fabrication
for use in U.S.A,

Identification and Date of Safety Analysis Report:
Transnuclear, Inc, TN-8/9 Safety Analysis Report
Rev. 4, May 6, 1974 - Docket No, 70-1375.

|AEA Certified: Yes

Other Pertinent Data: Two TN-8's are operational in Europe,
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TABLE 4-4
TN-9 DATA SHEET

AEC Certificate of Complionce Number: SNM-1474 Amendment 71-2,
Common Name: Tronsnuclear, TN-9

Date of Most Recent AEC Certificate Revision: May 14, 1974
Description of Packaging:

The inner steel lined cavity is divided into seven compart-
ments which are surrounded in order, by a lead shield,

a secondary stee| containment, a solid resin neutron
shield, Nicke! plated copper fins protrude through the
resin and dissipate heat energy to the surrounding air

by natural convection and radiation. Balsa wood is located
inside removable covers and fixed end drums to provide
impact protection, The atmosphere in the cavity is dry
air "1ear atmospheric pressure,

Interior and Exterior Dimensions: Seven compartments 5.9 inches by
5.9 inches by 178 inches, each. Qutside diameter 67.5 inches, length with
covers 227 inches, without covers 198 inches.

Type and Thickness of Shielding: Lead - 7 inches, Resin - § inches.
Authorized Contents: Seven irradiated PWR fue] assemblies.

Heat Removal Capacity: 35.5 kw

Special Conditions of Use: Truck transport on custom trailer with over-
weight permit,

Number of Packogings Owned: As of January 1975, two in fabrication
for use in U.S,A,

Identification and Date of Safety Anlysis Report:
Tronsnuclear, Inc. TN-8/9 Safety Analysis Report
Rev, &, May &, 1974

1AEA Certified: Yes

Other Pertinent Data; Two TN-%s are operational in Europe.
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NL| b--The National Lead Industries NLI ¥% is o 24-ton helium-filled | PWR/2
BWR truck cask. The cask can be used with an optional 600 mm inner container
that provides an additional level of confinement, Initial issue of the SAR was
in December 1972, with NRC approval granfed in March 1975. The cask has
a cavity length of 452 cm ond a diometer of 34 cm, or 32 cm if the optional
inner container is used. Shielding around the body is provided by 7 cm of depleted
' uranium, 5.4 cm of lead, and 3.8 cm of steel (in several layers). Neutron shielding
is provided by 12.7 cm of water. Two lids are used to seal the cask at the top.
Depleted uranium and steel are used for shielding on the ends,

Maximum heat generation rate is based on 10,6 kW, Maximum fuel temperature
under conditions of normal transport is conservatively estimated at 545°C.
Normal maximum design pressure is |20 psig when the inner container is used,
or 22,5 psig when it is absent. Maximum fuel temperature during a fire accident
condition is 5%4°C. The cask has a pressure rating of 543 psig at 454°C when
the inner container is used, at 264 psig at 454°C when it is absent.

At the present time, there are three NLI-% casks in the United States, and there

are plans to fabricat. seven more eventually,
4.2.2 RAIL CASKS

IN-12--The Transnuclear TN-12 is @ 107-ten rail cask capable of accommedating
{2 PWR or 32 BWR fuel assemblies in an air atmosphere. This cask is under-
going licensing review in Europe, and once a license is obtained there, the com-
pany plans to submit its application to the NRC for use in the United States.

The cask has an inner cavity 373 cm long, and has an extension that will allow

use of the cask for fuel assemblies up to 502 cm long. Total loaded cask weight
is |16 tons with the extension in place, (See Table 4-2 for detaiis.)
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Numerous features designed 1o improve operation and reduce operator dose
commitments are soid to be included as a result of the company's experience in
Europe, The cosk uses a solid stainless steel body for gamma shielding and a
borated solid resin for neutron attenuation, Maximum heat rejection is based on
135 kW, Design pressure is 425 psig.

"NLI 10/24—The National Lead Industries NLI 10/24 authorized by NRC in June

1976, is a 97-ten, helivm-filled, 10 PWR/24 BWR rail cask. No casks have been
delivered yet, but NLI expects to eventually build a total of 15, Four are under
construction.

The cavily is 455 cm long by 114 cm in diameter. The cask hos two
interchangeable aluminum baskets for use with PWR or BWR fuel. Gomma
shielding is provided by 15 cm of lead plus about 5-8.6 cm of stainless steel (in
several layers). Neutron shielding is provided by nine inches of water. Depleted
uraniurn shielding is used on the cask ends and at strategic locations in the cask
wall. Impact structures are used to protect the cask ends and sides, Two closure
heads are used, (See Table 4-5 and Figures 4-6 and 4-1.)

Maximum heat generation rate is based on 77 kW (including an axial peaking
foctor of 1.1). Two auxiliary cooling systems are provided to circulate water )
through channels alongside the irner cavity, Auxiliary cooling is not needed for
the cask during fire accident conditions, Without auxiliory cooling and at
maximum heat generation rate (including 1.1 axial peoking factor), the average
fuel temperature is 348°C. Without the cooling system in operation, heat
dissipation is by conduction through the body to the neutron shield, convection to
the outer surface, and conveaction plus radiation from the finned outer surface to
the atmosphere. Maximum fuel temperature during fire accident conditions is
533°C. Normal cavity pressure during transport is expected fo be about 23 psig,
with @ maximum internal pressure of 105 psig oceurring in the fire accident.
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TABLE 45

NLI 10/24: RAIL CASK SYSTEM FOR THE TRANSPORTATION
OF IRRADIATED FUEL ELEMENTS - DESCRIPTION

Cask Capacity: 10-PWR Assemblies
24-BWR Assemblies
" Basket: Interchangeable PWR/BWR aluminum
Cask Package Dimensions: Diameter-63"
Length-204.5"
Cask Cavity Dimensions: Diameter 45"
Length-179.5"
Cask Weight: 200,000 pounds, loaded -
System Weight: Cask, rail car and secondary cooling

units-335,000 pounds

Rail car: 59" {ength, with unlimited rail interchange
capabilities (6000 Ibs./linear foot)

Shielding: Gammas - Lead and Uranium/steel combination
Neutron - Water

Criticality: Stainless steel clad Ag/In/Cd alloy
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FIGURE 4-6
NLI 10/24 RAIL CASK

FOR SPENT FUEL SHIPPING

~ NLIT0/24 RAIL CASK

SPENT FUEL SHIPPING
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SYSTEM

PERSONNEL
BARRIER

Dry Shipment

Double Containment
Low Pressure 23 psig Helivm

Redundant Lifting System
Capability

4-21

WATER JACKET
EXPANSION TANK

DESIGN FEATURES

Passive cooling

Redundant auxiliary cooling without
primary boundary penetration

%

TERA CORPORATION



1

PECToe
s

VRATER JACKET SHELL

Wi ALUMINUM FUEL BASKET
" \ABSORBER SLEEVES

INNER CLOSURE HEAD
URANIUM SHIELD

INER CLOSURE MEAD
NEUTRON SHIELD

FIGURE &7
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JF-300~The General Electric IF-300 is a 6B-ton water-filled rail cask copable
of transporting seven PWR or |8 BWR fuel assemblies. Licensing waos begun in
January 1971 and approval was granted by the AEC in 1973,

The IF-300 is provided with two interchangeable stainless steel boskets, one
for each type of fuel. Gomma shielding around the body is provided by o combing-

. tion of 10 em depleted uranium clad with stainless steel, Shielding around the

cask ends is provided by 7.6 ¢cm of depleted uranium clad in stainless steel.
Neutron shielding is provided by the water in the cask plus an onnular Jayer
outside the gamma shield. The outer wall and ends of the cask are finned for

impact protection. (See Figures 4-8 through 4-11.)

Maximum hegt generation is based on 76.7 kW. Cooling is proviced by convection
1o the inner cavity wall, conduction fo the outer neutron shield and convection
to the corrugated outer wall. Forced air impingement is used fo cool the outer
shell. During normal operation, the maximum fuel temperature is expected
to be 1639C. If the forced air impingement system is lost, the temperature
will rise to a maximum of 221°C. If shielding water is lost from the outer compart-
ment, the maximum fuel temperature could reach 788°C, but only after olf
the inner cavity water has boiled off. It has been conservatively estimated

that this would require more than two days.
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50 ACCIDENT CONSDERATIONS/POTENTIAL
RADIOACTIVITY RELEASES

The purnase of this section is to provide a description of typical postulated
accident failure modes for spent fuel (during pool storage and transportation) and
the radicactivity releases which may be associated with incidents of this type.
This data may then be used to develop engineered safety features fo prevent such

' incidents and/or to estimate the potential individual and population radiation

exposures which could result,

The objective is to give the reader g feeling for the mechanisms and magnitude
of such postulated occurrences.

5. GENERAL SAFETY AND ACCIDENT CONSIDERATIONS*

To be a potential radiological hazard to the general public, radioactive materials
must be released from a facility and dispersed off-site, For this to hoppen:

e The radicactive materials involved must be available in a
dispersable form,

e  There must be a mechanism available for the release of
such meterials from the facility, and

o  There must be a mechanism available for off-site disper-
sion of such released materiol.

Although the inventory of radioactive materials contained in aged spent fuels
may be in the order of a billion curles or more, very little is available in a
dispersable form; thare is no mechanism availoble for the release of radioactive
materials in significant quontities from the facility; ond the only mechanism
availoble for off-site dispersion is atmospheric dispersion, Increcsed spent fuel
storage with AR (af reactor) or AFR {away from reactor} storage normally
involves only oged fuel.  The underwater storage of aged spent fuels is an
operation involving on extremely low risk of a catastrophic release of

radioactivity.

Extracted from Reference ¢
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[ The radioactive materials present in a spent fuel storage installation are:

L. LAN|

365

3,652

The spent fuel in storage
Impurities in the pool water

The "crud” deposits on the surfaces on the fuel pins and
fusl assembly structural components

Airborne radioactivity, primarily due fo entrainment in
evaporating pool water

Impurities removed from the pool waters by filtration and
ion exchange freatment

Wash solutions generated during shipping cosk cleanup and
miscefloneous decontamination operations

Dry materials such as contaminated protective clothing,

blotting paper, cleaning materials and ventilation system
filters.

COMPOSITION OF SPENT FUEL

The spent fuel in storage is highly radicactive, with a tfotal inventory of

’ radionuclides in the erder of I06 curies per metric ton of contained uranium.
The gross radioactivity in curies per medric ton of uranium as a function of time
since discharge from q reactor (decay fime) is shown in Table 5-. The decay
times were chosen to represent:

Event

- At time of discharge from reactor

= Probable minimum decay time for receipt at an AFR storage
based on |-131 content in spent fuel

- Nominal average minimum decay time for an AFR storage
inventory-based on logistics of spent fuel fransfer

= Time when only long lived activity remains
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RADIOACTIVITY PRESENT IN SPENT FUELS"

TABLE 5-1

(Megacuries per Metric Ton of Uranium")

Decay Time - Days 0
After Discharge

. Fission Product 165

Nuclides+*

ACﬁni*S aond Their N
Doughter Elementsi*

Light Elements & Fuel
Element Construc-
tion Materigls***

160 365

4,25 2.0

'w 007

0.2(3 0.060 0.027

3,653

0.523

.05

0.003

* See Appendices A-D for tabulations of nuclides pre =nt
™ Based on metric tons of uranium charged to a rear .or

*
Source - ORIGEN code -

Reference PWR

Power - 35 MW/MTU
Burnup - 25,000 MWd/MTU
Flux - 3,26 x I0[3 n/cm2
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Note that from a gross radioactivity standpoint, the fission product nuclides are
predominant throughout the life of spent fuels in storage, but that 97.4 percent
of this activity decays away in the first 160 days and 98.8 percent is gone in 365

days.

The fission produzt radionuclides are 8, » emitters, and only those few that

“enter into biological processes are of major concern. For freshly discharged

fuels ot a reactor, a principal concern is the 8-day 113} which is cbsorbed by
~'ants, onimals ond humans, particularly in natural iodine deficient injond
lu ations. However, since the quantity of [-(31 present in discharged fuel is
reduced by a factor of about a million times in the first 160 day: of decay, it is
not a major concern for the storage of spent fuels in an AFR starage facility,

Those fission product nuclides of primary concern under conditions of long term
spent fuel storage are Kr-85, Cs-134, Cs-137 and possibly 1-129. These nuclides
are present in significant quantities, are soluble in water and Loslogically mabile,
Cesium enters the muscle tissue of animals and man. The isotope, I-129, has a
low specific activity (1.4 dpm/g) and hence has o minimal direct radiological
effect, i.e., it is physically impossible to absorb enough to give a dose that is
more thon a small fraction of that from natural radionucl’aes (e.g., K-40 780
dpm/g) present in thyroid tissue. However, because of its {7 milion year half-
life, its refease to the environment should be minimized,

Many of the actinides and their daughter elements are also short lived; 99.6
percent decay away in 160 days. Of those present in aged spent fuel stored in an
AFR storage faocility, the plutonium isotopes present the most significant
potential hazard,

Of the materials of fuel element construction and surface crud deposits, the
most significant radionuclide is Co-60,

The only way in which the radionuclides in spent fuel could be mode available for
dispersal is by  sical rupturing of fuel pins. As fuel assemblies must be
handled under we..r fo provide the necessary protective shielding, a rupture of
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H fuel pins would allow the escape of free gases, primarily Kr-85, ond contact of

B the fuel material by the pool waters, However, as corrosion rates of ceramic

” fuel materials are low, the only observable effect might be a slight increase in
the Cs-137 content of the pool waters,

N KRYPTON 85

! The principal radinactive gas which could escape from defective fuel elements in
storage is Kr-85. The evidence to date indicates that the free gases present in
fuel pin void spaces leak out rather quickly from defective fuel elements in the
reactor and upon discharge, but that the gases which are contained within

D the fuel pellet matrix have an extremely low diffusion rate and hence a low leak
rate. Experience at the NFS West Valley reprocessing plant with chopping fuel,

P in preparation for dissolution, showed that the release of krypton from spent fuel

was marginally observable on their krypton stack menitor; almost all of the

krypton was retained in the fuel unit until its dissolution. This experience
indicates that even the rupture of a number of fuel elements in the storage pool
would not cause a release of Kr-85 in sufficient quantities to be measurable off-

site.
5.1.3 CESIUM 134/137

Stable cesium is rare geologically and in the biosphere but radioactive cesium
from weapons testing fallout is widely distributed thoughout the biosphere.
Cesium-137 is important as it is readily absorbed from the food intake by both
’ onimals and man. However, the cesium in spent fuel is strongly bound within the

fuel matrix even when the fuel pellets are exposed to the pool water. The
| dissalution rate of cesium is very low and decreases sharply with time. The

cesium concentration in poo! waters is readily controllable by circulation through

on ion exchange resin bed,
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5.1.4 POOL WATER ACTIVITY

The fuel pellets are sintered ceramic cylinders which have a very low corrosion .

rate in water, and the contained radicactivity is tightly bound within the fuel
material. In oddition, the fuel materigl is hermetically sealed within highly
corrosion resistant zirconium alloy (or stainless steel) cladding tubes with welded

" end closures. The only mechanism available under normal operating conditions

for radionuclides in spent fuel to become availoble for dispersal is through the
corrosion of defective fuel pins by the pool waters, Experience at pools where
aged fuel has been stored (G, E. - Morris Operation ond NFS - West Valley)
has shown that the activity level of the pool water does show on increase when
more fuel is added fo a pool but that the activity decreases rapidly with time,
The apperent explanation is that only the fuel directly exposed by a cladding
defect is cvailable for attack and only for a relatively short time.

NFS reporied* an experienced pool waters compasition of 76 percent Cs; 6
percent Cs-134; 6 percent Sh-124; 6 percent Ce-144 and | percent Sr-90. G. E.
- Morris Operation has “so identified Co-60 as a minor contaminant in pool waters.
Becauseof thedirectr ..tionshipbetweenpool water activity levels and occupational
exposures, there is un incentive to keep pool water activity levels under control
at all times; values "1 the range of ID to 10 -3 uCifml are common,

515 SURFACE CRUD DEPOSITS

Crud deposits have been observed on the surfaces of fuel pins and fuel assembly
hardware, particularly on the inner low nozzle surfaces. The thickness of these
crud layers varies from aimost nil up to about |50 microns.* Most crud deposits
range between 25 to 50 microns. Surface appearance varies from a dense black
for PWR fuels to on orange-red for some BWR fuels, depending upon reactor
primary coolant circuit characteristics. These crud layers are oxides of iron,
nicke!, and copper ond mixed oxides. .

Safety Analysis Report, Vol. lll, NFS Reprocessing Plant, p. X-3-6, Docket
50-201, docketed December 13, 1973,

BNWL(.-225¢, A. B, Johnson, Jr., "Behavior of Spent Nuclear Fuel in Water
Pool Storage."
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These crud depasits slough off during shipping ond are the principal source
of contamination of cask coolonts. A small fraction also apporently becomes
either dissolved or suspended in the poal waters, e.g., Co-60. However, based
on visual observations at the NFS « West Valley plant, most of the crud deposits
remained on the fuel assembly until it was chopped up prior to reprocessing.

"5.6  AIRBORNE RADIOACTIVITY

Airborne rodicoctivity within a spent fuel storage facility is o function of: the
pool water activity, care used in handling fuel, frequency of fuel tronsfer
operations and good housekeeping practices. Based on NFS experience, the
airborne activity levels are a factor of 107D less than the pool water activity and
are routinely less thon five percent of the occupational exposure limits in
J0CFR20, Appendix B, Table 1.

5.1.7 POOL WATER PURIFICATION SYSTEM

Spent fuel storage pools are serviced by a pool water cleanup system consisting
of filters and ion exchange units, and the necessary pumps, tanks and piping.
These systems may contain concentrations of radionuclides as much as 100 times
that of the pool waters, enough fo require focal shielding and carefuily controiled
operating procedures. However, the inventory of radionuclides available for
disposal is limited to that contained in a spent filter or ion exchange unit ot the
time of replocement. As these are wetted moterials, spills could couse a local
decontamination and cleanup problem, but the materials involved are readily

contained,
5.1.8 DECONTAMINATION SOLUTIONS

Shipping cusks represent the mojor source of contaminated wash solutions.
During shipment some of the surfoce crud on fuel assemblies con become
dislodged and bacome a source of contamination to the cask cavity. On receipt
ot the storoge installation, the water in the cask cavity is sompled for
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radicactivity and , if necessory, flushed out before the cask is opened. The wash
waters genercled are collected in the on.site low level waste system for
treatment prior to disposal.

Wash solutions from plant decontamination operations are also collected in the
low level waste system for treatment prior to disposal.

5.1.9 DRY WASTE MATERIALS

A spent fuel storage operation also generafes dry radioactive waste materials,
These consist of contaminated protective clothing, blotting paper, and cleaning
mo"ps ond plastic sheeting. Such materials are normally collected in plastic bags
and packoged in drums prior fo disposal. The contained radioactivity in such
drums is normally in the order of 200 wCi/drum, This activity adheres to the
materials involved and is not in a readily dispersable form,

50,10  RELEASE MECHANISMS

As underwater storage is a low temperature, low pressure environment, there is
no driving force for the sudden relecse of a major fraction of the rodicactive
materials contained in the stored spent fuel even under abnormal operating
conditions. Small quantities of radioactive moterials could be released inside the
facility during on inadvertent venting of a shipping cask while it is being
prepared for wnloading or a spill of low level waste materials in the waste
hondling and treatment systam.

5111 OFF-SITE DISPERSAL MECHAMISMS
Again, because of the dbsence of high temperatures or pressures in an under

water spent fuel storage operotion, the only mechanism for off-site dispersal of
released radicactive materials is atmospheric conditions,
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52 ACCIDENTS AND NATURAL PHENOMENA EVENTS

For an accident to represent a potential radiological hazard to the general
public, the same conditions apply~radioactive materials must be released from
the facility ond dispersed off-site. For this to happen:

o The radicactlve materials involved must be rendered
into a dispersable form,

e  These must be released from the focility, ond

e The conditions must be present for dispersion off-site
of such released materials,

A range of potential accidents and natural phenomena events have been
postulated in various documents. Appendix F presents the highly conservative
assumptions used for evaluating the potential radiological consequences of a fuel
handling cccident in the fuel handling and storage facility for boiling and
pressurized water reactors (Regulatory Guide ).25). Discussed below are
incidents at other fuel storage repositories and during transportation.

5.2.1 ACCIDENTS RESULTING IN RUPTURING OF FUEL PINS

Both NFS and AGNS included in their safety analysis reports (Docket Nos, 50-20|
and 70-1723, respectively) an underwater fuel drop accident in which it was
assumed that all of the fuel pins in a fuel assembly were ruptured. Because of
the age of the spent fuel, very little I-13! would be available for dispersion off-
site, The NFS calculated release rates for an assembly exposed for 33,000
MWD/MTU and cooled for a minimum of (20 days were:

Release Rate -- Ci/Sec

Nuclide From Fuel From Pool
Kr-85 5.5 x 107 5.5 x 107
Xe-131 9.2 x 10”7 9.2 x 107
1129 3,7 x 10710 3.7 x 10712
l-131 2.9 x 107 2.9 x 107

5-9 &
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With ground level release dispersion factors in the order of 104 10 1077 sef:lm3
at most sites, site boundory concentrations would be a small fraction of the
10CFR20, Appendix B, Column I, limits.

5.2.2 LOW PROBABILITY MISSILE ACCIDENT

Analyses have been made of o low probability missile accident at a storage only

type of facility containing one year and three year, aged, spent fuel, The
occident was defined as the penetration of the building by a tornado generated
missile that lands in the storage pool. The activity in the gap between the fuel
cladding is released from the fuel pins ruptured by the impact of the missile.
The missile evaluated was a 34,3 cm diameter by 10,7 m foot long utility pole,
traveling at 232 kph.

Assyming that the missile entered the pool at an optimum angle, a 13.7 m row of
fuel assemblies could be impocted if the missile was not deflected from its
course of travel, Assuming a uniform storage array of 40 BWR assemblies and 27
PWR assemblies, a total of 20 MT of fuel could be impacted, It was assumed
that |0 percent (a high figure) of the contained Kr-85 is in the fuel cladding gap
ond hence available for release. Similarly, | percent of the I-§29 is also assumed
present in the gap. However, iodine is soluble in water and an underwater
release would be subject to a decontamination factor of at least 100. On this
basis, the source terms for spent fuel exposed to an: average of 28,000 MWd/MTU
shown in Table 5-2 were calcufated.

-4 s‘.ec/m3 for @ ground

Assuming an aimospheric disparsion factor (X/Q) of 10
level ralease and a site boundary distance of 275 meters, the calculoted dose

rates are shown in Table 5-3.

The calculated doses shown in Table 5-3 are obviously quite small and are a
fraction of the average awwal notural background dose of greater than 0.1 rem.
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TABLE 5-2

CALCULATED SOURCE TERMS FOR LOW PROSABILITY
MISSILE ACCIDENT ANALYSIS
AWAY-FROM-REACTOR STORAGE POOL

[RcEw— Frenen

Inv.entory Ci Released Curies Released

Ci/MT* Fraction per MTU per 20 MT of Fuel
Radio- 1 yr 3 yr in Release | yr old 3 yr old I yr 3 yr
nuclide decay decay Gap Fractions fuel fuel old old
Kr-84 9.6x103 8.4x103 0.1 0.1 9.6x102 8.4x102 1.9%x10% 1.7x10%
<129 3.xt0"Z  3.ix1072 0.0l 0.0) 3.0x107¢  3.x107®  6.2¢107°  6.2x107°
Bases:

28,000 {(average) MWdA/MTU Burnup, ORIGEN Code Calcuiation.
Kr-85 = 10%; 1-129 = 1%
Kr-85 = 100%; 1-129 = 1% of gap activity
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TABLE 5-3
CALCULATED SITE BOUNDARY DOSE RATES FOR
PROBABILITY MISSILE ACCIDENT AT
AWAY -FROM-REACTOR STORAGE POOL
Ci/m3 Concentra-
tions at »
Ci Released Site Boundary Rem/
Radio- | yr- 3 yr | yr 3 yr 3
nuclide decay decay decay decay Rem/Ci-sec/m
w Kr-85 1.9x10% 1.7x10* 1.9 1.7 3.0x1072
~ 129 6.2x10°%  6.2x10°%  6xt0™?  ex107? 4.6x105

LOwW

Critical Organ Dose {Rems)

I yr 3 yr
decay decay
5.7x10" 2" 5.1x107 2%
2.9x10” 2" 2.9x102"*
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5.2.3 FIRES AND EXPLOSIONS

Fires and explosions could be the driving force for the dispersion of radioactive
materials in finely divided furms. However, there is no need for the use of explosive
materials in on AFR storage facility ond normal operating procedures limit

" the accumulation of combustible materials such os poper. Such materials are

used for routine decontamination operations, but as soon as used, these materials
must be properly bagged to prevent a further spread of contamination. Serious
fires and explosions are not considered credible in an AFR storage facility,

5.2.4 CRITICALITY ACCIDENT

Assuming the fuel storage design was cdequate, a criticality accident in a spent
fuel pool could conceivably approach the power levels (less than [,000 Kw) of
g "swimming pool" type of research reacior. As proven by the operation of
such reactors for many years, conditions did not generate encugh energy to
disperse any radioactive materials to the atmosphere from under more than

4 m of water.
5.2.5 HIGH POOL WATER ACTIVITY

Based on operating experience at the G, E. Morris Operation and the NFS West
Valley Plant, spent fuel storage pool waler activity should normally be maintained
at less thon 5 x 1073 mCi/ml. At this concentration the dose rate on the bridge
crane above the poot is less than 2 mrem/hr.

During o period of high pool water activity, fuel transfer activities would

normally be curtailed until the pool water activity is reduced to normal

operating levels,
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5.2.6 LOWERING OF POOL WATER LEVEL

A 1,000 ton capacity storage pool is estimated to contain 3.7 million liters of
water ond be 9.5 m deep. The water in a spent fuel storage pool serves the dual
functions of heat r-moval and shielding. Spent fuel storage pools are normally
designed with @ minimum of 4 m of water over the fuel in storage, enough to

" reduce the gomma dose rate from the fuel assemblies to less than 0.5 mr/hr at

the pool surface.

Fuel tronsfer mechanisms have limit switches and mechanical stops to prevent
raising a fuel assembly or a storage canister to less than 3 meters of the water
surface,

e A loss of five percent of the water, about 185,000 liters,
would have only a negligible impact on personnel expo-
sures

e A loss of 25 percent of the water, about 925,000 liters,
would reduce the shielding over the stored fuel to about 2
meters. Under these conditions the fuel transfer bridge
crane work could be carried on within the facility but this
moy have to be done under "special work permit"
conditions,

The fall of the water level to this depth may require an emergency modification
of the cooling water circuit inlet and outlet lines, such as connecting emergency
supply ond cutting off any bleed-off system, but this should be feasible without
serious overexposure of personnel.

While the loss of all water is beyond the design basis envelope, it involves only
fow risks for independent spent fuel storage facilities. The major consequences
of such an unlikely event would be a small skyshine dose at a site boundary.

The heat generation rate of spent fuel decreases rapidly with time for a short
period following discharge from a reactor, For example, at one year after discharge
the spent fuel heat generation rate is less than one percent of its rate when
it is discharged from the reactor, At fen years its heat generation rate has
decreased by another factor of ten o one-tenth of one percent.
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!] Assuming that the spent fuel stored at on independent spent fuel storage

installation is at least one year old, calculations have been performed to show
;l that loss of water should not result in fuel failure due to high temperatures.
. Cooling by natural convection air currents alone should be adequate.

53 CONSIDERATIONS AND ASSUMPTIONS USED FOR OFF-SITE
TRANSPORTATION ACCIDENT ANALYSIS

All information in this section is summarized from WASH-1238, "Environment

Survey of Transportation of Radioactive Materials To and From Nuclear Power
Plants." The consequences of a major release of radioactive material from
b a spent fuel shipping cask could be severe; however, the lcw probability of such
an oceurrence during transportation makes the risk from such accidents extremely
small. Spent fuel shipping casks are designed to withstand severe transportation
accidents without significant loss of contents or incregse in external radiation
levels, The cosks are protected from the damaging effects of impact, puncture,
and fire by thick outer plates, protective crash frames, or other protective
features designed to control damage,

Transportation accidents occur in a range of frequencies and severities, Most
accidents occur at lew vehicle speeds. The severity of accidents is greater at
higher speeds, but the frequency decreasesas the severity increases. Transportation
accidentsusually involve some combination of impact, puncture, fire, or submersion
in water,

.t 53.  ESTIMATES OF RELEASES IN ACCIDENTS

Estimates of the amount of radioactive material released and the calculated

doses in the unlikely event thot a shipping cask is breached are summarized
below, The consequences in terms of potential doses fo humans have been
calculated for the estimated releases of Kr-85, I-131, and fission products.
Normal distributions of weather and population densities for a release on land
were used in the calculations.

i- 5-15

%

TERA CORPORATION

[y
H

4oy



Table 5-5 shows the probability of a transportation occident per wvehicle
mile in each of the five accident severity categories, Tables 5-5 through 5-
B show the probabilities of *N" or more persons receiving doses of *D" or more
millirem as a result of a release of I.! x |03 Ci of Kr-85, | x I()'2 Ci of I-131,
ond 130 Ci of gross fission products, with il of the krypton and iodine and one
percent of the gross fission products being dispersed in the air, It would require

" an accident of the extra severe category to cause a release of this magnitude.

Therefore, the total probability of "N or more persons receiving doses of "D"
or more millirem from the transportation of spent fuel would be the probabilities
in Tables 5-5 through 5-8 multiplied by the appropriate probability in Table
5-4 multiplied by the distance traveled,

5.3.2 CONSEQUENCES OF IMPLEMENTING 'STORAGE ALTERNATIVES
FOR OFF-SITE TRANSPORTATION ACCIDENT ANALYSIS

The severity of the consequences of a single transportation accident will not
change for any particular storage alternative. However, the probability of
occurrence increases in direct proportion ot the increase in distance of shipment
of spent fuel for those alternatives which involve transportation for off-site
storoge. Specifically, those storage alternatives which involve off-site transpor-
tation are independent storage facilities, trans-shipment, and use of government

facilities.

The estimated average distance from a nuclear power plant site to an AFR
storage facility over which the irradiated fuel would be transported is 1,000
miles. From Tables 5-6 and Table 5-7, the probability of 100 persons receiving
a dose fo the skin of 100 millirem from q release of {,100 curies of Kr-85 as
the result of an extra severe transportation accident is 4 x |0'l I. Consequently,
the environmental risk due to off-site transportation accidents involving spent
fuel casks remains extremely small.
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TABLE 5-4

ACCIDENT PROBABILITIES FOR TRUCK OR RAIL TRAVEL
PER VEHICLE MILE FOR THE ACCIDENT SEVERITY CATEGORIES
(FROM WASH-1238)

Minor Moderate Severe Extra Severe  Extieme
2210 3x107  sxi0?  2xw0M px0nB
5-17
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TABLE 5-5

PROBABILITY OF "N" OR MORE PERSONS RECEIVING A DOSE
TO THE SKIN OF "D" MILLIREM QR MORE FROM THE
RELEASE OF 1,100 CURIES OF KRYPTON-85
IN AN ACCIDENT (FROM WASH-1238)

Dose (millirem), D"

. Number of

People, ™ L 0 100 oW 500
| 0.9 0.5 0.1 2x102 3x107
10 0.6 0.2 3x102 1x107
102 02 4xt0? 2x10°3
103 72102 2x10°3
lo* | x 1072
10° 5x 107
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~. TABLE 5-6

PROBABILITY OF "N* OR MORE PERSONS RECEIVING A DOSE
TO THE THYROID OF "D" MILLIREM OR MORE FROM
THE RELEASE OF 0.0! CURIES OF IODINE-13]

IN AN ACCIDENT (FROM WASH-1238)

" Number of Dose (millirem), "D"
People, "N A 0 100 1000
| 0.5 9x 102 1x10?  2x10%t
10 0.1 1x 1072 4x 107
102 2x 1008 6x 107
i0? | x 1073
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TABLE 5-7

PROBABILITY OF "N" OR MORE PERSONS RECEIVING A DOSE
TO THE LUNGS OF *D" MILLIREM OR MORE FROM
1.3 CURIES OF GROSS FISSION PRODUCTS WHICH
BECAME AIRBORNE AS A RESULT
OF AN ACCIDENT
(FROM WASH-1238)

Dose (millirem), "D"

Number of

People, W L o 100 (000 5000 10,000
| ! 0.8 03 5x10721x10724x 107
10 0.8 03 6x1024x100 3x 107" 4 x 107
%G 0.6 9x 102 6x 107 1 x 107
13 0.0 I1x10%2x 10
1ot 4x 1072 5% 107
10° 4 x 107
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TABLE 5-8

PROBABILITY OF "N" OR MORE PERSONS RECEIVING A DOSE TO THE
WHOLE BODY OF "D" MILLIREM OR MORE OVER A PERIOD OF
ONE YEAR FOLLOWING THE RELEASE IN AN ACCIDENT OF ]3¢

CURIES OF GROSS FISSION PRODUCTS WHICH DEPGSIT ON
THE GROUND (80% OF THE DOSE 15 TO
THE SKIN)(FROM WASH-1238)

Dose (millirem), D"

Number of

People, ' _L_ 10 10 (000 500 10,00
| | ! | 0.9 L1 07
10 | 1 0.9 07 03 0.2
G | 0.9 0.6 03 0.0 6xl102
i3 | 0.7 04 9x1022x10%6x 107
1o* 0.8 05 02 3xI029xi02x10"
10° 0.7 04 8x10Z2x1073
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APPENDIX A
ORIGEN CALCULATIONS
Power 35.00 MW/MTU
Bumup 12,000 MWD/MTU
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APPENDIX B
ORIGEN CALCULATIONS
Power - 35.00 MW/MTU

Burnup - 20,000 MWD/MTU
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APPENDIX C
ORIGEN CALCULATIONS
Power 35.00 MW/MTU
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ACTIVITIES OF TRANSURANIC NUCLIDES IN SPENT FUEL V5. DECAY TIMES

POWER:  14,00M¥, SURNPE
CI.ID[ lemt?lvl"- [4
IASIg T OF HEAVY METAL
CHARGE D ISCHARGE 30, O $0. D
TH28) 0.0 ?.07E- 01 2,83E-02 2.33E~D2
TH234 0.0 3.176-01 Yol6E=-01 XibkeD)
PA23) 0.0 2.09E=01 2.19E-0] 2.,28E-01
PA2ION 0.0 Jo21E-01 J41TEwB] Ju16E=0)
vaye 0 24T1E=03 2. 08803 J.12E-02
V234 1464 0C C.J0E~ Q1 9.J0E~01 9.30E-01
U235 P.07E~02 2.33E-02 2.93E-02 2.53)E~-02
v2is 0.0 o34E= 01 2494E=0) 2,54E~0I
U237 0.0 S»18E 0% 3,76E 04 R,00F OL
U238 3,226~01 3416E~01 3.16E=0) J.16E-01
NP237 040 2423E-01 2.30E-01 2.30€-01
NP23% 040 1,905 07 2.86F 03 €.26E 00
PY236  Ca0 1o TBE=01 1.73E~01 1.86BE=01
pu2de 0.0 1:33C 03 1,358 Q) 1.37€ 03
PU2IR 0.0 3.08E 02 3,13E 02 J13E 02
Pu2ec 0.0 JeB0F 02 3489E €2 3.89E Q2
pyea) 0.0 T425E 04 7,22 04 T.LITE 04
Py2ez 0.0 8.6JE~01 &,83E-01 L.63E-D)
28] DD 4,38E 01 S.34L 01 T.23E O
anzazm 0.0 4. 25E OC 4.2%5E 00 4.25E 00
aM242 0.0 3.84E 04 4,255 00 4.25E 00
AMZel 0.0 54245 00 6.25€ 00 8,25E DO
CM242 0.0 1236 08 1.21E 08 9. 35E 03
W24l 0.0 1.14E 00 1,13E 00 1.13E 00
CN2ad 0.0 5,80E 02 S.78E 02 S.TAE 02
CHM245 0.0 O-JOE-OZ 6239 =02 6.39E~02
CHPa6 6SE=03 8,65€-03 £,48E~03
sUBTDT 2 D‘E oL Z-CTE 07 1.27E 05 B.33E 06
TALS 2.C3E 0C 4-M1E O7 1.27E 05 E.39E 06
TABLE C-4

NN O UR W
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O 13 Aadee e v B ©
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J. 16E-01
4,20E-03
9.!!!-0;
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©439E=02
B,05E~C]
TeAGE 00

TeA9E 08

2500080 ¢ FLUXZ Jo28E 1IN/ Chbe2-SEC

8.64t=01
4.85F Q¢

4 485E 06

QUANTITIES OF TRANSURANIC NUCLIDES IN SPENT FUEL VS. DECAY TIMES

PONER=  J5.COME, BURN\P=

NUCLIDE CDNCEN'IRATIORM
BASIS = MT OF MEAVY NETAL
CHARGE DISCHARGE 30. D 90. D
€ 4 0.0 Se 86E-02 5. B6E=02 B.B6E=02
w233 0.0 5c S0E=03 $401E-03 5.02E~02
U234 2,84E 02 1.50% (2 1.508 02 14$0E O
U235 JJ30E C4 Le1€E 04 1.18E 04 1.18E Oa
U236 0.0 »OCE O3 4,006 D) 4. 01E 03
U238 Q.BIE 0L 9,80E 05 0.45E 65 GiA9C 05
NP237 040 e 36E 02 3,265 02 3.26E Q2
PU238 0.0 T«B7E OF 8,02E Q) 8,00E 0)
pU239 0.0 5:02E 03 5.11E 03 S.11E 03
PU240 040 1.76E 03 1,76E 03 1.76E 03
Pu24l 0.0 Ta13E 02 7411E 02 7.05E 02
PUZAZ 040 1+70E 02 1.706 Q2 L.T0E Q2
ANZAL 000 1¢20F 01 1.56E Q1 2.11E 01
ANZARM 0.0 &, 37E~01 443T7E~0) 4:D37E-0}
ANZ243  0.D Jo24E 01 3,258 0) J.25€ 01

CM282 0.0 4 31E 00 3.64E 00 2.B2€ ©
£M243 0.0 £a8TE=02 2,45E~-02 2.&65-02
Cnu2ad 040 TolOE 00 7.14E OO 7.09E 00
CM245 040 Js62€~01 3:,62E-01 3:.62E~01
CN246 040 2+80E=C2 2,B0E-02 2.80E=¢.
SUBTOT 1.0CE 06 S.7AE 05 9.T4E 05 SaTHE €5
TOTALS 14D0E 6 9e7AE 05 Qo 7AE 0S5 S.TAE €5

C-5
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TABLE C-5

ACTIVITIES OF LIGHT ELEMENTS AND MATERIALS OF CONSTRUCTION

POWERS

TOTA. S

PRESENT IN SPENT FUEL V5. DECAY TIMES

J5,000w, BURNUPE  25000.%00 « FLUXZ 3, 26E 1IN CNOO2=5EC

NUCLI:E lAOlﬂACTl'I"t < H!s
BASIS * HEAVY METAL GED TO REACTOR

CHARGE DISCHARG. 3.0 90, O 160, D 365, O
0.0 4,625 02 S.60E 02 4,5%E 02 4.51E 02 4.37E Q2
0.0 3, 56E-01 3.56E-01 3.86E~0L 3.S6E-01 3. 86£-01

14138 03 2,930 &2
LabwE Ca GLIWE CD
Ba?BF=Ds | 433E=C7
Gal0c 03 40275 O3 4:nQL (3 8,.236F C3 J.ndF 0D
JoBSE €5 1422 05 G 1)L Ga 54995 738 2,%Z D&

€0 : 2¢86E=~02 2,22E-02 1.656-02 6.99E-0D
0.0 3.425 OC 2.09E 00 1417 00 2,15E=0]
0.0 8,976 03 2.01E€ O3 J.51E 02 2.11E 0C
C.C 2411€ 02 1. B84E Q2 L.STE 02 9.8CE O
Cel 1453 0 1a46L 03 1439E 03 (419K Q)
0.¢ 14076 02 4028E 01 1,445 01 6413E=01
0L P.1SE 0D 3.995 03 2.02E 0J 2.75E D2
e 4.99F £3 4. B85 03 4.7H6E 03 a,a2E ¢
L2y 24736 OC L 0% 2475E 00 2.75F DL
C.C 4,338 02 4.31E C2
D.C A80E 0C J.128=0D)
€.C l b2E 91 l.t&E or
Tel TaSnEal2 7.500=D2
T 5«70 D) 6.40E 02 3
-0 S5.91E=C) drc)E=D3
Ce 140BE D4 1,33E CJ
% 1o30F=02 1o 30E=0C
T 1a05E~22 }ad5E=C2
L As35E OC 1 eP8F=0e
Co 1288E C1 BJalL OF
0 FETY IR BT L] S]]
-8 LaDPE Q6 LWJ3E O
v

CE 90 2.3 05 14428 O3 G1IE N6 DeFOLE Ja 2.74C 04
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3.46€-12
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§a34E=02
!-CbE 22
6 ,25€=22
J.ﬁ)’-l
1635
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TABLE C-¢

QUANTITIES OF LIGHT ELEMENTS AND MATERIALS OF CONSTRUCTION
PRESENT IN SPENT FUEL VS, DECAY TIMES

PONERs  J5,000%, BURN'Ds  23000.Mu0, PLUXS 3, 28E 1DN/CMBeRaSEC

Nut touuu‘rn ATIONG o
PASIS & L”E OF MEAVY METAL g.nnr.sb TO REACTER

CHARGE D{SCHARG: 0. D 0. O 0 S, 0 653, D
[} 1] Oc B.376=02 6. ITE=02 6,I7E=02 8.,I7E-02 $.)7E=D2
4 ¢ 8,Taf=02 &, PQE-02 =02 4 ,5CE~62 2.T1€-32
3 68E~-04 1,30£-03 €03 Je25E~0D 2.126=C2
1 8 B,95E=0] & 0E=D1 GE~01 8.966+01 B.9pE~Ci
[3 0E-¢1 3. 19E-0¢ J.19E=02 3, 19E-02 SE=D? 3,19E~C2 J419E=57
? U"E RC LeB7C Ov LoO8TE OO0 1,87E OO0 140TE OC 1.87E €O 1.87E 02
1 2e81E205 2.41E=C3 2,81€-01 2. 2461E-C3 2.61E-CS
g l-’BE G 1.70E O o788 01 1,78C OI Le?8E O 1o70l 2}
L]
4
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[]
Y
»

Alsse
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"

241tE=01 2.M4E G, 2400E OO 2,04E O3 Se#sL G5 2.p6% 30
€t T.90E+Q¢ T.99E=D2 T, 99E-02 7,99 Pe9VLeC2 V493E-2
Le99F D1 1490 O 1494 01 1,98 O}
T.83E-02 Bo13F=Cc A LIE~02 & LIE-02 BelJEel2 641302
14340 €5 1034 0; 1oJ4E 05 1.34E 08 1edsE 05 143et
54288 C1 S5 91E QI 5491E €1 S,91E 01 S.01E 01 5,91E 01 5.51C 54
% Je0EE L2 3+CBZ Oc 3408 €2 3. 08E 02 3.08C 02 3.00F €2 J.GAE 12
27 14080 €2 14085 fc 1308 02 1, 0BE 02 1,280 &2 1.08F €2
20 Jo6%E €1 tetbD D LubbE €1 ). BAF 1 1.b0E B) L.bUL G
> CoTap=C1 M ThE=0s #.75L=C1 R, 780-f] B,75E=0] M, P5E-C!
30 LevaEr ] DeOAL=(l, 5,00E=0) 5 ME=0l 5200E=D) B,UaFw0l
e 1.7E €1 J.3TE 30 1JTE Ot LL3TE 01 1WITE ) 1.3t )
A7 1429E € Ls20c 0i 14265 01 14245 01 1,28E 2} l.20€ Ol

L 02 1eJ2C Oc 1432E 02 1,J2E 02 1320 97 1.J2E €2 ledeE
46 1.01F €1 1.18€ 0 14158 01 1,15 81 14080 Ol J.1%F Ot i
+ 21 1aO1t 90 14015 Ol 1,01€ 03 1.C1k 31 1,5 F €1
%7 oD IrA5T=Cp La83E=CQ },050=07 1.85E=02 Jeauk-02
TS 3.10E O Ja21E OC J,28C OC 3.30F Of 3,43C 02
Jo09E Do LuASE 32 1,09 07 1,898 %2 l.e5f €2
e &1 (0 Ce0BLeDi 94730202 2,IME=02 3uBIE=3) 2,29E~CS
€8 Sz 3,07 03 J.07E 3 J.0TE 03 3,07k ©J J.O07E 03 J.07C €3
€@ 83 J.497F €2 3826 Oc J0S52E €2 J.52€ 92 3.52€ 92 J.S2F &2
Cu %6 §,CEC Ol 50849 O VeBAE 01 S.8uE 01 $eB8F I Vedol OI
L LT ST 4 QelIE2Oc 24648202 2,30E~02 1.96L=37 ),21E-02
NS5 1.8% %) 1.TBT O 1.T7DF O 1, 7HE B1 1.78E 01 1.7wC O
FE 66 2,196 27 2,00 Q¢ Q.09F 02 2,99E 02 2.,9vE 02 2,09F €2 2,0vf 3¢
FE Hh 0.0 ©e280=24 B,10E-D1 5, 08E=d] S,59E=8) 4, 00Lw0] 4.3aE=5s
FE &r 3,43 03 20420 55 Jo42E 0 Ji42€ N3 J.42E 03 J.42F 03 3.2l CJ
FL 57 BLISE €1 God35 0 Q,43F Ol G.43E DI 9.4 91 G.43F €l So0di J:
FE So 1e20F 71 LedBD 9 1,80E Q1 2550 O1 1451E 91 14816 O 182t 1

LewwE 01 1.985 0}

. ~ A At P
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L = L.r 4,058 D, 4.3TL DD -.Jll 20 8,20F 00 Jo9Ce €2 1o19¢ 33
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NI Lo datek g 208JE O M6 D¢ 03T 9 JabJdl €0 JeudL €2 Sy I2
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TABLE C-7
CHARACTERISTICS OF THE FISSION PRODUCT
NUCLIDES PRESENT IN SPENT FUEL FOR STORAGE

Mode Specific Mev - Mojor
Half. of Activity Mode of Decay  Primary

Nuclide Symbol Life  Decay Cilgm Daughter
Tritium H3 I2'3Yb 2,600 0.01% - He 3
Selenium 79 Se 79 6.5xI07Y 0.07 0.15 - Br 79
Krypton 85 Kr 85 0.7y 390 0.67 Q.51 Rb 85
Rubidium 86 Rb Bs  18.70 82,000 1.7 1.08 S 8
Strontium B9 or 89 50.5D 20,000 L49  0.91 Y 89
Strontium 90 590 2Y 140 0.55 1.76(7) Y 90
Yttrium 90 Y9 M 540,000 2,29 1,76(?) Zr %0
Yttriym 91 Y 9l SB.SDS 240,000 1,55 L2t Sr 9l
Zirconium 93 R 93 9507y 0.004 006 003 9
Nigbium 93m Nb 93m (2°Y 320 0.03 - Nb 93
Zirconium 95 Zr 55  65.5D 21,000 0.366 0.76 Nb 95
Niobium 95m Nb 95m 3.6D 380,000 - 0,23 Nb 9
Niobium 25 Nb 95 35,|D5 38,000 0.1  0.77 Mo 95
Technicium 22 Te 92 2.1xI07Y 0.017 0.25 - Ru 9%
Ruthenium 103 Ru 103 39.6D 32,000, 0.225 0.50 Rh 103m
Rhodiym |03m Rh 103m 5 ¥ 3.2¢10 - 0.06  Rh 103
Ruthenium 106 Ru 06 %9 3,10007 0.033 0.51 Rh 106
Rhodium 108 Rh 106 2.24 ., 1.3x19 0.92 0.5 Pd 106
Pollodium 107 Pd 107 6.5x10°Y 0.0005 0.035 - Ag 107
Silver 110m Ag 110m 2520 4,700, 0.08  0.66 Cd 10?7
Sitver 110 Ag 110 245 4.3x10° 2.89  0.66 Calld
SHver | | Ag Il 7.5D 160,000 03 03 Ag i
Coadmiun 113m  Cd f13m l4.€Y 220 0.59 0.26 In M3
Cadmiuer [15m Cd [15m 44,6D 25,000 .63 093 InlI5
Tin 119e 50 119m 2455 4,500 - 0.024  $n I
Tin 123m S0 123m 129D 8,100 1.4l 1.00  Sh 123
Tellurium 123m Te 123m (20D 4,000 0.082 0.16 Te 122
Antimony 24 Sb 124 602 17,060 0.61 .69 Te 124
Antimony 125 Sb 125 2,73y 1,000 0.03  0.43 Te 125
Telturium 125m  Te [25m 53'5‘ 18,000 0.1 0,035 Te I25
Tin 126 Sn 126 10°Y 0,028 0.25 0.8 S 12
Antimony 126m b 126m (%W, 7.8¢107 LY 0.61 b 1%
Antimony (26 Sb 126 12.4D 83,000 I, 070 Te (2
Tellurivm 127m  Te 127m 109D 9,300 0.088 0.058 I 127
Tetlurium [27 Te 127 9u4H Z.6:l06 0.9 020 17
Telluriurm 129m  Te 129m 33.4D 30,000 I.1 0.70 1129
Telloriom 1 Te 122 T0% 2.1x107 147 0.08 | 129
lodine 129 1128 I.6x10°Y 0.00017  0.15  0.04 Xe 122
Xenon 13Im Xe [3im 12D 83,000 0.16 - Xe 13}
ledine 13] V131 8D 120,000 0.61 0.36  Xe 131
Cesium 134 Cs 134 2y 1,300 0.66 0.80 Bo I3
Cesium 135 Cs 135 2.3x!06Y 0.001 0.21 - Ba 135
Cesium 136 Cs 136 13D 74,000 0.3 0.82 Bol3
Cesium 137 Cs 137 3.1y B7 0.51 0.66 Bo 137
Boriumr 137m Bo 137m 2.5M S.SXIUB - 0.66 Bo {3Im
Barium 140 Bo 140 i2.8D 73,000 1.0 0.5 Lo 14D
Lonthonum 140 Lo 140 4DH 560,000 1.36 1.60  Ce 140
Cerium 141 Ce 141 3.D 28,000 0.44 0,15 Pr 14l
Praszodymium 143 Pr 143 13,6D 66,000 0.931 . Nd 143
Cerium 144 Ce J&b 284D 3,200. 0,32 0.03 Prlug
Praseodytnium 144 Pr (44  17.3W 7.55:!(|07 1.0 0.7[] Nd 144
Neodymium 1647 Nd (47 11D 8,000 0.80 051 Pm i
Promethium 147 Pm 147 2.6Y 40 0.23 0.2 Sm 147
Promethium (48m Pm 148m 41,3D 21,000 0.40  0.55 Sm 148
Promethiym (48 Pm 148 3.4D 160,000 2.48  0.55 Sm 148
Somarium (51 Sm IS 93y 25.5 0.076 0.022 Eu I51
Eurgpium 152 Ev 152 13y 180 0.7 0.12 Gd 152
Godolinium 153 Gd 153 2D 3,500 - 0.097 Tb 153
Eurapium 154 Eu 154 1Y 145 0.58  0.12 Gd I5
Europium (55 Euv 155 4.8y 480 0.16 0,00 Gd 155
Eurapium 156 Ev 156 15,20 160,000 0.49 0,00 Gd 15
Terbium 160 Tb %0 72.3D 11,000, 0.57 0.88 Dy l60
Godolinium 162 Gd 162 10M 1.2x108 L0 0.4 Tb 62
Terbium 162m Tb 162m 7.5M 1.5%10 .3 0.26 Tb 162
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TABLE C-E

CHARACTERISTICS OF THE ACTINIDES

AND THEIR DAUGHTER ELEMENTS
PRESENT IN SPENT FUEL FOR STORAGE

Mode
Mulide Symbol Hali-Life &fo
Thailium-208 Tws M B,y
Lead-212 Pb212 2, 3 B,y
Bismuth-2(2 Bi 212 OM B,y
Polonium-212 Po 212 455 o,y
Radon-220 Rn220 5 ay
Radium-224 Ro 22  3.D oy
Thoriurm-228 Th28 LIy ay
Thorium-231 ™ol BH By
Thorium»234 Th2 %D By
Protactinium-233 Po 233 21D B,y
Protactinium-234m  Pa 234m 1.17M Y
Protactinium-234 Pa 234 6.MH B,y
Uranium-232 U 23 2Y a,y
Uranium-233 U 2m Lexl0*Y  ay
Uranium-23% U 2% 26x10°Y gy
Uranium-235 U 23 1oxtoby oy
Uranium-236 U 23% 2.3600'Y  ayy
Uranium-238 2B GATRI0Y oy
Neptonium-27  Np 237 4txlobY oy
Neptunizm-239 Np 239 2.35D Byy
Plutonium-236 Py 236 2.85¢ oy
Plutanium-238 Pu 239 87.8Y ay
Piutonium-239 Pu23 2t oy
Plutanium-240 Pu2u0  6.56I0%Y oy
Plutonium- 24} Pu 244 I15Y a,B
Plutonium-242 Pu2i2  2.87x10°Y
Americium-241 Ar. 2%l 433y a,y
Americium-242M Am 242m  4l.mx Y
Americium-242 Am 242 16H B,y
Americiom-213  Am 243 T.30%Y oy
Curium-22 Cm 22 163D Oy
Curium-243 Cm 243 28Y a,y
Curium-244 Cm 4 17.9Y o,y
C-10

Specific
Activity,
Ci/gm
3¢ 108

%
1.5x10
1.2x10°
9.2x10°
1.6x10°
830
5.4x10°
2.3x10"
2.1x00"
6.7x108
2.1x10°
2
2.6x10
6.4x10
2.2x107¢
6.5x107°
1,3x10"7
3,7x107"
2.3x10°
53

1

0.6
0.23

»
3.8x10"
14
1.3x10"2
4.8¢10°
0.2
3.3x10°
53

8

-3
-3

MEV - Major
Mode of Decay
o By

1,795 2.6l

0.017 0.046

2,25 0,727

1.7 2.61
6.8 0.27
5.69 0,24
5.42 0.08
0.303 0.084
0.193 0.069

0.26  0.31

0.76

0.49  0.044

0.53 0.058
4.8 0.042
4.8 0.05
4.4 0.19
4.5 0.05
4,2 0.048
4.8 0.029
0.33 0,28

5.8 0.048
5.5 0.043
5.2 0.052
5.2 0.045
4.9 0.02 0.15
4.9 0.045
5.5 0.06
0.049

0.83 0,042
5.3 0.075
6.1 D.044
5.8 0.28
5.8 0.043

Primary

Dovghter
Pb-208
Bi-210
Po-212
Pb-208
Po-215
Rn-220
Ra-224
Pa-231
Pa-234
U-233
Pa-234
U-234
Th-228
Th-229
Th-230
Th-231
Th-232
Th-234
Pa-233
Pn-239
U-232
U-234
U-235
U-236
Am-241, U-237
U-238
Np-237
Am-242
Cm-242
Np-239
Pu-238
Pu-239
Pu-260
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TABLE C-9

CHARACTERISTICS OF RADIOACTIVE LIGHT ELEMENTS AND
MATERIALS CF -CONSTRUCTION PRESENT IN SPENT FUEL FOR STORAGE
(More Than 0.00) Ci/MTU After 180 Days Decay)

Mode ipecific hri"o; - %:ior b
Half- of ctivity e of ay rimary
Nuclide Symbol Life  Decay Cifgm ] v Daughter
Calcium-45 Ca-45 }6.3D 6y l.8x IOZ 0.257 0.012  Sc-45
Scandium-4¢ Sc-46  83.8D 8y 3.4xl04 0.357 0.B89 Ti-46
Chromium-5/ Cr-51 211D ey 9.2x|03 - 0.32  V.5§
Manganese - 54 Mn-54 312D e,y 7.7):]03 - 0.835 Cr-5
fron-55 Fe-55  2.7Y e 2.hxlDa 0.232 - Mn-55
Iron-59 Fe-53  44.6D 8,y S.leob 0.467 1.} Co-59
Cobalt-58 Co-58 71.3D By f/'.lxIO3 0.475 0.81 Fe-58
Colbalt-60 Co-60 5.27E By L.IxI0 0.318 .33 Ni-80
Nickel Ni-59  8I07Y e 0.% 1107 - Co-59
Nickel-63 Ni-63  100Y B 5.6 4 0.066 - Cu-63
Strontium-89 5r-89  50.5D By 2.9 Ioa L49  0.909 Y-8
Yitrium-91 Y-91 58.6D 5 By 2.4x10 1.55 1,205 Zn-91
Zirconium-93 Zr-93  9.5x10°Y By 0.004 0.063 0.03  Nb-93
Niobium-93m Nb-93m  12Y Y 320 4 - 0.03  Nb-93
Niobium-95 Nb-95  35. le B 3.9%x10 0.159 0.766 Mo-95
Molybderum-93  Mo-93 =3xI0 3’ &y 13 0.925 0.03  Nb-93
Technetium-99  Tc-99  2,1x10°Y B 0.0i8 L 0.292 - Rn-99
Tin-177m 5n-177m 14D Y 7.9xl03 - 0.i159 Sn-117
Tin-119m Sn-119m 245D Y 4.4x10 - 0.024 5m-!19
Tin-12im Sn-12Im 50Y By 59 3 0.35¢ 0.037 Sb-i2I
Tim-~123m Sn=123m 40M B,y 3.8xI04 .26 0.16 Sn-123
Antimony-124 Sh-124 60D fay | .7x|03 0.1 0,60 Te-124
Antimony-125 Sb-125  2.7Y By 1. lxth 0.30  0.428 Te-125
Tellurium-125m  Te-125m 58D Y .80 - 0.035 Te-125
o %
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APPENDIX D
ORIGEN CALCULATIONS
Power 35.00 MW/MTU
Bumup 33,000 MWD/MTU

%
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REACTOR SPENT FUEL POOL
AND FUEL HANDLING DESIGN/MATERIALS

The following sections are intended to provide ¢ summary of the in-plant physical
and chemical environment and methods of handling of most spent reactor fuel,

E.l SPENT FUEL POOL DESIGN”

The present-generation nuclear ‘power pl- 1ts were designed and constructed
during the late [950% and the 1960's. Reactor manufacturers maintained
organizational components that performed internal design reviews ond audits to
ensure the safety and reliability of the nuclear power plants being built. As o
part of the information provided to various utilities, a "Technical Description”
describing the plant design in detail was developed. For each proposed station
this information was reconstituted iato a second document called a "Preliminary
Safety Analysis Report” (PSAR) and ultimately into a "Final Safety Analysis
Report" {FSAR). These were submitted fo the Atomic Energy Commission (AEC)
for review and approval. There followed a permit to construct and later g
license to operate the plant. The PSAR and FSAR concentrated primarily on the
safety aspects of nuclear power p.ants and included analyses of the most severe
accidents pastulated. The design basis for fuel storage pools underwent g series
of judgments and evaluations starting with the designer, reviewed by the internal
safety committees, and finally reviewed by the AEC, the Advisory Committee on
Reactor Safeguards (ACRS), and the Afomic Safety and Licensing Board (ASLB)
in public hearings. From this design basis information and operating experience,
many standards and criteria have been developed for use by those who are
designing fuel storage pools today or who are providing for increased capacity in
fuel storage pocls in operating nuclear power plants.

Reactors of the current generation typically have storage space for about one
ond one-third cores. The spent fuel racks were not designed for spacing as close
as is possible. An equivalent of ane core's discharge capability is preferred to be

* Extracted from References | ond 9
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wnused and available for a complete maintenance or emergency discharge of the
operating core, termed full core reserve (FCR), Each reactor pool typically
stores only fuel used in its own reactor.,

E.l.l SPENT FUEL POOL CONFIGURATION AND STORAGE CAPACITY

The water-filled fuel storage pool has been chosen for storage of spent fuel
assemblies ot reoctor stotions primarily because of the convenience and
effectiveness provided, Water is used for shielding and cooling and as
transparent medium fo facilitate fuel handling operations.

The configuration of the fuel storage pools is essentially the some for all nuclear
po‘wer plants, The pools are rectongular in horizontal cross seciion and 39 to 40
feet deep. Fuel assemblies are placed in storage racks af the bottom of the pool.
The racks hold the fuel assemblies in a vertical position and maintain the spacing

en aseemblies. Insertion or removal of fuel assemblies is accomplished
» iically from above the racks. The 13,5 to 14,5 foot long fuel rods must
remain submerged during fuel removal from or insertion info the racks; thus, for
this reason alone, the water must be at least 28 to 30 feet deep. An additional §
fo 10 feet of water is required for shielding, This amount of shielding water is
needed for a high burnup fuel essembly just removed from the reactor, The total
depth of most pools thus must be about 40 feet. The direct radiation at the pool
surface from the fuel stored at the bottom of the pool is very low because the
water depth of about 25 feet is equivalent to abost 10 or || feet of concrete in
shielding value.

The pool is filled with pure, demineralized water (for BWRs), or demineralized
water to which borate (usudly in the form of boric acid) has been added (for
PWRs). The reason for the difference is that a PWR uses the "chemical shim”
neutron absorber (borate) in the primary system, and the fuel storage pool is also
borated in order fo match the primary system during refueling, The BWR does
not use the chemical shim in the primary system and therefore borate is not
added to BWR storage pools. The PWR pool is slightly acidic (pH of 5-6), and the
BWR pool is neutral (pH of 7). Both storage media effectively provide the three

TERA CORPORATION
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basic requirements of shielding, cooling, ond tronsporency for fuel hondling.
Design temperatures ore 120-i25°F maximum for normal operation aond 150°F
for abnormal operation. Experience 1o date shows pools are operating at 100°F
or less. Consequently, the fuel is stored in a low-femperature, low-corrosion
environment. The corrosiveness of the neufral to slightly acidic fivid is
acceptably low for the three major materials used--stainless steel, zircaloy, and
aluminum,

The pools are constructed of reinforced concrete with sufficient shickness fo
meet radigtion shielding ond structural requirements, E£ach pool is fined with
stainless steel plates (3/16" to 1/4" thick) welded together to ensure a leak~tight
system. The liners are provided with various leak detection systems. Skimmer
systems and filter-demineralizer systems are provided fo clean the pool water.
These cleanup systems are in addition fo the pool cooling system that removes
decay heat from the stored fuel.

BWR refueling systems are designed with the fuel storage pool on the reactor
operating floor. In most cases the operating floor is elevated in the reactor
building dbove ground level {about 30 to 95 feet), while the bottom of the pool is
50 to 55 feet above ground level. This feature necessitates some additional
requirements over those for pools located at ground level, Primarily, the pool
ond rack structure is designed for higher seismic loadings because of the
a:aplification factors that are caused by the movement of the building in a
seismic event, Also, the pool loadings require additional evaluations when the
ground support is not available. More recent BWR designs provide for ground-
level storage pools, When the BWR is shut down for refueling, the reactor is
cooled, opened, and filled with water fo the same level as the refueling pool. A
second pool adjocent to the reactor is used fo store internal reactor components
(dryer and separator). With this system a single refueling bridge and grapple is
vsed to corry out all refueling operations from removal of the spent fuel from
the reactor to its placernent in storage positions in the fuel storage pool.

E-3 &
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The PWR refueling system uses a ground-level fuel storage pool that is exterior
to the reactor building in the fuel or auxiliary building. When the reactor is shut
down for refueling, it is opened and the water level is raised to the refueling
jevel. Fuel is removed from the reactor by a fuel handling grapple system. Fuel
assemblies are passed horizontally through a fransfer tube into a fransfer canal.
In the canal, the fuel is again raised to a vertical position, picked up by a second
grapple system, and moved to the fuel storage pool where it is placed in a rack,

The storage pool ranges from 30 to 60 feet long and from 20 to 40 feet wide,
The storage area varies with the amount of fuel to be stored, which in turn
depends on the type ond size of reactor. In oddition, the pool must accommodate
the amount of non-fuel equipment to be stored in the pool and the number of fuel
handling operations to be carried out in the pool. Physically, the cross-sectional
areq of a fuel assembly for a BWR is smaller than for a PWR. Both assemblies
are about the same length, but the BWR assembly is about 5% inches square,
while the PWR assembly is 7% to 8% inches squore. The net result is that there
are more fuel assemblies in a BWR than in 0 PWR for the same size reactor.

Reactivity is greater in @ PWR assembly than in o BWR assembly. Because of
this, PWR fuel requires greater spacing (cssembly fo assembly) in the fuel
storage pool than is required for BWR fuel for the same criticality limits.
Separate storage space is not required in the PWR pools for control clusters or
for burnable neutron dbsorbers. These items are stored in the fuel assemblies
themselves; in BWR pools separate storage is required for control blades and
poison curtains plus fuel channels. Space is also needed in the BWR fuel storage
pool for equipment to remove or install fuel channels. Pool size is influenced as
well by the number of fuel assemblies that are discharged at each refueling. A
PWR discharges 1/3 of the core with each refueling and @ BWR discharges
approximately 1/ of the core. Table E-1 summarizes the number of fuel
assemblies that are stored for a range of reactor sizes and for the two reactor
types.

E-4
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TABLE E-|
FUEL ASSEMBLY STORAGE REQUIREMENTS
iN RELATION TO REACTOR SIZE AND TYPE

Number of Assemblies
Reactor Reactor  Fuel Discharged  Fuel Storage

Rated Power Type Core Size  per Refueling  Pool Capacity
500-600 MWe PWR 121 40 162
700-800 MWe PWR 157 52 210
1000-1100 MWe PWR 193 64 260
500-600 MWe BWR 484 90-120 740
700-800 MWe BWR 724 100-170 1160
1000- 1100 MWe BWR 764 150-150 1160

E-5 %
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El2 FUEL RACK DESIGN

BWR and PWR racks are designed differently. The BWR uses a rack design (see
Figure E-1) which is supplied by the reactor manufacturer. The outline
dimensions are 14.5 feet high by 5.5 feet long by 1.5 feet wide. Individual rack
positions have a é-inch-square opening to receive the 5.5-inch square fuel
assembly. The two rows of fuel assemblies are separated by a distance of 5.5
inches. Racks are supported at the base by four one-inch diameter swing bolts,
In high seismic areas, the racks are provided with cross-pool supports that reduce
the rack loading in the short dimension. The BWR pool also has special racks for
storage of control blades and fuel channels,

The PWR racks are generally provided by the architect-engineer (AE) or
purchased by the utility to specifications of the reactor manufacturer. This
arrangement allows a number of rack design variations, However, most racks are
made of stainless steel using preformed angles to form corners for supnort of the
fuel. A typical rack is shown in Figure E-2. The racks are normally 14 to 14,5
feet high and may have a one or two foot base, Most of the racks have a 20- to
2]-inch center-to-center spacing for the fuel assemblies in a square array, The
individual spaces in the rack are 8 to 9 inches square to receive fuel assemblies
7.5 to 8.5 inches square. Individua! racks may be square or rectangular in cross
section, with a maximum square dimension of about 8 feet. This dimension is
dictated by shipping considerations,

Racks are designed with various methods of support for seismic restraint. The
BWR uses swing Holts mounted to the floor of the pool with or without horizontal
restraints. The floor mountings are supported by anchors in the concrete. These
anchors are welded to the pool liner and are capable of taking the tension,
compression, and shear loads that result from a seismic event, Some PWR racks
are also mounfed fo the floor with anchors in the concrete. Other attachments
ued for wismic support in PWR pools incliwde rocks welded to pool floor
embedments, horizontal supports welded to pool wall embedments, spring-loaded
wall supports resting ogainst (not attached to) the wall, friction-loaded supports
with threaded adjustments that rest against the pool walls, and various

cs %
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combinafions of these methods of restraint. Where the loading is in tension
onchors are required. Where the loading is compressive it can be borne by the
pool liner as backed up by reinforced concrete. In case of pool modifications, it
is required that the original design loads of the anchers not be exceeded when
new racks are installed,

All racks are designed to ollow water to flow under them in order to ensure
adequate cooling of irradiated fuel, Sufficient space is provided underneath and
around the rack so that the natural circulation of the water is not restricted
under normal or abnormal circumstances, In this way, there is no significant
increase in fuel temperature whether or not the pool cooling system is operating.

All racks are designed to Seismic Category | requirements to ensure that they
remain functional during a seismic event, Specifically, the fuel is to remain
vertical and the spacing between assemblies is fo be maintained in order fo
provide a continued limitation on the neutron multiplication foctor (keff). The
rack is designed to maintain fuel spacing even when objects are dropped onto the
racks.

The dimensions and tolerances for the fuel storage spaces are so arronged that
fuel assemblies can be easily inserted and withdrawn, Manufacturing tolerances
usually allow for a maximum bow from top to bottom of the storage space of
about 1/8 inch. Tight tolerances are also maintained for twist and parallelism
within the storage spaces in order to facilitate fuel movement.

The materials used for construction of fuel storage racks (stainless steel and
aluminum) are compatible with the fuel storage medium (pure or borated water).
Consequently, very little maintenance is required. BWR racks are readily
removable, PWR racks are removable in some plants, but are welded in place at
others.

%
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E.2 FUEL HANDLING
E2. GENERAL

General Design Criterion 61, "Fuel Storage and Handling Criteria for Nuclear
Power Plants," of Appendix A to |0 CFR Part 50 requires that the spent fuel
storage and handling systems be designed fo ensure odequate safety under normal
and postulated accident conditions. The requirements to meet "adequate safety”
are given in NRC Regulatory Guide 1.26 which specifies failures of safety-
related systems shall not result in off-site dose to an individual greater than 0.5
rem. NRC Regulatory Guide 1.13, "Spent Fuel Storage Facility Design Basis,"
calls for certain design features to ensure compliance with Design Criterion 6l
of Appendix A to [0 CFR Part 50.

These features result in the requirements for a controlled leakoge system for the
fuel pool, with the design of the ventilation and filtration system based on an
inventory of radioactive materials available for leakoge from the building after
on accident, as given in NRC Regulatory Guide .25, "Assumptions Used for
Evaluating the Potential Rediclogical Consequences of a Fuel Haondling Accident
in the Fuel Handling and Storage Facility for Boiling and Pressurized Water
Reactors."

Since the fuel handling equipment handles only one fuel assembly at a time, the
maximum consequence of an accident is limited, A fuel qssembly has been
dropped at several reactor sites and no radioactivity increase was measured o,
or within, the site boundary.

Most fuel handling occidents consist of dropping the fuel assembly as o
consequence of improper fuel grapple finger engagement. [f the drop occurs over
the reactor core, the fuel in the core or the core grid plate may be damaged.
Accidents of this nature have occurred and no radicactive material was released.
Fuel assemblies can be damaged during removal from the core when the spacer
grid snogs an adjacent fuel assembly spacer grid and the grids are torn, This con
only occur in a PWR. There has been no radioactive material released as a result
of this type of accident.

E-10 %
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E.2.2 EQUIPMENT DESIGN

The major BWR fuel handling equipment and facilities are identified on Figures
E-3 and E-4. The equipment and facilities associated with PWR fuel handling are
shown in Figures E-5 through E-7. The main function of the equipment is to
move fuel into and out of the reactor and to store it in the fuel storage pool.
From the safety standpoint there are three main considerations:

e  Maintenance of shielding over the fuel
e  Prevention of fission product release

e Prevention of loss of water from the fuel storage pool

The equipment is «omewhat similar for both the BWR and the PWR in that
grapples and refueling bridges are used to move the fuel, The refueling operation
for the BWR is carried out in one building with a single refueling bridge, The
PWR requires transfer of fuel from the reactor building to the refueling or
auxiliary building. For this operation, two refueling bridges are required, one in
each building.

In order to maintain shielding, grapples are designed so that if equipment fails,
the fuel assemblies will come no closer to the water surface than eight or ten
feet, This limits the radiation level at the surface to less than the maximum 2.5
mR per hour allowed per ANSI N210. The equipment is designed so that the
minimum water depth over the fuel is mointained even if the hoist or grapple
mechanism is at the top of its travel.

The second requirement is related mainly to possible damage to fuel that is
drapped. To prevent the drapping of fuel, the grapples are positive latching
devices that cannot be released while the fuel is being transported, Electrical
interlocks are provided fo prevent fue! movement when the latch is not properly
engaged. Fuel has been dropped on occasion without serious damage to the fuel
or measurable off-site release of radicactivity. The experience has resulted in
improved grapple designs.

E-I1 &
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The third requirement is to ensure water supply for shielding the fuel and for
cooling. The potential for significant water loss is evaluated and the appropriate
design and procedural methods are used to prevent or mitigate the effects of
potential accidents. The main consideration is the shipping cask and its
movement, Provisions are made to limit damage from a cask drop or to provide
redundant crane features to prevent the cask drop.

E.2.3 BWR REFUELING OPERATION

The major facilities required for fuel handling at BWRs consist of the following
{all are in the reactor building, accessible from the refueling floor level, except

as noted):

e  Reactor refueling cavity

»  Spent fuel storage pool with storage racks

»  New fuel stor-3e vault with storage racks

»  Shipping cask ped area (located in pool)

e  New fuel inspection area

e  Fuel preparation area (located in pool)

»  Shipping cask decontamination area (located at ground

level)

The principal items of equipment required to perform a refueling cycle are as
follows:

e  Fuel preparation machine
o  New fuel inspection stand
o  Refueling platform

¢  Reactor building crane

e Jiberane

E-V7 %
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There also is a complement of other equipment fo facilitate the refueling
process, These items include slings, gropples, actuating poles, wrenches,
underwater lights, viewing aids, and an underwater TV system.

Before the start of a refueling operation, new fuel must be received and
inspected, It must also be prepared for final assembly into the reactor, This is
accomplished by first placing it in the new fuel racks in the pool. It is then
channeled and stored in the assembled new fuel rack in the pool where it is ready

for use.

To start refueling operations, the reactor is shut down and allowed to cool, both
thermally and rodioactively. During the cooldown period, the reactor shield
blocks and the drywell head are removed.

After cooldown, first the reactor vessel head insulation and then the vessel head
are removed. The water is raised to the refueling level, the pool gates are
removed, and the steam dryers and separator are placed in a pool provided for
them. At this time the fuel assemblies are free from equipment interferences
and are ready for removal from the reactor. The water has been adjusted to the
correct height and all refueling equipment has been aperationally tested.

To start the refueling sequence, the refueling platform is positioned over the fuel
assembly io be removed using predetermined coordinates read from position
indicators on the refueling platform. The fuel grapple is united with the spent
fuel assembly, then raised to a predetermined height to clear the reactor vessel
ond still leave sufficient water depth over the fuel assembly to eliminate any
radiation hazard to personnel.
/

The refueling platform then moves the spent fuel assembly through the refueling
canal to the spent fuel storage pool. The spent fuel is positioned over a
designated vacant cavity in the spent fuel storage rack, lowered into the rack,
and the fuel grapple is disengaged.

E-18
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To install new fuel, the processes are carried out in reverse order. The reactor is
then returned to an operating condition, thus completing the refueling cycle.

Reuscble fuel channels are removed from the fuel prior fo off-site shipment. A
section of the fuel storage pool is designated as a work area during refueling.
The equipment in the work area is used for dechanneling the spent fuel and
installing channels (new or used) on the new fuel.

The equipment used for preparing new and spent fuel includes a monorail jib hoist
with trolley, grapple poles, hand-actuated grapples, portable underwater lights,
underwater work table, and a chonnel handling boom located between the two
fued preparation machines.

To ship spent fuel off-site, spent fuel assemblies are loaded into a specially
designed, shielded, and cooled shipping cask. To load spent fuel, the reactor
building crane is used to fower the shipping cask into the fuel pool and set it on
the cask pad area in a vertical position, The cask closure is then removed.
Through use of the refueling platform, the spent fuel assemblies are placed in the
shipping cask, The cask closure is then reinstalled and sealed. The reactor
building crane is used to move the cask from the pool to the shipping cask
decontamination area. The cask is washed down to remove any confamination
that may have been picked up in the pool. The cask is then loaded onto rail or
truck transportation for shipment off the site.

E.2.4 PWR REFUELING OPERATION

The PWR refueling operation is fundamentally the same as that for the BWR
except for the transfer between the reactor and refueling, or auxiliary, building.
For this operation the fuel is ploced in a container located on the tronsfer
carrioge, lowered to a horizontal pesition, driven through the fuel transfer tube
to the transfer canal by an air motor, and raised to a vertical position for
transfer to the fuel storage pool,

E-19 %
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There are anly two basic differences between PWR and BWR refueling
procedures: (1) the removal of control clusters from PWR fuel prior fo the
transfer tube operation, and (2) the stripping of fue! channels from BWR fuel

assemblies.
E3 FUEL POOL MATERIALS"
E3l  FUEL POOL WATER CHEMISTRIES

Table E-2 compares water chemistries for fuel storage pools at five
representative sites. Tables E-3 and E-4 compare water chemistry specifications
tor several pools. Pool chemistries are similar for pools at BWRs, independent
spent fuel storage installations (ISFSls), and most research and development
facilities, The chemistties comprise oxygen-saturated deionized water, Some
attempts have been made to reduce oxygen concentrations with hydrazine,
without success due to the low reaction rates at pool temperatures except in
radiation fields near the fuel bundles. However, hydrazine is added to some pools
to convert jodine fo water-soluble species, thereby reducing the con.~ntration of
airborne indine, The pH ranges of the deionized water basins are slight - acid to
mildly basic (6.0 to 8.5). Some pools allow pH to reach the natural equilibrium
with CO2 {~5.8); at least one pool (NFS) used caustic additions to control pH in
the range of 4 to 8. )

Major deviations from the water chemistry-cifed above occur at PWR pools.
Boric acid is used as a chemical shim and lithium hydroxide as a pH control agent
in PWR primary coolants, Boric ocid also is added o PWR spent fue! storage
pools. The PWR primary coolant and poo] water mix during fuel discharges and
refueling, so it is easier to maintain balanced chemistries if both systems have
similar compositions. Boric acid has similar concentrations in PWR poo! and
primary systems; lithium frequently is added to the primary system, but not to
the pool water. The pHs of PWR pools are in the acidic renge (4.5 o 5.5), even
through some PWR pool specifications permit basic pool chemistries (Table E-3),

) Extrocted from Reference 4.
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TABLE E-2
CHARACTERISTICS OF U.S. FUEL STORAGE POQLS

viater Volume, gt
Pgol Dimensions:

length, tt

widhh, #1

depth - fuel transter. ft

{ue! svorage, Ht

Woter Flow Rate to Heat gxmmgm. gn
Pool Terperature Ronge, C

Worer Thermust-e
pH ronge
Crim~
Conduchivity, mmho ¢
Boron, pom
Lithivn, pom
Heovy Metols (Fe, Cu, Mg, Nil ppm

- adroae tivity Control - Pool Water
Dissolver
Scrhicuigte

33 Starage Moter.z't
Sramaier
Consters
Storzae Soc«t
Poot Structute

Poc e
Poo S.03n:
=ec’ Sxchonget

00! Storoge Copocity
Metric Tons
Eauivalent BWR Assemblies
Equivolent PWR Assemblies
Current Inventory, Metric Tons
First Fuel S1oroge

Fuel Storage Rack Spacings
Qriginal, inches
Staintess Sreel, inches
Stainless Steel & Boron, inches

h’ﬂu ot begun to receive fuel,

b gxirmam during refuelling.
na, » not gnalyzed

Theee-Mile
{0 Dresden Islond
AGNS GE Mertis NFS BWR PR
xiftopoolst 675,000 o kw10t 260000
(3 poots}
75 20
-} 0
“ &
)] -] R X
2,000 750 2400 00 x 2 pet pool
(o) 2535 norm Fafxrd 2.3 marm
&) max Al max
&8 -9 (5.8 mean) =] £5-8.5 5255
0.02 (nerm) <01 ]
~l LY 0.5-1 8.15.8.50
-l 2,120-2,140
low {n.a,)
€0.) ne.
(100 m) lan Exchange
Exchong fn ion Exchang Pracoor  lon Exchonge
Etched Disk Precoot Filter  Digtom Eorth Filter Cert. &
Filter 250 pm 500 gm Precoc®
300 gom
5x 108 imed® & x 10 oml B x 1074 thorem 1S
z.s:o": b 1_;;.3‘.
06 x 1" 25077
04 55 85 5 Ce-plated stee. 33
5083 Al S5 Al Al & 5¢
6061 &l 85 Al A &8¢
Corerete Concreis Concrete Concrete Concrete
04 55 5 Point & 55 5 13
Corcrete Concrete Stee! Concrete Concrere
3o 55 Finnec S5 8t
30 750 80
3,75 kYL
1,560 ~ 0
0 225 (Mor. 1, 1977) 162
1972 1965 1960 19%c
Thwee-Mile
(o i Dresden Islond
AGNS GE Morris NFS BWR PWR
20 10,0 2.0
13 13.0
6.5 10,5
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TABLE E-3
SPENT FUEL POOL WATER QUALITY SPECIFICATIONS®

PWR
Transient
Normal __Limits

pH (77°F) 45 - 6.0® -
Conductivity @5°C

{ umhofem) j-30 -
Chloride ion

{ppm, max) 0.15 15
Fluoride ion

{(ppm, max) 0.1 1.5
Oxygen Saturated Saturated
Total suspended
solids (ppm, max) 1.0 -
Temperature (°C) 50 100
Boric acid® 0- 2,000 -

{os ppm-B) 1,950 ~ 2,250
Activity level 0.05

(+Ci/ml) varies with

tech spec.

Solid filtration -

{microns) 1-5

(a)
(b)

{c)

May vary somewhat from pool to pool.

Some fuel pool pH range specifications are 4.5 - 8.0; a few pools have a
range of 4.0 - 10.6.

Some PWR fuel pool specifications also indicate a lithium concentration
range of 0.2 - 2.0 ppm, corresponding to values for PWR primary systems.
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TABLEE-4
FUEL POOL WATER CHEMISTRY SPECIFICATIONS

Bruce Station
BWR Ontario Hydro GE-Morris

Action Unacceptable
Optimum Limits Range

Conductivity,
wmhofcm, 25°C <3¢ 2 5 10 -

Chloride (as CI°),
pom €05 <03 <05 > | {0

pH 53725  55-80 <5<8  <4,<9 4.5-9.0

Heavy Elements,
ppm <0.l - - - -

Total Insolubles,
ppm < - - - -

RCIdIOQCTWIT)’ (O)
¥Cifml, max 0.02

@ Transient limit, 0.1 ¥ Cifml

* < 1.5 af some pools
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@ The boric ocid presents some problems regarding water purity control by ion
exchonge, Cleanup trains consisting of filters and boron-loaded jon exchange
- resins ore used of PWR pools.

Particulaie and dissolved impurities are controlled by combinations of fon
exchonge and filters, Filter types are indicated in Table E-2, Skimmers remove
materials which float on the water surface to maintain visual clarity and reduce
radioactivity,

Table E-& provides water chemistry specifications for U, 5. BWR, Bruce
{Canadian), and GE-Morris pools, all using deionized water.

The usual sampling frequencies for pool water chemistry are weekly or twice per
week. Conductivity, chloride, and pH are the analyses commonly performed.
Boron and sometimes lithium are analyzed for PWR pools. Analyses seldom
include heavy metals, When analyzed, heavy metal concentrations were low
{<0.1 ppm).

E3.2 FUEL POOL AND FUEL ROD TEMPERATURES

Heat generated in spent fuel by radicactive decay is dissipated in the fuel peols,
elevating the water temperatures. The decay heat at three days affer discharge
is about 0.3 percent of the full power heat release. Affer five years the value is
only 0,06 percent of the full power value,

Reactor ool specifications generally call for fuel pool temperatures of < [20°F
(40°C) with full heat exchange capacity; < 150°F (66°C) with one heat exchanger
and aged fuel ond 212°F (100°C) with freshly discharged fuel and loss of heat
exchange capacity. However, there are no reports that pool temperatures have
approached 100°C.
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E3.3 FUEL POOL MATERIALS

The fuel pool materials identified in the survey are summarized in Table E-5.
After irradiotion, the fuel bundles are contacted with steel grapples, used to
remove them from the reactor core. The bundles are transferred to stainless
steel viewing trays where they are inspected, then transferred to storage
canisters, Conisters are constructed of alloy 304 stainless steel pipes with a
solid steel plute/ivelded‘ across the bottom, The pipes are welded together into
modules of either nine 8-inch schedule 10 pipes for BWR bundle storage or four
12-inch schedule 5 pipes for PWR bundle storage. The modules have locking
devices which fix them to stainless steel racks mounted to the bottom of the
pool. Both modules fit the same rack position, During pool residence, the only
materials likely to contact the stored fuel would be the stainless steel canisters
and trace impurities transported in the water. There is natural convective
circulation through canisters.

E.3.4 FUEL BUNDLE MATERIALS

The range of materials interactions betwsen the fue! bundle and materials in the
storage pool are pofentially important fo define possible degradation
mechanisms. Equally important is the range of materials interactions within the
fuel bundle. Table 3-1 in the main report summarijzes the range of materials in
stainless- and zircaloy-clad fue! bundles.

E3.5 RADIOCHEMICAL CHARACTERIZATION OF FUEL POOL WATERS

The radicactive species in fuel pool waters are monitored periodically (normally
once or twice per week) for beta and gamma activity, ond some analyses are
made for alpha activity. Rates of radioactivity buildup on filters and ion
exchange resins also are monitored. Monitors for girborne radioactivity operate
contiruously above the pools.
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TABLE E-5

SUMMARY OF MATERIALS IN FUEL POOLS

Companent Sub-Components Materiql(u) Alloy
Wall - Reinforced Concrete -
Pool Liner: - Stainless Steel 304
Epoxy, Fiberglass
Heat Exchanger® - Stainless Steel  304/316
Filter: Vessel Stainless Steel 304L
Filter Elements: Stainless Steel 3040
Diatomaceous Earth,
Fiber
Recirculating Pumps: Casing, Shaft Stainless Steel 316
Impeller Bronze
Demin Water Return Pump Casing, Impeller, Shaft Stainless Stee! 36
Deionization Unit Tank Stainless Steel 304L
Cask Head Support Racks - Stainless Stee! 304L ‘
Gates and Guides - Stainless Steel 304L
Canister Storage Racks: Racks: Stainless Steel 304L
Aluminum 6061-Té6
Embedded Supports Stainless Steel 304L
Fuel Storage Cmisters:(C) - Stainfess Steel 304L
Alumirum  5083/5086/6063
Leaker Can Support Racks: - Stainless Steel -
Carbon Steel,
Epoxy-Coated -
Control Rod Cluster - Stainless Steel -
Storage Racks
Portable Offgas Hoods: - Stainless Steel -
Aluminum
Cask Handling Crane Cable & Grapple Stainless Stee! -
£-26
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TABLE E-5
(CONT.)

Component Sub-Components Muterial(q) Alloy
Canister Crane Cable & Grapple Stainless Steel -
Fuel Transfer Conveyer - Stainless Steel 304L
Insulators - Tygon, Neoprene
Cask Impact Pad: Cladding Stainless Steel

Pad {not exposed to HZO) Carbon Steel

(3-1/2-in, thick)
Honeycomb (not exposed  Aluminum
to HZO)
() Types identified in survey; other types may be used in some pools.
(b) Carban steel tubes were originally installed in heat exchangers at one pool; severe
rusting caused a visibility problem in the pool water, resulting in retubing with

o stainless steel. Copper alloy tubes are used at one R&D fecililty pool.
c

Some canister walls contain boron-impregnated aluminum for reactivity control, clad

with stainless stee!l or aluminum.
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The sources of radioactivity in pool waters are activation products and fission
products. The sources of the activation products are crud deposits and corrosion
films on the fuel bundle surfaces, The fission products arise from bundles with
rods which failed in-reactor or from intact bundles which adsorbed circulating
fission products. The principal activation praducis released fo pool waters, their
half lives and source reactions are given in Table E-6. The principal fission
products in pool waters appear in Table E-7. Cesium, tritium, cerium, strontium
and the iodines from the spent fuel are the principal fission products in reactor
pools. For aged fuel, the most significant isotopes from th2 standpoint of pool
woste management are: Cs-137, H-3, Co-60, Sr-90, and Ce-144 Pr,

There are substantial differences in the inventories of radicactive species at
reactor pools and at other pool facilities. During fuel discharges, reactor pool
contamination levels rise from a combination of dissolved and particulate species
in the reactor primary coolant, which mixes with pool water, and from species
released from fuel bundle surfaces, Short-iived species such as jodine isotopes
dappear in reactor pools, but rarely at other pools. Tritium also is substantially
higher in reactor pools. Loose crud is released from the fuel bundle surfaces
during handling in the reactor pool. Radiation levels at reactor pools often rise
to NlO"2 vCifmi during discharges, but can be controlled at 103 10 107
1 Cifml after fuel discharges are completed, Radiation levels at reprocessing
plant and R&D facility pools rise corresponding to receipt of fuel shipments, but
are controlled at levels between IO'3 and IO'A 1.Ci/ml most of the time.
Filtration and ion exchange are the principal methods for controlling radio-
activity.

E-28 &

TERA CORPORATION



] rlh-.-.- * ‘-“.l H __;_1

TABLE E-6

PRINCIPAL ACTIVATION PRODUCTS RELEASED FROM FUEL BUNDLES
DURING POOL STOR *GE

Nuclide Half-Life Production Reaction
Co-60 33y Co-59 (ny)
Co-58 724 Ni-58 {n-p)
Cr-51 8d Cr-50 {n-y)
Fe-59 45d Fe-58 (n-y)
Mn-54 310d Fe-54 (n-p)
Zn-65 43d -6l (n-y)
Ni-65* 25d Ni-64 (n-y)
W-|g7* 2 h W-186 (ny)

*
Only significant at reactor pools.
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TABLE E-7
PRINCIPAL FISSION PRODUCTS RELEASED
TO FUEL POOL WATERS

Isotope Half-Life
1131 8.05 d
Cs-134 21y
Cs-137 Ny
H-3 12.3y
5-90 B8y
Ce-144 285 d
Ru-106 Rh-106 10y-22hr
Zr-95 Nh-95 65d-35d
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ASSUMPTIONS USED FOR EVALUATING THE
POTENTIAL RADIOLOGICAL CONSEQUENCES OF A FUEL HANDLING
ACCIDENT IN THE FUEL HANDLING AND STORAGE FACILITY
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SAFETY GUIDE 25

ASSUMPTIONS USED FOR EVALUATING THE
POTENTIAL RADIOLOGICAL CONSEQUENCES OF A FUEL HANDLING
ACCIDENT IN THE FUEL HANDLING AND STORAGE FACILITY
FOR BOILING AND PRESSURIZED WATER REACTORS

A. Introduction

Section 50.3¢ of 10 CFR Part 50,
“Contents of Applications: Technical
Information,” requires that each applicant for a
construction permit or operating license provide
an analysis and evaluation of the design and
performance of structures, systems, and
coiponents of the facility with the objective of
assessing the risk to public health and safety
resulting from operation of the facility. A fuel
bandling accident in the fuel handling and
storage facility resulting in damage to fuel
cladding and subsequent release of radioactive
material is one of the postulated accidents used
to evaluate the adequacy of these structures.
systems, and components with respect to the
public health and safety. This safety guide gives
acceptable assumptions that may be used in
evaluating the radiological consequences of this
accident for boiling and pressurized  water
reactors.

B. Discussion

A fuel handling accident during refueling
operations could release a fraction of the fission
product inventory in a nuclear power plant to
the enviroament. An illustrative accident
sequent  consists of the dropping of a fuel
assembl, vesulting in breaching of the fuel rod
cladding, release of a portion of the volatile
fission gases from the damaged fuel rods.
absorption of water soluble gases in and
transport of soluble and insoluble gases through
the water, air filtration (if provided) prior to
release into the environment. and dispersion of
the released fission products into the
atmosphere.

The number and exposure histories of fuel
assemblies assumed to be damaged determine
the total amount of radioactive material
available for immediate release into the water

F-1

during a fuel handling accident. Although the
design of the fuel, the fuel transfer equipment,
the fuel pool. and the methads used to handle
discharged fuel should all he considered in
arriving at the number of fuel assembiies or rods
assumed to be dumaged. this guide rather than
being addressed to this determination s
addressed to the determination of the
radiologica! consequences of a hundling accident
once an asumption as to the number of
assemblics or rods damaged has been made.

A conservative approach to determining the
quantity of radiouctive material available for
release from a fuel assembly is to assume that
the assembly with the peak inventory is the one
damaged. The inventory for the peak assembly
represents an upper limit value and is not
expected to be exceeded. The inventory should
be calculated assuming maximum full power
operation at the end of core life immediately
preceding shutdown and such calculation should
include an appropriate radial peaking factor.

Only that fraction of the fission products
which migrates from the fuel matrix to the gap
and plenum regions during normal operation
would be available for immediate release into
the water in the event of clad damage.
(Migration of fission products is 4 function of
several variables including operating
temperature, burnup, and isotopic half life taken
into consideration in establishing the release
fractions listed in this guide.) As compared to
the quantity immediately released, the quantity
of radioactive material released subsequent to
the immediate release is considered for the
purposes of this guide to be negligible.

The assumptions set forth in this guide are
based on engineering judgment and results from
safety research programs conducted by the AEC
and the nuclear industry and are believed to be
appropriately conservative. In some cases
unusual sitc characteristics, plant design
features, or other factors may require different
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assumptions which will be considered on an
individual case basis. Major changes in fuel
composition or managemen! may also require
alterations of these assumptions.

C. Regulatory Position

1. The assumptions' related to the release
of radioactive material from the fuel
and fuel storage facility as a result of a
fuel handling accident are:

a. The accident occurs at a time after
shutdown identified in the
technical specifications as the
carliest time fuel handling
operations may begin. Radioactive
decay of the fission product
inventory during the interval
between shutdown and
commencement of fuel handling

operations is taken into
consideration.
b. The maximum fuel rod

pressurization? is 1200 psig.

¢. The minimum water depth?
between the top of the damaged
fuel rods and the fuel pool surface
is 23 feet.

d. All of the gap activity in the
damaged rods is released and
consists of 10% of the total noble
gases other than Kr-85, 30% of the
Kr-85, and 10% of the total
radioactive iodine in the rods at
the time of the accident. For the
purpose of sizing filters for the fuel
handling accident addressed in this
guide, 30% of the I-127 and I-12%
inventory is assumed to be released
from the damaged rods.

' The assumptions given are valid only for oxide
fuels of the types currently in use and in cases where the
following conditions are not exceeded:

a. Peak linear power density of 20.5 kW/ft for the
highest power assembly discharged.

b. Maximum centerline operating fuel temperature
less than 4500°F for this assembly.

c. Average burnup for the peak assembly of 25,000

MWD/ton or less (this corresponds to a peak local

burnup of about 45,000 MWD/ton).

3For release pressures greater than 1200 psig and
water depths less than 23 feet, the iodine
decontamination factors will be Jess than those assumed
in this guide and must be calculated on an individual
¢ase basis using assumptions comparable in conservatism
10 those of this guide.

¢, The values assumed Sor individual
fission produci wventories are
calculated assuming full power
operation at the end of core life
immediately preceding shutdown
and such calculation should
include an appropriate radial
peaking factor. The minimum
acceptable radial peaking factors
are 1.5 for BWR’s and .65 for
PWR’s. :

f. The iodine gap inventory is
composed of inorganic species
(99.75%) and organic species
(.25%).

g The pool decontamination factors
for the inorganic and organic
species are 133 and 1. respectively.
giving an overall effective
decontamination factor of 100
(ie., 997 of the total jodine
released from the damaged rods is
retained by the pool water), This
difference in decontamination
factors for inorganic and organic
iodine species results in the iodine
above the fuel pool being
composed of 75% inorganic and
25% organic species.

h. The retention of noble gases in the
pool is negligible (i.e..
decontamination factor of 1),

i The radioactive material that
escapes from the pool to the
building is released from the
building® over a two hour time
period.

j. If it can be shown that the building
atmosphere is exhausted through
adsorbers designed to remove
iodine, the removal efficiency is
90% for inorganic species and 70%
for organic species.®

k. The effluent from the filter system
passes directly to the emetgency
exhaust system without mixing® in
The effectiveness of features provided to reduce

the amount of radioactive material available for release

to the environment will be evaluated on an individual
case basis.

“These efficiencies are based upon a 2+inch charcos
bed depth with % second residence time, Efficiencies
may be different for other systems and must be
calculated on an individual case basis.

5 Credit for mixing will be allowed in some cases;
the smount of credit will be evaluated on an individual
case basis.
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the surrounding building
atmosphere and is then released (as
an  elevated plume for those
facilities with stacks®).
2. The assumptions for atmospheric
diffusion are:
a.  Ground Leve) Releases
(1) The basic equation for
atmospheric diffusion from a
ground level point source is:
¥/Q=l

IUUyUz

Where:

X = the short term average
centerline value of the
ground level
concentration (curies/m?)

Q = amount of material
released (curies/sec)

u = windspeed (meters/sec)

g, = the horizontal standard
deviation of the plume
(meters) [See Figure V-1,
Page 48, Nuclear Safety,
June 1961, Volume 2,
Number 4, “Use of
Routine Meteorological
Observations for
Estimating  Atmospheric
Dispersion,” F. A.
Gifford, Jr.)

0, = the vettical standard
deviation of the plume
(meters) [See Figure V-2,
Page 48, Nuclear Safety,
June 1961, Volume 2,
Number 4, “Use of
Routine Meteorological
Observations for
Estimating Atmospheric
Dispersion,” F. A.
Gifford, Jr.)

$Credit for an clevated release will be given only if
the point of refease is (a) more than two and one-half
times the height of any structure close enough to affect
the dispersion of the plume or (b) located far enough
frow any structure which tould affect the dispersion of
the plume. For those plants without stacks the
atmospheric diffusion factors assuming ground level
reiease given in regulatory position 2.b. should be wsed.

F-3
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(2) For ground level releases,
atmospheric diffusion factors?
used in  evaluating the
radiological consequences of
the accident addressed in this
guide are based on the
following assumptions:
(3) windspeed of | meterfsec:
(b) uniform wind direction;
(c) Pasquill diffusion
category F.
Figure 1 is a plot of
atmospheric diffusion factors
(x/Q) versus distance derived
by use of the equation for a
ground level release given in
regulatory position 2.a.(l)
above under the
meteorological conditions
given in regulatory position
2.2(2) above.
Atmospheric diffusion factors
for ground level releases may
be reduced by a factor ranging
from ont to a maximum of
three (see Figure 2) for
additional dispersion produced
by the turbulent wake of the
reactor building. The
volumetric building wake
correction as defined in
Subdivision 3-3,5.2 of
Meteorology and Atomic
Energy—1565, is used with a
shape factor of ‘A and the
minimum cross-sectional area
of the reactor building only.
b. Elevated Releases
(1) The basic equation for
atmospheric diffusion from an
elevated release is:
Q=e'h2 (20,7
0,0,
Where:

&

—

(4

—

x = the short term average
centerline value of the
ground level

— concentration (curies/m®)
"These diffusion factors showld be used untd
adequate site metearological data are obtainzd, In some
cases, available information on such site conditions as
meteorology, topography and geographical location may
dictate the use of more restrictive parameterss to insure a
conservative estimate of potential offsite exposures.
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Q = amount of material
released (curies/sec)

u = windspeed (meters/sec)

oy = the horizontal standard

deviation of the plume
(meters [See Figure V-1,
Page 48, Nuclear Safety.
June 1961. Volume 2,
Number 4, “Use of
Routine Meteorological
Observations for
Estimating  Atmospheric
Dispersion,” F. A.
Gifford, Jr.}

o, = the vertical standard
deviation ‘of the plume
(meters) [See Figure V-2,
Page 48, Nuclear Safety.
June 1961, Volume 2,
Number 4, “Use of
Routine Meteorological
Observations for
Estimating  Atmospheric
Dispersion.” F. A.
Gifford. Jr.}

h = effective height of release
(meters)

() For elevated releases,
atmospheric diffusion factors’
used in evaluating the
radiological consequences of
the accident addressed in this
guide are based on the
following assumptions:

(a) windspeed of 1 meter/sec:

(b) uniform wind direction;

{c) envelope of Pasquill
diffusion categories for
various release heights:

(d) a fumigation condition
exists at the time of the
accident

Far sites located more than ) miles from large
budies of water such as oceans or one of the Greal
Lukes, & fumigation condition is assumed to exist at the
time of the accident and continue for one-half hour. For
sites bocated tess than 2 miles from large bodies of water
a fumigation condition is assumed 10 =xist at the time of
the acvident and continue for the duration of the release
2 hours).

F-4

3. The
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) Figure 3 is a piot of
atmospheric diffusion factors
versus distance for an elevated
release assuming no
fumigation, and Figure 4 1s for
an elevated release with
fumigation.

Elevated releases ure
considered 10 be at a heigh
equal to no more thun the
actual stack height, Certun
site conditions may exist, such
as surrounding eievated
topography or nearby
structures. which will have the
eftect of reducing the effective
stack height. The degree of
stack height reduction will be
evaluated on an individual case
basis.

following assumptions 2nd

py

equations may be used to obtiin
conservative approximations of thyroid
dose from the inhalation of radioiodine
and external whole body does from
radioactive clouds:

The assumptions relative to
inhalation thyroid dose
approximations are:

(1) The receptor is located at a

a.

point on or bevond the site
boundary where the maximum
ground Jevel concentration is
expected to occur.

{2) No correction is made for

depletion of the effluent
plume of radioiodine due to
deposition on the ground. or
for the radiological decay of
radioiodine in transit.

(3) Inhalation thyroid doses may

be approximated by use of the
following equation:
FglFPBR(x/Q)

D = e
(DFP)(DFf)

Where:

D = thyroid dose (rads)

l’-‘g = fraction of fuel rod
indine inventory in fuel
rod void space (0.1}

I = core iodine inventory at
time of accident {curies)

R i b e e
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F = fruction of core damaged b. The assumprions reiative to

- : 80 as to releuse void space external wnole body dose
iodine approximations are:

(1) The receptor is located at a

P = fuel peaking factor

B = breathing rate = 3.47 x
10* cubic meters per
sccond (i.e.. 10 cubic

for filters (if present)

x/Q = atmospheric diffusion
{actor at receptor location
tsec/m')

R = adult thyroid dose
vonversion factor for the
iodine isotope of interest
(rads per curie). Dose
conversion faciors for
lodine 131-135 are listed
in Table [.° These values
were derived from
“*standard mgan"
parameters recommended
in ICRP Publication 2.'¢

TABLE|

point on or beyond the site
boundary where the maximum
ground level conceniration is
expected to occur.

/ meters per 8 hour work (2) External whole body doses are
\ day as recommended by calculated using ‘“Infinite
: the ICRP) Cloud” assumptions, i.e.. the
= fo dimensions of the cloud are
Do o

for poo) wat to the distances that the

poo) water

7 L gamma rays and beta particles
: DF; = effective iodine travel. The dose a1 any
decontamination factor. distance from the reactor i

calculated based on the
maximum ground level
concentration at that distance.

For an infinite uniform cloud
containing ¥ curies of beta
radioactivity per cubic meter.
the beta dose rate in air at the
cloud center is:"!

ﬁD L =0457 Eﬁx
Where:

D = beta dose rate from an
infinite cloud (rad/sec)

EB = average beta epergy per
disintegration (Mev/dis)

X = concentration of beta or

gamma emifting isotope

Adult Inhalation Thyroid

Doss Conversion Fagtors in the cloud (curie/m®)

Because of the limited range

fodine Conversion Factor {R) of beta particles in tissue. the

lsotope (Rads/curie inhaled) surface body dose rate from
beta emitters in the infinite

m’ 148x '0: cloud can be approximated as

:: ! 235 X :8’ being one-half this amount or:

kk 0 x . -
134 25 % 10° g0 .= 03 Egx
13§ 1.24x 10* For gamma emitting material

the dose rate in tissue at the
cloud center is:

4D . =0507E.X
Where:

*Dose conversion factots taken from “Caleulation
of Distance Fuctors for Power and Test Reactor Sites.”
TID-14844, J. ). DiNunno. R. E. Baker, F. D, Anderson.
und R. L. Waterfield (1962).

"ORecommendmions of the Internationad
Commission oq Radiological Protection. “Report of
Commitiee 1§ on Permissible Dose for Internal Radiation
11959)," ICRP Poblication 2, (New York: Permugon
Press, 1960),

4D = gamma dose rate from
an infinite cloud (rad/se¢)

H Meteorology and Atomic Energy— 1968, Chapter 7.

F-5
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Ey = average gamma energy
per disintegration
{Mev/dis}

However, because of the
presence of the ground, the
receptor is assumed to be
exposed to only one-half of
the cloud (semiinfinite) and
the equation becomes:

0 ‘=025 E,'x

Thus, the total beta or gamma
dose to an individual located
at the center of the cloud path
may be approximated as:

gD =03 Eghor
JD=028E ¥ ,
Where  is the concentraticn

time irtegral for the cloud
(curie sec/m® ).

(3) The beta and gamma energies

emitted per disintegration, as
gven in Table of Isotopes,'*
are averaged and used
according to the methods
described in ICRP Publication
2

Y20 M. Lederer, J. M. Hollander. and 1. Perlman.
Toble of Isotopes, Sixth Edition (New York: John Wiley
and Sons, Inc. 1967).
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UNITED STATEE NUCLEAR REGULATORY COMMISSION

RULES and REGULATIONS

TITLE W, CHAPTER 1, CODE OF PEDERAL REGULATIONS -ENERGY

PART
20

GENERAL PRUVISIUNS

Purpose.

Scope.
)cfn’:ilkm.

Units of radiation dose.
Units of mdioactivity.
20.6 " Interpretstions,
Communications.

PERMISSIBLE DOSFS, LEVFLS, AND
CONCENTRATIQNS

2000 Exposure of individuak to radia-

Gon n restricted areas.
20102 Determination of accuinulsted
2010}

st
Exposure of individusls to concen-
tratians of radivactive materig! in
restricicd sreas.
Exposuse of minun, X
Permissibie levels of radiation in
unrepiricted aress.
Radivactivity in effluents 1o unre.
stricied Areas.
Medical diagnusis and therapy,
Qrders requiring furnishing of biv-
Misy setvices.

PRECAUTIONARY PROCEDURES

20,200 Surveys.

30,202 Personnel monitoring.

20,203  Coution signs, labels, signals, and
cuntrols.

Same: exeeptions,

Procedwres for picking wp, teceiv.
ing, and opening puckages.

fasttuction of personnel.

Stotage and control of licensed

mafotishs i unrestricted sress.
WASTE DISPOSAL

20.30)
20.302

10.303

20.304
20.305

20.04
20.105

20.106

20107
20.108

{ieneral tequicement.

Method for oblaining sppiowsl of
propossd disposal procedures.

Disposal by reledse into sanitary
xwerage sysiems,

Disposal by burial in s

Trestment or disposal by incinws-
tion,

AECORDS, REFORTS, AND NOTIFICATION

20400 Records of surveys, radistion mon.
Horing. and dispossl.

20,402 Reports o) thett of boss of Neemed
materis!,

30403 Notifications of incidents.

0.404 | Reserved

10405 ports of overexposvres and vx-

20408 cemive levels and cuncemtrations.

10.407 wnm.l exposure and moniloting
repurts.

20408 Repuris 0 persnael expoinre on
termination of smployment or
wurk.

10409

Notifications snd reports to indi-
vidumls.

EXCEPTIONS AND ADDITION AL REQUIRE.
MENTS

Applicatinps for exemptions.

20.50!
Additional requirements.

10.502
ENFORCEMENT
20.601  Violations

Appendix A-[Resetved]

Appendix B-Concentrations in awr and water
above natursl background.

Appendix C.

Appendix D-United States Nucksr Reguls-
tory Commusion Intpection and En-
forcement Regional Offices.

AUTHORITY: The proviians of this Part 20
sved ender gecy. 51, 8, 65, 81, 103, 104, 16),
68 Stat. 930, 933, 935, 936, 937, 948,08
amended; 42 U,S.C. 2073, 2093, 2095, 2)l1,
3133, 2134, 2201, ¥r.~ the purposes of sec.
323, 68 Stat. 953, as amended; 42 US.C.

1810, 68 Stat. 950, as amended; 42 U.S.C.
2201 (). Secs. 202, 106, Pub. L. 93438, 88
Stsl. 1244, 1245 (42 U.S.C. 5842, SB46).

‘$20.1 Purpore.

ta) The regulations in thi; part estab-
lish standards for protection against ra-
diation hazards arising out of activities
under licenses issued by the Nuclear Reg-
uiatory Commission and are issued pur~
suant to the Atomic Energy Act of 105¢,
as amended, and the Encrgy Reorganiza~

STANDARDS FOR PROTECTION AGAINST RADIATION

ments set fort” in this part, make every
reasonable off rt {0 maintain radiation
exposures, ori releases of radioactive
materialy tn efiuents to unrestricted
Areas, as low s is reasonably achievable.
The term ‘sa bow % & ressonably
Achlevable” means as Jow as i5 reamon-
ably achie sble taking into account the
state of te anology, and the sconomics of
improvementa in relstion to benefits to
the public heaith and zafety, snd other
socletal and socloeconomic considers-
tions, &:d f relation to the utiltsation
of atomric en:7gy in the public interest.

§20.2 Seope.

The regulations in this part apply to
all persons who receive, possess, use, or
travsfer material licensed pursuant to
th- regulations in Parts 30 through 35,
40 or 70 of this chapter, including per-
£ 15 Jicensed to operate a production or

Alization facility pursuant to Part 50
il this chapter.

$20.3 Definitions.

a) Asused inthis part:

(1) "Act™ means the Atomic Energy
Act of 1954 (82 Stat. §19) including sny
amendments thereto;

(3) "Alrborne radionctive materia)”
means sy radioactive muteria! dispersed
tn the alr [n the form of dusts, fumes,
mists, vApors, 0T gases;

(3) “Byproduct materis]” means any
radicactive material (except special nu-
tlear material) yielded (n or made ra-
dioactive by exposure to the radiation
incident to the process of producing or
tflizing specia) ouclear paterial;

“ (6 “Calendar quarter” tasams ok laxs
fhan 13 consecutive weeks sor taore than
14 consecutive wesks. The first calandar
quarier of each year ahall begin 1a Janu-
ary and subsequent calmodar quariets
ahall be such that no day & included ip
more than one oalendsr gquarter or
omitted from inciusion within a ealendar
Quarter. No lcetisss ahall change the
method observed by him of determining
calandar quarters except at the beginning
of a calendar yoar.

{5) “Commission™ means the Nuclear Regu-
latory Commission of ils duiy suthorized
representafives;
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() “Government agency” means any wentieth of one pereent
wxecutive departasent, sommlasien, lode- T3¢ CorivEmlieth of one perent
pondent esiadblishment, serporation, rium or ¢ sny combination thereof.
wholly or nmwgmm Bource Maierial doss niot inelude special

chapter, " o

9 "License™ means & leense tsgued | (1T “UnIesicicted ares” menns any
under the regulstions in Part 3, &, or m“:,'mmm?‘ mﬂmﬁuﬂd z
0 of this chapter, “Licenses™ medne uala from expore to radistion

the holder of much license: :

. radioactive materiale, and any ares

{10} “Qceupstions! doge" tncludes ex- ¢ .

posure of an individual to radiation (i -4 for Teeidential quartars.
in 8 restricted ares: of (if) in the course .
of employment in which the individual's (18} “Administration” means the En
duties involve exposure to radiation; gy Research and Development Adinin
provided, that “occupational dose” ghall witation or its duly authorized repre
not be deemed to include any exposure sentatives.
of an ind'vidual to radiation for the puy.
pose of madical diagrosis or madical
therapy of such individua).

(11) “Person” means ¢ sny ndi. o oz
vidusl, corporation, partnemstip, firm, (1) “Atrborma
Association, trust, estate, public or pri-
vate institutlon, group, Government
agency other than the Commission or the
Administration (except that the Admin-
istration ghall be considered a person

E

and activities are subject to the licersing
and related regulstory suthority of the
Commission pursuant to section 202 of
%ﬂ%ﬁmﬁ:& Act ?t':r'u 1504 Units of rndiation dase.

- Ry Stie, any FORAD () *Dose.” a8 used in thie part, ¥ the
government or nauion or any Political . abearbed, pe
subdivision of any such government or ‘SSATKLY of ridistion s per unlt

t.llon. or other enmy'.:. and ()] tlny the x
egal successor, representative, agent, 01 ity durtog & period
agency of the foregoing. m .::u e .

§
§
i
:
2

£
§
§

total
) of radiation abocbed, per unit of mas,

(13) “Radistion” means any or all of portion
the following: alphs rays, beta Tays, :ﬂ;a.dmn:hW¢w m
TS, Xerazs, Deucrons, hithe  gigerent umita of dose Are tn current oee.

g
is
!
4
BE
Be

[ ]
or radlo waves, or viaibls, nfrared, or
oA < g
1) "Radioactive material” includes of the dose of

:
g
:

sny such material whether or notsybjec;  BOM” sy doaising radi-
Leeruing Commission: 0 body tiasuds In Serma of the
‘o(m"m::z::um m. ﬁn Mh’&?:-unu‘::
L2 m 3 s

Ares. oca £ which 4o sontrolled by th8 ng to the abeorption of 100 ergs par gram
Yosruee for purposss of o of e, (Ooe milliad (mrad)=,00]

£
gt
g
¥

15) “Boyree materinl” means ()
ursnium ¢r thorjum, or any combinas
tion thereof, In any physical or chemical
form; or (1)) ores which conlaln by

g
g
E
:

b squivalens 10
@ote of e0s Yem:
(1) A dose of 1 r due 0 X= or gasima
13) A dose of 1 red due 10 X—, gamens,
Toke radiation;

ulations tn this part, any of the follow-
g i censidersd 10

:
i
g
]
T
H

rEﬂi
%
E .

Y

i
il
Hills

)
] g
i
e

E
%

H
j
|

h

il
i

7

]
PESSTSNSN | 1

Fanma up to 3 Mev, he

apecifind in §5 20,101 to 20,104, inclusive,
may he to be equivalent to the
“air aoe”, PFor the purpose of this part

$20.5 Unita of vadionctivity,

(8) Radicactivity s - commonly,
for purposes of the tegulations in
At m:o, m":’md in terma of dis-
Ity par
One curle=3.7x10" Alln
ascond  (dpe)=23310® disintesrations

minute (dpta) . Commonly used sub-
mdpl-ottﬁ’rcummmmm
and the microcurie:

(1) One millicurie (mCY) *=0.001 curle
(C)) *=3.7x10" dps.

(3) One microcurie (O *»0.000001
curie=3.7210' dps.

g

ble, 1he appropriate ualt

. “TWharerer pous)
Sbould be writen aut & "ouria(s).” “min.

suris(s),” or “microcurie(s),* ang the Abbey-
wiations shousd bot hu‘-)t. 130 1o
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(®) (Deleted 40 PR 50704.}
() [Deleted 39 FR 23990.]

§20.6 Interpretstions.

Except as specifically euthorized by
the Commission in writing, no interpreta-
tion of the meaning of the regulations in
this part by any officer or employee of
the Commission other than & written in-
terpretation by the General Counsel will
be recognized to be binding upon the
Commission.

§20.7 Communications.

Except where otherwise specified In
this part, all communications and re-
ports concerning the regulations in this
part should be addressed to the Execu-
tive Director for Operations, U.S. Nu-
clear Regulatory Commission, Washing-
ton, D.C. 20555. Communications, re-
ports, and applications may be delivered
in person at the Commission's' offices at
1717 H Street NW., Washington, D.C.; or
;n 'ﬁlzo Norfolk Avenue, Bethesda, Mary-
and.

v PrMTMISLS Dosi, LavEa. AR
QORCENTIATIONS
§20.101 Exposure of individusls to rs-
distion in resiricted nress.

(a) Excepl as provided in parsgraph
() of this section, no licenses ahall
possess, use, or transfer licensed mate-
rial in such & wmanner as to cause any
individual in a restricted area to recelve
in any period of one calendar quarter
from radjoactive material mnd other
sources of radiation in the licensse's pos-
session a dose jn excess of the limits
specified in the following table:

Bems per colendar quarter

1. Whole body; head and trunk; active
blood-forming organs; lens of

eyes; or gonads.. 1%

2. Hands and forean snd
. 10%
"o,. - TR

th) A licensee may permit an indi-
vidual §i; & restricted area to receive &
dose to the whole body greater than that
permitted under pasagraph (a) of this

** Amended 36 FR 1466,

section, provided:

(1% During any ealendar quarter the
dose to the whole body from radioactive
material and other sources of radiation
in the lieensee’s possession shall not ex-
ceed 3 rems; and

(2) The dose to the whole body, wher:
added to the accumnulated occupational
dosa to the whole body, shall not exczed
§ (N-18) rems where “N" equals the in:
dividual's age in years at his last birth-
day: and

(3) The leensee has determined the
individual's mecumulated occupationnl
dost 10 the whole body on Form NRC-4, or
on a clar s record contain-
ing al} the Information required in that
form; and has otherwise complied with
the recuirements of § 20.102. Asused in
paragraph (b, “Dose to the whole body*
shall be deemed to Include any dose to
the whole body, gonads, active blood-
forming organs, head and trunk, or lens
of eye,

§20.102 Determination of accumuluted
dose.

(a) This section contains require-
ments which must be satisfled by
Jicensees who propose, pursuant to para-
graph (b) of §20.101, to permit individ-
uals in a restricted ares to receive ex-
posure to radiation in excess of the limite
specified in paragraph (a) of § 20.101.

(b) Before permitting any individua)
in a restricted area Lo recelve exposure
to radiation in excess of the limits spec-
ified In paragraph (a) of §20.101, each
icensee shall:

(1) Obtsin a centificate on Form NRC+4, or
on a clear and legible record
contining all the information required
in that form, signed by the individual
showing each period of time after the
individual attained the age of 18 in which
the individua) received an occupational
dose of radiation; and

(2) Calculate on Form NRC4 in accord-
ance with the instructions appear-
ing therein, or on a clear and legible
record containing all the information
required in that form, the previously ac-
cumulated occupational dose received by
the individual and the additional dose
sllowed for that individual unde:
§20.101¢b).

{cM) In the prepanition of Form NRC-4,
or a clear and kegible record con
taining all the information required in
that form, the licensee shall make a rea-
sonable effort to obiain reports of the
individual's previously accumulated oc-
cupationa! dose. For each period for
which the licensee obtains such reports
the licensee shall use the dose shown ir
the report in preparing the form. In
any case where a licensee Is unabl: to
obtain reports of the individual's cecu-
pations] dose for & previous complete
calendar quarter, it shall be assumed
that the individual has received the oc-
cupational dose specified in whichever
of the following columns spply:

203

Column 1 ! Column 2

Amumned : Asgumrd
tIpoture Py wre
Fart ol hody (8 feme for ! In rlvm- four
dlendar |, cbendse
QuArters Huwrere
mhor to ?Iwrlumnr:.n
Jan 11951 woafter
AELLR D]
Whole body, . ponags, EN "
active  biood-farmine !
organs, head and trunx,
bens of eve. I
R

(2) The licensee shall retain and pre-
serve records used in preparing Form
NRC-4 until the Commission authorizes
their disposition.

If calculation of the individual's ac-
cumulated occupational dose for all
periods prior to January 1, 1961 vields
# result higher then the applicable ac-
cumulated dose value for the individual
a5 of that date, as specified in paragraph
(b) of §20.101, the excess may be disre-
.nrded.

§20.103 Exposure of indiyjluals to ron-
centeztions of radionctlive materials
in air in restricted ureac.

(8} (1) No licensee shall possess. use.
or transfer licensed material in s.ch a
msnner a5 to permit any individual in a
restricted area to inhale a quantity of
radfoactive material in any period of
one calendar quarter greater than the
quantity which would result from inha-
lation for 40 hours per week for 13 weeks
at uniform concentrations of radioactive
material in air specified in Appendix B.
Table 1, Column 1.'%° If the radioactive
material Is of such form that Intake by
absorption through the skin Is likely. in-
dividual exposures to radloactive mate-.
rial shall be controlled so that the up-
take of radioactive material by any or-
gan from either inhalation or absorption
or both routes of intake** tn any calen-
dar quarter does not exceed that which
would result from inhaling such radio-
active material for 40 hours per week for
13 weeks at uniform concentrations spec-
ified in Appendix B, Table I, Column 1.

(2) No licensee shall possess, use, or

transfer mixtures of U-234, U-235, and

'Sinee the concentration specified for trit-
fum oxide vapor assumes equal intakes by
skin absorption and inhelstion, the total
intake permitted i twice that which would
result from inhaltion alone at the concen-
tration specified for H 3 S in Appendix B,
‘:;.hle : Column 1 for 40 hours per week tor

2 WAAKR

YFor radon-222, the limiting quantity is
that inhaled in a period of one calendar
year. For radioactive materials deslgnated
“8ub” in the *Isotope” column of the table,
the concentration value specified fs based
Upoh) exposure (o the material as an exter-
nal radintion souree, Individual exposures to
thes: materials may be accounted for s °
part of the limitation on individus) dose in
#30.101. These nuclides shall be subject to
the precautionary procedures required by !
#30.1030K1), ’

"Multiply the concentration values specl- |
fied In appendix B, table I, column 1, by .
6.9x10° ml Lo obtain the quarterly quantity ,
Lit, Multiply the concentration value spec-
Ified i appendix B, table I, column 1, by
25x10" ml to obtai. the annual quantity
Limit for Rn-222,

Faatnotes 4 and § on page 204

*Amended 43 FR 24134,
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U-238 in saluble form (n such & manuer
a5 1o permit any individual in o restricted
area Lo inhale a quantity of such material
in cxeess of the intake hmits specified in
Appendix B, Table J. Column 1 of this
part. If such soluble uranium is of a form
such that absorption through the skin is
likely. ingdividual exposures to such ma-
tertal shall be conrolled so that the up-
take of such material by any organ from
etther inhalation or absorption or both
route~ of intake* does not exceed that
winch would result from inhaling such
malena) at the limjts specified in Ap-
pendix B, Table I, Column 1 and footnote
4 thereto.

«31 For purposes of determining com-
pliatice with the reguirements of this sec-
tion the licensee shall use sujlable meas-
uremments of concentrations of radioac-
uve maierials in ajr for detecting and
t‘\'n'lumluu alrborne radioactivity in re-
stricted areas and in addition. as appro-
priale, shall use measurements of radio-
arlieity jn the body, measurements of
radionctivity excreted from the body, or
any combinntion of surh measurements
as may be necessary for timely detection
and assessment of individual intakes of
radioncliity by exposed individuals. It
is assumed that an individual {nhales
radioactive material at the ajrborne con-
centration tn which he 15 present unless
he uses respiratory protective equipment
pursuant to paragraph tc of this sec-
tion. When assessment of n particular
ingividual's intake of radioactive ma-
terial is necessary. intakes less than thos
which would result from inhalation fc.
2 hours in any one day or for 19 hours
in any one week at uniform coicentra-
tions specified in Appendix B. Table 1.
Column 1 need not be included in such
assessment. provided that for any assess-
ment in excess of these amounts the én-
tire amount is included.

b 111 The licensee chall. as a precau-
tionary procedure, use process or other
engineering controls, to the extent prac-
ticable. to limit concentrat.ons of radia-
nctive materials in air to levels below
those which delimit an airborne radio-
n’tinm.v area as defined in £ 20.203:d 12}
o

12 When it 15 impracticeble to apply
process or other engineering controls to
limit concentrations of radioactive ma-~
terlal in air below those defined In
£20.203:dr 1 1 ejid, other precautionary

1 Signtficant intake gy Ingestion or injec-
Uon Ik presuimed 10 0. i only as a result of
circumstances such s ceident. inadvertence.
poor proceduss OF = taflar Fpecial conditions.
Such intakes -just be evaluated and sc-

ted for by te and p [33
may be appropriate ta the circumstances af
the pecutTence. Expirures so evaluated shall
be included in determining whrther the
mitation on individual exposures in €23«
103781 (11 has been exceeded.

v on of
Individual intakes of ma*active material 15
glven in v Guide 89, * ptabl
Concents. Madels. Eountions and Assump-
tirns far a Bloastat Program.” single coples
of which are arallable from the Ofce of
Standards Development US. Nuclear Rerv-
tery Commesinn, Washington. D.C. 20855,
upon wTitien request

procedures. such as increased survell-
‘ance. limitation of working times, or
rovision of respiratory protective equip-
nent. shall be used to muintaln intake
of radioactive materinl by any {oGivid-
ual within any period of seven consec-
ative davs as far below that mtake of
radioactive material which would result
from inhalation of such matermal for 40
hours at the uniform concentrations
specified in Appendix B. Table 1. Col-
umn 1 as fs reasonably achievable.
Whenever the intake of radioactive ma-
teyin) by any individua! exceeds this 40-
Tiour control measure, the licensee shall
ke such evaluations and take such
Jeljons @ are necessary to  assure
apninst recurrence. The licensee shall
aaibtam records of Auch occurrences.
evaJuations, and netions taken in 8 clear
and readily identifiable form suitable
for summary review and evajuation.
w When respiratory protective
cquipment is used to limit the inhala-
tion of airborne radioactive material
pursuant to paraeraph (b12 of this
cection. the licensee may make allow-

nnee for such use in estimating &xpo--

sures of mdiduals to such materlals
provided that such enuipment is used
a« stipulated fu Regulatory Guide 8.15.
~acceptable Programs for Respiratory
Protection.”*

«d+ Notwithstanding the provisions of
garagraphs 1br and +¢1 of this sectlon.
e Commission may impose further
restrictions:

11+ On the extent to which a licensee
nav make allowance for use of resplra-
tors in Yeu of provision of process. cOn-
tainment, ventilation, or other engineer-
ine controls, if application of such con-
trols is found 1o be practicable; and

121 As 1 ght be necessary to assure
that the * iratory protective orogram
of the ! ve s adequate in limiting
exposurts of personnel to pirborne ra-
dipactive v sterials,

11 The licensee shall notify. in writ-
ing. the Director of the appropriate Nu-
elear Rer 'atory Commission Inspection
and Enf .csment Regional OMce listed
in Apy.«dix D at Jeast 30 days before the
date Lhat respiratory pratective equip-
ment s first used under the provision:
of this section.

f1 A licensee who was authorized tc
make sllowance for use of respiratory
protective eonipment prior to Decem-
ber 29. 1976 shnll bring his respira-
tory protective program into conform-
ance with the requirements of pata-
graph rev of this section within one
vear of that date. and is exempt from
the requirement of paragraph (@) of
this section.

——

aInis incomotation by reference provl-
#)on was anproved by the Director of the Ped-
eral Reginter on October 19, 1976, Single
toples of Repvlatory Guide B.15 are available
from the Office of Standards Derelo~ment,
U8 Nuclear Y Wagh-

g20.4m

(1 No licensee shall possess. use or
transfer licensed matenal in such 2
manner as o cause any individual within
a restricted area who 15 under 14 vears
of age to recc:ve m Any peried of onr
calendar quarter from radioactive a-
terin! And other sources of radition
the biconsee™s possession 2 dose 1 excess
of 10 percent of the hmits specined in
the table n paracraph 'at of €20.101

(91 No heensee shall passess use or
wanser heensed material Ip such a
manner s to cause ahy ndivdual
withih a restyicted area. who is urder 18
years of aue Lo be exposed o arborne
yadioacuive material possessed by the
licenste In mn average concentration mn
excess of the Jimits speeified 1n Appendix
B. Table II of this part  For purpoeses
of thus pararraph. concentidtiiuns Ma.
be averaped over periods Dot preater
than a week.

Expusure of minors.,

ter The provistans af $520.103/b212)
and 2040300 shall apply to expasures
subject to paragraph tby of this section
except that the Teferences in §f20.103
(b1¢2% and 20.103:¢) to Appendix B.
Tabie I, Column 1 shall be deemed to be
references to Appendix B, Table i2. Col-
umn 1. -

£20.005  Permissibbe level of ralintion
i unresrivted arvas,

1at There may be included 1n anv ap-
plication for a license or for amendment
of a hcense proposed limits upon levels
of radiation in unrestricted areas result-
ing from the applicant’s possession oT
use of radicactive matenal and other
sourcet of radiation. Such applications
should nelude snformation as to antici-
pated average radiation levels and an-
ticlpated occupancy times for esch
unrestricted area ipvolved. The Com-
mission wilt apprave the proposed imits
if the applicant demonstrates that the
proposed limits are not hkely to causc

.any individual to receive a dose Lo the

whole body in any period of one calendar
year in excess of 0.5 rem.

b Except as authorized by the Com-
mission pursuant to paragraph <! of
this section, no licensee shall possess, use
or transfer licensed material in such a
manner as to create in any unrestricted
area from radioact{ve matertal and other
sources of radiation in his possession:

(1) Radfation levels which, if an indi-
vidual were continuously present in the
area. could resull in his receiving a dose
in excess of two millirems in any one
hour. or

2+ Radiation levels which, if an indi-
vidual were continuously present in the
area. could result in his receiving a dose
n excess of 100 millirems in any seven
consecutive days.

$20.106 Radionctivity in eMuents w0
unrestricted sress. ’

(a)- & Heensee shall Dot pansess, Lise,
yr tranater Negnsed materinl o o4 1o ve-

2doe to an unrestricted ates adioacive

ington, DC. 30555, npon written request.

20-4

ria] in concentrations which exceed

.
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activity contained in effuents ¢ un-
Tagiricled sand

aress;

(2) That 1t is not likely that radlo-
active material discharged in tive effuent
wotld result In the expoure of an (ndi-
vidua] to concentrations of radioaciive
material in air or water exceeding
lim{ts specifed in Appendix “B",
11 of this part.

(c) An spplication for higher Umits

pumzmmmph(h) of this pac-
tlon shall de information damon

strating that the spplicant has made a
seasonsble effort to minimise the radio-
activity discharged in sfiusnts {0 unre-
stricted areay, and ehall include, ms
pertinent;

(1) Information aa to flow rates, total

gx

centration of each radionnclide fn the
efluent averaged ¢ver a Period olfu one

i) physical characteristics, including
wuspended solids content i Lquid
ents, anid nature of gas or serosol for sir

o, focluding anticipated
concentrations aversged over & period of
one year:

() In air ot aty point of human o¢-
cupancy; or
() In water at points of use down-

stream from the point of releas¢ of the
effuent,
(5) The background of

gm,mt prior to the release of lquid
uent.

(6) Adeseription of the environments!
moniioring equipment, including sensl-
Urity of the system, and prosedures and
calcwlations ¢o determine conuentrations
of radlonuclides in the unrestrictad aren
and possible reconcentrations of radlo~
nuciides,

(1 A deseription of the waste treat-
ment Iacilities and procedurss waed

raduoe the sonemntration of
io sllwects prior 10 their relense.
ﬂ:d) For $he purposes of this metion

i
3
B

between the point of dlscharge and the
boundary.

(e) In addition to Lmiting cobcen-
irations in effuent sreams, the Com-
mimion may llmit quantities of radio-
active materials released in air or water
during a spacifisd period of time if i
appears (hat the dally intake of radio-
setiye material from atr, water, or food
#1 & sultable sample of an exposed pop-
wiation sToup, averayed orer & pavied

:
|
E
.s

shal] be interpreted s limiting the in-
tentionkl exposure of patients io radia-
tion for the purpose of medical dingnosis
or medical therapy.

§20.200 Orders requiring furnishing of
bio-asay services,

‘Where necessary or desirable in order
% aid in determining the extent of an
individual's exposure 1o concentrations
af radioactive material, the Commission
may incorporate appropriate provisions
o any ficense, directing the licensee to
make available to the individual appro-
priate bio-assay servicer and to furnish
8 copy of the reports of such services to
the Cominissicn.

PATCATTIONARY PROCIDURES
§20.201 Sarveys.

@) As uted in the regulstions in this
part, “survey” means sn evaluation of
the radiation hazards incident to the pro-
duction, use, seleas:, disposal, o1 pres-
ente of radioactive materials or other
sources of radiation under a specific set
of tonditions. When appropriate, such
evaluation fnefudes & physical survey of
the location of materials and equipment,
and messurements of levels of radistion
or concentrations of radiosctive material

nt,

{(b) Each licensee shall make or cause
o be made such surveys ks may be neces-
sary for him to comply with the regula-
Uoos 5 thila phrt.

§20.202 Porvoune! monitoring.

(8) Each leensee shall supply appro-
priste personne]l monitoring equipment
to, and shall Tequire the use of such

20-5

equipment by:

(1) Each individual who enters 8 re-
stricted area under such circumstances
that he receives, or is likely Lo receive.
& doee in any calendar quarter in excess
of 25 percent of the applicable value
specified in paragraph () of §20.101.

{2y Each individunl under 18 years of
age who enters a restricted grea under
such circumstances that he receives, or
is likely to receive, n dose in any calen-
dar quarter in excess of 5 percent of
the sbplicable valile specified in para-
graph () of § 20101,

(3) Each individual who enters s high
radiation ares.

(b) As used in this part,

(1) "Personpel monitoring equipment”
means devices designed to be warn or
carried by an Individual for the purpose
of measuring the doke received (e, §g.
Blm badges, pocket chambers, pocket
dosimeters, Ailm rings, ete.):

(2) “Radistion area" mesns any area,
aceessible to personnel, in which there
exists radiation, originating in whole or
in part within licensed material, at such
Jevels that a major portion of the body
could receive in any one hour & dose in
excess of 5 millirem, or in any § con-
secutive days a dose in excess of 100
milliretus;

(3) “High radiation area” means Any
ares, accessible to personnel, in which
there exists radiation origipating in
whole or in part within licensed maste-
rial at such levels that & major portion
of the body could receive in sny one hour
8 dose In excess of 100 millirem.

$N205 Cantion labele, signals,
' ad conirels. ha

(8) General. (1) Except us otherwise
authorized by the Commission, sym-
bols preseribed by this section shall use
the conventional radistion caution colors
(magents or purple on yellow back-
ground). The symbol presceibed by this
:ﬂ%\ ls the conventionsl three-bladed

esign:
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RamaTior Srasos
1. Crom-Datehed ares & 10 be Bagenta o
Turple.
2. Background & %0 e yaliow.

(2) Inaddition to the contents of sign
and labels prescribed in this section, -
censees may provide on or near such
signs and labels any additional informa.
tion which may be appropriate in aiding
individuals to minimize exposure Lo radi-
ation or to radioactive material

() Radiation aregs. Each radiation
area shall be conspicuously posted with
a slgn or signs bearing the radiation cau-
tion symbol and the words:

CAUTIOR
RADIATION AREA

(¢} Hiph radigtion greas. (1) Each
high radiation area shall be conspicu-
ously posted with a SIgn or signs bearing
the radiation caution symbo) and the

words:
CAUTION?
BIGE RADIATION AREA

2) Each entrance or sctess point 1o
& high radistion sres shall be:

W) Equipped with a control device
which shatl cause the Jevel of radiation
to be reduced below that at which an
individual might recelve a dose of 100
millirems in 1 hour upon entry into the
ares; or

() Equipped with & contro} device
which shall energize a conspieuous vis-
ible or audible alarm signal in such &
manner that the individusl entering the
high radiation ares and the licenses or
& supervisor of the activity are made
aware of the entry; or .

i) Maintained locked exespt during
periods when access to the area is re-
quired, with positive control over each
indivigual entry.

(3) The controls required by sabpara-
graph (2) of this paragraph shall be
established in such a way that no indi-
vidual will be prevented from leaving a
high radiation ares.

(4) In the case of a high radiation

———
+ Or Dinger

areh aatablished for & period of 30 days
or Jess, direct survelllance to prevent un-
authorised entry may be substituted for
the controls required by subparsgraph
€2) of this paragraph.

(5) Any licensee, or spplicant for a
license, may apply % the Commimion
for spproval of methods not included Lo
subparagraphs (2) and (4) of this pars-

ation aras. The

approve the proposed alternatives if the
licensee or applicant demonatrates that
the alternative methods of control will
prevent unauthorised entry into » high
radiation area, and that the requirement
of subparagraph 3) of this paragraph Is
met.

(6) Each area in which there may exist
radintion levels in excess of 500 rems In
one hour at cne meter from a sexled
radjo-active source’ that is used to ir-
radiate materials shall “:

(1) Have each entrance or access point
equipped with entry control devices
which shall function automatically to
prevent any individual {rom insdver-
tently entering the area when such ra-
diation levels exist; permit deliberate
entry into the ares only sftcr a control
device is actuated that shall cause the
radiation level within the area, from the
sealed source, to be reduced below that at
which it would be possibles for anin-
dividual to receive & dose in excess of
100 mrem in one hour; and prevent op-
eration of the source if the source would
produce radiation Jevels in the area that
could result in a dose to an individual In
excess of 100 mrem ih ohe hour. The en-
try control devices required by this para-
graph (c1 16 shall be established in such
a way that no individual will be pre-
vented from leaving the area.

1fi» Be equipped with additional con-

' This paragraph (¢} (6} does not apply 1o
radloactive sources that are used in tele-
oy, In hy. or in pletely
se)f-shielded trradiators in which the source
1 both stored and operated within the same
shielding radiation barrier and. in the de-
signed configurution of the irradiator. is al-
wajys physically inaccessible to any individual
and cannot create high levels of radiation in
an erea that is sccessible to any individual.
This paragraph (c} 16} aiso does not appiy to
sources from which the radiation is iInci-
dental to some other use nor to npuclear re-
sctor generated radistion other than sadia-
tion from byproduct, source, or special
nuclesr materials that are used fn sealed
sources in non-self-shielded irradiutors
*These requirements apply after Mar. 14,
1078, Each person Jicensed to conduct aetivi-
ties 10 which 1his paragraph {c)6) spplies
and who i3 not in compliance with the pro-
vislons of this paragraph on Mar. 14, 1878,
shal file with the Director, Ofice of Nuclesr
Material Bafety snd Safeguards, U.5. Nuclear
Regul [ w g De.
20855. on or biefore June 14, 1978, information
deseribing in detat? the actions taken or to
be taken to achieve compliance with this
paragraph by Dec. 14. 1078, and may continue
activities in conformence with present lcense
and the p of the pre.
viously effective £20203 untt such compli-
ance is achieved. For auch persons compli-
ance must be achieved not Iater than Dec. 14
7.

———
1Amended 43 kR 2167,
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trol devices such that upon failure of
the entry control devices to function as
required by paragraph ¢ct 8111 of this
section the radiation level within the
ares. from the sealed source, shall be
reduced below that at which it would be
possible for an individus! to receive &
doge In excess of 100 mrem in one hour;
and visible and audible alarm signals
shall be generated to make an individual
attempiing to enter the area aware of
the hazard and the licensee or at least
one other Individual. who i familiar
with the activity and prepared to render
or summon assistance. aware of such
failure of the entry control devices.

(1if) Be equipped with control devices
such that upon failure or removal of
physical radiation barriers other than
the sourte’s shiclded storage container
the radiation Jevel from the source shall
be reduced below that at which jt would
be possible for an indlvidual to receive
a dose In excess of 100 mrem in one
hour; and visible and audible alarm sig-
nals shall be generated Lo make poten-
tially affected individuals aware of the
hazard and the licensee or at least one
other individus), who is familiar with
the aclivity and prepared to render or
summon assistance. aware of the failure
or remova] of the physical barrier, When
the shield for the stored source is &
liguid. means chall be provided to moni-
tor the integrity of the shield and to sig-
nal, Kutomaticelly, loss of adeguate
shielding. Physical radiation barriers
that comprise permanent structural
components. such as walls, that have no
credible probability of failure or removal
in ordinary circumstances need not meet
the requirements of this paragraph
(e116) (b,

1iv+ Be equipped with devices that will
aulomatically generate visible and sud-
ble alarm signals to alert personnel in
Lhe area before the source can be put
into operation and in sufficient {ime for
any individua) in the area to operate a
clearly identified control device which
shall be installed in the area and which
can prevent the source from being put
into operation.

vy Be controlled by use of such ad-
ministrative procedures® and such de-
vices as are necessary to assure that the
area is cleared of personnel prior to each
use of the soyrce preceding which use it
might have been possible for an indi-
vidual to heve entered the area.

i) Be checked by B physical radia-
ton measurement to assure that prior to
the first individual's entry into the area
after any use of the source. the radia-
tion level from the source in the area is
below that at which it would be jossible
for an individuai to receive a dose in ex-
cess of 100 mrem in one hour,

ivii) Have entry contro) devices re.
quired in paragraph (e¥¢6ici) of this
section which have been tested for
proper ltunctioning prior to initial
operation with such source of radiation
on any day that operattons are not un-
interruptedly continued from the previ-
ous day or before resuming aperations
after anv unintended interruption. and
for which records are keut of the dates.
times. 8nd results of such tests of func~

‘Amended,

e
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tion. No operstions other than those
necessary to piace the source in safe
condition or to efett repairs on controls
shall be conducted with such source un-
less control devicss are funchoning
properly. The licensed shall submit an
acceptable schedule for more complets
periodic tests of the entry control and
wamning systems to be establahed and
adhered to a4 & condition of the Heense.
vith mvemuemmmdunmk
that are used in transporting materials
10 and from the irradiation ares, and
that are not intecded for tse by individ-
uals, controlled by such devices and ad-
ministrative procedures &S Are NeCSEAry
to physically protect and warn sgainst
inedvertent entry by any individus!
through such portals. Exit portals for
procesasd materfals shall be equipped o
detect and signa) the presence of Joose
radistion soutces that are carried toward
such an exit and to sutomatically pre-
vent such Joose sources from being car-
ried out of the ares.

) Licensees with, or applicants lor,
licenses for radiation sources that are
within the purview of paragraph (¢) (8)
of this section, and that must be used ina
variety of positions or in peculiar loca-
tions, such as open flelds or forests, that
make it impracticable to comply with
certain requirements of parsgraph (ej
(6) of this section, such as those for the
sutomatic control of radiation levels,
may apply to the Director, Office of Nu-
clear Materia) Safety and Safeguards,
US. Nuclear Regulatory Commission,
Washington, D.C. 20555, for approval,
prior 10 use of safety measures that are
~1%:uative to thosespecified®in paragraph
(c1¢@) of this section, and that will pro-
vide at lesst an equivalent degree of per-
sonne] protection in the use of such
sources. At least one of the alternative
megsures must include an entry-prevent-
ing interlock control based on a physical
measurement of radiation that assures
the absence of high radiation Jevels be-
fore an individusl can gain sccess b an
ares where such sourcis are used.

(d) Atrborne radioactivity ersas. (1)
As used {n the regulstions in this part,
“airborne radioactivity area” means (I}
any room, enclosure, or operating area
in which airborne radioactive materials,
composed wholly or partly of licensed
material, exist in concentrations in ex-
cess of the amounts epecified in Appen-
dix B, Table I, Column 1 of this part; or
(D) any room, enclosure, or operating
are Ip which airborne radioactive mate.
rial composed wholly or partly of Licensed
material exists in concentrations which,
averaged over the number of hours in
any week during which individusls are
in the ares, exceed 25 percent of the
amounts specified in Appendix B, Table I,
Column 1 of this part.

(2) Each airborne radioactivity ares
lhl}l be conspicuously posted with s sign

the radiation caution
mnbol nnd the words:
CAUTION!
ATREORNE RADIOACTIVITY AREA

mem—
'Or “Danger ™
*Amended.

(9) Additional requirements. (1) Each

478 0r rootn I which-liconsd mataria)

is wed or stored and which contains sny
madioactive material (olher than natural
uranium or thorium) in an araount ex-

caution symbol and the words:
CAUTION?
RADICACTIVE MATERIAL(S)

(2) Eseh area or room in which nat-

OAUTION!
RADIOACTIVE MATERIAL(S)
1) Conmtginers. (1) Fxcept as pro-

graph, each container of loensed mate.
rial shall bear & durable, clearly visible
hb:‘l {dentitying the radiosctive con.
ten

(2) A 1abel required pursuant to sub.
paragraph (1) 0f this paragraph shall
bear the radiation caution symbo! and
the words “CAUTION, RADIQACTIVE

MATERIAL" of "DANGI:R RADIOAC-
TIVE MATERIAL", It shall also provide

of, to take precautions to avold or mini-
mise

exposures.

[£)] Nommmndm: the provisions of
subparagraph (1) of this paragraph,
hbeﬂuumtmu!nd

() For containers that do not con-
tain licensed material: in quantities
greater than the applicable quantities
listed in Appendix C of this part.

(i) For oontainers containing only
natural yranjum or thorjum in quantities
no greater than 10 times the applicable
gumlntluu listed in Appendix C of thiz

(U1} For containers that do not con~
tain licenved materials in cotcentrations
greater than the applicable consentra-
tions liatad in Column 3, Table I, Ap.
pendix B of this part.

(v) Por containers when they are ot~
tensded by an individual who takes the
pracautions necessary o prevent the
exposure of any individual to radiation or
radiosctive materials in excess of the
limits established by the regulations in
this part.

{¥) For coatalners when they are in
transport and packaged ahd labeled in
scordance with regulations of the »
Department of Transportation ,

(vl) For containers which are acoss-
sible® only to individuals authorized to
handle or we them, or to work in the
vicinity thereof, provided that the eon-
fents are identified to such indlvidual
by & readily avallable writlen record.

20-7

(vil) For manufecturing or protess
equipment, such as nuclear reactors, re-
actor components, piping, and tanks.

(4) Each licensee ghall, prior to dis-
posal of an empty uncontaminated
contalner (o unrestricted aress,
Temove or deface the radioactive mate
rial Iabe] or otherwise clearly indicate
that the container no longer containa
radiosctive materials

———

' As approprista, the information will in-
cleds mdistion levels, kinds of materisl, &
timate of activity, date for which activity
Stimated, mass SRTICHIIENS, 016,

S For example. cohtainers in Jocations such
uu:mr-nlln canaly, atorage vants, or hot
[

* Amended 34 FR 19546,
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520204 Same: exceptions.
Notwithstanding the provisions of
§20.202,

(8) A room or ares is not required to
be posted with & caution aign because of
the presence of a sealed source provided
the radiation level twelve inches from
the surface of the ource contsiner or
housing doss not exceed five millirem
per hour. .

(b} Rooms or oiher areas in hospitals
ate not required to be posted with cau-
tion signs, and control of entrance or
access thereto porsuant to § 20.203(¢) is
not required, decause of the presence of

patients containing byproduct material
provided that there are perzonnel in at-
tendance whe wilt inke the precautlons
necessary to prevort the sxnosure of any
individual to radiatisrn or radinsctive
material in excess ol the Umits estab.
Uished in the regpulztions in this part.

(e) Caution signs are not required &
be posted st arear or rooms contgining
radioactive malerals for periods of less
than eight kours provided that (J) the
materials are constantly sttended during
such periods by an individual whe shal)
take the precautions necessarv to pre-
vent the exposure of any individus) to
radiation or radioactive materials in ex-
eess of the imits established in the regy-
Iations in this part and; 2+ such area or
room 15 subject to the heensee's control

(d* A room or other area is not re-
quired to be posted with a caution sien,
and control Is not required for each en-
trance or acces: point to a room or other
area which 1s & high radiation area solely
hecause of the presence of radioactive
materiels prepared for iransport and
packaged and labeled in accordance with
regulations of the Department of
Transportation.

§20.205 Procedures for picking np. re-
eeiving, and opening packages.

(a) (1) Eath lcensee who expects o
receive a package containing quantities
of radipactive materia} in excess of the
Type A quantities specified in paragraph
(b of this section shall:

tf) If the package is to be deliversd
to the licensee’s facility by the carrier,
make Arrangements 1o receive the packs
age when it is offered for dehvery by the
carrier. or

(i) If the package is to be picked up
by the licensee at the carrier’s terminal
make arrangements to receive notifita-
tion from the carrier of the arrival of the
package, at the time of aryival.

(2) ¥ach licensee who picks up &
package of radioactive material from &
carrier's terminal shall pick up the pack-
age expeditiously upon receipt of notifl-
cation from the carrier of its arrivel.

(b}(1) Exch licensee, upan receipt of
8 package 0f radioactive material, ahall
monitor the externsl surfaces of the
packege for radioactive contamination
caused by leakage of the radioactive con-
tents, except:

(i) Packages containing no more than
the exempt quantity specified in the
table in this paragraph;

(1) Packages containing no more
than 10 millicuries of radioactive mate-
rial consisting solely of tritium, earbon-
14, sulfur-35, or jodine-125;

(ii) Packages containing only radio=
sctive material as gases or in special

form;

(iv) Packages containing only radio-
active material in other than liquid form
(ncluding Mo-88/Te-85m  generators)
and pot exceeding the Type A quantity
Wit specified In the “ziie in this pars-
graph; and

(v) Packages cor uining only radfo-
nuclides with half-lives of less than .30

20-¢

days and s total quantity of no mere
tan 100 millicuries.

if received during the Ucensee’s normal
working hours, or eighteen hours if re-
ceived after normal working hours,

(2) If removable radloactive epntami-
netion In excess of 0.01 microcuries
(32,000 distntegrations per minute) ‘per
100 square egptineters of nr-
face 1s found on the external surfaces of
the package, the licensee ahall fmmedi.
ately potlfy the final dellvering carrier
and, by telephone and telegraph, mailgram, of
facsimile.t the appropriate Nuclsar Regulatory
Commission Inspection and Enforcement Re-
gional Office shown in Appendix D.

Tastx op Bxzurr aND A QUANTITOS

(e} (1) Ench licensee, upon rece."l of &
package containing quantities of . dlo-
active matertal in excess of the Type A
quantities specified in paragraph (b of
this section, othet than those transported
by exclusive use vehicle, ghall menitor
the radiation levels external to the pask-
age. The package shall be monitored ax
soon as practicable alter receipt, but no
Ister than three bours after the package
is received at the llcensee’s facllity ff
recelved during the licensee's normal
working hours, of 18 hours If received
after normal working hours.

(2) If radiation levels are found on the
exiernal surface of the package in excess
of 00 millirem per hour, or at three feet
from the external surface of the package
n excem of 10 per hour,
the licensee
shall immediately notify by telephone
and telegraph, mailgram, or facsimile,
the director of the appropriate NRC Re-
glonal Office listed in Appendix D, and
the final delivering carrier.

(d) Esch Heensee shall establich ang
maintain procedures for safely opening
packages in which licensed material is
recelved, and shell assure that guch pro-
cedures are followed and that due con-
sideration is given to apecial instructions
Zor the type of package being opened.

§20.206 Instruction of personnel.

Instructions required for individuals
working In or frequenting any portion of
» restricted ares are specified in § 10.12
of this chapter,

o v——
1The daflnitions of ¢ group” sod “ecial
form" are spacifisd 1n f 11 :‘m‘t&wlﬂ.

tAmended 41 FR 16w15.


http://rece.il

%

kindy of

radioactinily Involved,
manner and conditions of dispossl. The
Applicetion should sl inciude sn anal-
732 and svaluation of pertineni nforme-

Boeruet, will not result in an average
apnemntration exceeding the mits apece
Bed fn Appendix B, Tadle I, Colutan 2
of thie part; and

(d) The grom quantity of Heensed wnd
other mdloactive matertal released intc

omtained in thi

the time of burial, 1,000 tmes the smount
sbecified in Appendlx € of this part; and
(b) Burial 1s &% & minimum depth of
four foet; ana
(¢) Buocengive burials are separated by
distances of at lenst aix fe2t and not mare
than 13 burials ars made 1b any yesr.

$ 00355 Treatment or dispasal by incia-
oration.

Mo licenste shall treat or dlspose of
Heehsed material by Incineration except
3 gpecifically approved by the Commis-
slon pursuant fo §1 20.106(b) and 20.302.

TN, MIITS, AND NOTTATION
199401 Records of suneps, radistien

monkoting, and dispou

8) Each Ucensee shal) maintain rec-
ords showing the madiation rxpasures of
8l individua)s for shom personne) mon-
itoring is required under § 20.202 of the
roguistions i thi:{uﬂ. Such records shalt
b2 kept on Faam NRC-S, in sceord
ance with the Instructions contained In
that forin or on clear and legidle ree-
-ords containing all the information re-
quined by Form NRC-5. The doses entersd
oh the forms or recosds shal) be for |
periods of time not exceeding one ealen.
dar quarter.

) Boch lcenses shall maintaln reee
ords in the same units used n this pan,
ahowing the results of surveys Tequired
b §20.201(b), monitoring required by
73 30.205(b) and 20.205(¢), and disposals
made under 4 20.302, 20303, and 20304,

(e)(1) Records of individual exposure
to radiation and to radioactive material

2‘0_9 L.

tog results of whaole body ctunting ex-
aminations, made pursuant to § 20108,
shall be nmw untll the Commisgion

tained pursuant (o paragraph rb) of this
poction shall b preserved for two years
aftar completion of the survey except
LAt the folowing records shall be main-
tained until the Commisdon sutharire
thelr dsposition: (1) records of the se-
sulls of surveys to determine campl-
ance with §20.103ca:; (30 1 the ab-
sence ol persannel monitoring data, ree-
ords of the resulls of survess to de'st

mine externs! rrdigticn dose, and GiD
Fecords of the results of surveys wed o
ovaluate the relesse of radiometive afu-
&nla & the environment.

(3) Rerorde of dispcan] of licamses. me-
teria) made pursuan: to §0 30.30Z, 30,285,
or 20.304 shall be maintained untf! the
Commission authocizes thelr dapesition,

(4 Records which must be muintained
purauant 10 (bl pert may be the oris-
(nal or & reproduced eopy or mieroform
U such reproduced copy or mitroform
duly authenticated by authorizad persn-
el and the microform i expable of pro-
ducing a clesr and lagible copy after
wlorege for the prriod specified by Cor -
mission regulations,

(5) If there is » conilet betoeep ihe
Commissior.z regulations in thu ps<t,
Lcense tondition, or tachmical &pecif-
eatlon. or other w:itten Commisalon 8~
proval or authorizatior pertaining lo e
retention period for the same typs €
recard, the retention period epecifiec in
the regulations ‘s this psrt for such
records shall azly unless the Comumiss
50 pursuant to 120.5°° hod granted &
specific exemption {r 2 record re-
tention yequirements ..cified fn the
pegttlations in this part.

§30.102 Rrparis of theft o Jom of
licensed material.

() Ecch lieensee ehall report by
telephonet to the Directos of the appropriate
Nutlear Regulatory Comminon Inspection end
Enforcement Regional Office lizted

In Appendix D, imniediately atter lts oo-
eurTence Lecomes known o the lictnmws,
any less or sheft of Jicensed matesial 1o
suzh qusnstics and uncer such eirenma’
stenices at it apiears to Lie Licnaee
toat o subsianilal Kozard may result o
pestons inunrertvicted sreas,

(b Each leensee who Is Tequited to
make & report pursusnt (0 paregraph
ta) of this section shall, within thir'y
(301 days efter he tearru of the foss ot
theft, muke & repott in writing to e
sppropriste NRC Reglonal Ofice jisted
in Appendix D with coples to the Direcs
tor of Inspection ang Enforcement, DS,
Nuclear Regulatory Commission, Wash«
ington, D.C. 30555, setting forth the fol
Jowing information:

———
tAmmded 42 FR 03985,
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Notice is hereby riven; that the report-
ing requirements st out in the rule
have been approved by the U8, Oen-
eral Accounting Offlce.

EPFECTIVE DATE: December 13,
1978,

¥ by,

20-10
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(1) A demstiption of O Nowmwed
material involved, fncinding kind, guan-
tity, chemical, and physioal Jorm;

§20.403 Notifications of Incidents.
%) Immediate sotification. Each U-

20-11
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D of any ncident involving byproduct,
souree, or special nuclear tmateria) po-
sestzd by him and which may have
caused of threatens to cause!

11) Exposure of the whole body of any
indivadual w 25 rems or more of ragm-
tion; cxposure of the skin of the whole
body ©f any individual of 150 rems or
more of Tadistion; or exposure of the
feet. ankles. hands or forcarms of any
indwitual to 375 rems or mose of radia-
ten; of

2: The release of radioac.ive nate-
rial 1n cuncentrations which, If averused
aver a perod of 24 hours, would exceed
5000 times the htmts specificd for such
matirials 4 Appendix B, Table II; or

131 A losy of ene workine weck or
more of Lhe operation of any fatilitics
nﬁcc(c‘ll): ()

14 Damare lo property In cxeess of
$200.000.3 '

by Twenty-four hour mnotification
Each heensee shall within 24 hours no-
tify by telephone and telegraph, msil-
gram. or facsimile, the Director of the
appropriate NRC Regionai Office listed
in Appendix D of any incident involving
Heensed matertal possessed by him and
which may have caused or threatens L
cause:

1) Exposure of Lbe whole body of any
individual to 5 rems or more of Tadia-
tion; exposure of the skin of the whole
body of any Individua) to 30 rems or
more of radiation; or cxpasure of the
foet. ankise. hands, or forsarms to 7%
rems or more of radiation; or

(3) The reloase of radlopttive miatly-
rial 1n concentiations which, if aver-
aged over & perlod of 24 hours, would
exceed 500 times the limits specified for
such materials in Appendix B, Table I;

or
(3) A loas of one day or move of the

operation of any facilities affected; or

-’2(350mmuewmuulnue-lor
L LU

(¢} Any report filed with the Commission pur-
suani (o 1his sectron shall be prepared so that
asmes of individuils who have received exposur-
1o radiation will he stated in a separate part of
the repert.

§20.404 |Deleted 38 FR 22220.)

diation or concentrations of radioactive
materia! (wheiber or not involving ex-
comsive exposure of any individual) in
‘an unrestricted ares in exees of ten
times any epplicable limit get forth in
this par’ or In the license. Each report

rudiation or to radioactive materisl.
Imeluding estimates of sach individuals
expoture ag required by parsgraph (b}
of this section; Jevels of radiation and
concentrations of radioactive material
1nvolved; the cause of the exoosure,
Yevels o7 concentrations; and corrective
steps taken or planned to assure against
& Yeciimence.

() Any report flled with the Commis-
sion pursuant to this sction shall in-
clude for each individual sxposed the
pame. social security number, and datt
of birth; and an estimate of the ind)-
vidual's exposure. The report shall b
prepared so that this information ¥
stated in & separate part of the report

(c) |Delated 38 FR 22220,
§20.406 |Deletad 38 FR 22210,
130407 Peroonnel axposnre snd mon-
ering reporns.

(a) This section applies 10 each penson |-
censed by the Commission of the Atomic En-
ergy Commission 10:

(1) Operate a nuclwr rmactor de-
produce electrical of heat

of plutonium o2 any combination
pursuant to Part 10 of this chapler; or
(4) Powsess or use at any one iime,
for procesting or manufacturing for dis-
tribution pursuant to Part 30, 32, er 33
masterial in

v and

20.405  Reports of
§ . '”l“m'hlud

(a) In addition to any potification re-
quired by §20.403, esch lictnsee aball
make a report in writing within 30 days
o the appropriate NRC Regional Offico
1uted in Appendix D with s copy fo the
Director of Inspection and Enforcement.
UL, Nuclear Repulatory Commission,
Washlogton, D.C. 30555, of:

(1) each exposure of an
individusl to radiation in excess of th
applicable limits in #120.101 or 20.104
ta) or the llcense; (2) each exposure
of an individual to radioactive material
in excess of the applicable lmits in
1820.103(m) (1), 20,103(n} (2), 20,104(b?
or the license: () levels of radiation or

$he

submit 10 the Disector of Inspection and En-
forcement, U.S. Nuchar Regulatory Commis:
slon, Washington, D.C. 20555,% the following
reports, spplicable 0 the described licensed

3Tha Commimion WAY Feiilre, &b & LSO
essodition, or by ruls, Mglistion o order
pr-uant o 120503, eports from licensess
whi are licensed to us radionuclides not o

concentraticns of radioactive material ! this lat. in quantities suficiwnt to esum

in s restricted area In excess of any
other anplicable limit in the license; (4
any incident for which notification is ve:
auired by § 20403; and (5) Jevels of ra-

somaparable radistion levels,
tAmended 41 FR 16445,
$Amenged &1 FR 43965,
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‘The low exposure range “'ata are re-
quired in order {o obtaln better inlorma-
tion about the exposures actually re-
carded. This section doss ot require
improved measurements.

$20.408 Reporis of persomnel expo-
sure on termination of employment
o work,

When an individual terminstes em-
doyment with & licensee subject to
§20407, or an individusl sriyned to
work ir such a lcensee's Jacility, Lat not
smployed by the licensee, completes his
sork assyynment in the licensee's facllity,
the licenses shall firniah® to the Dirsclor of
inspection and Enforcement,t US. Nochar
R-gulatory Commission, Washington, D.C.
20855, » report of the -
lvidual’s exposure to radiation and ra-
Sloactive material, incurred during the

2A licensee whose license ex

¢ ites o termi-
nates prioe (0, of on the last J:y of the cal-
endar year, shall submit reporis at the expir-
ation of termination of the license, covering
that part of the year during which the license
wib in effect.

Individusl valusy axectly equal to ithe
wlues peparating Exposure Ranges ahall be
feported hig] 2

*  Amended 38 FR 22220,
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period of employment ot work asmign-
ment in the licensee's faclity, contatn-
ing information reccrded by the teensee
‘pursuant to §§ 20.401(a) and 20.100. Such
report ghall be furnished within 30 dars
after the exposure of the individual has
been determined by the licensee or 80
days alter the dute of termination of em-
zlom]nlm or work assignment, whichever
earlier.

$20.469 Notificotions snd reparts o
individuals.

(s} Requirements for notiflestions
and reports bo Indlviduals of exposure o
distion or radioactive maserial
specified In lllllol!hl.lm

(b) When » fs required pur-
mmwﬂzom«xﬂﬂhnpﬂb
the Commission any exposure of A in-
dividual to radiation or radiotcetive ma-
terial. the licensee shall also notify the
individual. Such notice shall be trans:
mitted 8t & tme not later thar the
transmittal i the Commission, and shall
comply with the provistons of § 19.13(a)
ol this chapter.

EXCEPTIONS AND ADDITIONAL
RIQUIREMENTS

£20.50)  Applications for exemptions.

The Commission may. upon spplication
by any licensee or upon its own initiative,
grant such exemptions from the require-
ments of the regulations in this part as
1t determines are guthorized by law and
will not result in undue hazard to life or
property.

§ 20.502 Additional requirements.

The Commission may, by rule. regula-
tion. or order. impose upon any licensee
such requirements. in addition to those
established in the regulstions in this
part, as it deems appropriate or necessary
{o protect health or to minimize danger
%o life or property.

§20.60] Violatiom.

An injunction or other court order
may be obtained prohibiting any viola-
tion of mny provision of the Atomle
Energy Act of 1954, as amended, or Title
II of the Energy Reorganization Aet of
1974, or any regulation or order jssued
thereunder, A court order may be ob-
tained for the payment of a civil penalty
imposed pursuant o section 234 of the
Act for vilation of seclion 53, 57, 82, €3,
81, 82, 101, 103, 104. 107, or 109 of the
Act, or section 206 of the Energy Reorga-
nization Act of 1974, or any rule, requla-
tion, or order issued thereunder, or any
term, condition, or limitation of any
license issued thereunder, or for any
violetion for which & license may be re-
voked urider saction 186 of the Act. Any
person who willfully violates any pro-
vision of the Act or any regulation or
order issued thereunder may be guilty of
& crime and. upon conviction, may be
punisned by fine or imprisonment or
both. as provided by law.

Norz—The and record keeping
THquirements m 1o U part 1am
been approved by the Accoun
m;mr B-100238 (ROOHD) . (MOOH), and

APPENDIX A [Reserved]
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[y » s o’ 2 At 2 that wnlury given are for snbmersion i
Coneentrations [n AW wnd Water Absve Bmekgr - -rmlmhnu-l umnlu cloud of airborne materin).
* Thess radon conctnirations aro

(See footnates On page 20-13}

appropri-
#ts for protaction from Mon-m combipcd
with 1t short-lived daughiere. AlteTuatively, )
Toble | Tabte It the ¥alus in Table I may be replaced by one-
- 1uxtra (¥ "-crnn.. level.” (A “wo rtlnz ;
Dix:nant (atemic svmber) laatope ' Colwmn 1 Column 2 Catamn 1 Column ¥ Nved rndon 221 dll-l[hhr.. polonlum-zl‘. -4
At Woter J ate Water ons ter of atr. vu.nuu: regard to th degno |- ]
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s w8 rY 2 %1073 centradon valus for B AM-BOUr Wothkweel, <o
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. X o7 bl 9 %104 ot W
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NOTF TG APPENDIX B

Hm:hu&rth-mlnmmmn
‘waler of more ok Pedidhuelide, the tmiting value
fw purposes of the Appeodis should be determined u

-

dionutlide Iz Lhe mizture, the ratio betwren the quannn
L (o the mislate and the nmn oibrrwite u‘hb

o Appendls B fot the spectfic

not (n e pivure. The sum of such mtios for ol lhr
radionueiides Lo the mIKtEre MY hot exored “1”" Lie,,
Uy,

Exawrix [i mdionuclides 4. B, and C are prewni
n contentrstions Ca, Caund Cc, and if the spplicable
MTEs, e MPCa, ind MPCy, 404 MPCc reper
el then the conrentratns shatl be limired w that
the fellowing seiationahip existe

Ca Cn
AP P e

217 sither the tdontity or the concentration of any
saAiemuelide bn the Raitture b nol km!’ﬂ. ihe Imittng
valire= for purposes of Apptndla 1 shall
&. Por purposss of Table 1, Col. 1—exlo -y

b. Par purpoced of Table I, Col. 3—4 X 10+

€. Por purpast of Table 11, Cal, 1—3 X 10-

< Por purposss of Table 11, Cal. 3—3 x 10~

the lowast conowntration limit cpecified in
Appendix "B" for any rudicouciide which 1
Lot kpown th be aboent from the mizture;
a

¢. Blarant (atamic mmmber) nad isotops

a
=

it b known u | Br @, | 123,
table llunly), Pb 210, Po 210, s 223, Ra 208, Re 2B,
Pa 2, Thoat, Cm 28, CT M snd FIn 25 wy 0

llr‘“lnwn that 67 90,117, (1
ondy), Pb 210, Ba R.IZB.CDN&NNCHM“

U&hmvn that (l VA, bie ll mly). Ihﬂ lﬂd Ra

I.Ilthlnavnumll
1, R,

), Ac

namitien 0, 1 19
s 10, Pu M, l.nd Bk 2ﬂlrlnvl

phs-emnitters and P 210, Ae 227,
ruu and Fummno!m ....................
1t it 0 known thes alphsemivian sad At 227 arv oot

At 2, Th 2, M, Pu
2. PuM, Cm 28, cmmacm

Tkl Table I
]
Cotemn | | Colmmnd | Columot | Column
Alr (aCifml} Watar | Alr(uCiseol)|  Water
(Oifmi) (Cifml)
i T
ok
. 330 a] Eoql ol
- [l
e 10
. BB
xies X107
1x1w-e X
E ) 7T, B FOPCUUURIN B b ' R IO,
xiee 1X10-9

4. 1t » mizture of redionuctide conairis of
mnlumlndlhd-uxhunl.nmmmw
of e
m ore, the values ipecifisd talow By In
Qi for ur. pium and its daughters throvgh
adium-324, 1nstesd of those from paregrapho
1,3, 01 3 ptome.

& For purpases cf Table I, Ocl, 1—1x10-*
ﬁ:ifm! rom alphs ectivity; o 8§x10-4 aCt/
;] pAtura) urenium; or 76 micregrams per
subls mater of air Latural Granium,

b, For purposes of Table I, Ool. 1B x 10-1
A01/m) gross aiphs activity; or 3X10-9 £01/
m! patural uranlom; or § micograms per
eubie meter of air natursl uranjum.

8. Por purposss of tbis @vte, & radio-
nn:uu. may be conyidered as not premst in
& mizturs if (8) the ratio of the concentra-
tion of that radionuellds in the mixture
{Cs). 10 \ba comoentration limit for that
radlonuclide specified in Tubis [ of Ap-
pondl.l B (IPC.) dom Dot extond Yo

(MWS )Mﬂ(b)uﬁlmﬁfl\ldﬂ

nitlos for all &o radlonuclides eonaidered &8
ot present In the mixtwe does 5ol sacerd
X
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slphs amitting recteersiic)

stz © uot Lstad abrve o mixturcy of
Hoteal  Miosowrin el P‘:‘:"WWWM "

LU0 X | R, .8

ASUDINY-13D ..ccorammmenneevecs  IOO

1% u, radionusiids oihae than alphs

smining rehicausilde, not lsted

ADUIODY-IM cresnsvrasevensonns 10 190 abon 5
LT ST R ——— ) o cictures of beta emit-
e Attt Y- “',8 s of uchmown compositton... .1
AN cmncnncacnanrrrerres 10 100 Fore: [37 uspocsd of 9 29.202 and 90, 804,

APMDIE-T8 . omeceereconanrencesne 10
21

Cedmium-100 coceecnccnanaserere 30
Cadmium-118 10
Cudmium-118 cusercmanecevescess 300
| Calelumdl coceeeneneanaranence-s 10
[ 47 19

. !muwm-m wemesananpaannraran 10

PIURUMSIITD corancresmsvosnnns 10D
10"

where thir 1 (nvalved a axttbination of Lso-
topss in known simounts tho liput for the
combinstion ahsuld te derived a0 follown:

PIUGDILTAN —rommsacooeee 01  Deteming, for gath toctop In the combins.
0.1 ton, ths ratio between the quantity precent

10 in the combiuation and tha limit othereiso

100,  establishod for Lhe specific Lootope when pot

Pramodymiuin-Ii8 cocscavsmnanen 100
Promsthium=-147 .o onmensoanens. 10
Promethlume 14 ceanencrcrannanas 10
Radivm 239 .6

n combinstion. Tho sum of quch mtled to?
all the lsotopas !'x th2 combinstion oy oot
et ‘1" (10,

poees of § 30.33%, . o particular Satch cone
umn fo 000 pCit of Au¥ and 50,000 uCi%

Carbon«14 cvsecvenevasencanessnar 1) gg of 11, it mlif‘bo include pot more than
100 300 ulit of 191 This limit wae determined
100 g follows:.
Rudldium-88 10 W o |
BUBIGEAT crrrrssessaresererer 10 Bt « LT it
134« eeeomecane. e Hadaigh Thy denomieatte t cocb of @ &0
Gz T f Bubelunedos 10 ratios wes aibtetned by multipiying e Oguro
AU e 10 !“'E'ﬂ’“m-fg seesmenaananaone “l' 16 tDe todlo bY 1200 a8 provided In § 30.904.
COUUMATY ceeeccmrrromemenee L WD 18] covnnmscsmnnenenee 10
ChlorneM oo 10 un 1'0“ sormeemnsvesennes 100
[: 31 dlum-47 100
48 10
D0 T, T | R |
Billcon.d1 . 100
SUver-108 ... 10
Bllver-110m «eeeeeemuns. 1
Sitver-11} ..... -- 100
Sodiumedd oaueeee. omsmaamusanan 10
80 H)J
- 8u 89 1
Rureptum-18% 18 yr..... 1 B0 —eeee 0.1
Ruroptume184 t gtrontium«p} 10
P 188 1 BUORUUM=DZ covmvannmcancnnssnan 10
b (Lp) UT | S — oo 1,000 phuress o.e... 100
OGad 183 1 TRBUEL iM*)85 caeemmceammaeeene MO
Oado) 188 00 b 27 LIRS | — 10
[s SUUT T - R | T 87m 106
G I 100 Tech 7 100
O018-108 «oveeeee 100 TechHetium-08m . coveevmmmnennae U
. Oela-189 100 T B0 10
Hatpium-18 10 Telluriumn-125m . 10
Holmum-164 100 Tellurium-127m 10
3 1,000 Tellurlum-137 .. 160
100 T -120m
10 T -120
100 T 131m
10 T 132
Iodine.125 ) Terblum-160
lodine.128 .. 1 Thallium-200 ..
ledine-120 .. 0. Trallium-201 ..
lodine-131 . *1 Thalllum-202
Todina-132 10 Thalllum-204 .
Todine-133 t  @frhorjum (asturs))
lodine-134 10 ¢ 7
Jodine.135 to T m .
I
Indium-104 100 TIN-12S o aimccamann -
Iron 100 Tungsten-131
100 T
10 My (
10 233 .
TUAUUMATT eeccnnicaeneee 100 umiun-nhvnmum-ms ..... . .0
g 02 10
M 54 10 Xeoon-231m
M 58 10 Xenon-133 .
100 KEOON-135 o vceermmcmammacmanan
100 b 178
1 TUOUMPD o seennsnamamrmmanan 10
100 Teitrlum-0l .. 10
FOOAYMIURLHT «ne cecemmemeenen 100 ;":“m-gg - e :g
140 100 ttrium-gd .. ot on & tlon O €
= -1 S R 0 on wphs dlsintepstion ™
T T - 1w Zinc-80 - 1o Tb-050, Th-030 and tbeir deughter produsta
100 inc+00 ... .. 1,000 oDased oh Oiphs dbintegmtion o &2
" 10 BACOLIUM-E2 <oermeeermamnnannas 10 0200, 0334, ard U036
Hiobtum-95 ... 10 03 10 b Amended 36 FR 16898.
2ir 97 10 Amended 39 FR 23990,

FIODIUMDT .rsrsmmevecsnmanaaes 10
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t Amended 38 FR 29314,
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N2 Supr

Y Requirement tue leenie
T4 Delmuons
ML Tranggoration of heemed matessal
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10 Lumied exempinm tor shipmen) f (ype B
quannes of rsdugenve mazeral
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AL Generat icense fot shipment in DOT speciti.
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for st by annther person. und e packages
approved by & foreign natinel compe.
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781} Commynications.
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M 21 Contents of applicatua
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LM Generat uandards fue ol packaging.

TN Sroctural pandaids fur iy B and large
quanuty packaging

TIAY Cruiczlny sandards fr fissile materip)
packages

UM Evalvanon i 5 urgle packuge.

1135 Siandurdg tar normal condtions of transpesy
tur a ungle package

71 M Sandasds for hypothenical accdent condi.
Rins (o 8 3ingle pachnge.

.17 Evalustion of 9 estay of packages of fissile

al

maner

L3N Sgecific usndnrds for » Feasike Clas )
pachaye.

N8 Specific sandards for @ Fislle Clans 11
package.

7140 Specific sandards fir w Fissite Class 1 ship-

mens
141 Previmaly consracied packages for izredi.
oicy sifid nuclear fuel,

1142 Special requiremems for plwoamm thip

werms ahier June 17, 1970,

!

PACKAGING OF RADICACTIVE MATERIAL FOR
TRANSPORT AND TRANSPORTATION OF RADIOACTIVE
MATERIAL UNDER CERTAIN CONDITIONS *

tions of other agencies having jurisdic.
vion over meany of wansport. The re-
E of this part are in addition 1o,

Schpart DOy r

7151 Emshiuhmen: and msizienance of pro.

ttdures
7182 s &8 Ho LRk p
7183 Przfiunary deterinations
05 Riwdtine Atterminalions
T A Opening imstracrims
76! Reporyy
762 Records
TIAS Drspeciion and tess
T Vinlaywey

Appradicei

AppEndin A-—Nurmat conydthiens of cransport.
Appeeadin B-—-Hyputhetcal acendent cotditnns
Appenia C—Transpor grouping of rsdwnuclides
Appendin D=Tewy for special torm heensed
materal
Appendiz E-Quality Astutance Criterls for
Shipping Packages for Redioactive Materiat
AUTHORIYY The provismns of this Part 71
ubwed under seey $3.61 81,161, 182, 183, 68 Simt
M, 93N, 938, 948,913, 954, mamended 42 USC
W73, WY, 2111, 2201, 2232, 223), wnless e
wise nied Fuor the purposes of see. 223, A8 Seat. 958,
us pmended 42 U5 C 2273 48 T 6h 70 83 e
under i< 1610, 6% Stan. 950, ns amended, 4208 C
2200000 Scn. 202, 206, Pub. L. 41430, 48 Stm.
124, 1246, 42 US.C $842, SB46.

§ 71 Porpose,

(a) This part esablishes require-
menis for transporiation and for pre-
saration for shipment of licented
materisl and prescribes procedures and
sndards for approval by the Nuclesr
Regulstory Commigsion of packaging
and shipping procedurcs for fissiie
material (uranium-233, uranivm-235,
plutonium-238, plutonivm-239, and
plutonium-241) and for quantities of
licensed materials in excess of type A
quantities, as defined in § 71.4(q), and
prescribes certain rzquirements govern-
ing such packaging and shipping.

(b} The packaging and transpors of
these materials are aiso subject 10 other
parts of this chapter and to the regula-

————
*Amended 37 FR 3933,

snd not in submitution for, other re.
quirements.

B 712 Scope,

The regulations in this part apply 1o
each person authorized by specific
license issued by the Commission to
_TeLtive, poisess, uK or wramsfer licensed
materiafe, if he delivers such materials to
a carrier for trasport of transports such
material outside the confines of his plam
or other place of use.

§ 71.3 Requircment for licinse,

No licensee subject 1o the regulations
in this part shall (a) deliver any licensed
materinls 10 a carrier for transport or (b)
transport licensed material except as
authorized in a general license or
specific license issued by the Commis-
100, or as exempted in this parc.

§ 714 Definitions.

As used in this past:

(a) “Carries™ means any person
engaged in the teansportation of
pREsengers of property, s common. can-
tract, or private carrier, or freight for-
warder, as those terms ore used in the In-
serstate Commerce Act, o5 amended, or
the US. Post Office;

(b) “Close rzflection by water”
means immediate coniact by water of
wifficient thickness to reflect a maximum
number of neuteons:

(€} “Containment vetsel” means the
receptacle on which principal relisnce is
pleced to rewin the radioactive maerial
during transpori;

{d) “Fissile classification” means
classification of a package or shipment of
fissile materials according o the con-

trols needed to provide nuclear cri-
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tisolity safety during transportation sf
foliows:

(1) Fisile Clam |: Packages which
may be trangported in wnlimited pum-
bers and in oy arrangement, and which
require go nuclear criticality mfety con-
trols during transportation. For pur-
poses of nuclear criticality safety con-
trol, a transporistion index is po!
apigned o Figile Class | packages.
However, the externat radiation levels
may require & transport index umber.

(2) Finsile Ciass I1: Packages which
may be trentparted together in any ar-
tangeinem but in numbers whick do not
exceed an aggregate transport index of
50. For purposss of nuclear criticality
tafety control, individual packages may
have a transport index of not lets than
0.1 and not more than 10. However, the
eaternal cadiation levels may require a
higher transport index number but not t¢
exceed 10. Such shipments require no
auclear criticality safety control by the
shipper during trensportation.

(3) Fiwile Ciass [10: Shipments of
packages which do not mest the require-
ments of Fissite Classes { or Il and which
are controiled in transpoftation by
special arrangements between the ship-
per and the carrier to provide nuclear
criticality safety.

(¢) *‘Fissile materials™ means
wranium-233, uranium-23S5,
plutonium-238, plutonium-239, and
piutonium-24);

(f) “Largt quantity” means a quan-
tity of radioactive materisl, the eggreg-
ate tadioactivity of which exceeds tny
one of the following:

(1) For transport groups as defined
in paragraph (p) of this section:

(iy Group | or 11 radionuclides: 20
curies;

(i} Group III or IV radionuclides:
200 curies;

(iii) Group V radionuclides: 5,000
curies;

(iv) Group VI or VII radionuclides:
50,000 curies;
and

(2) For special form materiaf as
defined in paragraph (o) of this secrion:
3,000 cuvics.

(§) “Low specific activity material”
means any of the fallowing:

(1) Uranium or thorium ores snd
physicai or chemical concentrates of
those ores;

(2) Unirradiuted natural or depleted
uranium or unirradiated natural
thorium;

(3) Tritium oxide in aqueous solu-
tions provided the concemsation docy
not exceed 5.0 millicuries per imillilites:

(4) Materinl in which the sctivity is
essentially uniformly disiribuied and in
which the estimated average concentra-

tios pei gram of cootents does mot ex-
ceed:

(i) 0.0001 mitlicurie of Group ! ra-
dionuclides; of

(i) .003 smillicurie of Graup 11 ra-
dionuciides; or

(iii) 0.3 millicyrie of Groups III or
IV radionuclides.

NOTE: This includes, bul n 8ot iimited 10,
ialy of low radiosciivity ion sech o
residyes o folutions from chemical procensing,
waster aich 1 building rebble. metsl. wond, and
fabric scrap, glasmware, paper, and carcboard, solid
ar Jiquid pisat waste, studges, and pshey

(5) Objects of nonradioactive
material externally contaminated with
radiosctive material, pravided that the
rediogctive msterial is not readily dis-
persible and the syrface contamination,
when sveraged over an arca of | squarc
meter, does nat exceed 0.000) millicurie
(220,000 disintegrotions per Minute) per
square centimeter of Group I ra-
dioauclides or 0.00) millicurie (2,200,
000 disintegrations per minute) per
square centimeter of other ra-
dionuclides.

(h) “Maximum normal operzting
pressure ' means the maximum jauge
pressure which is expected to develop in
the containment vess¢| under the normal
conditions of transport specified in Ap-
pendix A of this part;

(i) “Moderator™ means 2 matesial
uvsed to reduce, by scattering collisions
and without appreciible capture, the
kinetic energy of neutrors;

(j) “'Optimum interspersed hy-
drogenous modergtion” means the oc-
currence of hydrogenous material bet-
ween contzinment vessels to such an ex-
tent that the maximum ntclear reactivity
results;

(k) “'Package” means packaging and
its radioactive ontents;

(1) *“Packaging” means one or mor¢
receptacies ai1d wrappers and their con-
tents excluding fissile material and other
radioactive materiel, but including ab-
sorbent material, spacing structures,
thermal nsulation, zadiation shielding,
devices for cooling and for absorbing
mechenical shock, external fittings,
fieutron moderators, nonfisile neutron
absarbers, and other supplementary
equipment;

{m) “Primary coolant” means & gas,
liquid, or solid, or combination of them,
in contact with the radioactive material
of, if the matarial is in special form, in
contact with its capsule, and used to
remove decay heat;

(n) “'Sample package’ meanz 2
package which is fabricsted, packed, and
closed to fairly represent the proposed
package ps it would be presented for

2

transport, simulati~2 the material te be
stansported, as 10 weight and physical
and chemical form;

(o) “Special form” means any of the
following physical forms of licensed
material of any transport group:

(1) The material is in solid form hav-
ing no dimension less than 0.5
millimeter or at least one dimension
greater than five millimeters; does not
melr, sublime, or ignite in air at a tem.
perature of 1,000° F.; will not shatter or
crumbie if subjected to the percussion
test described in Appendix D of this
part; and is not dissolved of converted
into dispersible form to the extent of
more than 0.005 percent by weight by
immersion for 1 week in water at 68° F.
or in air at 86° F,; or

(2) The riaterial is securely con-
tained in a capsule having no dimension
less than 0.5 mitlimeter or at least one
dimension greater than five millimeters,
which will retain its contents if subjected
1o the tests prescribed in Appendix D of
this part; and which is constructed of
materials which do not melt. sublime, or
ignite in air at §,475° F., and do not dis-
solve or convert inta dispersible form to
the extent of more than 0.005 percent by
weight by immersion for 1 week jn water
8t 68° F. or in air at 86° F.

{p) “Transport group” means any
one of seven groups into which ra-
dionuclides is normal ferm are
classified. according 1o their toxicity and
their relative potential hazard in
transport, in Appendix C of this part.

(1) Any radionuctide not specifically
listed in one of the groups in Appendix C
shall be assigned (o one of the Groups in
accordance with the following table:

Radwactive haif-life

Radis- 0w $000 1000 ddys tu Qver 10+
nuchde days 10+ years years

Atomic Grawp WL .. Group Il . Graup 111
number
1-81

Atomic Grawp | ... Group |- Growp 1)
number 42
and over

{2) For mixtures of redionuclides
the following shalt apply:

(i} If the identity and respective ac-
tivity of each radionuclide are known,
the permissible activity of each ra-
dionuclide shall be such that the sum, for
all groups present, of the ratio between
the total ectivity for each group to the
permissible activity for each group will
not be greater than unity.

(i) 1fthe groups of the radionuclides
ore known be! the amount in each group
cannot be reasonably determined, the

e e

ot raean
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mixture she!) be amigned ® the moK
resirictive group present.

(i) If the adentity of al! or some of
the radionuclides cannot be reasonably
determined, each of those unidentified
radionuclides shall be considered s
belonging to the most restrictive group
which cannot be patitively excluded.

(iv) Mixtures consirting of # single
tadiouctive decay chain where the ra-
dionuclides are in the naturally occur-
ting proportions shall be considered a3
cansisting of & single radionuclide. The
group and aclivity shall be that of the
first ‘nember present in the chain, except
thal if a radionuclide “x™ has a hali-life
ionger than that of that first member and
an activity greater than that of any ather
member. including the first, at any time
during transportation, the transport
grovp ot the nuclide “x* and the activity
of the mixture shall be the maximum ac-
Wity of that nuchde "x" during
transportation.

Terms defined in Parts 20. 30 1o 36 in-
clussve. and 70 of this chapter have the
same meaning when used in this part.

(q) "Type A quanmy” and “type B
quantily” means a quantity of radiogc-
tive material the aggregate radioactiviy
of which does not exceed that specified
n the following table

Teanwpurt groufs Type A Type B
see 3 T dipy quantily  quanlily
10 CUnEs) (N cuney)

i 0.00¢ i
it 0% 0
tir 3 00
[ 20 0
Vo 0 5,000
Viand VI 1.000 40.000
Speciat wm )] A0

§ 715 Troosportation of [licensed
material,

(8) No licensee shall transport any
licensed material outside of the confines
of his plant or ither place of use, or
deliver any licensed material to & carrier
for tsanspor, unless the licensze com-
piles with the applicable requirements of
the regulations sppropriste to the mode
of transport, of the Department of

* Transportation in 43 CFR Parts

170-189. 14 CFR Parl 103 and 46 Part
146, and the U.S. Postal Service in 39
CFR Parts 14 and 13 insofar as such
regulations relate to the packaging of
byproduct, source, or special nuclear
material, marking and labeling of the
packages, loading and norage of

——
E.lum that for calfornium-282, the limit it 2 Ci

packages, phsarding of G Hanspovis-
tion vehicle, moaitoring requirements
and accident reporting.

(b} When Department of Transpor-
tation regulations are not applicable to
shipments of licensed material by rail,
highway, or water because the shipment
o7 the transportation of the shipment is
not in interstate or loreign commerce, or
to shipments of licensed material by wir
because the shipmeni is not transporied
in civil aircrafi, 1he hicensee shail con-
form 1o the siandards and requirements
of the Department of Transportation
specified in paragraph (a) of this section,
10 the same extent as if the shipment or
transporiation were in imerstaie or
foreign commerce orf in civil aircraft.
Any requests for modifications, waivers,
or éxemptions from those requirements,
and any notifications referred 1o in those
requirements shall be filed with or mades
10, the Nuclear Regulatory Cummission.

(c) Paragraph (a) of ths section shali
not apply to the fmnsportation  of

icensed material  or to the delivery of
licensed malerial to 8 carrier for
wransport, where such transporiation is
subject o the regulations of the Depart-
ment of Transportation or the US.
Pusla. Service

EXEMPTIONS
o 716 Specific exemptions.

On application of any imerested per-
son or on its own initiative. the Commis-
sion may grant such exemptions from the
requirements of the regulations in this
part as it determines are suthorized by
law and will not endanger life or proper-
ty or the common defense and security,

75.7 Exemption for mo wmarz than
Type A quanfities.t

A licensee is exempt from all the re-
quirements of this part to the extent that
he delivers to a carrier fof ranspori:

@) Packages each of which contains
nn licensed material having a specific ac-
tivity in excess of 0.002
microcurie/gram; or

(b) Shipments subject to the regula.
tions of the Depactment of Transporta-
tion in 49 CFR parts 170~189, 14 CFR
part 103, or 46 CFR part 146 or the US.
Postal Service in 33 CFR parts 14and 15
of packages each of which contains no
more than a type A quantity of radioac-
tive material, as defined in § 71.4(g),
which may include one of the lollowing:

(1} Not more than §5 grams of fissile
muerial; or

—
"Redevgnated by 38 FR 10437
Amended I8 FR 10437

{2) Thorium, or urenium containing
not more than 0.72 percent by weight af
fissite material; or

(3) Uranium compounds. ather than
metal (¢.8.. UFa UFq. or uranium oxide
in bulk form, not pelleted or fabricared
into shapes) or aquecus! solutions of
vranium, in which the total amount of
uranium-233 and plutonium present
does not exceed 1.04 percent hy weigh
of the uranium-235 content, and the
iotal fissile coniem does not eatecd
1.008 percent by weght of the total
uranium conlent, or

4y Homogenous hydrogenaus” solu
tions of Mixiures conlaning ot mare
than

(i) 500 grams of any fissile material,
provided the atomic ratio of hydrogen 10
fissile material is greater than 7.600. or

(1) 800 prams ot
uranium-235: Pravided. That the aonc
ratin of hydrogen 10 fissife matersal 1s
greater than 5.200. and the content ut
other fissile matenial is not more than |
percent by weight of the torl
uranium- 234 cuntent, ot

(ith) 500 grams of uranium-233 and
uranium 238 Provide) That the alamic
rate of hydrogen o fissile mateqal
greater than 5.200. and the content ot
plutonium 15 net mare than | percent by
weight of the total uramym-233 and
uramum-235 content. or

(%) Less than 150 grams al ssilc
material  Provided. That there 1s not
more than § grams of tissile material in
any cubic foot within 1he package

° 71.8  Enemption of pbysicians.

Physicians, as defined in 3 35.3(b) of
this chapter, are exempt from the regula-
tions in this part o the extent that they
«ransport licensed matenial for use tn the
practice of medicine.

§ 7.9 Exemption for fissile material.

A licensce is exempl from require-
ments in §§ 71.33, 71.35(b). 71.36¢h).
71.37,71.38.71.39, and 7140 10 the ex-
tent that he delivers to a carrer for
transport packages cach of which con-
tains one of the following

(a) Not more than 15 grams of fisale
material; or

(b) Thorium, or uranium containtng
not more than 0.72 percent by weight of
fissile material, or

(¢} Uranium compounds. ather than
metal (... UFs , UFs, ur uranium onide

s
This apphies i highy water and dues mo apph e

heavy water

¥This applits 10 Iight hydrvgen and dues Aot apply
0 itnvy hyAtoRen Lo . devteripm or IRtum
£ Amended M FR 1al”

i e
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in oulk (677, ot peVTeiled o TIONER DS

wio shapes) or aqueous! solutions of
urania, w which the total amount of
uraniun-233 and plutonivm prescat
ducs it exceed 104 percent by weight
of the woatum- 235 content, and the
total fisside contemt does nat exceed
1oug percent by weight of the total
urauium conient, ot

11 Homogeneous hydragenous?
safytions af MIAtUres conlaining not
e than

(11 SIHY grams of any fissile marerial,
pron sded (he atomic rat of hydragen to
tiwile material 1y greater than 7,600, or

{21 oo grams of
aranaitt- 238 Provrdedd. That the domic
ranne b hydrogen to tissiie matenal is
greaer than 5.200. and the conrent of
ather tissile nuaterial 1s not more than 1.
pereent by weighy ot the total
uransum-238 content, or

(NS00 grams of uranium-232 and
uramum-235  Provuded, That the atemic
rato of hydrogen o fisyile material s
greater than S0, and the content of
plutsninm is it more than | pescent by
weight ol the total uramum-233 and
urapium- 23S Content, nr

o) Less than 380 grams of fissile
marensa)l Prwuded. Thay these )5 pot
mare than S grams ol (issile matetial in
any cubic Jon wihm the package

Y 7140 Limited exemption for ship-
ment of type B quamtities of
radivactive material.

A person delivenng a tvpe B quantity
ol radiactive material, as defined n
§ 71 digh.w acarnier for wraasport in ac-
cardance with the provisions of a special
permil, which has been 1ssued by the
Depat-ment of Transporiation and is in
eltect on June 30, 197315 exempl from
the requirements in this pant with respect
o such shipments. The exemption
granied by this secuon shall ierminate on
December 31 1973, or on the date on
which the DOT special permit expires,
whichever is Jater. excepl as to activities
descrihed hoth in the special permit and
in sn application for a hicense which the
persnn has, prior to the terminatior dute
of the exemptu, filed with the Commis-
sion 1f the person has filed such an ap-
phicahon. the exemption granted by this
section shall continue until the applica-
ton has been finally determined by the
Commission

Gt sERal LICENSES

This applies to 1ight wata? and doss not
apply 10 RERYF wAter.

- This apphise to lIght hydrogen ana doee
0oL apply to besvy bydrogen (19, devtarium
OF rtium)

St KR IMRT
Famended 3n FR 16347
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of Heesoed materitl,

A general license is hereby isued. to
persons holding specific licenses issued
pursuant to this chapter, to deliver
licensed materia) 10 8 carner for
transport, without complying with the
package standards of Subpart C of this
pant, when tither:

(a) The material is shipped as a
Fussile Class 113 shipment with the
following limitations on ils ¢contents:

{1y No single package contains more
than a type A quantity uf radioactive
marersal, as defined in § 71.4(q). and

(2) The fissile material contents of
the shipment do noi exceed:

{i! 500 grams of uranium-235: or

(i1} 300 grams total of uranium-233,
plutonium-238, plutonium-239, and
plutamum-241; or

(iii} Any cambination aof
uranium-233, vranium-235, and
plutanium in such quantities that the sum
of the raiios of the quantity of each of
them to the quanuty specified in subdivi-
stons (1) and (n) of this subparagraph
dues nut exceed unaty: or

() 2500 grams of plutonium-238.
plutonium-239. and plutonium-241 en-
capsulaled as plutonium-berylhum
neutron sources, with no one package
comaining i excess of 400 grams of
plytonium -238, plutunium-239, and
plutenium-241; or

{b) The material is shipped as Fissile
Class 11 packages with the following
limitations on the conents of each
package:

(1) No single package contains more
than a 1ype A guantity of radivactive
malerial, as defined in § 71.4(q). and

(2) No package contains fissile
material in excess of the amounts
specified in the foliowing 1able, and each
package is labeled with the correspond-
ing 1ranspor! index:

Maximum quaniiny ol lissile matesial
in & ungle package
Curre.
Plumaem spodding
U235 U3 Ploe- s Pu-Be  (tamaport
tprams) (grams)  mum  neutronndes
(granut  wdeeh
(grams)

WA T TR0 RO )
s W N HeN [}
A 2N 9 (6240 [

————
“Regesignures I8 FR 10447

n4

. “\ . \‘.
Y

-

025 2 %19 $0-160
1520 1008 1T 15-80

v

NOTE Combinaimns al Fhile Maierialy aic
auiksrized For combinations of e Maierials. the
1ransport snde b the st ol e i idual wotics
punding trenspurt indenes The nat Wanspert index
shall pox cxeeed 10

1a) In a specification comainer fuor
fissile mararial as specified i & (73,396
(b} ar () or for a 1ype B quantiy
radioactive matenial o8 specified (n
§ 173.394¢b}) ar §173.395¢b), or For 2
large quantity of radivacuive maienal as
specified an § 173.394(c) or § 173 395(c)
of the regulations of the Depariment ol
Transporiation, 49 CFR part 173, or

(b)Y in a package tor which a icense
ceruficate of compliance or other ap-
proval has heen sssued by the Commis-
swn’s Disector of Nuclear Maceral
Safety and Safeguards or the Atomic

Encrgy  Commusston, provided that

(1) The person using 2 package pur-
suant 1o the general hicense provided by
this paragraph

(1) Has 2 copy of the specafic hicense.
certificaic of compliance, or other ap:
proval authorizing use of the package
and all documents referred to in the
hicense, certihicate. ar other approval, as
applicable.

(i) Complies with the terms and
conditions of the license. certificate. or
other approval, as applicabie, and the
applicable requirements of this pari: and

(i1} Prior fo first use of the package
submits in writing to the Director of
Nuclear Material Safety and Safeguards
ur the  Atomic Energy  Commussion.
his name and license number, the name
and license or certificate number of the
person 1o whom the package approval
has been issued. and the package iden-
tification number specified in the
package approval.

(2) The pack~ge appraval authorizes
use of the package under general license
provided in this paragraph.

() Inapackage which meetsthe per-
tinent requirements in the 1967 regula-
lions of the Internativnal Atomic Energy
Agency and the use of which has been ap-
proved in a foreign national compeient
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suthority certificace which bas boen!
revalidaied by the Depsnmens of
Transportation, Provided, That the pet-
son using & package puriant to the
geneeal license provided by this
paragraph:

(1} Has and complics with the ap-
plicable certificate, the revalidation, and
the documenus referenced in the cerifi-
cae relative o the vse and oainienante
of the packaging, and the actions 1o be
taken priot to thipment. and

(2} Complies with the applicable re-
quirements of this part, and the Depen.
ment of Trangportation regulations in 49
CFR part 173, 14 CFR part 103, and 46
CFR part 146,

§ 71,13 Commsnications,

All communications conserming the
regulations in this part should be ad.
dressed to the Nuclear Regulatory Com-
mission, Washington, D.C. 20555, A
tennion: Director of Nuclear Materinl
Safery and Safeguards, or may be
delivered in person at the Commission’s
officer at 1717 H Street NW,
Washingion, D.C. or at 7920 Norfolk
Avenue, Bethesda, Maryland.

*§ TLI4 Interpretations,

Excepr as specifically authorized by
the Commission in writing, no in-
1eepremation of the meaning of the
regulations in this part by an officer or
employee of the Commission other than
2 writien imerpretation by the General
Counsel will be recognized to be binding
on the Commission.

*6 7115 Additions] reqalrements.

The Commission may by rule, regula-
tion, or order impose upon sny licensee
such requirements, in addition 1o those
established in this part, as it deems
RECEVIAry Of APPropriate 1o protect
health of 1o minimize danger 1o life or
property.

saek 71,16 Amendment of 'ellmq
Lcenses.

(@) Licenses insued pursuam w this
part and in effect on Cwtober 4, 1968,
which aythorize Fissile Class 11 packages
are hereby amended by increasing the
minimum number of units specified for
each Figsile Clans If package by a factor
of i.25. The new number, shall be
rounded up to the firm decimal. In addi.
tion, the term “‘radistion units” is
changed 1o “wanspon index" wherever

e
*Redestgnsted by FR 10£37
"**Amended 17 FQ 3915

waed in the license.

(b) The reference o §71.7(b) in
Ticeases issued pursuant o this part prior
fo March 26, 1972,* is changed 1o
§71.5).

A\

{c) The reference 1o § TEL9(b) in
Yicenses issued pursuant to this part priof
to June 30, 1973, ischanged 10 71.12(b).

Sabpart B—Licesce Applications
§ 713! Contents of opplicatien.

An spplication for & specific license
under this part may be submitted 23 an
spplication for a ficense or ficense
smendment under this chapter and thall
include, for eath propostd pechaging
detign and method of transpore, the
following information in addition to any
ocherwise required:

(a) A packege description &3 re-
quired by § 71.22;

(b) A package evaluation »s required
by § 71.2%

- (o) 4D idetsdoation of the proposed

(8) 1In the case of fimsile marerial, an
identification of the proposed fimile
‘chass.

§ 1132 Package duscription

The application shall include a
description of the proposed package in
sufficient detail to identify the package
scturately and ta provide s wfficient
basis for evafustion of the packaging.
The deacription should inchude:

(8) With respect 10 the packaging:

(1) Grow weight,

(2) Mode) pumber;

(3) Specific mmerials of commruc-
tion, weights, dimensions, and fabrica.
tion methods of:

(i) Receptacles, identifying the one
which is contidered to be the contain-
menl vessel;

(i) Materials specifically used m3
nonfistile neviron abiorbers or maders-
tors;

(iii) Internsl and externa! structures
supporting or protecting receptacies;

{iv) Valves, sampling pora, lifting
devices, and vie-down devices;

(v) Structural and mechsnical means
for the transfer and dimipation of heat;
and

(4) Idenciffeation and volumes of

[vE—
“*Effective date of this amendment.
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any coolants snd of recepiacles contain.
ing coulant.
(b) With respect 10 the contents of

the package:

i I%I eRuAcation And MAXImum
dioactivity of radioncts flgeaty
(2) ldemification snd maximum

quantities of fissile constituents,

(3) Chemical and physical form:

(4) Extent of reflection, the amount
ang identity of non-fissile neutron absar-
bers in the fissile constituients, and the
stomic ratio of moderavor to fiasile con-
gtituents;

(5) Maximum weight; and

(6) Maximum amount of decay hear

§ 7123 Pockege evaleation,

The applicant shall:

a} Demonstrate thm the package
watigfies the standards specified in Sub.
pan C;

(8} For a Fimsile Class N package.
ascertain and specify the number of sim)-
‘ar packoper which may be transponed
together in accordance with § 71.39; and

te) For » Fissile Class 1t} shipment,
describe any proposed special conirols
and precautions to be exercised during
transport, loading, unloading. and han-
dling. and in the event of accident or
delay.

B 7184 Quallty sewurance.

(a) The spplieant ahall identify his
Approved quality Assurance program {o

§.7125 Additiona) information,

The Commission may at any time re-
quire futher information in order to
enabie it 1o determine whether a license,
centifieste of complicnce, of other 2p-
proval should be granted, denied,
modified, suspended, or revoked.

Subpart C~Package Standerds

§ T1.31 General stundards for all
packaging.

(a) Packeging shall be of such
materials znd construction that there
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wil} be no significant chemical, galvanic,
of other resction amons the packaging
components, or between tht packaging
companents and the packuge contents.

(b)  Packaging shall bt equipped with
a positive closure which will prevent in-
advericnt opening.

(c) Lifiing devices:

(11 I there is » sysiem of lifiing
devices which is 8 structuraf part of the
package, the system shall be capable of
supporting three times the weight of the
Inaded package without 3enerating stress
in any materia) of the packeging in ex-
cess of its yield sirength.

(20 If there is a system of liftin
Yevices WRICh 18 8 Qruciural part M
the lid. the system shall be capable of

supporting three times the weight of the
Iid and any attachments without generat.
ing stress in any material of the lid in ex-
cess of its yield strength.

(33 I(there 15 a structural pari of the
package which could be employed to lift
the package and which does not comply
with subparagraph (1) of this paragraph,
the pant shall be securely covered or
locked during transport in such 8 man-
ner a5 10 prevent its use for that purpose.

(4) Each lifting device which iz 2
structural part of the package shall be so
designed that failure of the device under
excessive load would not impair the con-
1ainment or shielding properties of the
package.

(d) Tie-down devices

(1) If therc is a sysiem of tie-down
devices which is a structural par of the
package. the system shall be capablt of
withstanding, without generating stress
in any material of the package in excess
of its yield strength, 8 static force ap-
plied to the center of gravity of the
package having a vertical component of
two timey (he weight of the psckage with
its contents, a horizontal component
along the direction in which the vehicie
travels of 10 times the weight of the
package with its contents, and & horizan-
ta) component in the transverse direction
of § tiines the weight of the package wity
its contents.

{2} M there is o structural pan of the
package which could be employed to tic
the package down and which does not
comply with subparagraph (1) of this
paragraph, the part snall be securely
covered or Jocked during tramport in
such a manner as 1o prevent ity use for
that purpose.

(3) Each tie-down device which is a
structucal part of the package shall be so
designed that failure of the device under
excessive load would not impair the
ability of the packege to meet other re-
Puir\'ments of this subpart,

} 9131 Streciys) atasderds for type
B and large quantity pechaging,

Peackaging med to shipa typz Bor s
large quantity of radioactive material, a5
defined in § 71.4 (Q) and (f). ahall be
designed and constructed in sccordance
with the gtructura! standards of this sec.
tion,

Standards different from those
specified in this section may be approved
by the Commission if the controla pro-
posed to be exercised by the shipper are
d d 1o be adequete to assure
the safely of the shipment.

(a) Load resistance. Regarded 21 o
Timpic Deam sup)
any major axis, peckaging shall be capa
ble of withstonding 8 static load, normaly
10 and uniformiy distributed along its
length, equal to § times its fully Iolded;
weight, without generating ®ress in any:
material of the packaging in excess of its’
yield strangth.

(b) External pressure. Packaging
shall be adequate to assure shat the con-
tainment vessel will suffer no loss of con-
tents if subjecied 1o an externut pressure
of 25 pounds per square inch gauge.

§ 71.33 Criticality standards for
MNasile meterlal packages.

(x) A package used for the shipment
of fussile materia! shall be so designed
and constructed and its contents 1
limited that it would be suberitical if it is
assumed that water leaks into the con-
1ainment vessel, and:

(1) Water moderation of the con-
tents occurs to the most reactive credible
extent consistent with the chemical and
physical form of the cantents; and

(2} The containment vessel is fully
reflected on all rides by water,

(b) A packege uted for the shipment
of fissile material shall be so designed
and contructed and i contéan so
limited thau it would be subcritical if it is
sssumed that any contents of the package
which are liquid during normal
transport leak out of the containment
vessel, and that the fissile material is
then:

(1) In the mom reactive credible
configuration consistent with the chemi-
cal snd physical form of the material;

(2) Moderated by water outtide of
the containment vesszl to thc most reac-
tive credible extent; and

{3) Fully reNecied or all sides by
water,

(¢) The Commiuion mey aprov:
exceptions to the requiremenis of this
weetion whete the containment vegsel in.
corporaies special design features which

, would preclude leskage of liquids

ng

spite of tny single pacu-giig efror and
appropriate mearres are aken before
each shipmen fo verify the leak tightnes
of esch canwinment vessel.

§ 71.34 Evalgation of & single
package.

(n) The effect of the transport en-
vironment cn the safety of any single
package of radioactive matirial shall be
evaluated s follown:

(1) The ability of a pochage t withs-
tand conditions likely to occ:ts in normal
transport shall be ansessed by subjecting
o sample packige or scale model, by test
of gther aysessment, to the normal con-
Titioniol wansport 8% pecilied 10
§ 1.35; and

(2) The effect on & package of cons.-
tions likely to octur in an accident shall
be assessed by subjecting a sample
packege or iaic model, by test or other

to the hypothetical accid
cunditions gu specified in § 71.36.

{b) Taking into account controls o
be exercised by *he shipper., the Commis-
‘sion may permit the shipment {o be
evaluated together with or without the
transporting vehicle, for the purpose of
one or more tests.

(c) Norms! conditions of transport
and hypothetical accident conditions
different from those specified in § 71.35
and §71.36 may be approved by the
Commission if the controls proposed to
be exercised by the shipper are
demonstrated to be adeguate to assure
the safety of the shipment

§ 7135 Siendards for mormal condl-
tioas of fraxsport for a slaghe
package.

(8} A psckage used for the shipment
of fisile matetinl or more than 2 type A
quontity of redioactive material, oo
defined in § 71.4(q), shall be so designed
and constructed a:d its conrznis so
limited that under the normal conitions
of transpory specified in oppendix A of
this part:

(17 There will be no relense of
adionctive material from the contain-
ment vagsel;

(2) The effcctiveness of the packag-
ing will rot be substartislly redv~sd;

(3) There will be no mixture or gases
or vepors in the package which could,
through any credible ineccase of
pressure of on explosior,, eignificantly
reduce the effectivencss of the package;

(4) Radioactivz contaminztion of the
liquid or gaseous primary «. dlant will
not exceed 10 curies of activity of
Group I radionuclides wer milliliter,
5x10- curies of activity of Group 1 ra-

ey g



s

PART 7l » PACKAGING OF RADIOACTIVE MATERIAL FOR TRANSPORT-

* dionuclides per milliliter. 3x104 curies

of activity of Group 111 and Group IV
radionuclides per milliliter; and

(S) There will be no loss of coolant.

(b) A package usd for the shipment
of fissile material shall be so designed
and construcied and its conlents &0
Jimited that under the normal conditions
of iransport specified in Appendis A of
this part:

(1} The package will be subcriticel;

(2) The geometric form of the
package contents would not be substan-
ually plered;

(3} There will be no leakage of woter
into the containment vessel. This re-
quircment need not be met if, in the
evaluation of undams "

under §71.38(a), § 71.39(a(1), of

§71.40{n), it has been assumed that
moderation is preseni to such an extent
#% 10 CAuSC maximum feactivity consis-
tent with the chemical and physical form
of the materinl; and

(4) There will be no substantisl
reduction in the effectiveness of the
packaging. including:

(i} Reduction by more than $ percent
in the tonal effective ~olume of the
packaging on which nuclear safety is
asessed;

(i) Reduction by more than 5 per-
cent in the effective spacing on which
nuctear safety is assessed, betwern the
center of the containment vessel and the
amer surface of the packaging; or

(iii)  Occurrence of any aperture in
the outer surface of the rackaging large
enough to p2rmit the etry of a 4-inch
cube.

(t) A package used for the chipment
of more than s type A quantity of
radioactive material as defined in
§ 71.4(q), thall be so designed and con-
wiructed and it3 contents so limited that
under the normal conditions of transport
specified in appendix A of this part, the
containment vesse! would not be vented
ditectly o the sumosphere.

§ 71.36 Stendards for hypothetical
seeident conditions for a single

package.

(a) A package used for the shipment
of more than a type A quantity of
radioactive mater al, as defined in
§ 71.4(q). shall be so designed and con-
structed and ity contents so limited that
if subjected 1o the hypathetical accident
conditions specified in appendix B of
this part as the free drop, punciuse, ther-
mal, and water immersion conditions in
the sequerce listed in sppendix B, it will

_meel the following conditions:

(1) The reduciion of shiclding would
not be sufficient 1o increse the external
radiation dos= rate 1o more than 1,000
millirems per hour at 3 feet from the ex-
ternal surface of the package.

(2) No radioactive materiel would
be released from the package except for
gases and conteminated coalant contain-
ing total radioactivity eceeding reither:

(i) 0.1 percent of the total radioac-
tivity of the package contents; nor

:y 0.01 curic of Group [ ra-
dionetlides, 0.5 curie of Group I1 ra-
dionuclides, 10 curies of Group 111 ra-
dionyclides, 10 curies of Group 1V ra-
dionuclides, and 1,000 curies of inent
{pases irrsspective of transport group.

A pochoge need not gatisfy the require-
menis of this 'pllﬁriﬂ;%-lr ﬁﬂ@
only low specific activity materials, o2
defined in § 7).4(g). and is transported
on a motor vehicle, railroad car,
aircrafi. inland weter craft, or hold or
deck of a seagoing vessel ansigned for the
tole use of the licensee.

(b) A package used for the shipmeot
of fissile material shall be so designed
and constructed and its contents &
limited that if subjected 10 the hypotheti-
cat acciden! conditions spicified in Ap-
pendix B of this part as the Free Drop,
Puncture, Thermal, and Water Immer-
sion conditions, in the sequence listed in
Appendiz B, the package would be
suberitical. In determiring whether this

dard is satisfied, it shall be d

Class 11 shipment, the Commission may,
taking into account controls to be exer-
cised by the shipper, permit the shipment
to be evalynted as & whole rather than as
individuol packages, and cither with or
without the transporting vehicle, for the
purpoe of anc or more tews.

(b} In determining whether the stan.
durds of §§ 71.38(b). 71.39{a}(2). and
71.40¢b) are savisfied, it shall be assumed
thet:

(1) The fitsile material is 1n the most
reactive credible configutation consis.
tent with che damaged condition of the
package, the chemical ond physical form
of the comtenis, and controls exercised
over the number of packages 10 be
transported together; and

(2) Water moderaiion occurs to the
most regctive credible extent cansistent
with the damaged condition of the
packape and the chemicol and physical
form o1 the contents.

§ 71.38 Specific stoodords for o
Fissite Clzss § package.

A Fissile Class 1 package shall be s
designed and constructed and its con-
tents so limited that:

(8) Any number of such undamzged
packages would be subcritical in any ar-
rangement, and with optimum in-
tergpersed hydrogenous moderation
unless there is a greater amount of in-
terspersed moderation in the packaging,
in which case that greater smount may be

that:

(1) The fissile material is in the most
reactive credible configuration consis-
tent with the demaged condition of the
package and the chemical and physical
form of the contents,;

(2) Watei moderation occurs 10 the
most reactive credible extent consisent
with the demaged condition of the
package und the chemical and physical
form of the contents; and

(3) There is reflection by water on
all sides and as close us is consistent with
the damaged condition of the package.

§ 7137 Evalustion of an arvay of
packagea of fissile material,

(a) The effect of the transport en-
viranmen, on the nuclezr safety of an ar-
ray of packsges of fissile materiz! ghail
be evaluated by subjecting s sample
package or 2 wale model, by test or
other to the hypothetical ac-
cident conditions specified in § 71,38,
§71.39, or §71.40 for the proposed
fissile clasz, and by assuming thet each
package in the stray is damaged to the
same extent as the sample package or
scale model. In this case of a Fissile

n?

considered; and

{b) Two hundred fifty such packages
would be suberitical in eny arrangement,
if each package were subjected 10 the hy-
pothetical sccident conditions specified
in Appendix B of this part as the Frec
Drop, Thermal, and Water immersion
conditions. in the sequence listed in Ap-
pendix B, with close reflection by water
on all sides of the array and with op-
timum interspersed hydrogenous
moderation unless there is a greater
amount of interspersed moderation in
the packaging in which case thas greater
amount may be considered, The condi-
tion of the package shall be assumed to
be as fescribed in § 7).37.

§ 7139 Specifi~ standards for
Fissile Class I package,

(2) A Figsile Class 1l package -hall
be so designed and constructed and 1ts
contents so limitcd, and the number of
such packages which moy be transported
1ogether 3o limited, that:

(1) Five times thot nuaber of such
undamaged packages would be subcriti-
cal in any srrengement if closely
reflected by water; end

(2) Twice thot number of such
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packagss would be sybcyitical in any ar-
rangement if each packags were sub-
sected 1o the hypothetical accident con-
oy specified in Appendix B of this
part as the Free Drop. Thermal, and
Waier Immersion conditions, in the se-
quence hsted in Appendix B, with clox
reflection by water on all sides of the ar-
ray and with optimum interspersed hy-
drogenous moderation unicss there is a
greater amaunt of interspersed modera-
tion in the packaging. in which case that
grealer amouni may be considered. The
sondition of (he package shall be
assumed to be as described in § 71.37.

(" The twansport index for each
Fissile Class 11 package is ¢alculated by

Mwviding the number 50 by the number of
such Fissile Ciatt 11 p'c!umlw
be transporied together a5 deermined’

under the himitations of paragragh (a) of
this sectmn. The calculated number shall’
be rounded up to 1he first decimal place.

$ 71.40 Speellic standords for a
Fissile Class 111 shipment.

A package for Fissile Class 111 ship-
ment shall be so designed and con-
structed and its contents so dimited, and
the number of packages in a Fissile Class
11 shipment shall be so limited, that;

(a) The undamaged shipment would
be subcritical with an identical chipment
in contact with it and with the two ship-
ments closely reflecied on all sides by
water; and

tb) The shipment would be subcriti-
cal if each package were subjected 10 the
hypathetical accident condiiions
specified in Appendix B of this part as
the Free Drop, Thermal, and Water Im-
mersion canditions, in the sequence
listed in Appendix B, with clote reflec-
tion by water an al! sides of the acray and
with the packages in the most reactive
arrangement and with the mosi reactive
degree of interspersed hydrogenous
modesation which would be credible
considering the controis to be exercised
aver the shipment. The condition of the
packoge shall be atsumed 1o be as
described in § 71.37. Hypothetizal ecei-
dent conditions different from :nose
specified, in this paragraph may be ap-
proved by the Commission if the con-
trols proposed 1o be exercised by the
shipper are demonsirated 10 be adequate
to assure the safety of the shipment.

§7141 Previow); d packag
for brredie:d solld paclonr fued

(s) Notwit-ianding 1 ny other provi-

;

kas besm oommpistaly sonstructed
prior to Jenuary 1. 1967, ahall be destned
to comply with the package slandards of

mhmbnn!wmtmunmln

riss provided i
(b) The bolder (hmn&.dhm
[TS)
1

il
i T H L
Witkinint

i
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1.42 Specis| requirements for
plutoninm shipments after June 17,
978.

(a) Notwithstanding the exemption
in § 71.9, plutonium in excess of twenty
(20) curies per package shalt be shipped
as a solid.

(b) Plutonium in excess of twenty
(20} curies per package shall be
packaged in a separate inner container
‘placed WD Oucy paeern: e
the requirements of Subpart C for;
packaging of material in normal form.q
The scparate inner container shall not
release plutonium when the entire
package 15 subjected to the normal and
accident 1est conditions specified in Ap-
pendices A and B. Solid plutonium in the
following forms is exempt from the re-
quirements of this paragraph:

(1) Reactor fuel elements:

(2) Metal or meral alloy; or

(3) Other plutonium bearing solids
that the Commission determines should
be exempt from the requirements of this
section.

(¢) Authority in licenses issued pur-
suant to this part for delivery of
plutorium to a carrier for transport
undzr canditions which do not mect the
limitations of paragraphs (a) and (b) of
this section shall eapite on June 17,
1978.

s

Subpart D—Operziing Procedures

dea) with packages which Zizye been ap-

ol S yhicn bare
prior toJan. w

E:tn desighea in rdance with the

gmaph (8) of this section.

(¢) 'The providions of this paragraph
deal with packages which have been op-
proved for use in w:ordn_\u sh this
part prier t0Jan.1,1979. e been at
Joast partislly fabricated puior to that
date, and which have been tabricatad in
accordance with the provisions of this
part in effect at the time of package ap-
proval. ding the g
of parsgraph (s} of this sechion, mueh
packages shall be dremied fo have deen
fabricated and smemblad In sccordance
with a quality earsrance program which
fatizfies the provizions of paragraph ()
of this section.

‘) A Commimicn-approved guelity
sssurance progrem which salimfies the
appilcabie criteris of Appendix B of Part
£0, of this chupter and which @ estab-
lished, mamtained, snd executed with re-
gard to transport packages sholl be
deemad to satisty the requirements of
paragraph (a) of thisesction.

§ 7152 Asswmptions = to uok
properties.

When the isotopic abundance. miss.

1The pertitert requiremsnts of Appendit
R should be spplisd in » gredsd spproach,
Ao applied to an sxtent conslstent with
thelr lmportance to salely a3 dencrived LB
section & of Appendlx E,
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cuncentration, degree of irradistion,
degrec of moderation, or other pertinent
property of fissile material in any
package iz not known, the licemsee thall
package the fissile material a5 if the
unknown properties have such credible
values s will cause the masimum
niaclear reactivity.

§ 7183 Preliminary determinations.

{a} Prior 1o the firm ue of any
packaging for the shipment of licensed
materials, the licensee shall mscertain
that where are nio <racks, pinholes, un-
controlled voids or other defects which
could significantly reduce the effective-
ness of the packaging.

T Prior o Whe T W of any
packaging for the shipment of licensed
materials, where the maximum normal|
operating pressuce will exceed § pounds

per squere inch gauge, the licensee shall’

test the containment vewie! to assure that.

it will nat leak at an interal prezmure 50
percent higher than the maximum nor-:
mal aperating pressure,

(c) Packaging shall be conspicuously
and durably marked with its model num-
ber. Prior to applying the model number,
the ‘wcensec shall determine that the
packaging has been fabricated in accor-
dance with the design approved by the
Commission.

§ 71.54  Roatine determinations.

Prior to cach use of a package for ship-
ment of licensed material the licensee
shall ascertain thai the package with its
contents satisfics the applicahle require-
ments of Subpart C of this pzri snd of the
license. including detcrminations thal:

(2 Yhe packaging hns nol been sig-
nificantly damaged:

(b) Any moderators and nonfimile
neutron absorbers, if required, sre pre.
sent and are as authorized by the Com-
mission;

{c) The closure of the packyge and
any scaling gaskets are present and are
free from defects;

(d}  Any valve through which prim-
ary coolant can flow is protected against
tampering:

(¢) The interna) gauge pressure o
the package will nor exceed, during the
anticipated period of transpost, the max-
imum normal operating prewsure;

() Contamination of the priman
coolant will not exceed, during the anii-
ciputed period of 1ranspon, the limits
specified in § 71.35(a) (4).

. (g) Bomos provided for contained
Tqrrid [
i W
fcr he Nquid covlapt
shisl¥ing madten sl

i
i
ol

1
5

: () The pressure rutief Cilw o valve
w79 cparable, and sat I accordaney with
IR procedures.

The provisions of thiv section shall not
be applicable for packages suthotized in
the general licenseagranted by § 71.6.1n
wch czses the liceusee shall ascertain
that the contents of the pEckage sre as
wthorized in the general license.

§ 7155 Opening iostrriioas.

Prior (0 delivery of a package to a car-
tier for transport, the licensee shall
assure (hat mny special instruction
needed to safely apen the prokage are
sem to or have been made 1 vailable to
the comsignee.

§ TIA1 Reports,

The licensee shall report ta the Direc-
tor of Nuclear Matcrial Safety and
Safeguards, U.S. huclear Regulstory
Commission, Washington, D.C. 20555,

withie 30 days any instance in which
[Rere & substant

effectivencss of any autharized pack
,ing dwing use. )

¢ N2 Records,

(a) The licensee shall maintsin for
period of 2 years sfier its generation 2
record of each shipment of fiasile
material or of morc than a type A quan-
tity of sadioactive matcrial as defined in
§ 71.8q). in a single package, showing,
where applicable:

(1) Meniification of the packaging’
by raodel number;

(2) Deioils of any significant defects
in the pocksging, with the meams
employed 1o repair the defecu asd pre-
vent their recurrence;

(3) Volume and identification of
cookum,

(4) Type and quantity of licenced
malerial in each package, and the total
quantity in each shipment;

(5) Foreach item of irradinted finsile
materal,

(i) Hdentification by model number;

(ity leradistion and decay history to

(9) Addrzss to which the shipment
wag mads; and

(10 osuits of the drterminations
[ T e

() The licensee shall make available
to the Commission for inspection. upon
reasonable notice, all records required

by this part.

(¢} The Homues shall maininin, dur~

§ 7163 Inspection and tests.

(a) The licensee shall permit the
Commission at all reasonable times to

‘inspect (he licensed material, packaging.

and premises and facilities in which the
licensed marerial or packaging ate used,
produced. tesied, siored or shipped.

(b) The licensee shall perform and
permil the Commission to perform, such
tests as the Commission deems necessary
or ppropriate for the admimistranon of

“the regulations in this chapter.

5 paig.
3 7164 Violatiors.

An injunction or other court order
may be obiained prohibiting any viola-
tion of any provision of the Atomic
Encrgy Act of 1954, as amended, or T1-

tle 11 of the Encrgy Reorganization Act
i R e T

issued th der. A couri order may ba

the ement approprisic to ¢ e
that i nucltear and thermal chatac-
1eristies comply with license conditions;

(iii) Any sboormal or unusus! condi-
tion rekevant to radiation sfety.

(6) Date of the shipment;
. (1 For Figile Class 11, any specis)
controb cxercised;

(8) Name and address of the
trangferee;

obtained for the payment of @ civil
penalty imposed pursuant to section 234
of the Act for violation of section 53, 57,
62,63,81,82,101, 103, 104, 107,0r 109
of the Act, of tection 206 of the Energy
Reotganization Act of 1974, or any rule,
regulation, or order itsued thereunder,
or any term, condition, or limitation of

. any license issued thercunder, or for any
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violution for which a liceasc may b
revaked under section 186 of the Act.
Any person who willfully violates any
provision of the Act of any regulstion or
‘order issued thereunder may be guilty of
o ctime and, upon conviction way be
punithed by fine ot imprisonment or
both, 13 provided by law.

© APPEIDICES
mi A~NONMAL CONDITIONS OF
TRANSFONT

APPENDIX l-)mdm?h ﬂ!ﬂﬁ

The following Lypriesical mlmwnﬂnumm
10 be applied mmemsially, is he order cdhaaied, o
* imt theit i g ¢ffoct on @ pachege of U1+

Each af tbe fnllowing Oormal condt of
Traampont is ta be wpplind Mysrgely 1o devermise in
ey cm & packaly.

1. Hem=Dirsct mplight w on wilbigsi tm-
peraigee of 130° F._mmil) i,

2. (rdd=An amdient itmperstore of 40" F. in
will nir andd vhadt

L Peverv—Armpheric presmae of 0.3 1imes
andyrd smopheric prossuse.

4 Vifke—Yigion cormally scident
rrbnspart.

8 | Waer SpruveeA wBler Ryay haary

1y ok puckages.

| Froe DA froe 41y theongh 2 dimance of
30 feet ot a flyr caectially weytding horaonisl
surfar HORING b MaTfhce I8 & positen for which
Mok e damage 1 IPEOIES

1 Peminere—p free drop 1h7ough o dymance of
40 mehes uriking, in B podition for which en* aum
damege n erpacied, the top end of & verncal
qhumul mild geel bar mosnicd on BR eeentially
| wrisce The bar shatl be & in-

10 hevp e entire eapumed surface of the pachagt ez
ECPt Ay Bkl CuntEuoly wer during & ptywd M
mihiicy

6. Friv Dep--Beiween 1172 880 2112 boyrs
after th comelysion of the wite! pray 10, o free
drop themah 1be disiance specifiedt beluw ot 8 flal
emenually wayielding hofizontet saricce. sriking the
wirfage 16 2 pomihiod for which maximem demage 18
eapeacd

FREE FALL DISTANCE

Pordaye meoph’ Distance

{poringh) (fert)
Lets shea 10.000.....
10.00D 1» 20,000 ..
20,000 tu 3,000
Mare then 30,000

4
3
2
I

T Comret Py free drop onio e cotmer of
¥he pockagt m awccession. e 18 |he oxae of & Cylindri-
i) package cawe each quarter of €ach fim, from 2
height »f 1 fiww onse o Alss esieMishly vapelding
hurtgonal turtsce Thas cest applies only uy packages
whith wre coruricted phmanly of wued of fiber.
ard. aad dohed Cxceed 110 prunds grows wiight,
:m! w o“ Fimaikt Claas 48 pachagions

Ampact of 1he ical end
.J # vertsca) geel cylinder 1-14 Inches in dismerer
ond weighing 11 eoundy, dropped from g beight of 40
anches o the sapesed surface of the package which
1 experied to bt Mt velnerable o puacture. The
ft:8 aan oof the cylinder ghall be perpendiculdr b the
package wrface

@ Cumprevim—Fur pachages mol eacctding
10.000 prcrtds n werght, A comprestive jod emal to
either § comey the weaghi of the packege or 2 pownds
R tquaie inch multiplicd by Ihe Muanimem hruas
10} croms sectiom of the package, whichever iy grearer
The luad shall b applisd dyring a geriod of 24
Mt s, waiformly agoingt 1he top end buitom of the
pockage i 1he pesition s which the pectage omwid
wofially be tranguried

0

ches 1n dizmeter, with the 10p horigenial and i edge
rounded th o tidip of Dot mote 1Bt ome Quitiet
inch. and uf soch 3 tength rs 10 causc mbuimum
damage 1 1t package. bot st lewd 1han § inches
tong The long Mxjs of the bar shsll be peroendicular
t the vayielding horszontal surface

V Thermal—Eaganure t & thermel tew o0 which
the hemt inpui fo 1t package i nor fes than hai
which wiyld resuls fre  expusure of the whole
package 1y 4 0818168 environment of 1474 F far
30 mitutes with an emmsivity cotfficitmy of 0.9
anuming the sutfaces of (i packige hove an sbaorp-
fion cneflicrent of OB, Thet packege shall nat be
conled aruficially watid 3 bours shies ithe 1en period
unless it can be thown that the 1emperature of the -
ude af the package haa degua th (ol n dest than 3
houts

4. Waer Imeerion (fiznle matersol peckages
unlyl—{mmersian in witer tu 1he extenl that 3! por-
uohs of the package to be iened dre under at et )
feet of wacer for ¢ period of at lem thss: § houss

ey



PART 71 @ PACKAGING OF RADIDACTIVE MATERIAL FOR TRANSPORT

e e e ——iu (W]

Geld (19 ........

'mmmmmm RIBTRCEIGARTUADONNG Of APPENDITCTIAN i
RADION! DES RADIONUCLIDES—C omtimerd BADIONUCLIDES—Cominmed -
Element® Rediomuclide***  Growp Etement* Redionmclide ' Group Elemem® Radwonuchidea®™”  Gruup-
B
Actitun {89) ... [ 13 73 S | (als
T3y —— t
Amer 41..
clum (o5h— AA: ;‘ Hefaum {721 Polenum (M4)..
Ansermony (8] 1 Halmem (87) Potesuzm (19) .
) Hyarigen {1)
Indewm (49} Praseod (59 |:
i
Promethium (8))..... s
"
lodine (83) P (LI F 1
Radiom {88)...... ...
Astanne {(3%).....
e 8- Radan (B8).erer
Tesdum (771 e, Rheawm (780........
dron {28 ..
Kryplon (M)...oeeee Rhodim (45} ...,

Bromine (M)
Cadmigm (48

Calurym 1200

Cabturmom (9K).....

Chionne (174 ........c

Chuomuye: (24),

Covali (7M.

Dysprimuuh (664.....

Esbium (68) ... B 169 oo [V
[ T — ™
. Eu 150 11
[ YL p———ey ')

E (03} ..

Flure g (9)...
Gagohawm (64

Galleum (M)......co..

Germanium (32).....
MY U |} p—— ([
Ay 1M - il
V) | 1 — | |

——
See tiexnines a1 end of vebie.

Kr 85 tuncom- V1
presseds ®

Kr 7.,

Kt 87 jupcom. v

v
v

Linthanpm ($T......
Leoth (811

Lwwwmm (71},

Magheiigm §12).
Mangancie (250 ......

Mcrcury (80).........

Mixed fiaston presd-
ucls MFP

Mulybdenum (421 ...
Nendymigm 160).....

Neptuniun (935 ...

Nickel {28}.0.0ememnees

Nenbium (4]} -oa....

o 7 1T WG] -

Paladium (86) ...

Phphorus (15
Plaunum (78)...

Flutosism (M).....co
Pu 239 (F)....

P ——
Stt hdtotes &1 £nd of tdle

pil

Rybrdeam (37} ...

Ruthenum (441 ......
Samarum (62} ... .

Scardum 121)..oee .
%

Selenum (34)
Sificon (14) ..
Silver (47)—-—

Sidium {1 s

Strontiom (385

Sulphut 1141
Tancatum (731
Technehum (43)

Tellurium (82

Terhium (65) .
Thallwem (ki)

Thorut (90} eeeeree.

Th 3l

See footnotes ot end of table.



i
i
4

PART Nl ¢ PACKAGING GF RADIOACTIVE MATERIAL FOR TRANSPORT-

Thubnem (69) ...

Tin {30).

Triwm {1*,

Tungsien (T4)__._....

Unibum (92)........

Yanadwm (2)).......

Xenun (84)..oeerernn
Xe 133 funcom- Vi
presed) **
Yuterbwm {0)
Yitrwm (311,
5 (M)

Zircomsans (407,

—
“Alering numbee thuwn (n parenthescs
*‘Uncampressed means ot i PHEhE gl eacted-

g ule Aminphere
“**Aumic weght ghewn shier e radunuchide

symbod
m—Meiastable sate
1F1 Fusle matcral

TESTS FOR SPECTAL FORM
LICENSED MATERIAL

| Fere Dogr—A ftve £ through u duiasce of
W feet min 2 Nim Gl snyielding homnial
surtuce. uriking the mieface in wch 3 posllich B In
witer manmum damage.

1 Prvous=Impact of the N cirewlor end ol e
1 inch diameier steel fad werghing 3 pounds, drop-
ped shrough a Jiuance of 40 inches The capaule ur
maicrial shall be placed on & shoer of dead, of hard-
ness sumberr 3.5 10 4.5 on the Vickers scale, anu po
mare than | wch thick, sapported by a smonth essen.
||ll|y unyn:lllug whu

g N W Gkl ol

H J'IJ' F and remaining a¢ thus Icmpcruuu e w
persad ul 10 minutes

4. Iunenia—Imoernon fur 24 hours n water
ot reum temperatuee. The water shall be w pH 6 -pH
8. wuh a manmum coaductivily of 10 micrnming
per seanmeler

.

AMFEOT 3—QuauTy AsSTeasty OkiTinu rou
mrmnhmmtw'mm

Infroguction —In samrdance with § 7194,
#%ry applicant for aa APproTAl fof use of 3
2ipping packagy W required o dmcribe hiy
QUANLY MBURDES PTOTAID, ADG SWTY Lidenies
8 Fiilred by § 131 %0 establish atd ealn-
faln & quality ssswhRoe DROZTAI Yor the
dn.ly\. fabrication, aiembly, teriieg, n-.

and maintenancs of Beth packaging. & de-
finad o § 714(1).

‘This appendiz sstablishes q.ulity aasur.
anee Tequirements which apply to &l ac-
tivities affecting the componenta of the
pamkaging which are significant to safety.
These activitics include designing, purchas-
irg. fahrieating, hendi.v, khipplog, étoring,
aMring ememhiiop 1na>78. traung,
ani

moditying.

A 1884 10 thl appandiz, “quality assur.
ance” compriem ell those plannod and eys-
taRAtC aCtiohs DICEMAIT to provide ade.
Quata confidence thrs & system or component
Wil pitfonn satlcfectarly In seTVios. Quality
Gapmranos Includic qQuality control, which

compriees those gquality MSUTEROR Bctlona
Telatad 1o contet d tha physical charcter.
fstics and quality of ke material of cOmpo-
OIS 8 predetarmined requirements

1. OBMANTRATION

TDa losseme 1 skiall be resoonkble Sor the
escabliahment and exscution af the quality
asursncs program. The licensae oy dtlegete
0 othars, Fuch &S DODLIALTIOTE, ARENLA, OF COTL.
sultants, the work of establiahing and exs.
cuting the quality SAFUTADCS PTOgIAM, OF DY
part thereaf, but abal! retain responslbility
thmm The aulbority and dutiss of persons
af.
Mnc e nuty-rmud tunettons of struc.

wystems, asd COmpohentd ahkll be
clearly establishad and deltnsated in writing
Toem m.mun Inclucts both tho performing
g quality obk and
the qu.lmy amuronce functions. Toe qu.nmy
Sanrancy functioos are those of (al asur
ing that u lpprwr!lu %uuny -uru:u
e
entsd and (b) werifying. auth as by checking,
auditing, and juspection, that aciivitiss af.
facting the safety-related funetiotd heve
baen correctly performed. The persans and
P quality
functions sball have auficient suthority
and na) fresdom to HanUfy
qoalfty problems: to initists, recommend
or provids solutions; atd to weTify im-
plementation ¢f solntions. Such persons
And Chyanisations performing quANty aaut.
MELY JUGCAWVE woel tgport 0 8 man.
MfeDeDt Mml sKh LM ths  Tequired
suthority and orgsnitational freedom, io-
cluding suictent {cdependence from cost
and scheduls when oppecad to safety con-
Blferations, ars provided. Because of the
many variables involved, such as the number
of pervanpsl, the type of activity being pe:-
formed, and ths locstion or locations where
1.1

are p ]

atructure for executing the quality sasurance
ProgTAIn sy take WATious forms pRovided
that the persons and crganizations ssaigned

the quAlty aasuranos functiona hare thi -
quired guthority snd organizatianal freadom,
Trrespective of the crgen’ “tionad etructure,
the ind {s) smigo« 3 responalbllity
for aaauring effective execution of ooy poc-
tion af the quality sarurance program at any

' While the tarm *licenses™ 8 veed {0 thiy
the quality
ars applicable to whatever design, fabrics-
tion, assimbly and tastiog of the package L
accompliahed with respect to s package prior
0 the time & package Approval is lsusd.

!
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