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1.0 GENERAL INFORMATION

1.1 Introduction

The package described in this Safety Analysis Report (SAR) will be used for the
transport of the Yankee Reactor Pressure Vessel (RPV) from the Yankee plant to a licensed, low
level radioactive waste repository. The proposed model number for this radioactive materials
package is YNPS RPV PACKAGE. The package will be used for transport one time only. The
RPV was part of the Nuclear Steam Supply System for the Yankee Nuclear Power Station
(YNPS), which operated safely and successfully from 1960 to 1992. Located in Rowe,
Massachusetts, YNPS is owned by the Yankee Atomic Electric Company, which operates the
plant under a Possession Only License.

A Decommissioning Plan for YNPS (Reference 1.3.1) was submitted to the NRC on
December 20, 1993 and approved on February 14, 1995 (Reference 1.3.9). An Environmental
Report for the decommissioning of YNPS also was submitted on December 20, 1993 (Reference
1.3.2). The waste packaging and transportation plan described in this SAR are consistent with
the Decommissioning Plan and Decommissioning Environmental Report. The RPV removal
operations will be performed at YNPS in accordance with the provisions of the Possession Only
License and 10 CFR 50.59, "Changes. Tests, and Experiments” (Reference 1.3.3). Yankee
Atomic Electric Company has prepared this SAR in support of an application for a Certificate of
Compliance for Radioactive Materials Packages in accordance with 10 CFR 71
(Reference 1.3.4). The package consists of the RPV, an internal solidified waste package.
concrete fill, and the single use shipping cask. The package will be transported in accordance
with 10 CFR 71 and applicable Department of Transportation regulations.

1.2 Package Description

1.2.1 Packaging

The RPV single use shipping cask is u three-inch thick steel cylinder with an integral fla®
circular bottom and flat cover. A one-inch thick steel cylinder for supplemental shielding is
located opposite the RPV core region. A cross sectional view of the cask and its contents is
presented in Figure 1.2-1. Additional details of the cask are presented in Figures 1.2-2 through
1.2-5. The entire cask, except for the top cover and miscellaneous penetration covers, will be a
single, welded integral unit. The top cover and miscellaneous penetration covers will also
become an integral, welded part of the cask once the RPV is placed inside. The op cover has
three functions. It provides shielding. is a part of the RPV lift fixture, and 1s the shipping cask
cover. Refer to Figure 1.2-4 for a plan view of the cask cover.

The shipping cask cover will be bolted to the RPV using the upper threaded section of
the existing RPV head studs, which are currently in protective storage at the plant. Prior to
moving the RPV, the main coolant piping will be cut, and the RPV nozzles will be plugged with
8-inch thick carbon steel plugs. The RPV, with the solidified internal waste package inside, will
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be lifted from containment and placed inside the cask while both the RPV and the shipping cask
are in the vertical position. The cask cover will be welded to the cask. The entire inside of the
RPV will then be filled with concrete having an average density of 25-30 pounds per cubic foot
(pef). The annulus space between the outside APV and the inner surface of the cask will
be filled with 75 - 85 pef average density co

The package shielding will be provided by the steel cylindrical shell, nozzle plugs, and
the encapsulated concrete. In addition to shielding, the concrete will immobilize the RPV within
the cask, evenly distribute normal transportation loads, and preclude any possibility that the
contents of the package could be removed from the cask. Combinations of steel and concrete
similar to the RPV package have been used successfully to transport large radioactive waste
packages.

The cask will be fabricated from ASTM A516, Grade 70 carbon steel using either ring
forgings or rolled plate. Virtually all welding and other fabrication work will be performed in a
qualified shop. Only the seal welds and the weld of the cover onto the cask will be made at
YNPS. The top cover weld has been designed such that post weld heat treatment is not
required. Fabrication will be performed in accordunce with the provisions of the YAEC 10 CFR
71, Subpart H, Quality Assurance Program.

The gross weight of the package is approximately 656,000 pounds or 328 tons.

1.2.2 Operational Features

Once assembled, the RPV package has no operational features. Fill and vent ports in the
cask and cask cover will be seal-welded and rendered inoperable prior to off-site cask transport.
The rcacior head studs will be covered by welded n-place pipe caps. Lifting clevises on the
package top cover will be removed prior to off-site transport. There are no valves, connections,
piping, accessible openings, or seals associated with the RPV package.

1.2.3 Contents of Packaging

1.2.3.1 General

The RPV was fabricated primarily of carbon sieel. The internal surfaces and Main
Coolant (MC) nozzles are clad with stainless steel. The RPV is cylindrical with a 10°-5" outside
diameter and an 8-inch wall thickness. It has a botiom hemispherical head. The upper section
of the RPV consists of a thickened flange ring, nozzle ring, and 28 support lugs. During plant
operation, the RPV closure head was bolted to the flange ring with two concentric, silver alloy
O-rings providing sealing. The closure head will be disposed of separately and is = ot part of the
RPV package. The O-rings will remain in place on the RPV. The reactor fuel and internals
have been removed and will not be part of the RPV package. The overall length of the RPV is
about 26°-9", not including the closure head. Refer to Figure 1.2-6 for a cross-sectional view of
the RPV. The section of the RPV below the support lugs is insulated with two layers of calcium
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silicate blocks, each 12 inches thick, which contain asbestos. The insulation is enclosed by a
stainless steel wrapper on the o it:ide surface, which is held in place by 1/8"-inch thick by 1-inch
wide stainless steel bands circling the RPV.

The insulation on the bottom hemispherical head is supported from 20 plates welded
along the circumference of the RPV. These plates support a ring fabricated of steel angles.
Radial bands extending from the ring to the apex of the hemispherical head support the
insulation. The insulation is encased on the outside face by a stainless steel hardware cloth (10
wires/inch, 0.025-inch diameter). All of the RPV insulation below the support lugs is
inaccessible and will remain inaccessible until after the RPV is lifted from its installed location.
Even then, removal of the insulation would be radiation exposure intensive, therefore, it will
remain on the RPV as part of the package.

An extensive campaign to clean the interior of the RPV was conducted after the cutting
and packaging of the reactor internals was completed. A small volume (approximately 1.0 ft*)
of contaminated residue ("dross") composed of very fine metal particles, generally smaller than 5
microns in size, remains after the cleanup campaign. The dross is present only on the bottom
head of the KPV. The volume of the dross was calculated based on a maximum depth at the
center of the bottom head, tapering to a zero depth at the outer radius. The volume calculation
is supported by visual observations of the interior of the bottom head recorded on video tape.
The dry density of the dross is calculated to be about 2.7 g/cc (Reference 1.3.10).

Prior to removal of the RPV, the dross will be processed and solidified in its own
container (solidification liner) within the RPV (Figure 1.2-1). The solidification process will be
performed in accordance with a CNSI Process Control Program, and will homogeneously
distribute the dross within a concrete matrix of known volume and density such that the 10 CFR
71 requirements for low specific activity (LSA) arc met by the final waste form. The
solidification process is discussed in more detail in Section 7.1.2. The solidified dross,
solidification liner, mixer, pump, and associated hardware comprise the solidified internal waste
package. The waste package will remain in the RPV and will be part of the RPV package.

Each main coolant nozzle will be sealed using an eight-inch thick shield plug. The plugs
will be installed prior to lifting the RPV. Once the RPV is placed in the shipping cask, low
density concrete (25-30 pef average) will be used tu fill the interior of the RPV. The low
density concrete will stabilize the position of the solidified dross, fix any contamination on the
internal surfaces of the RPV in place, and ensure that there is no free stuading water in the RPV
interior. Concrete (75-85 pef average) will aiso be placed in the annulus between the exterior of
the RPV and the shipping cask.

1.2.3.2 Activation Analysis

An activation analysis determined three-dimensional activation profiles by nuclide of the
carbon steel RPV walls, stainless steel internal clad, and stainless steel insulation wrapper
components. The analysis is based on the operating history of YNPS, detailed neutron flux and

R78\36 1-3



spectra calculated from neutron transport methods, and activation cross sections from activation
. libraries associated with the ORIGEN code system (Reference 1.3.7).

The process for calculating the vessel activation was as follows:

1) Determine average neutron flux and spectrum over a particular region from the R-
6 calculation.

2) Determine operational history for irradiation/decay of the region.

3) Determine the material composition including trace element (impurity)
concentrations of the region.

4) Run ORIGEN-2 for 21 cycles of power operation and refueling outages, assuming
average cycle power during power operation, using both thermal spectrum and
frel spectrum one-group activation cross sections. Nuclide decay was calculated
for various times from the final shutdown date.

5) Weight results of each calculation from 4) based on the calculated spectrum in the
region as determined by the R-0 calculation and determine region average
activities by nuclide.

6) Perform R-Z transport calculation to obtain axial dependent thermal flux in the

. vessel region.
7) Normalize the thermal fluxes over the axial core height from 6) to determine

relative thermal flux as a function o axiai height.

This process was performed to calculate the azimuthally-averaged vessel activation by
nuclide for the vessel and vessel clad regions in the beltline region (Table 1.2.1), as well as the
average axial distribution of the activation products in the vessel (Figure 1.2-7). Steps 1)
through 5) were also repcated 20 times to get detailed rodial activation data for 20 individual
radial regions through the vessel. Steps 6) and 7) were also repeated to get detailed axial
distributions at 10 radial locations in the vessel.

Neutron transport calculations were performed using the DORT discrete ordinates
transport code (Reference 1.3.5) in conjunction with the SAILOR 47-neutron group cross sectiod
hbrary (Reference 1.3.6). Calculations were made in both fine mesh R-8 and R-Z geometries.
Both geometric models extend radially from the core centerline to a point 10 inches into the
reinforced concrete biological shield wall which surrounds the RPV and Neutron Shield Tank
(see Figure 7.1-1). The R-8 model contains 198 radial mesh and 90 azimuthal mesh, based on a
45 degree modelling representation which describes one-eighth of the reactor core. The R-Z
model contains 144 radial mesh and 234 axial mesh spanning approximately a 19 foot length of
the vessel. R-0 calculations were based on a Py Legendre expansion of the scattering cross
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sections and a symmetric S, quadrature (160 angles). R-Z calculations are also based on a P,
Legendre expansion of the scattering cross sections and a symmetric S, quadrature (70 angles).

A conservative neutron source based on pinwise power distributions and relative
assembly powers from YNPS operating Cycle 21, the final operating cycle, is assumed in the
analysis. The Cycle 2! power distribution was chosen to determine the analytical fixed source
distribution.  The Cycle 21 distribution bounds all previous power operation distributions. This
assumption therefore maximizes the calculated flux incident on the RPV.

Detailed pointwise flux information, determined from the R-0 calculations described
above, were used to determine azimuthally averaged neutron fluxes and 47 group spectra over
the beltline (active fuel region) of the RPV wall and internal stainless steel clad components.
This flux data, in combination with plant operating history, was used with the ORIGEN 2.1 code
(Reference 1.3.7) to determine nuclide specific activities for the RPV and clad. The operating
history of the plant is based on 21 cycles of power operation and refueling shutdown time
periods. Cycle average power levels are assumed during the irradiation periods. The base
material compositions of the RPV and clad are established using nominal base material
concentrations. Trace element concentrations are based on the average trace element
concentrations from NUREG/CR-2474 (Reference 1.3.8). The NUREG trace element
concentrations are based on average concentrations measured from samples of various RPV
materials throughout the industry.

Table 1.2.1 contains the beltline average specific activities by nuclide for the RPV and
clad regions. Activities for the insulation wrapper are not included since they are small in
comparison to the RPV wall and clad, and will not affect characterization of the package.
Activities of the insulation wrapper were derived for the shielding analysis and are discussed in
Secticn 5.2, Various decay periods are prese .ted with dates ranging from permanent plant
shutdown at the enu of Cycle 21 (EOC CY2i in Table 1.2.1) on October 1, 1991 through
January 1, 2000. The specific activities are presented in curies/gram. Figure 1.2-7 shows the
average axial thermal flux profile for the RPV. This profile is normalized over the beltline
region so that it can be used in a manner conistent with the component activations from Table
1.2.1.

The activation products in the reactor vessel are uniformly distributed in the reactor
vessel material in all spatial directions. Since the majority of the activation nuclides are
produced by thermal neutron reactions, their spacial distribution can be approximated by the
distribution of the thermal flux. The thermal neutron flux population at a particular vessel
location is the primary parameter for determining the activation parent reactions and
corresponding sister products, with changes in neutron spectrum and activation cross section
through the vessel contributing in a secondary manner.

The normalized azimuthal distributions over the beltline region of the cobalt-59 reaction

rate and the thermal flux. which were determined from the neutron fluxes from the R-6 geometry
calculation, are shown in Figure 1.2-8 for the vessel inner and outer surfaces. The cobalt
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reaction rate distribution is representative of the distributions of other activated nuclides in the
vessel. This figure illustrates that the normalized cobalt-59 reaction rate (or cobalt-60 production
raie) and the thermal flux are directly proportional and that there is only minimal variation in the
azimuthal distributions from the inner surface to the outer surface of the vessel. The activation
products are, therefore, uniformly distributed around the azimethal coordinates of the vessel
cylinder.

The axial distribution of the activation products, as determined from the neutron fluxes
calculated from the R-Z geometry. was derived from the axial thermal flux profiles in the vessel
region. Figure 1.2-9 shows the normalized thermal flux distributions of the inner and outer
surfaces of the vessel over the active core height. As can be seen from this figure, the activation
products are uniformly distributed in a smooth cosine shaped profile over the active core height.
The profiles of the axial distribution of the activation products vary only slightly between the
inner and outer surfaces of the vessel wall. The axial distribution profiles of other radial
locations within the vessel wall are bounded by the axial profiles of Figure 1.2-9.

The total activity through the reactor vessel in the radial direction in the beltline region
of the vessel is shown in Figure 1.2-10. The radial distribution was calculated from 20 evenly-
spaced mesh points from the R-8 geometry and represents the average activity over the active
core height of the  tor. As shown in Figure 1.2-10, the activity is uniformly distributed in a
smooth profile through the vessel wall. The reduction in activity from the inner to outer vessel
wall 1s due primarily to neutron absorption in the vessel wall steel.

1.2.3.2.1 Comparison to Measured Data

Measurements of the dose rates on the inner and outer surfaces of the vessel were made
to asse:, the adequacy of the calculated activity s uarces in the vessel which were assumed in the
vessel classification and shielding analyses.

Measurements of the dose rates on the inner surface of the vessel were performed at 16
evenly-spaced intervals around the inner circumference of the vessel in one foot axial increments
from the main coolant nozzle to near the bottom of the vessel. Measurements were performed
with the vessel empty, except for water, on two separate occasions, at a distance of six inches
from the vessel surface. The first measurements (1/29/94) were taken prior to completion of
segmentation and the cleanup effort performed for the vessel internals removal program. The
second measurement (7/20/94) was performed after the cleanup program.

Results of the above measurements are summarized in Figure 1.2-11. This figure shows
the azimuthal variation of the measured dose rates averaged over the beltline region of the
vessel. This figure shows consistent spatial variation of the measured doses from the two
measurements with the second measurement showing somewhat higher absolute values.
Comparison of the normalized measured dose rates to the normalized cobalt-59 reaction rate
(Figure 1.2-8 expanded to 360 degrees) is shown in Figure 1.2-12. The comparison shows
excellent agreement in the spatial variation of the measured and expected dose profiles with only
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minor variation for different quadrants. On an absolute basis, the average dose rates for the first
two measurements over the beltline region of the vessel were 50.9 R/hr and 60.0 R/hr.
respectively. Based on the calculated vessel source over a similar region the calculated dose rate
was 87 R/l (see Section 5.0). Comparison of the axial variation shown in Figure 1.2-13 also
shows good agreement between the measured and predicted distributions. These comparisons
provide confidence that the calculations appropriately modelled the reactor source and vessel
regions and that the calculated source at the inner surface was conservative.

Dose rate measurements were also made or the exterior of the vessel on 1/6/95. Contact
dose rates on the outer surface of the reactor vesscl insulation were taken at two azimuthal
locations on the outer circumference of the vessel. Only two measurements were taken due to
access restrictions in the reactor cavity region and personnel ALARA concerns. These
measurements provided axial distribution information at two locations and provided absolute
dose rates which could be used to ascertain peak location 2ose rates. Measurements taken on
the outside of the vessel were corrected from the measurement location to the peak azimuthal
location by using the predicted cobalt-60 production rate distribution on the outside of the
reactor vessel. Figure 1.2-14 show the results of the calculation with a conservative bounding
curve applied to the corrected measurements. This bounding curve represents the maximum
expected outer surface dose rates at the peak azimuthal location. As can be seen, the maximum
value for all locations is conservatively bounded at 8.0 R/hr.

The beltlir - .veraged calculated Co™ sourcc »s a function of radial position in the vessel
was used as the input source in a one-dimensional gamma ray transport calculation using the
DORT code to calculate contact dose rates. Two calculations were performing using vessel
beltline average sources based on dates of 1/1/94 (assumed in shielding evaluation) and 1/1/95 (-
measurement date). The average dose rates from the above calculations were then expanded
assuming the axial distribution on the outside of t* . ¢ ¢! shown in Figure 1.2-9. The results
of this process superimposed on the measured data previously presented is provided in Figure
1.2-15. The measured data at the expected peak location is clearly bounded by the calculated
data. This provides reasonable assurance that the calculated vessel source, when used to
calculate dose rates it the outside of the vessel, has been properly distributed and is clearly
conservative relativi to measured values. The shielding analysis calculated dose rate has also
been included on this figure for informational purposes, with further discussion provided in
Section 5.0,

1.2.3.3 Source Characterization

The source characterization assumes that the activity concentration at any given position
is directly proportional to the flux at that position. Thus, the activity concentration will show
the same degree and magnitude of variation over the length of the RPV as that displayed in
Figure 1.2-7, with the maximum activity concentration located in an approximately 3.3-foot high
region within the RPV beltline. The data in Figure 1.2-7 were used to develop an average flux
ratio value that served as an adjustment factor for the beltline average activity concentrations.
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Source characterization of the RPV was based on the activity concentrations calculated
for the RPV wall components in the activation analysis (see Section 1.2.3.2). The activity
concentrations for the clad and carbon steel components of the RPV wall as of January 1, 1994
were decay-adjusted to July 1, 1995, and "blended" based on relative thickness to obtain
effective average activity concentrations for the RPV beltline. The effective average acuvity
concentrations for the beltline were adjusted based on the analysis of the thermal neutron flux
profile data for the region between 241.1 cm and 636.2 cm above the bottom of the RPV to
obtain the average activity concentrations for the RPV as a whole. The total RPV activity due
to neutron activation of the RPV (Table 1.2.2) was determined by multiplying the average
activity concentrations for the RPV as a whole by the total RPV mass (300,000 pounds). The
total neutron induced activity is estimated to be 3197 Ci (as of July 1, 1995) which is distributed
among 14 radionuchdes. Approximatezz 99 Pcrcem of the radioactivity attributable to neutron
activation is due to the presence of Co®™, Fe>”, and Ni®*.

Characterization of the RPV also accounts for an estimated 8.23 Ci due to internal and
external surface contamination. Activity from surface contamination was calculated as follows.
The isotopic distribution of internal surface contamination is based on the laboratory analysis of
the surface of a clip taken from inside the reactor vessel in September 1993, The magnitude of
the activity of the igternal surface contamination was determined by apglying the clip’s isotopic
distribution per cm” to the reactor vessel internal surface area (7.92x10° ¢cm”) and adjusting for
radioactive decay. The isotopic distribution of contamination of the external surface area of the
vessel is based on the distribution presented in Column 3 (headed "Remaining Systems and
Structures”) of Table 3.1-2 (entitled "Nuclide Distributions for Systems and Structures”) of the
YNPS Decommissioning Plan (SAR Reference 1.3.1). The magnitude of the activity of the
external surface contamination was determined by applying the distribution from Table 3.1-2 to
the external surface area of the reactor vessel (8.66x10° ¢cm~) and adjusting for radioactive
decay. The total acuvity for surface contaminatio » w1s obtained by summing the contributions
from internal and external surface contamination. The surface contamination activity is
distributed among 31 radionuclides (Table 1.2.2). Six nuclides (Co®, Fess. Ni®?, cs!1?7, pu?!,
and Sr™) account for 98 percent of the surface contamination radioactivity. The total activity
for the RPV (i.e., the sum of activity due to neutron activation and surface contamination) is
3205 Ci as of July 1, 1995.

The total RPV acuvity for each nuclide was used to evaluate the RPV against A, values
given in Table A-1 of 10 CFR 71. The maximum activity concentrations for the 3.3-foot high
region within the beltline of the RPV with maximum activity concentration were compared to
the allowable concentration limits for LSA material to provide a bounding assessraent v ali
regions of the RPV. The allowable concentration for each isotope was determined using the
definition of LSA material provided in 10 CFR 71 4.

The dross has been characterized from sample analysis, dose rate measurements, and

calculations. The radionuclide distribution applied to the dross was based on a sample analysis
performed by the Yankee Atomic Environmental Laboratory on July 18, 1994,
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The total activity of the dross is calculated to be 1419 Ci (as of July 1, 1995) and. as
shown in Table 1.2.2, is distributed among 15 radionuclides. Asvproxnmalcly 99.75 percent of
the activity is due to the presence of Co®, Fe®, Ni®?, and Mn®

The isotopic distribution of the RPV and of the solidified dross, decay adjusted to July 1,

1995, are shown in Tables 1.2.3 and 1.2 4, respectively. These tables also show the A, value
from 10 CFR 71, Appendix A, and the allowable concentration per gram of contents for each
1sotope.  The allowable concentration for each isotope was determined using the definition of
LSA material provided in 10 CFR 71.4. The specific activity of the solidified dross is based on
a final waste form with a volume of 175 ft’ ond a density of 100 pcf.

The total activity in the RPV package, which includes activation of the RPV walls,
surface contamination and activity of the dross material, as of July 1, 1995, is 4624 Ci. The
isotopic concentrations in the RPV are approximately 35 percent of the LSA limit and the
concentrations in the solidified concrete matrix containing the dross are approximately 61
percent of the LSA limit. In each case, the radioactivity content exceeds the Type A quantity
limit, i.e. the summation of the A, fractions is greater than 1.0. The contents of the RPV
package are therefore classified as "greater than Type A quantity, LSA material.” The RPV
package will be transported as exclusive use.

Therefore, the RPV package, consisting of the RPV, internal solidified waste package

I containing the dross and mixing hardware, concrete, and shipping cask, is exempted from the

requirements of 10 CFR 71.51 by 10 CFR 71.52.
1.3 References

1.3.1 Letter to USNRC from YAEC (B" R 93-087), "Decommissioning Plan for Yankee
Nuclear Power Station,” December 20, 1993,

1.3.2 Letter to USNRC from YAEC (BYR 93-086), "Environmental Report for the
Decommissioning of Yankee Nuclear Power Station,” December 20, 1993,

1.33 USNRC Rules and Regulations, Title 10, Part 50, "Domestic Licensing of Production
and Utihzation Facilities.”

1.34 USNRC Rules and Regulations, Title 10, Part 71, "Packaging and Transport of
Radioactive Material,” November, 1992

1.35 CCC-484. "DORT Two-Dimensional Discrete Ordinates Transport Code,” Oak Ridge
National Laboratory, November, 1989,

1.3.6 DLC-76, "SAILOR Coupled, Self-Shielded, 47-Neutron, 20 Gamma-Ray, P, Cross

Section Library for Light Water Reactors,” G.L. Simmons and R Roussin, March,
1983.
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CCC-371. "ORIGEN 2.1 Isotope Generation and Depletion Code, Matrix Expcnential
Method,” Oak Ridge National Laboratory, August 1991,

NUREG/CR-3474, "Long Lived Activation Products in Reactor Materials,”
J.C. Evans, et. al, August, 1984,

Letter to YAEC from USNRC (NYR 95-016), "Order Approving the
Decommissioning of the Yankee Nuclear Power Station," dated February 14, 1995,

YAEC, Calculation No. YRC-1071, "Density of Metal Dross," dated
January 23, 1995,
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Table 1.2

A

Summary of RPV and Clad Activations

DATE EOC Cy21'® 01/01/94 01/01/00
NUCLIDE (Ci/g) (Ci/g) (Ci/g)
REACTOR PRESSURE VESSEL
H3 165E-06 145E-06 104E-06
Cl4 293E-08 ..2935-08 292E-08
Mn54 120E-04 194E-05 [150E-07
FeSs 165E-03 S07E-04 183E-04
Cob0 122E-04 | 907E-05 412E-05
Ni59 175E-08 175E-08 175E-08
Ni63 248E-06 244E-06 233£-06
S190 317E-18 300E-18 258E-18
Nb94 687E-10 687E-10 687E-10
Tc99 161E-09 J161E-09 161E-09
Cs137 143E-25 143E-25 J143E-25
Euls2 433E-07 T 386E-07 285E-07
Eul54 A35E-08 363E-08 224E-08
Eulss 404E-10 295E-10 128E-10
TOTAL S84E-03 102E-03 228E-04
REACTOR VESSEL CLAD
H3 654E-06 S77E-06 412E-06
Cl4 274E-06 274E-06 273E-06
Mn54 (A84E-04 297E-05 230E-07
¥ FeSs 965E-03 520E-03 107E-03
Co60 684E-03 S08E-03 231E-03
Nis9 T13E-06 T13E-06 T13E-06

R78\36
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Table 1.2.1

. (Continued)

DATE EOC CY21'® 01/01/94 01/01/00

| NUCLIDE (Ci/g) (Ci/g) (Cilg)
Ni63 925E-04 910E-04 869E-04
Sr90 266E-17 252E-17 219E-17
Nb94 118E-08 1I8E-08 118E-G8
Tc99 A83E-09 A84E-09 183E-09
Cs137 819E-21 819E-21 819E-21
Euls2 113E-06 101E-06 T45E-07
Eul54 165E-07 j 138E-07 B48E-08
Eul5s 140E-08 102E-08 443E-09
TOTAL I87E-02 113E-02 A26E-03

. NOTES:

(a) EOC CY21 date is October 1, 1991,
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Table 1.2.2

Distribution of Radioactivity in RPV_Package
Radioactivity (Ci)'™
Reactor Vessel Dross Package
Neutron Surface o
Nuclide Activation | Contamination Total
H3 5.543E+00 5.543E+00 it 5.543E+00
Cl4 2.629E-01 1.807E-03 2.647E-01 8.462E-03 | 2.732E-01
Cr5l 7.704E-20 7.704E-20 7.704E-20
Mnf4 2.234E+01 2.310E-02 2.236E+01 1.426E+01 | 3.662E+01]
FeS5 2.591E+03 2.485E+00 2.593E+03 | 7.502E+402 | 3.343E+03
Fes9 - 9.188E-15 9.188E-15 9.188E-15
Co57 8.300E-04 8.300E-04 1.749E-02 1.832E-02
Co58 - 3.109E-11 3.109E-11 3.109E-11
Cob60 5. 180E+02 3.791E+00 5218E+02 | 5.033E402 | 1.025E+03
Nis9 4.524E-01 [.511E-07 4.524E-01 4.524E-01
Ni63 5.790E+01 8.610E-01 5.876E+01 1 496E+02 | 2.084E+02
Zn65 1L193E+00 | [.193E+00
Sr&9 1.800E-06 1.800E-06 1.800E-06
Sr90 1.271E-11 3.006E-01 2 006E-01 5.013E-02 | 3.507E-0l
Zr95 1.710E-12 1.710E-12 -- 1.710E-12
Nbo4 3.346E-03 3.346E-03 -- 3.346E-03
Nb95 7.564E-13 7.564E-13 - 7.564E-13
Te99 6.454E-03 6.454E-03 E 6.454E-03
Rul03 7.786E-17 7.786E-17 - 7.786E-17
Rul06 1.969E-02 1.969E-02 1.969E-02
AglO8m 3.945E-09 3.945E-09 3.945E-09
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Table 1.2.2

(Continued)
Radioactivity (Ci)'®
Reactor Vessel Dross Package
Neutron Surface b
Nuclide Activation Contaminatiof_‘_ Total
Agl10m 2.916E-03 2.916E-03 --- 2916E-03
Sh124 -- 8.669E-13 8.669E-13 8.669E-13
Sbh125 3.869E-02 3 869E-02 3.869E-02
Csl34 -- 1. 856E-02 1.856E-02 1.856E-02
Cs137 4.259E-16 3.396E-01 3.396E-01 2.728E-01 | 6.124E-01
Celdl 1.086E-19 1.086E-19 1.086E-19
Celd4 1.927E-02 1.927E-02 1.927E-02 "
E_ISZ 1.454E+00 -- 1.454E+00 1. 454E+00
Eul54 1.412E-01 112E-0; “ee 1.412E-01
Eul5s 9.647E-04 -- 9.647E-04 9.647E-04
Pu238 -es 3.395E-03 3.395E-03 1.424E-03 | 4.819E-03
Pu23;;40 8.455E-03 8.455E-03 3.893E-03 1.235E-02
Pu24| 3.069E-01 3.069E-01 1.257E-01 | 4.326E-01
Am24] S 034E-03 5.034E-03 3.219E-03 | 8.253E-03
Cm242 2.521E-05 2.521E-05 6.160E-05 | B.681E-05 i
Cm243/44 2.034E-03 2.034E-03 1.761E-03 | 3.795E-03
Total: 3.197E+403 8.228E+00 3205E+03 | 1.419E+03 | 4.624E+03
NOTES:

(a) Radioactivity has been decay-adjusted to July 1, 1995,

R7K\V6
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Table 1.2.3

Classification of the Reactor Pressure Vesse

RPV
RPV Specific A, LSA Fraction Fraction
Activity Activity Value Limut LSA A,
lsotope (cy™ (mCi/g) (Ci) {mCi/g) Linuit Value
H3 5.543E+00 1.676E-04 2.000e+01 3.000E-01 5.587E-04 2.772E-01
Cl4 2.647E-01 8.069E-06 6.000E+01 3.000E-01 2.690E-05 4412E-03
Fe55 2.593E403 7.851E-02 1.000E+03 3.000E-01 2617E-01 2.593E+00
Niso 4.524E-01 1. 368E-05 9.000E+02 J.000E-01 4.560E-05 5.027E-04
Ni63 5 876E+01 1 8OTE-03 1.ODOE+02 3.000E-01 6.023E-03 5.876E-01
Sri9 1 800E-06 1.169E-10 1.OOOE+01 3 000E-01 3 897E-10 1 300E-07
Sr90 3.006E-01 1.953E-05 4. 000E-01 S NIE.03 3.906E-03 7.515E-01
Pu238 3.395E-03 2.206E-07 3.000E-03 1.000E-04 2.206E-03 1.132E+00
Pu239/40 8.455E-03 5 494E-07 2.000E-03 1. 0O0E-04 5.494E-03 4 228E+00
Pu2dl 3 069E-01 1.994E-05 1.000E-0] 5.000E-03 3.988E-03 3.069E+00
Am24| S.0ME-03 3271E-07 R.000E-03 1.OOOE 04 3271E-03 6.293E-01 - ulg
Cm242 2521E-05 1.638E-09 2.600E-0) 5.000E-03 3.276E-07 1.261E-04
Cm243/44 2.034E-03 1.321E-07 9.000E-03 »_' O00E-04 1.321E-03 2.260F-01
CrSl 7.704E-20 5.006E-24 6.000E+02 3 000E-0O1 1. 669E-23 1.284E-22
Mn54 2.236E+01 6.772E-04 2.000E+01 3.000E-01 2.257E-03 LTISE+00
Fe59 9.188E-15 5.970E-19 1L.ODOE+01 3.000E-01 1.990E-18 9.188E-16
Cos7 8 300E-04 5.393E-08 9.000E+01 3.000E-01 1.798E-07 9.222E-06
Coss 3.109E-1 1 2.020E-15 2.000E+01 3.000E-01 6.733E-15 1.555E-12
Co60 5.21RE+02 1.592E-02 7.000E+00 3.000E-01 5.305E-02 T AS4E401
2195 1.710E-12 L1TIE-16 2.000E+01 3.000E-01 3.703E-16 8.550E-14
Nbod 3 346E-03 1L.O12E-07 S.000E-02 1. GOOE-04 1.012E-03 6.692E-02
Nb95 7.564E-13 4915E-17 2. 000E+01 3.000E-01 1.638E-16 3.782E-14
Tev9 6.454E-03 LY52E-07 2.500E+01 3.000E-01 6.507E-07 2.582E-04
Rul03 y "76'"- 17 5.059E-2 2.500E+01 3.000E-01 1.686E-20 3.114E-18
Rul06 Lo } “79E-06 7.000E+00 3 000E-01 4. 263E-06 2 813E-03
R78136 1-15




Table 1.2.3

(Continued)
RPV
RPV Specific A, LSA Fraction Fraction
Activity Activity Value Limit LSA A,
(cy (mCi/g) (mCifg) Limit
AglO8m 3 945E-09 2.563E-13 1 000E+03 3 000E-01 8.5343E-13 3.945E-12
Agl1Om 2916E-03 |.895E-07 T.000E+00 2 000E-01 6.317E-07 4.161E-04
Sbhl24 B.669E-13 5.633E-17 S 000E+00 3.000E-01 | 878E-16 1.734E-13
———
Sh125 I RO69E-02 2. 514E-06 2.500E+01 3 000E-01 8.380E-06 1.548E-03
Cs134 1 R56E-02 1.206E-06 1. O0OE+O1 3 000E-01 4.020E-06 1.856E-03
Cs137 3.396E-01 2.207E-05 1 O00E+01 3 000E-01 7.357E-05 3.396E-02
Celdl | OB6E-19 7.056E-24 2.500E+01 3. 000E-01 2.352E-23 4 344E-21
Celd4 1.927E-02 1.252E-06 7.000E+00 3.000E-01 4 173E-06 2.753E-03
Euls2 1 454E+00 4 397E-05 1.O0OE+01 3.000E-01 1 466E-04 1 454E-01
Eul54 1 412E-01 4 271E-06 S 000E+00 J000E-01 1 424E-05 2.824E-02
Eulss 9.647E-04 2.918E-08 6.000E+01 J.000E-01 9.727E-08 1 .608E-05
Total 3205E+03 9.722E-02 | 3450E-01 B.O27E+01
NOTES:

(a) Activity as of July 1, 1995.
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Table 1.2.4

Classification of Solidified Dross

==
Dross
Dross Specific LSA Fraction Fraction
Activity Activity A, Limit LSA A,

[sotope (Ci)'# (mCi/g) Value (mCi/g) Limit Value

r Cl4 8.462E-03 1. 066E-06 6.000E+01 3.000E-01 3.553E-06 1 410E-04
FeSs 7.502E+02 9.451E-02 1.000E+03 3.000E-01 3.150E-01 7.502E-01
Ni63 1 496E+02 1 885E-02 1LOOOE+02 3.000E-01 6.282E-02 1 496E+00
Sr90 5.013E-02 6.315E-06 4.000E-01 5.000E-03 1.263E-03 1.253E-01
Pu238 1.424E-03 1.794E-07 3.000E-03 1.000E-04 1.794E-03 4.747E-01
Pu239/40 3.893E-03 4 904E-07 2.00GE-03 1.000E-04 4.904E-03 1. 947E+00
Pu24] 1.257E-01 1.584E-05 1.000E-01 5.000E-03 3.167E-03 1.257E+00
Am24] 3.219E-03 4 055E-07 8.000E-03 1 OOOE-04 4.055E-03 4.024E-01
Cm242 6.160E-05 7.760E-09 2.000E-0] 5.000E-03 1.552E-06 3.080E-04
Cm243/44 1.761E-03 2.218E-07 9.000E-03 1 .000E-04 2.218E-03 1.957E-01
Mn54 1.426E+01 1.796E-03 2.000E+01 3.000E-01 5.988E-03 7.130E-01
Cos7 1.749E-02 2.203E-06 9.000E+01 3.000E-01 7.345E-06 1.943E-04
Co60 5.033E+02 9.340E-02 T.OMOE+00 3.000E-0) 2.113E-01 T.190E+01
Zn65 1 173E+00 1.503E-04 3.000E+01 3.000E-01 5.010E-04 3977E-02
Cs137 2.728E-01 3437E-05 1. OOOE+01 3 000E-01 1 146E-04 2.728E-02
Total 1 419E+03 1.788E-01 6.132E-01 7 933E+01

NOTES:

(a) Activity as of July 1, 1995,
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WILL BE FULL PENETRATION IN ACCORDANCE WITH ASME VIII WITH
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APPENDIX 1.4.1

CALCULATION YRC-1074,
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CALCULATION YRC-1076,
CLASSIFICATION OF RPV DROSS
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2.0 STRUCTURAL EVALUATION

The Yanke> RPV package contains only LSA materials, and will be transported as
exclusive use. However, the package contains greater than a Type A quantity of low specific
activity (LSA) radioactive material. The structural evaluation for this type of package must
demonstrate that the design meets the performance requirements of 10 CFR 71, Subparts E
and F, for normal conditions of transport specified in 10 CFR 71.71. This type of package is
exempted from the requirements of 10 CFR 71.51 by 10 CFR 71.52.

2.1 Stuctural Design

2.1.1 Discussion

The principal components of the Yankee RPV package are the reactor pressure vessel,
internal sohdified waste package, concrete fill, and external radiation shielding (shipping
cask). The external radiation shielding will consist of a three-inch thick steel cylinder with
four-inch thick closed ends. An additional one-inch thick steel cylinder will be located
opposite the RPV core region. The annulus between the RPV and the cask will be filled with
concrete. The interior of the RPV will be filled with low density concrete fo