RAI: M8

Include an acceptance plan for the neutron poison plates in the SAR and include it by
reference into the proposed Technical Specifications. Correlate the acceptance testing
of the neutron absorber with expected performance. Indicate how the acceptance tests
indicate an adequate percentage of H and B in the absorber material. Describe the
significance of the density measurement, and the sensitivity of measurements to the
percentage of critical components (H & B).

This information is needed to determine compliance with 10 CFR 72.124(a®
Response: M8 0

An acceptance plan will be provided in new SAR Sectio
acceptance testing located in new SAR Section A9.7 .4
testing of new Metal Matrix Composites will be Ioc:at%'%| ew SAR

Section A9.7.5 and process controls for Metal ix Composites will be
located in new SAR Section A9.7.6.

The information in these new sections m Ned to determine
compliance with 10 CFR 72.124(a). %

These new sections are based oR_T; nuclear’s response to NRC RAI
questions 9.1 through 9.11 forthe OMS HD CoC 1030 Amendment 1
application (TN Letter E-273(7, ed December 15, 2008, TAC NO.
L24153). 3%

Note there is no hydfogen,in the metallic neutron absorbers. Therefore
the acceptance testingsdoes not determine the percentage or density of H
in the absorber ial.

Regulati%ﬁ R 72.44(c) requires that Technical Specifications include

requir% the following categories:
C} Functional and operating Limits and monitoring instruments and
% limiting control setting
\ Limiting conditions
Surveillance Requirements
Design Features

Administrative controls

A review of these categories, as described in 10 CFR 72.44(c), concluded
that the regulation does not require fabrication acceptance testing of the
neutron absorber plates to be included in the Technical Specifications.
Note that the minimum areal Boron-10 density design feature requirement
is already specified in proposed Technical Specification 4.3.
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Although NUREG-1745, “Standard Format and Content for Technical
Specifications for 10 CFR Part 72 Cask Certificates of Compliance”, is not
directly applicable to site specific Technical Specifications, it was reviewed
to determine if it called for the inclusion fabrication acceptance testing of
the neutron absorber plates in the Technical Specifications. The review
concluded that NUREG-1745 did not call for fabrication acceptance testing
of the neutron absorber plates to be included in Technical Specifications.

Finally, it is NSPM’s understanding that Technical Specifications (
Prairie Island Nuclear Generating Plant’s and the Site Specific |
are to be written focusing on the operational controls, limits a 1%- '
needed to ensure safe operation (see Technical Specification,Content
Discussion above). This would not include fabrication a %ce testing
of the neutron absorber plates. ‘%

Since the information needed to demonstrate ¢ 'azce with

10 CFR 72.124(a) will be added in SAR Sections'A9.7.3 through A9.7.6,
and for the reasons above, NSPM does not&?se to include fabrication
acceptance testing of the neutron absorb ateés into the proposed
Technical Specifications El

The following will be added to;@%

A9.7.3 NEU WBSORBER REQUIREMENTS

The neutron abs used for criticality control in the TN-40HT
basket ma ist any of the following types of material:

E aIumlnum alloy (borated aluminum)
ron carbide / aluminum metal matrix composite (MMC)

Boral®

\C\O The TN-40HT safety analyses do not rely upon the tensile strength

of these materials. The radiation and temperature environment in
the cask is not sufficiently severe to damage these metallic/ceramic
materials.

To assure performance of the neutron absorber’s design function
only visual inspections, thermal conductivity testing, and the
presence / uniformity of B10 need to be verified with testing
requirements specific to each material.

References to metal matrix composites throughout this chapter are
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not intended to refer to borated aluminum or Boral®.

A9.7.3.1 Boron Aluminum Alloy (Borated Aluminum)
Description

The material is produced by direct chill (DC) or permanent mold
casting with boron precipitating as a uniform fine dispersion of
discrete aluminum diboride (AIB;) or Titanium diboride (TiBy)
particles in the matrix of aluminum or aluminum alloy. For exttuded
products, the TiB, form of the alloy shall be used. For roll

products, the AIB,, the TiB,, or a hybrid may be used.

Boron is added to the aluminum in the quantity ne
provide the specified minimum B10 areal density.i
product. The boron may have the natural iso%dlstribution or

may be enriched in B10. %
The criticality calculations take credit for 90% of the minimum

specified B10 areal density of borate inum. The basis for this
credit is the B10 areal density aﬁ e testing, which shall be as

specified in Section A9.7.4.3%'

Requirements

The boron content jin %Iuminum or aluminum alloy shall not
exceed 5% by wei

The neutro orbers shall be 100% visually inspected in
accorda ith the inspection requirements described in Section

A9.7.4&
)%%%nal conductivity of the material shall be tested in
a

nce with the testing requirements in Section A9.7.4.2.

he minimum B10 areal density specified in Table A3.3-17 shall be
confirmed via neutron transmission testing as described in Section
A9.7.4.3.

A9.7.3.2  BORON CARBIDE / ALUMINUM METAL MATRIX
COMPOSITES (MMC)

Description

The material is a composite of fine boron carbide particles in an
aluminum or aluminum alloy matrix. The material shall be
produced by either direct chill casting, permanent mold casting,
powder metallurgy, or thermal spray techniques. It is a low-porosity



product, with a metallurgically bonded matrix.

The criticality calculations take credit for 90% of the minimum
specified B10 areal density of MMCs. The basis for this credit is
the B10 areal density acceptance testing, which is specified in
Section A9.7.4.3.

Requirements

For non-clad MMC products, the boron carbide content sh ﬂ
exceed 40% by volume. The boron carbide content for MMCs wi

an integral aluminum cladding shall not exceed 50% b@

Non-clad MMC products shall have a density gre%%n 98% of

theoretical density , with no more than 0.5 volu

interconnected porosity. For MMC with an i t% ladding, the
final density of the core shall be greater tha % of theoretical
density, with no more than 0.5 volume % i onnected porosity of
the core and cladding as a unit of the*inal, product.

Boron carbide particles for the
have an average size in the
actual specification may
particle size. No more

microns. YV
The neutron ab% shall be 100% visually inspected in
the i

accordance nspection requirements described in Section
A9.7.4.1.
The &% conductivity of the material shall be tested in
a e with the testing requirements in Section A9.7.4.2.
he minimum B10 areal density specified in Table A3.3-17 shall be
Q/ponfirmed via neutron transmission testing as described in Section
\% A9.7.4.3.
Q The MMCs material shall be qualified in accordance with the
requirements specified in Section A9.7.5, and shall subsequently
be subject to the process controls specified in Section A9.7.6.

A9.7.3.3 BORAL®

ts considered here typically
-40 microns, although the

sh size, rather than by average
%o of the particles shall be over 60

Description

This material consists of a core of aluminum and boron carbide
powders between two outer layers of aluminum, mechanically
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bonded by hot-rolling an “ingot” consisting of an aluminum box filled
with blended boron carbide and aluminum powders. The core,
which is exposed at the edges of the sheet, is slightly porous. The
average size of the boron carbide particles in the finished product is
approximately 50 microns after rolling.

The criticality calculations take credit for 75% of the minimum
specified B10 areal density of Boral®.

Requirements &

The nominal boron carbide content shall be limited to %
tolerance limit) of the core by weight. Q

The neutron absorbers shall be 100% visually i din
accordance with the inspection requirements ibed in Section
A9.7.4 1.

The thermal conductivity of the matewal be tested in
accordance with the testing require in Section A9.7.4.2.

cified in Table A3.3-17 shall be
nd by certification of the B10
arbide powder, or by neutron
ibed in Section A9.7.4.3. Areal density

transmission testing cri
testing shall be peg on a coupon taken from the sheet

The minimum B10 areal de
confirmed via chemical a
isotopic fraction for the

produced from ot. If the measured areal density is below

that specified;, material produced from that ingot will be either
reJected ted only on the basis of alternate verification of
B10 a |ty for each of the final pieces produced from that
ingo
NEUTRON ABSORBERS ACCEPTANCE TESTING
7 4.1 VISUAL INSPECTIONS OF NEUTRON
ABSORBERS

For borated aluminum and MMCs, visual inspections shall follow
the recommendations in Aluminum Standards and Data (Reference
6), Chapter 4 “Quality Control, Visual Inspection of Aluminum Mill
Products and Castings”. Local or cosmetic conditions such as
scratches, nicks, die lines, inclusions, abrasion, isolated pores, or
discoloration are acceptable. Widespread blisters, rough surface,
or cracking shall be treated as non-conforming. Inspection of
MMCs with an integral aluminum cladding shall also include
verification that the matrix is not exposed through the faces of the
aluminum cladding and that solid aluminum is not present at the
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edges.

For Boral®, visual inspection shall verify that there are no cracks
through the cladding, exposed core on the face of the sheet, or
solid aluminum at the edge of the sheet.

A9.7.4.2 THERMAL CONDUCTIVITY TESTING OF
NEUTRON ABSORBERS

Testing shall conform to ASTM E1225 (Reference 7), ASTM&H
(Reference 8), or equivalent method, performed at room
temperature on coupons taken from the rolled or extru
production material. Previous testing of borated alu @and
metal matrix composite, Table A9.7-1, shows that @
conductivity increases slightly with temperature ampling
shall be one test per lot, defined by the heat % ingot, and may be

reduced if the first five tests meet the specifie imum thermal
conductivity. ‘%

If a thermal conductivity test result M the specified minimum,
additional tests may be perform e material from that lot. If
the mean value of those testsfall ow the specified minimum the
associated lot shall be reje %’

After twenty five tests o ingle type of material, with the same
aluminum alloy matri same boron content, and the boron
appearing in the sa hase, e.g., B4C, TiB,, or AlB,, if the mean
value of all the te ults less two standard deviations meets the
specified t | conductivity, no further testing of that material is
required xemption may also be applied to the same type of
materiéx matrix of the material changes to a more thermally
con alloy (e.g., from 6000 to 1000 series aluminum), or if the

$ ntent is reduced without changing the boron phase.

thermal analysis in Chapter A3.3.2.2 considers a dual plate

asket construction base model with 0.125” thick neutron absorber
with a 0.312” thick aluminum 1100 plate. This model gives the
bounding values for the maximum component temperatures. Either
a dual plate basket construction or an alternate single plate
(borated aluminum or MMC) construction basket may be utilized.
For the dual plate construction, the specified thickness of the
neutron absorber may vary, and the thermal conductivity
acceptance criterion for the neutron absorber will be based on the
nominal thickness specified. In either construction type, to maintain
the thermal performance of the basket, the minimum thermal
conductivity shall be such that the total thermal conductance (sum
of conductivity * thickness) of the neutron absorber and the
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aluminum 1100 plate shall at least equal the conductance assumed
in the analysis for the base model. Samples of the acceptance
criteria for various neutron absorber thicknesses are highlighted in
Table A9.7-2.

The aluminum 1100 plate does not need to be tested for thermal
conductivity; the material may be credited with the values published
in the ASME Code Section Il part D. The neutron absorber material
need not be tested for thermal conductivity if the nominal thickness
of the aluminum 1100 plate is 0.359 inch or greater. §

A9.7.4.3 Neutron Transmission Testing of Neu@

Absorbers

Neutron Transmission acceptance testing proc gwall be
subject to approval by Transnuclear . Testc s shall be
removed from the rolled or extruded prod i;%vaterial at
locations that are systematically or probabilistically distributed
throughout the lot. Test coupons shall not ibit physical defects
that would not be acceptable in the fin product, or that would
preclude an accurate measuremen e coupon’s physical

thickness. %

A lot is defined as all thegpie€es produced from a single ingot or
heat or from a group of% from the same heat. If this definition
results in a lot size o?wa | to provide a meaningful statistical
analysis of results, ternate larger lot definition may be used, so
long as it results cumulating material that is uniform for
sampling p es.

The sam te for neutron transmission measurements shall be

such t e is at least one neutron transmission measurement
for 00 square inches of final product in each lot.

%310 areal density is measured using a collimated thermal

tron beam of up to 1 inch diameter.

The neutron transmission through the test coupons is converted to
B10 areal density by comparison with transmission through
calibrated standards. These standards are composed of a
homogeneous boron compound without other significant neutron
absorbers. For example, boron carbide, zirconium diboride or
titanium diboride sheets are acceptable standards. These
standards are paired with aluminum shims sized to match the effect
of neutron scattering by aluminum in the test coupons. Uniform but
non-homogeneous materials such as metal matrix composites may
be used for standards, provided that testing shows them to provide
neutron attenuation equivalent to a homogeneous standard. The
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calibration of the standards shall be evaluated for acceptance in
accordance with Transnuclear ’s QA procedures.

Alternatively, digital image analysis may be used to compare
neutron radioscopic images of the test coupon to images of the
standards. The area of image analysis shall be up to 0.75 sq. inch.

The minimum areal density specified shall be verified for each lot at
the 95% probability, 95% confidence level or better. If a goodpess-
of-fit test demonstrates that the sample comes from a norm E ri
population, the one-sided tolerance limit for a normal dist@
may be used for this purpose. Otherwise, a non-para
(distribution-free) method of determining the one-sided

limit may be used. Demonstration of the one-sided te
shall be evaluated for acceptance in accordan ;

’s QA procedures. Yw

The following illustrates one acceptable m d and is intended to
be utilized as an example. The acceﬁ%r?e criterion for individual
plates is determined from a statisti lysis of the test results for
their lot. The B10 areal densiti etermined by neutron

transmission are converted e density, i.e., the B10 areal
density is divided by the at the location of the neutron
t
a

n

ransnuclear

transmission measure e maximum thickness of the
coupon. The lower t nee limit of B10 volume density is then
determined as the z%walue of B10 volume density for the
sample less K i standard deviation, where K is the one-
sided tolerance limit factor with 95% probability and 95%
confiden ence 9).

Fina% inimum specified value of B10 areal density is divided
b

er tolerance limit of B10 volume density to arrive at the
plate thickness which provides the specified B10 areal

Any plate which is thinner than this minimum or the minimum
design thickness, whichever is greater, shall be treated as non-
conforming, with the following exception. Local depressions are
acceptable, so long as they total no more than 0.5% of the area on
any given plate, and the thickness at their location is not less than
90% of the minimum design thickness.

Non-conforming material shall be evaluated for acceptance in
accordance with Transnuclear ’s QA procedures.



A9.7.5 Qualification Testing of Metal Matrix Composites
A9.7.5.1 APPLICABILITY AND SCOPE

Prior to initial use in a spent fuel dry storage system, new MMCs
shall be subjected to qualification testing that will verify that the
product satisfies the design function. Key process controls shall be
identified per Section A9.7.6 so that the production material is
equivalent to or better than the qualification test material. Changes
to key processes shall be subject to qualification before use uch
material in a spent fuel dry storage system.

ASTM methods and practices are referenced below f @ance.
Alternative methods may be used with the approv snuclear

A9.7.5.2 DURABILITY Yy
There is no need to include accelerated F%)n damage testing in

the qualification. Metals and ceramics, do,not experience
measurable changes in mechanic opérties due to fast neutron
fluences typical over the lifetim nt fuel storage.

Thermal damage and corrésj ydrogen generation) testing shall
be performed unless S% on materials of the same chemical
composition have already been performed and found acceptable.

The following parag@ra illustrate two cases where such testing is
not required.

3 testing is not required for unclad MMCs consisting
only of @ carbide in an aluminum 1100 matrix, because there is
no r between aluminum and boron carbide below 842 °F
( e 10), well above the basket temperature under normal

ions of storage or transport.

orrosion testing is not required for MMCs (clad or unclad)
consisting only of boron carbide in an aluminum 1100 matrix,
because testing on one such material has already been performed
by Transnuclear (Reference 11).

A9.7.5.3 DELAMINATION TESTING OF CLAD MMC

Clad MMCs shall be subjected to thermal damage testing following
water immersion to ensure that delamination does not occur under
normal conditions of storage.



A9.7.5.4 REQUIRED TESTS AND EXAMINATIONS TO

DEMONSTRATE MECHANICAL INTEGRITY

At least three samples, one each from the two ends and middle of
the test material production run shall be subjected to:

a)

b)

room temperature tensile testing (ASTM- B557 (Reference
12)) demonstrating that the material:

e has a 0.2% offset yield strength no less than 1. i;
e has an ultimate strength no less than 5.0 ksi§,a
¢ has minimum elongation in two inches nc@ an

0.5%.
As an alternative to the elongation requi nt, ductility
may be demonstrated by bend test ASTM E290

(Reference 13). The radius of iR or mandrel shall be
no greater than three times the material thickness, and
ast 90

the material shall be bent atJe degrees without

complete fracture. Y"

testing by ASTM-B31 ference 14) to verify more than
98% theoretical densi non-clad MMCs and 97% for the
matrix of clad MV% esting or examination for
interconnectedwporosity on the faces and edges of unclad
MMC, and dges of clad MMC shall be performed by
a metho pproved by Transnuclear. The maximum

inter;:@c orosity is 0.5 volume %.

An&
MMCs with an integral aluminum cladding, thermal

2
o
Q\

urability testing demonstrating that after a 24 hour soak in
either pure or borated water, followed by a 30 day heat
treatment at a minimum temperature of 825°F in an inert
environment, that the specimens are free of blisters and
delamination and pass the mechanical testing requirements
described in test ‘a’ of this section.

A9.7.5.5 REQUIRED TESTS AND EXAMINATIONS TO

DEMONSTRATE B10 UNIFORMITY

Uniformity of the boron distribution shall be verified either by:

(@)

Neutron radioscopy or radiography (ASTM E94 (Reference
15), E142 (Reference 16), and E545 (Reference 17)) of
material from the ends and middle of the test material



production run, verifying no more than 10% difference
between the minimum and maximum B10 areal density, or

(b) Quantitative testing for the B10 areal density, B10 density, or
the boron carbide weight fraction, on locations distributed
over the test material production run, verifying that one
standard deviation in the sample is less than 10% of the
sample mean. Testing may be performed by a neutron
transmission method similar to that specified in Sectl
A9.7.4.3, or by chemical analysis for boron carbide
in the composite. /6

A9.7.5.6 APPROVAL OF PROCEDURES Q

Quialification procedures shall be subject to app
Transnuclear.

A9.7.6 PROCESS CONTROLS F@L MATRIX

COMPOSITES

This section provides process cont nsure that the material
delivered for use is equwalent t qualification test material.

A9.7.6.1 APPLICABI SCOPE

Key processing chan e be subject to qualification prior to
use of the material d by the revised process. Transnuclear
shall determine wh a complete or partial re-qualification
program per Sec 9.7.5 is required, depending on the
characterls f the material that could be affected by the process
change

A9. 7(3} DEFINITION OF KEY PROCESS CHANGES

% cess changes are those which could adversely affect the
m distribution of the boron carbide in the aluminum, increase
osity, or reduce the mechanical strength or ductility of the MMC.

A9.7.6.3 IDENTIFICATION AND CONTROL OF KEY
PROCESS CHANGES

The manufacturer shall provide Transnuclear with a description of
materials and process controls used in producing the MMC.
Transnuclear and the manufacturer shall identify key process
changes as defined in Section A9.7.6.2.

An increase in nominal boron carbide content over that previously
qualified shall always be regarded as a key process change.
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The following are examples of other changes that may be
established as key process changes, as determined by
Transnuclear’s review of the specific applications and production
processes:

(a) Changes in the boron carbide particle size specification that
increase the average particle size by more than 5 microns, or
that increase the amount of particles larger than 60 microns
from the previously qualified material by more than 5% of
total distribution but less than the 10% limit; &

(b) Change of the billet production process, e.g., from
pressing to cold isostatic pressing followed by vz

(c) Change in the nominal matrix alloy; ‘%

(d) Changes in mechanical processing that %esult in reduced
density of the final product, e.g., for po metallurgy or
thermal spray MMCs that were qualified with extruded material,
or a change to direct rolling fro ebillet;

(e) For MMCs using a mag
changes in the billet forn
likelihood of magnesit

as an increase in m
maximum te$ re;

(f) Changes %so er blending or melt stirring processes that

m-alloyed aluminum matrix,
process that could increase the
eaction with the boron carbide, such

aximum temperature or time at

less uniform distribution of boron carbide, e.g.,

could re
ch uration of powder blending; and

Cs with an integral aluminum cladding, a change greater
n 25% in the ratio of the nominal aluminum cladding

C) thickness (sum of two sides of cladding) and the nominal matrix

thickness could result in changes in the mechanical properties
of the final product.

References Added to SAR Section A9.8

6. “Aluminum Standards and Data, 2003” The Aluminum
Association.

7 ASTM E1225, “Thermal Conductivity of Solids by Means of
the Guarded-Comparative-Longitudinal Heat Flow
Technique”



10.

11.

12.

13.

14.

15.

16.

ASTM E1461, “Thermal Diffusivity of Solids by the Flash
Method”

Natrella, “Experimental Statistics,” Dover, 2005.

Pyzak and Beaman, “Al-B-C Phase Development and
Effects on Mechanical Properties of B4C/Al Derived
Composites,” J. Am. Ceramic Soc., 78[2], 302-312 (1

“‘Hydrogen Generation Analysis Report for TN-6
Materials,” Test Report No. 61123-99N, Rev 3, 1998,

National Technical Systems.

ASTM B557, “Standard Test Metho o%Tension Testing
Wrought and Cast Aluminum- Magnesium-Alloy
Products”

Material for Ductility”

ASTM EZ290, “Standard Te@tﬁods for Bend Testing of

ASTM B311, “Te d for Density Determination for
Powder Metallu ) Materials Containing Less Than
Two Percent Rorosity”

ASTM E ommended Practice for Radiographic
Tes

tin%”
A@ 42, “Controlling Quality of Radiographic Testing”

17 M E545, “Standard Method for Determining Image
% ua

lity in Thermal Neutron Radiographic Testing”

Thermal Conductivity Measurements of Boron
Carbide/Aluminum Specimens, Oct 1998, testing by
Precision Measurements and Instruments Corp. for
Transnuclear, Inc., Purchase Order Number 98037

Eagle Picher Report AAQROG6, “Qualification of Thermal
Conductivity, Borated Aluminum 1100, May 2001



Table A9.7-1
Thermal Conductivity for Sample Neutron Absorbers

Temperature Material
°C 1 2 3 4
20 193 170 194 194
100 203 183 207 201
200 208 - -
250 - 201 218 06
300 211 204 220 :} 203
314 - - - 202
342 - - - 202

Units: W/mK

Materials: \)

1) Boralyn® MMC, aluminum 1100 with 15%

2) Borated aluminum 1100, 2.5% boro iB2
3) Borated aluminum 1100, 2.0% bo %Bz
4) Borated aluminum 1100, 4.3%\,@ AIB,

o References 18 and‘%§v
&S
@Ca

Q\%




TABLE A9.7-2
SAMPLE DETERMINATION OF THERMAL CONDUCTIVITY ACCEPTANCE

CRITERION

Single Plate Model n

Al 1100 | absorber total
thickness (inch) 0 0.437 0.437
conductivity at 70°F (Btu/hr-in-°F) n/a 9.11 n/a
conductance (Btu/hr-°F) 0 3.98 3.98"
Dual Plate Construction n

Al 1100 | absorber.
thickness (inch) 0.312 0.12 437
conductivity at 70°F (Btu/h-.in-°F) | 11.09 4%;/ n/a
conductance (Btu/hr-°F) 3.46 w5 3.98
thickness (inch) ‘ : -)0.250 0.437
conductivity at 70°F (Btu/hr-in-°F) .0 7.62 n/a
conductance (Btu/hr-°F) NU? 1.91 3.98
thickness (inch) 0.359 0.078 0.437
conductivity at 70°F mn °F) | 11.09 0 n/a
conductance (Btuﬁhr 3.98 0 3.98

<
S

as modeled

thicker neutron

absorber

thinner neutron

absorber

The accept@e; on is identified by boldface type for each thickness.

RAI @5

ovide an acceptance plan for the neutron shield material. Provide data or analyses to
show that the neutron shield material (both resin and polypropylene) will retain
adequate properties for the application during the storage period. Include the testing
procedure, and data that were collected to determine the maximum temperature that
the resin can withstand without degradation. This plan should be included by reference

to the SAR in the proposed CoC.

The neutron shield material is a borated polyester resin compound that surrounds the
gamma shield shell. It is subject to thermal and radiation fields during service, which
have the potential for degrading properties of the material including its thermal

conductivity.



This information is needed to determine compliance with 10 CFR 72.126(6).

Response: M10

An acceptance plan will be provided in new SAR Section A9.7.7.

The information in these new sections may be used to determine
compliance with 10 CFR 72.126(6).

Because the top polypropylene neutron shield is a standard i

Acceptance of neutron shielding materials lﬁ&
.

plastic plate, the only acceptance planned is verification of
certification to confirm that the material is polypropylene:

Demonstration of durability for neutron shielding mateérial

Both the polypropylene and the proprietary polyesterresin proposed for
use in the TN-40HT have been used since @n the TN-40, TN-32, and
t

TN-68 casks with no evidence of degrad

heir shielding functions,

At
i.e., no reported increase in dose rates Ee’ cask exterior.

Radiation: Q)
o

©

Radiation can cause ation of polymers by cross-linking or by
chain scission. Ratlia can also cause radiation-assisted

oxidation, whic cilitate chain scission in the polymer. In
oxygen-starved conditions, bond repair or crosslinking can be
significant.mechanisms that prevent chain scission; for this reason,

damagetisconfined to a surface layer. The anti-oxidant additive in
th %1 eutron shield further limits radiation-assisted oxidation.
eater than 1 x 10° rad. (See page 11 of NASA SP8053, “Nuclear
and Space Radiation Effects on Materials”, June 1970). To
evaluate the radiation damage to the neutron shield, note that the
energy absorption of polymers and tissue is similar. Therefore, the
gamma radiation energy absorbed by the polypropylene shield may
be approximated as the rad equivalent of the surface dose in rem.
The absorbed neutron energy may be estimated as half the neutron
dose rate to account for the tissue quality factor. Based on SAR
Table A7A.2-1, the accident dose rate at the radial surface of the
gamma shield is 116 mrem/hr gamma, and 1980 mrem/hr neutron.
This is approximately equivalent to 1.1 rad/hr for the radial neutron
shield and less for the less for the top shield. At the end of 40
years, assuming that the radiation field remains constant, this

Cﬁh reshold for radiation dose damage for polymers is typically



would result in absorbed energy in the radial shield of about 3.9 x
10° rad. This is well below the threshold of 1 x 10° rad.

Thermal durability:

Public sources of information on polypropylene generally establish
the melting point of polypropylene near 327° F (for example, CRC
Handbook of tables for Applied Engineering Science, 2" Edition,
Table 1-80) and the long term maximum service temperature
170° F. Published continuous use temperatures apply to ty. &
industrial applications where the material must retain mos@s
mechanical properties and dimensional stability. In the case*of
top neutron shield, because the material is entirely erelosed in a
steel shell, the polypropylene could in fact melt, and
shielding function. On this basis, Table A3.3-3 0 \

a maximum use temperature of 300° F ;; propylene, 27° F
below its melting point. According to the.same‘table, the normal

temperature of the top neutron shield is 1 , well below the limit.

More information on the durability of the r. Mleldlng resin may be
found in Appendix 9A of the TN-68 S fety Analysis Report,
Docket 72-1027

The RAI questions says thatt should be included by reference to
the SAR in the proposed C wever the plan is being submitted as
part of a License Amend quest to the site specific License SNM-
2506. Therefore ther oC. In the event that the intent of the RAI
question was that t lan-should be included into the Technical
Specification by e, the following discussion is provided.

Regulation
requirerr%

Functional and operating Limits and monitoring instruments and

:( ) limiting control setting

72.44(c) requires that Technical Specifications include
e following categories:

e Limiting conditions

e Surveillance Requirements

e Design Features

e Administrative controls

A review of these categories, as described in 10 CFR 72.44(c), concluded
that the regulation does not require the radial neutron shield acceptance
plan be included in the Technical Specifications.

Although NUREG-1745, “Standard Format and Content for Technical
Specifications for 10 CFR Part 72 Cask Certificates of Compliance”, is not



directly applicable to site specific Technical Specifications, it was reviewed
to determine if it called for the inclusion of the radial neutron shield
acceptance plan in the Technical Specifications. The review concluded
that NUREG-1745 did not call for the radial neutron shield acceptance
plan to be included in Technical Specifications.

Finally, it is NSPM’s understanding that Technical Specifications (both the
Prairie Island Nuclear Generating Plant’s and the Site Specific ISFSI's)
are to be written focusing on the operational controls, limits and desi
needed to ensure safe operation (see Technical Specification Contén
Discussion above). This would not include the radial neutron shigeld
acceptance plan. 0
Since the information needed to demonstrate complianc @

10 CFR 72.126(6) will be added in SAR Section A9.7. or the
reasons above, NSPM does not propose to include t ial neutron
shield acceptance plan into the proposed Techu@ cifications.
The following will be added to the SAR:

A9.7.7 Radial Neutron Shieldinx%s’&

The shielding performance of %’él polyester resin can be verified
adequately by chemical an& d verification of density. Uniformity
()

is assured by installatio control.

Testing Requirements ,Z

Chemical analysis_shall be performed on the first batch mixed with a

given set of nents, and thereafter whenever a new lot of one of

the majo é%,p nents is introduced. The acceptance values for the

chemi %‘ osition of the polyester resin are listed in the following
hat the chemical composition used in the shielding models

tabl
iﬁ;t in Table A7A.4-3) are included in the following table for
C rison.

Q\ Table A7A.4-3 values Acceptance Testing Values
Element nominal wt Element wt % acceptance
% range (wt %)
H 5.05 H 5.05 -10/+20
B 1.05 B 1.05 +20
C 35.13 C 35.13 + 20
Al 14.93 Al 14.93 + 20
O 41.73 O+Zn 43.84 +20
(balance)




Zn 2.1

Total 100.0% 100%

A density measurement shall be performed on every mixed batch of
the polyester resin The minimum polymer density measured shall be
greater than 1.547 g/cm?.

Process Controls

Qualification tests of the personnel and procedure used for mixi

prevent voids.

RAI: A8.1

Section A8.2.8.2.1, Dynamic Impact Loads.

Considering the approach similar to that for NWHOMS-HD storage system (Docket
72- 1030), perform a transient dynamic i ct dynamic analysis of the cask for the
18-inch handling end-drop accident to ine,applicable loading conditions for cask

component evaluations. &7
A comprehensive review of the NP-~7551 target hardness method and its

benchmarking for TN-40HT application may involve long lead-time without certitude
for closure. The staff will rexie er justifiable methods, including the NUHOMS-HD

approach, for determining | g conditions for cask components.

The information r d is needed for evaluating the cask for complying with the 10
d

CFR 72.122(b) ents for protection against environmental conditions and
natural phen%

Response:

ransient dynamic analysis of the cask for the 18-inch end-drop using LS-
was performed to determine decelerations and will be added to
SAR Section A4A.10. The calculation to determine decelerations
Qusing EPRI NP-7551 will be removed from Section A8.2.8.2.1.

SAR Section A8.2.8.2.1 will be replaced with the following:

The peak decelerations in the cask and basket during the 18 inch
end drop were calculated by a dynamic nonlinear analysis
described in Section A4A.10. The analysis showed a maximum
acceleration in the TN4OHT cask body of 44.1g. This occurred in
the bottom plate. The highest acceleration in the basket and fuel



was 28.8g. However, since the basket and fuel were not modeled
explicitly, the maximum acceleration (28.8g) must be multiplied by
the dynamic load factor of 1.52 resulting in a maximum loading of
43.8g.

The following will be added to new SAR Section A4A.10.

©

A4A.10 TN-40HT STORAGE CASK END DROP ANALYSIS

The purpose of this section is to determine the rigid body
accelerations for the TN-40HT Cask during a vertical dr; ight of
18 inches on concrete.

The rigid body transfer cask accelerations were,%@d

numerically by the LS-DYNA 3D explicit nonlineardynamic analysis
finite element solver, Version 971 (Reference he
methodology used in performing this an iS\is based on work
conducted at the Lawrence Livermore National Laboratory (LLNL),
where an analysis methodology w. oped and validated
through comparisons with test data erence 19 and Reference
20).

The results of these ana are used as input to the detailed
analyses for the cask bodyyinternal basket and fuel assemblies.

A4A.101 FI% MENT MODEL DESCRIPTION

The ANSYS finite slement model of the TN-40HT Cask developed
for the cask
in the dyhami

analysis (Appendix A4A.3) was simplified for use
mpact analysis. The TN-40HT Cask model consists
of th k-body, simplified basket structure, concrete pad and soil.
E ese components was modeled using 3D 8-node brick
s. Fully integrated selectively-reduced solid elements were
sed for all elements to reduce the risk of hourglassing problems.

he finite element model was developed with ANSYS and
transferred to LS-DYNA. Modifications were made to the LS-DYNA
input file to add the material definitions, non-reflecting boundaries
and equation of state into LS-DYNA. Features of the cask, such as
the trunnions and neutron shield were neglected in terms of
stiffness but their weight was lumped into the density of the cask.

The fuel and basket were modeled as a solid cylinder inside the cask
walls with elastic material properties approximately equivalent to
that of the structure as a whole.

The geometry of the cask finite element model including the cask



internals, concrete and base soil is shown in Figure A4A.10-1 and
Figure A4A.10-2.

Only "z of the cask, internals, concrete and soil were modeled,
because the entire arrangement is symmetric about the x-y plane.
The concrete modeled was 16’-8” long, 6°-8” wide, and 3’ thick, and
the soil modeled was 66’-8” long, 18’-9” wide, and 39’-2” deep.

A4A.10.2 MATERIAL PROPERTIES

requires a more detailed material model since all
nonlinear deformations occur in the concrete.
used for the concrete and soil were based on.tho
Lawrence Livermore National Labs (Ref@?

and Reference
20).

All material properties were taken at r temperature. This is

considered conservative because t sk loaded with spent fuel

will typically reach temperatures h r than room temperature, and
%gher temperatures tends to

I

the lower modulus of elast;
soften the impact and c& uently lower the computed g-loads.
TN-40HT Cask Materidi~,

The cask materia perties were the same at those used in
Appendix Il cask materials were modeled as elastic.

\Elastic Modulus Density (lb- Poisson’s

Cask Compoqu (psi) seczling) Ratio
Lid Outer Plate-’ 27.8X10° 8.230x10™ 0.3
Shield Plate’ 29.0X10° 8.230x10™ 0.3
Shell‘Rlange 27.8X10° 7.324x10™ 0.3
ell 29.0X10° 9.394x10™ 0.3
ttom Plate 29.0X10° 7.324x10™ 0.3
“Snner Liner 27.8X10° 7.324X10™ 0.3

Fuel and Basket Material

The basket structure material properties were the same as those
used in Reference 20 except for density. The density of the basket
was adjusted to calibrate the overall weight of the cask and basket
assembly. The basket was modeled as elastic.



¥

E = 2.8X10° psi
v=0.3
p=3.215X10" Ib sec?/in*

Total modeled weight of the cask and basket is 121,174 Ibs since it
is a half model. Therefore the total modeled weight is 242,348 Ibs.
Total actual weight of the cask and basket is 242,400 Ibs.

Concrete Material

The concrete was modeled using material law 16 in L
which was developed specifically for granular type prateria
concrete data used in the analysis was originally gned by LLNL
for the Shippingport Station Decommissionin in 1988. This
model was also used in the LLNL (Reference sk drop
analysis. Material constants were impleme into Material Model
16, Mode 11.B in LS-DYNA. The material re ents 4,200 psi
compressive strength concrete. A s ary of the input used in the
analysis is as follows.

0 =2.09675%10™ Ib \
v=0.22
ao = 1606 &

a;=0.418

a, = 8.35x1 5%”

b1 =0

aor = 0.0.psi

O

%@Plastic Strain versus Scale Factor for Concrete Material

C)@ Effective Plastic Scale Factor, v
Strain

0 0
0.00094 0.289
0.00296 0.465
0.00837 0.629
0.01317 0.774
0.0234 0.893
0.04034 1.0

1.0 1.0




Q

The maximum principal stress tensile failure cutoff was set at 870
psi. Strain rate effects were neglected in the analysis. Dilger
(Reference 21) suggests that the major impact of strain rate effects
is in the softening part of the stress-strain curve. Since the purpose
of these analyses is primarily to predict the peak accelerations, the
strain rate effects on the material behavior may be neglected.

The pressure-volume behavior of the concrete was modeled with
the following tabulated pressure versus volumetric strain rate
relationship using the equation of state feature in LS-DYN &

Tabulated Pressure versus Volumetric Strain Rate for @ crete
Material

Volumetric Strain, i@sure (psi)

&

0 /\2'\ 0
20.006 4,600
00 5,400

: 7;% 6,200

: 6,600
02 7,800

-0.038 10,000

% -0.06 12,600
-0.0755 15,000

-0.097 18,700

Anun @bulk modulus of 700,000 psi was assumed to be
con any volumetric strain, as was assumed in Reference 19.

@ercent deformation was assumed in the concrete pad to

ount for the pad reinforcement.

\% The material properties used for the reinforcing bar are as follows.

E = 30x10° psi
v=0.3
S, = 30,000 psi

Tangent Modulus, E7 = 30x10* psi
Soil Material

The Lawrence Livermore National Labs report (Reference 20) and
Brookhaven National Laboratory report (Reference 23) indicates



Q

©

that the stiffness of the soil has little impact on the peak
accelerations predicted in the cask. Thus the same soil model was
assumed as that used in the Livermore report. The soil material
properties assumed for the analysis are:

E = 6,000 psi
v=0.45
p =2.0368 x 10* Ib-sec? / in*

A4A.10.3 BOUNDARY CONDITIONS &

Only %2 of the cask was modeled with symmetry bou d@
conditions used to simulate the full structure. No g
boundaries were applied to the bottom and sid modeled

soil not aligned with the plane of symmetry (b%o eft side, right

side, and back) to prevent artificial stress wav m reflecting
back into the model. Both dilatation and's\%,
O

damped as described in the LS-DYN%

An automatic surface to surface Yw
(contact_automatic_single surface) contact definition was applied
between all parts except t .“The contact definition has a 0.5
penalty stiffness scale f %@ revent excessive contact stiffness

leading to unrealistic part elerations. A surface to surface
zd t

aves were
DARY command.

(contact_surface_to e) contact definition was applied
between the concr he soil with soft contact option 2. Soft
contact option 2 ecessary between the soil and concrete as
the materi e very different material stiffness. A

conserv w coefficient of friction (static and kinetic) of 0.25
was etween all contact surfaces. It is conservative to use
al for the coefficient of friction because less energy is

due to friction resulting in greater impact acceleration
fi

4A.10.4  INITIAL CONDITIONS AND LOADING

The analysis begins with a 1” gap between the cask and concrete
to allow for at least 5 ms of zero acceleration other than gravity. An
initial velocity was applied to all parts of the cask model. The initial
velocity was computed by equating potential and kinetic energies.
Due to the initial 17 gap and gravitational acceleration, initial
velocities were computed 1” shorter than the drop heights.

V = potential energy = mgh
T = kinetic energy = smv?

For an 18” Drop:



mgh = amv?
= v=1/2gh =4/2(386.4)(18—1) = 114.62 in./sec.

A gravitational acceleration of 386.4 in/sec® was applied to the cask
and basket model.

A4A.10.5 RESULTS OF LS-DYNA ANALYSES

The resulting rigid body acceleration time histories were computed
by LS-DYNA. The rigid body accelerations were computed 6&9
bottom plate, circumferential shell, and basket representa@T e
parts can be seen in Figure A4A.10-3. Q

% istory plot
g:are listed
pass butterworth

The peak filtered accelerations and corresponding
for different parts of the TN-40HT cask 18” end“dre
below. All results were filtered with a 4™ orderig
filter with a 350Hz cutoff frequency.

Results Surwy

¥

Part ac Time History
[.c tion (g) | Figure Number
Shell 41.5 A4A.10-4
Bottom Plate 44 1 A4A.10-5
Basket Representatioh, T 28.8 A4A.10-6
Based on the ‘eﬁw shown in the above table, the maximum
acceleration i TN-40HT cask during the 18 inch accident
conditi rop event is 44.1g and occurs in the bottom plate.

Als is table, the highest acceleration in the basket and fuel
is28. owever, since the basket and fuel were not modeled
ly, the maximum acceleration (28.8g) must be multiplied by

C«;@appropriate dynamic load factor (DLF). The maximum DLF for

triangular load is 1.52 (Reference 24). This results in a maximum
loading of 43.8g.

References:

18. LS-DYNA Keyword User’'s Manual, Volumes 1 & 2, Version
9.71s, Rev. 7600.398 August 17, 2006, Livermore Software
Technology Corporation.

19.  Witte, M. et. Al. Evaluation of Low-Velocity Impact Testing of
Solid Steel Billet onto Concrete Pads and Application to
Generic ISFSI Storage Cask for Tipover and Side Drop.



20.

21.

22.
23.

24,

Lawrence Livermore National Laboratory. UCRL-ID-126295,
Livermore, California. March 1997.

NUREG/CR-6608, UCRL-1D-12911," Summary and
Evaluation of Low-Velocity Impact Tests of Solid Steel/Billet
onto Concrete Pad," LLNL, February, 1998

Dilger, etc., Ductility of Plain and Confined Concrete under
Different Stain Rates, ACI| Journal, January—February,(W{Af.

Not Used.
BNL-NUREG-71196-2003-CP, “Impact Analys's@pent
Fuel Dry Casks Under Accidental Drop Sc r@ NL,

2003. ,%

Methods for Impact Analysis of Shippin ntainers,
NUREG/CR-3966, UCID-20639, L 87.
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