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September 6, 1985
JVM-85-143

Mr. John P. Roberts
Project Manager
Advanced Fuel and Spent Fuel
Licensing Branch
Divisior. of Fuel Cycle and Material Safety
United States Nuclear Regulatory Commission
Washington, D.C. 20555

Dear John:

Attached are responses to your detailed comments on our Topical
Report for the NUTECH Horizontal Modular Storage System for
Irradiated Nuclear Fuel (NUH-001) Project No. M-39. The Topical
Report will be revised to reflect these responses to your comments.
If you have any questions concerning our responses please contact
us.

Very uly you s,

gg 9iJ|
John V. M ssey, Ph.D.
Engineering Manager, Fuel Cycle
and Waste Management Programs
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DETAILED COMMENTS ON NUTECH Enclosure 3'

TOPICAL REPORT NUH-001

QUESTION: 1

1.0 INTRODUCTION AND GENERAL DESCRIPTION OF INSTALLATION

1.1 Introduction

A helium storage atmosphere is specified within the

DSC. What measures has NUTECH taken to assure that the
helium initially placed in the DSC will not leak to the
atmosphere? What is the maximum leakage rate consid-
ering the integrity of all welds and diffusion through
the canister? What measures are available to monitor
the DSC atmosphere composition?

RESPONSE:

NUTECH has included a number'of measures in the design,
fabrication, a'nd operation of NUHOMS that will ensure
the helium initially placed in the DSC will not leak, to
the ~ atmosphere. The longitudinal and bottom closure
welds of the DSC are designed and will be fabricated ini

accordance with the ASME Boiler and Pressure Code, an
internationally accepted code for the design and fab-
rication of leak tight containment vessels. The design
of the DSC includes redundant closure welds on the
top. All welds that are on the pressure retaining
boundaries of the DSC will undergo nondestructive
examination. The nondestructive examination includes:

Ultrasonic or o All shop welds on-

Radiographic Testing pressure retaining
boundaries

o Secondary closure welds

Dye Penetration Primary closure weld-

Helium Leak Test Primary closure weld-

These measures will assure that neither the helium
initially placed in the DSC will not leak to the
atmosphere nor the atmosphere, containing corrosive
agents, leak into the DSC.

In regards to diffusion, discussions with scientists in
the helium industry (at Union Carbide and the U.S.
Bureau of Mines' Helium Operation) indicate that as a
practical matter, helium does not diffuse through steel
or stainless steel. The scarcity of references in the
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DETAILED COMMENTS ON NUTECH
'

TOPICAL REPORT NUH-001

RESPONSE: (Continued)

literature seems to bear this out. The Metals ~ Handbook,

R.M. Parke takes the position that " Helium does not
diffuse through solid iron".

However, since the reviewers' concern with diffusion is
evident, 'we have conservatively galculated the dif fusion
rate to be on the order of 10, g-moles / year at nominal
design conditions. Dif f us ivity for this system varies
exponentially with temperature so that in an accident
condition with elevated temperatures, the diffusion rate
could be expected to increase by as much as 3 orders of
magnitude. Howe ve r , even at this magnitude, the leakage
rate would remain of no practical consequence.

Based on the above discussion, no measures are required
for monitoring the DSC atmosphere composition.

.

:

i

;

. .

:
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DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

QUESTION: 2

1.2.1 General Description of Installation

Even though it may be possible to design a single stand-
alone horizontal storage module (HSM) or physical ar-
rangements in other than a 4x2 array, the design con-
tained in the current Topical Report is limited to a 4x2
array (see p. 8.2-13). The Topical Report should clear-
ly state which arrangements (s) are being proposed for
review and maintain consistency throughout the document.

RESPONSE:

The 4x2 array is the only design which is to be reviewed
in this Topical Report. The Topical Report will be re-
vised so that consistency is maintained throughout the
document.

.

.
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DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001 -

QUESTION: 3

1.2.2 Principal Design Criteria

1. Are there limits on the kind of external atmosphere
allowed for this system in order to control cor-
rosion of exposed surfaces or to control growth of
algae or other vegetative matter within the HSM7
Please discuss.

RESPONSE:

Because of the corrosion resistant properties of com-
ponents and coatings used in construction of the NUHOMS
system and the harsh environment which exists within the
HSM, no limits on the kind of external atmosphere are
required.

All components are either 304 stainless steel or ASTM 36
steel, coated with Carbo ' Zinc 11, an inorganic zine
based corrosion protection coating or galviniz'ed in

accordance with ASTM standards.

The interior of the HSM is all cement and steel and is
void of any substances which would be conducive to the
growth of organic matter. A drainage line in the air
inlet chamber has been incorporated into the HSM de-
s ig n. The drainage line will drain any water which
enters through the air inlets. The air outlets located
on the roof of the module are designed to be water
tight. However, if any water enters into the HSM cavity
by this route, will evaporate long before any vegetative
matter could establish itself and disrupt the air flow
through the HSM. The evaporation will be rapid because
the module floor is 50 to 70*F above the incoming air
temperature due to the heat radiated from the can-
ister. Additionally, as documented in many studies on
the environmental effects of radiation, radiation is not
conducive to the growth of organic matter, i

i
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QUESTION: 4

1.2.2 Principal Design Criteria

2. No . mention is made of the duty cycle allowed for
the materials (particularly concrete). Please

provide some discussion of how the duty cycles are
addressed or why they do not need to be addressed.

i

RESPONSE:
3

According to the ASHRAE Handbook, 1981 Fundamentals, the
largest mean daily change of temperature in the United'

States - occurs in Reno, Nevada and is 45'F. Assuming

this maximum temperature change occurs every day for 50
Theyears the HSM will experience 18250 thermal cycles.

maximum moment caused by normal operating thermal loads,
as reported in the Topical Report is 2496.2 k-in. This,

loading is only 62% ,of the ultimate strength. By as-~

suming this entire amplitude to be cycling daily, which
conservatively envelops the 45'F daily mean, and re f e'r-
ring to the S-N curve of Figure 6-41 of the Handbook of
Concrete Engineering by Fintel, the numb.e r of cycles<

before failure will occur is approximately 10,000,000.-

Since this value is far greater than the 18250 cycles,
fatigue failure of concrete should not occur.
To show the -negligible effect of the duty cycle on the,

'

fatigue strength of the DSC the fatigue analysis of
section 8.2.10 is reexamined. Overly conservative

i assumptions are made and daily thermal / pressure cycling
is included in this analysis. Conservatively, the oper-
ating pressure loading is assumed to change from zero to

>

operating pressure each day. Secondly, accident pres-
sure loading is assumed to occur once a year for each of

!

the 50 years of design life. One major seismic event is
assumed to occur with 100 damaging cycles. For seasonal

175.7'F is used which envelopes the AT,

changes, a AT ='

from the -40*F to +125*F inlet temperature load cases.
As stated previously the largest daily range in the
United States _is 45'F. This AT is applied each ~ day for
the' 50 year lifetime to account for daily temperature

:
cycling. All of the five (5) loadings are combined in a
histogram. ASME Figure I-9.2 is used to determine the
fatigue usage factor for the DSC shell. A value of 0.21

i
was calculated; therefore, the DSC shell-is adequate for.

! cyclic loadings.
,

,
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'

TOPICAL REPORT NUH-001 .-

QUESTION: 5

1.2.4 Safety Features

What are the values fo r cask movement, cask head and
truck transport which were not included in Table 1.2-47

RESPONSE:

There are no values . associated with cask movement, cask
head, and truck transport. These are operational capa-
bilities which a system must include in order to be
compatible with the NUHOMS system. Table 1.2-4 will be
revised to indicate N/A for these parameters.

Some of the qualitative parameters which must be
satisfied in order to be compatible with the NUHOMS
system are listed below.

The combined weight of the cask and the loaded DSC must
not exceed the lifting capacity of the sites existing
spe nt fuel handling crane.

The cask must be capable of being rotated from a
vertical position to a horizontal position.

The cask lid must be removable while the cask is in a
horizontal position.

The size of the cask and the combined weight of the cask
and the loaded DSC must not be so excessive that they
could not be economically transported to the HSM by a
tractor-trailer arrangement.

NUh-001-1 1.6
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QUESTION: 6

3.0 PRINCIPAL DESIGN CRITERIA

3.1.1.1 Physical Characteristics
Based on the data on pages' 3.1-1 and 3.1-3 it appears
that NUTECH has used the Westinghouse fuel assembly
array ' of 15x15/204. Examination of the data in Table
3.1-2 reveals that several fuel arrays are not enveloped
by the 15x15/204 array, namely the B&W 15x15/208, the
B&W 17x17/264, the CE 15x15/208, 212 and 216, and the CE
16x16/224 to 236. The text and the tables should be
consistent and any fuel assembly types not enveloped by
the design criteria case should be deleted or the design
modified to envelope all the listed fuel types. In

addition to these comments, are there any design para-
meters. of the reference fuel assembly physical charac-
teristics which would lead to a non-conservative
analysis? ,

RESPONSE:

.The main structural criteria used to establish the

enveloping fuel assembly is the weight distribution per
spacer disk. Spacer disks are. located at fuel assembly
grid spacer locations to assure proper support. The
weight . per spacer disk is obtained by multiplying the
distributed weight times the maximum length between

spacer disks. The following table shows the weight ~ per
spacer disk for the various assemblies.

Fuel Assembly Wt. Per Spacer Disk (kg)

106.56Westinghouse 15x15/204
87.73B&W 15x15/208
90.41B&W 17x17/264 64.14CE-14x14/176

CE 15x15/208, 212, 216 127.46 (Not
Enveloped)

93.15Westinghouse 14x14/179
101.66Westinghouse 17x17/264-

As this table shows, the Westinghouse- 15x15/204
e nvelopes all fuel assemblies in Table 3.1-2 except the
CE 15x15/208, 212, 216. These PWR fuel _ assemblies will
be deleted from Table 3.1-2.

NUH-001-3 3.1
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Although of the aforementioned assemblies weigh more
than the Westinghouse 15x15/204, the maximum increase is
only 83.8 lb pe r assembly or 583.1 lb pe r canister.
This causes the dead weight of the loaded canister to
increase from 21236 lb to 21819 lb. This 2.7% increase
will cause only minimal stress increases in the DSC
shell, DSC support assembly, and. the HSM. Since sig-
nificant safety margin exists for these components, the
2.7% increase is negligible.

No other design parameters exist for the referenced fuel
assemblies which could lead to non-conservative
analyses. Consequently all fuel assemblies in Table
3.1-2 are enveloped except the.CE 15x15/207, 212, 216.
These fuel' assemblies will be deleted from the table.

.

4
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TOPICAL REPORT NUH-001

QUESTION: 7

'3.1.2.2 Handling and Transfer Equipment

1. If NUTECH intends to assume that the transfer cask
will be handled in the reactor building and during
loading of the cask onto the transfer. vehicle by a
single failure-proof crane, it should state that
criterion in this section.

RESPONSE:

The transfer cask and irradiated fuel will be handled
within the fuel pool and reactor building in accordance
with the requirements and criteria already approved .in
the sites FSAR and in accordance with the sites existing
procedures. Information on cask and fuel handling pro-
cedures must be provided on a site specific basis.
These. procedures will insure that the transfer cask . is
handled in a ' manner that will not present a safety
hazard. That is, the impact energy absorbing properties
of the cask in use and the limitations on the drop
height are such the resulting impact deceleration is
enveloped by the values given in section 8.2 of the
Topical Report.

NUH-001-3 3.3
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QUESTION: 8

3.1.2.2 Handling and Transfer Equipn.ent

2. In order for the five foot horizontal drop
criterion to be valid, NUTECH should specify
dimensional criteria for the cask skid and the
transfer trailer to show that the maximum con-
ceivable horizontal drop height is five feet of
less.

RESPONSE:

The type of cask and " transf er trailer is site specific
and should be included in the site's_FSAR. The Topical
Report will be changed to state that the limitation is.
the enveloping deceleration load for which the DSC . wa s
designed (Section 8.2)~, not a drop height. The five
foot. drop criterion previously specified corresponds to

, ,

the maximum deceleration which the DSC is . capable of
withstanding in a GE' IF-300 cask dropped on an un-
yielding surface. Different cask, trailers, and ground-
conditions at various sites may significantly effect any
actual drop height limitation. Indeed, drops on
actually existing surfaces at reactor sites will yield
much higher allowable drop' heights.

NUH-001-3 3.4
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DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

QUESTION: 9

3.1.2.2 Handling and Transfer Equipment

3. What vertical acceleration factors have been mea-
sured or will be assumed for design criteria for
the transportation of the GE IF-300 cask loaded
with the NUTECH DSC while being transported on the
trailer? Show that these accelerations have been
enveloped by the five foot drop analysis.

RESPONSE:

The ve rtical acceleration which the DSC will be sub-
jected to while in transport to and from the HSM will
depend on the type of trailer, travel ' speed of the
trailer, and type of road surface. All these factors
are site specific.-

However, it .is noted 'that 10 CFR71.31 ('d) (1) requires
the vertical acceleration design criteria for cask tie
downs to be 2g. If this same criteria is assumed to be
applicable for' the transportation of the DSC to and from
the HSM, then this design criteria is bounded by the
acceleration term associated with the drop accident
analysis reported in section 8.2 of the Topical Report.

!

t

r
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. ,



e

DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

QUESTION: 10

3.2 Structural and Mechanical Safety Criteria

Pages 3._2-4, 8.2-53 and 8.2-56 show inconsistent maximum
internal pressurization levels of 44 and 39.7 psig.
Also, associated with these pressures are inconsistent
temperature levels of 423* and 413*C. NUTECH should
state what the actual design parameters are and use them
consistently throughout the Topical Report.

RESPONSE:

New helium filling procedures have been developed.
Table 3.2 below lists the . internal pressure of the DSC,
for both normal and abnormal conditions (100% rod fill
gas release and.25% fission gas release) The Topical
Report will be revised to include these new pressures

,

and checked to ensure. consistency ~throughout. -

.

'T
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Table 3.2

III
Air Average llelium fie lium Partial Pressure

Tempe ra ture Temperature Pressure Fission of Fill Gas Total Pressure

Case *F *F (Psia) (Psia) (Psia) (Psig)

1 -40 315 14.2 20.92 35.12 20.42.

2 70 389 14.5 22.-92 37.42 22.72

3 125 429 15.2 23.99 39.19 24.49

4 Inlets 502 16.4- 25.97 42.37' 27.67

Plugged

5 Complete 775 21.05 33.33 54.38 39.68

blockage of
inlets and
outlets

(1) 100% of rod. ' fill gas and 25% of -fission gas released. -

a

_ __ _____ _



v

DETAILED COMMENTS ON E4UTECH*

TOPICAL REPORT NUH-001

QUESTION: 11

3.2.3.1 Seismic Design

1. It is stated on Page 3.2-10 that a damping value of
2 percent of critical damping should be used for a
large diameter piping system under a safe shutdown
earthquake. This damping value is taken directly
from NRC Regulatory Guide 1.61~ Shouldn't this.

damping value be 3 percent?

RESPONSE:

The damping value of 2 percent has been changed to 3
percent.

*
.

NUH-001-3 3.8
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QUESTION: 12

3.2.3.1 Seismic Design

2. It 'is stated on page 3.2-10 that the maximum
horizontal ground acceleration selected for thedesign of the NUHOMS is 0.25g and the maximum
vertical acceleration component selected is 0. lg..

,
''

It is further stated in this paragraph -that these
ground acceleration values correspond to certain I

recomme nda tions contained in 10 CFR 72.66(2)(11).There does not appear to be any reference to a ver-'
tical ground acceleration level anywhere in 10 CFR
72.66. There is a reference in 10 CFR 72.66(a)
(6)(ii) to a standardized ISFSI design earthquake
response spectrum anchored at 0.25g. NRC Regula-
tory Guide 1.60. states that, depending on.excita-
tion frequency, that the vertical . component of the
design response spectra should be either the same
as or 2/3 of the correspon, ding horizontal design
spectra. Shouldn't the maximum ve rtical acceler-.

'

ation component selected for use in designing the
NUHOMS be at least O.17g rather than ._0. lg if the
maximum horizontal component is 0.25g?

Additional guidance is given.in NUREG-080'0, Section
3.7.1 p.3.7.1-4, "To be acceptable the ' design re-sponse spectra should be specifisd for threemutually orthogonal directions; two horizontal and
one ve rtical . Current practice is to assume that
the maximum ground accelerations in the two hori-
zontal directions are equal, while the maximumvertical ground acceleration is 2/3 of the maximum
horizontal acceleration."

RESPONSE:

The ve rtical ground acceleration will be increased to
0.179 All associated analyses will be revised toincorporate this change.

l
1

!

NUH-001-3 3.9
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QUESTION: 13

3.2.3.2 Seismic System Analysis

On page 3.2-11 it is stated that the concrete co-
efficient of friction of 1.0 is taken from the ACI 349-
80 code. Howe ve r , this is only valid if concrete is
placed against hardened concrete and the interface
between the concrete surfaces is clean, free of laitance
and " intentionally roughened to a full amplitude of
approximately 1/4 inch." In the absence of concrete
surface preparation specifications, NUTECH should use
0.6 as stated in ACI 318-83 Section 11.7.4.3. This
concern arises again in Chapter 8..

RESPONSE:

The : concrete coefficien.t of ' f riction will be changed
from 1.0 to'0.6. The only area effected by this change
is the sliding of the single HSM under various accident
loads. If necessary, a shear key type of connection at
the module walls or a tie-down system, depending on the
type of concrete construction (i.e. cast in place vs
precast) will be specified.

NUH-001-3 3.10
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QUESTION: 14

3.2.5.2 Dry Shielded Canister

1. NUTECH has chosen ASME Level A service limits for
normal operating conditions and Level D service
limits for accident or faulted conditions. The use
of Level D service limits, " permit gross general
deformations with some consequent loss of dimen-
sional stability and damage requiring repair, which
may require removal of the component from service,"
(ASME, NCA . - 2142.2(b)(4)). If Level D service
limits- are retained for accident or faulted con-
ditions, NUTECH must state in the structural design
criteria, that following an accident (such as the 5
foot drop and drop combined with pressure) which
could cause damage to the DSC and DSC internal
members, the DSC must be disassembled and inspected
for damage.

,

.

RESPONSE: -

The only accident condition that service level D

allowables are used is the drop accident. For this
condition the structural design criteria will be changed-
to state:

"Following a drop accident the DSC must be opened
and fuel assemblies removed and inspected for
damage."

:

NUH-001-3 3.11
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QUESTION: 15

3.2.5.'2 Dry Shielded Canister

2. If Level D service limits are used, can NUTECH
assure that possible deformation within the DSC
following an accident will not inhibit the easy
retrieval of all fuel assemblies (see Question - 8,
under 3.3.4 below).

RESPONSE:

For the horizontal drop accident only two components in
the DSC basket,- the spacer disk . and the boral tube,
could possibly deform and cause interference with the ;

fuel retrieval operation. To verify that no inter-
ference will occur, the maximum elastic deformation of

~the spacer , disk and boral. tubes obtained from. the
-STARDYNE analysis (reported in section 8.2) will be
conservatively added to the maximum possible plastic.
deformation and then compared to the minimum gap between
the fuel assembly and the inside of the boral tube.- The
maximum elastic ' deformation of the spacer disk is .0301
inches at the fuel cell centerline. The maximum boral,

tube deflection is .0072 inches. An upper limit plastic
analysis was performed for the spacer beams between two
fuel cells, assuming a three hinged, uniformly loaded
beam. The maximum deflection calculated was 0.016
inches. The actual . plastic deformation is conserva-
tively enveloped by - this value. Since the boral tube
stress is far less than yield stress, no permanent de-
formation occurs. Summing the total calculated deflec-
tions yields .0533 inches. The minimum gap is 0.324
inches. Consequently no interference for the horizontal
drop accident is present.

For the ' vertical drop accident, the pe rmanent defor-
mation in the lead casing is significantly less than the

1/2 inch gap specified between top of f uel & bottom
surface of top lead plug. Clearly _-then, no interference
will occur which~could inhibit the easy retrieval of all
fuel assemblies. ,

NUH-001-3- 3.12
.
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TOPICAL REPORT NUH-001

QUESTION: 16

3.3.3.2 Instrumentation

It is stated that there is no need to monitor the .DSC
internal. pressure or temperature. Limiting pressure'and
tempe.rature values are based on calculations. How does
NUTECH assure that the calculational techniques are

qualified for use in the design?

RESPONSE:

The code used to calculate the temperatures is a fully
benchmarked code and the version which NUTECH used is
fully verified by the Vendor and meets all their quality
assurance requirements. It is the code recommended by
the NRC for such analysis and is used in the same manner
as'used by the -NRC in the evaluation of cask internal'
temperatures.

I
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QUESTION: 17

3.3.4 Nuclear Criticality Safety

1. Were analyses of reactivity as a function of the
number of assemblies in the - canister pe r fo rmed?
During loading of the canister in the pool, does
analysis show that an arrangement of fewer than
seven assemblies does not have a larger reactivity
than the completely loaded canister? Such a
situation might be possible due to reflector
effects.

RESPONSE:

Reactivity analyses we re not pe rformed as a function of
* the number of fuel assemblies in the canister. NUTECH's

design basis for criticality control is the use of
neutron poison (Boral) in all seven guide sleeves.
(Refer to NUTECH response to question 5 of section
3.3.4). When the canister is loaded with less than
seven fuel assemblies, several physical events take
place which prevent the reactivity from being larger
than when fully loaded.

Most significantly, a major source of reactivity (a fuel
assembly) is removed from the system. To maintain the
same reactivity, or a higher reactivity, a certain popu-
lat.on of neutrons would have to pass through the vacant
cell befo re striking an adjacent fuel assembly.
Neutrons traveling through the cell must now pass
through a total of four layers of boral. Since the cell
contains only water, neutrons are more efficiently
thermalized resulting in their accelerated removal from
the population since boron is especially ef fective for
thermal neu trons.

The system's reactivity must decrease since the neutron
generation rate will be reduced, and since propor-
tionally more neutrons will' expire due to the increased
ef fectiveness of the boral guide sleeves. If reflection
is cons ide red , the effect of the guide sleeves is

amplified.

Furthermore, the unaccounted for (in the calculations)
fission products in the fuel will always assure that the
actual k will be much less than the conservative keff
calculat

NUH-001-3 3.14
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QUESTION: 18

3.3.4 Nuclear Criticality Safety

2. Here design clearances and fabrication tolerances
considered in the criticality analysis? What are
the design clearances that have been provided to
ensure insertion and removal of the fuel elements
in the guide sleeves? What is the wo rs t case
reactivity for a water flooded canister if the
design clearances and fabrication tolerances 'are
taken into account?

RESPONSE:

Original criticality analyses did not consider design
clearances and fabrication tolerances. The seven fuel
assemblies were assumed . to be centered in the spacer
disk cutouts.

A design clearance of 0.1525 inches at each edge of the
fuel has been provided to assure insertion and removal
of the fuel elements in the guide sleeven. Refer to
question 3.2.5.2 for further details.

Additional calculations have been performed to determine
the worst case reactivity for a water flooded canister
if the design clearances are taken into account. The
reactivities for cases where fuel assemblies are as far
apart as possible and where they are as close together
as possible are both lower than that calculated for the
nominal case.

Thus, it is concluded that the va riations in design
tolerancing will not cause the reactivity to increase.

NUH-001-3 3.15



v

'

DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

QUESTION: 19

3.3.4 Nuclear Criticality Safety

3. From - the hydrogen and oxygen atomic densities in
the KENO input it appears that a water density
corresponding to 20 degrees Celsius has been
assumed. How does this temperature compare to

limits of the fuel pool temperature. If the

temperatures are different, has analysis shown that
the reported KENO results are conservative?

RESPONSE:

Fuel pool temperatures are typically no warmer than
100*-125'F (37.7*-51.7'C). The pool water was
conservatively mode led at 20*C because, at lower
temperatures, the hydrogen and oxygen densities' are
h ighe r . Since hydroge n and oxygen are both effective
moderators, their higher density results in more
effective moderation of neutrons. Since the fission
cross section of U-235 is much higher at low energies,

.

more moderation leads to a higher reactivity. The
modeling choice is therefore conservative since it
results in a higher calculated reactivity than could
reasonably be anticipated under actual plant conditions.

Furthermore, the unaccounted fo r (in the calculations)
fission products in the fuel will always assure that the
actual k will be much less than the conservative keff
calculat

1
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QUESTION: 26

3.3.4 Nuclear Criticality Safety
4. What are the errors or biases due to the cell

'

homogenization procedure? If the biases have notbeen quantitatively evaluated, has it been shown
/that the biases are conservative?

!
'

RESPONSE:

Biases due strictly to the cell homogenization proced tre,

'

have not been quantitatively evaluated. An overall biasi was established by comparison of NUTECH criticality; calculations to the benchmark results presented inNUR EG/CR-0073.

The overall bias is in the nonconservative direction and
has been accounted for as described in Section 3.3.4.3.

The homogeniza tion process used by NUTEC fs ' described !inSection2.1.3ogheSCALEModuleCSAS2 Bierman,Clayton, and Durst ..

report that fuel regions (pins) doi not have to be discretely modeled in KENO IV calcula--

tions. The " smeared" modeling process' ' produces mo re
accurate results than discrete modeling.s

i

i

I

4

)
(1) NUREG/CR-0200

i (2) Bierman, Clayton and Durst, " Critical Separation Between
Suberitical Clusters of 2.35 Wtt '"'U Enriched UO, Rods in'

Water with Fixed Neutron Poisons," Battelle Pacific
i Northwest Laboratories, PNL-2438, October 1977.

NUH-001-3 3.17
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QUESTION: 21

3.3.4 Nuclear Criticality Safety

5. The design of the DSC apparently considers that
some modules may use boron sleeves, while others
may not. What controls are employed to ensure that
low burnup assemblies are not inadvertently loaded
into unborated canisters?

RESPONSE:

All seven sleeves will be constructed from boral. Any
references in the Topical Report to the contrary will be
removed or corrected.

.

| NUH-001-3 3.18
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QUESTION: 22

3.3.4 Nuclear Criticality Safety

6. What are the manuf acturing tolerances of the boron
content of the boral guide sleeves? Were the

criticality analyses performed with a nominal boron
concentration or a minimum concentration? If there
is a difference, what is the magnitude of the

effect on reactivity?

RESPONSE:

The manuf acturing tolerance of the boron content of the
Boral guide sleeves is directly related to the tolerance
in the core panel thickness. Brooks & Perkins Product
Performance Report 624 indicates a tolerance of 4 mils

. for a 75 mil thick Boral panel (which includes the core
and cladding). It is assumed therefore that the boron
content per unit area will vary no more than t 5.3%.

Criticality analyses were performed with a nominal boron
concentration.

NUTECH's scoping studies demonstrated that reactivity is
relatively insensitive to small changes in boron con-

4

centration, if other parameters are unchanged. The data
shows that when the B-10 concentration increases by 36%,
the reactivity decreases by 2.7%. Another set of data
shows a 1.8% increase in reactivity for a 22% reduction
in B-10 concentration.

4
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QUESTION: 23

3.3.4 Nuclear Criticality Safety

7. The dimensions shown in Figure 3.3-2 are incon-
sistent with the text and the KENO input. Is it
correct to assume that the Figure is in error?

RESPONSE:

Figure 3.3-2 is in error. The following will be
revised: 0.25 inches will read 0.025 inches, 0.75
inches will read 0.075 inches.

.
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QUESTION: 24

3.3.4 Nuclear Criticality Safety

8. If Level D service limits are retained for the DSC,
how would the multiplication factor be affected,
should deformation of the DSC internals occur, when
the canister is opened for inspection in the fuel
pool? (Refer to Questions in 3.2.5.2 above).

RESPONSE:

The maximum departure from the nominal design condition
is described in question 2 of. section 3.3.4. No
increase in system reactivity is expected as a result of
fuel assembly movement. (see question 2 of section
3.3.4)

-

.

.

9
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QUESTION: 25/26

3.3.4.3 Verification Analysis

1. Have other calculations been pe rformed to verify
that' the implementation of the KENO-IV computer
program used for the criticality analysis produces
results with expected statistical dispersions?

If only three benchmark calculations have been
calculated for the verification analysis, can a
statistically significant determination of the
proper and expected operation of the computer code
be made.

RESPONSE:

KENO-IV has been fully ve rified by Boeing ~ Computer
Services in accordance with their QA program.

The intent of NUTECH's benchmark calculations using
KENO-IV was to verify an adequate analytical technique
(i.e., homoge niza tion procedure, appropriate com-
putational flow path and data, etc.) and to establish
the bias produced by that technique. No' effort was made
to determine the proper operation of KENO-IV by exe-
cuting a " statistically significant" number of calcu-
lations. The operation and statistical significance of
the KENO-IV program has been verified numerous times by
others.

NUH-001-3 3.22
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QUESTION: 27

3.3.4.3 Verification Analysis

2. What is the-justification for the selection of the
BNL critical experiments for the verification
analysis and in particular the selection of the
three experiments that were calculated? Were other
series of critical experiments considered? If not,
why not?

RESPONSE:

The three DNL experiments we re chosen because of their
similarity to the NUHOMS system, and in particular to
their . similarity to the reactivity control materials
used in NUHOMS.

Other series of' experiments were not chosen due to their*

lack of similarity to the NUHOMS design..

.
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QUESTION: 28

3.3.4.3 Verification Analysis

3. Table 3.3-5 shows the results of the NUTECH
calculations of the benchmarks as the mean value
plus two standard deviations. Wh ile this is the
accepted conservative .value for criticality design
calculations, it is not the correct value to
determine the computational bias. The mean value
should be compared with the experimental results.
What are the mean value and standard deviation of
the benchmark calculations?

RESPONSE:

The ' me an value of the benchmark calculations is 0.964.
The average standard deviation is 0.00544.

,
.

Table 3.3-5 will be corrected. The reported bias will
be based on the benchmark mean values, rather than the
mean plus two standard deviations.

NUH-001-3 3.24
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QUESTION: 29

3.3.4.3 verification Analysis

4. The reported . results for the three experiments that
were calculated differed from measurements by more
than 2.3 to 2.4% (see comme nt in question 2

above). Is this computational error consistent
with errors experienced in calculation . of these
experiments that have been performed by others?
What are the reasons for the reported errors in the
present calculations?

RESPONSE:

A reasonable bias of -3.6% was obtained bp acceptable
methods (see previous question) and applied to the
computational results. The NUHOMS design is. sub-
critical as indicated' by the resulting K,gg which is
less than 0.92 after inclusion of all stat fstical and
operational biases.

NUH-001-3 3.25
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QUESTION: 30

3.3.7.1 Irradiated Fuel Handling and Storage

The temperature limits on fuel cladding in order to
prevent its degradation in storage are based principally
on tests in inert atmospheres. What criteria are
applied in the design regarding storage atmosphere 9

inside the DSC to prevent degradation and gross rupture
per 10CFR72.72(h)? |

4. -

RESPONSE:

NUHOMS System is designed for the storage of irradiated
fuel in a helium atmosphere at temperatures well below*

those that would cause cladding failure. The criteria
applied in the DSC design to assure inert atmosphere are.

the vacuum level prior to helium backfilling and the
'

closure weld integrity.

NUH-001-3 3.26
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QUESTION: 31

3.4 Classification of Structures, Components, and Systems

The safety and quality assurance classifications for

each of the components of' NUHOMS 0708 important to
safety should be provided.

, RESPONSE:

The utility must assign the quality assurance
classification and requirements to each of these
components in accordance with the utilities established
quality assurance policies and practices. The quality
assurance classification for each of these components
should be included in the sites FSAR.

As lis.ted in Table 3.3-1 the following items are 'those
which . NUTECH considers to be important to the safe
ope ra tion'' of the NUHOMS Systems

Cask
''

Canister

Basket
Spacer disk
Support rods
Lead plug
End closure plates and closure welds
Canister body

Concrete Module

DSC support assembly
Concrete Shielding

.

o

NUH-001-3 3.27
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QUESTION: 32

4.0 INSTALLATION DESIGN

4.2.3.1 Dry Shielded Canister

1. It is stated the canister body consists of a 0.5
inch thick rolled and welded stainless steel
plate. What is the maximum leakage rate for the
longitudinal weld? What inspections and/or tests
will be performed to assure that actual leakage is
below this rate?

RESPONSE:

The longitudinal weld will be radiographed or ultrasonic
tested to assure that the integrity of the weld is equal
to the 0.5 inch thick stainless steel plate. Therefore, j

the leak rate of the longitudinal weld will be equal to
that of the parent metal.

Under the NUHOMS system conditions the diffusion will be
.

insignificant (see response to Question 1 of section
1.1).

O

NUH-001-4 4.1
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QUESTION: 33 >

4.2.3.1 Dry Shielded Canister

2. The canister is partially coated with a dry film
lubricant to reduce friction during loading. Will

: this film attract an insulating layer of dust or
dirt which could interfere with heat transfer? How

much of the canister will be coated with this-

material?

RESPONSE: >

! A dry film lubricant has a thin, hard,.and dry finish
which is bonded to the surface. The lubricant has a
film thickness between 0.0003 and 0.0005 inches. The

film does not attract dust or dirt and nor does dirt
adhere to the finish, thus, will have no effect on the

,

.

heat transfer.
i

For economic reasons,.the dry film lubricant coating has~

been removed from the DSC design and transferred to the
cask liner and T-section rails. By coating. these'
components with a solid film lubricant the coefficient
of friction between the' sliding surfaces will only be
between 0.04 and 0.08, far below the design value of
0.25..

i

i
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QUESTION: 34

5.0 OPERATION SYSTEM

5.1.1.3 Cask Drying Process

1. When backfilling the canister with helium, the
valves are closed when the pressure reaches 14.7
psia. hhat is the temperature of the helium when
the valves are closed? How is the temperature
measured or inferred? If the helium is not at the
final equilibrium temperature, then the pressure

J will continue to rise as the gas heats up.

RESPONSE:

The procedures have been revised to include hydrostatic
testing of the DSC and monitoring the pressure.

The following procedures will be incorporated in the
Topical Report:

o Attach a self priming pump to valve #2 of the
siphon line and drain more than 15 gallons from the
DSC.

o Remove the self priming pump.

o Dry any water from top lead plug and DSC interface
and then seal weld the upper. stainless steel plate
of the top lead plug to the canister body.

o Connect 0-75 psig pressure gauge to valve #2 on
vent tube, and open valves #1 and #2.

o Connect demineralized water supply to intake side
of hydro-pump and connect hose from discharge of
hydro-pump to valve #2 of siphon tube.

o Open valves il and #2 on siphon tube.

o Activate hydro-pump and pressurize the DSC to 50
psig as read on pressure gauge.

NUH-001-5 5.1
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RESPONSE: (Continued)

o Once internal pressure of the DSC has reached 50
psig close valves #1 and #2 on siphon tube and
disengage hydro-pump.

o Monitor pressure for 10 minutes.

o After 10 minutes examine the primary closure weld
(weld between top lead plug and DSC . shell) for

leaks. Continue monitoring pressure for throughout
examination. If a leak is detected or if internal
pressure drop is detected release pressure and
repair weld.

o If no leaks are detected disconnect siphon hose
from hydro pump dis, charge and connect to plant's
low-level radioactive waste system. Open valves on
siphon tubes, allowing pressure to drop to
atmospheric, pressure.

o Connect helium to DSC.

o Pressurize DSC with 1.5 atm of helium,

o Leak-sniff the weld for helium leaks.

o If a leak is found, repair weld.

o If no leak, release the pressure.

o Dry canister in accordance with the existing
procedures #53 through # 58.

Open valve #2 and allow the premeasured quantity ofo
helium to flow into the DSC cavity.

o Close valve #1 and 2 on helium. Monitor pressure
until it is stable.

! NUH-001-5 5.2
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|
QUESTION: 35 1

.

5.1.1.3 Cask Drying Process

2. What is the differential pressure across the |

canister wall when the helium sniffer leak test is
perf o rmed?

!

RESPONSE:

The differential pressure across the canister _ wall when
helium sniffer leak test is performed is 0.5 atm.

l
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OUESTION: 36

~

5.2,2.1 Safety Features

What are the features of the spent fuel storage system
which are important to safety that provide for safe
operation under both normal and abnormal conditions?
What, if any, are the limits selected for a commitment
to action?

RESPONSE:
Section 5.2.2 of Regulatory Guide 3.48 is intended to
describe the operation and safety features associated
with the fuel handling system. The safety features
associated with' the fuel handling system are described
in Section 5.2.1.2 of the Topical Report.

The safety features for the DSC and HSM are described in
Sections 1.3.1.1 and 1.-3.1.2 respectively. Chapter ^ 10
lists the operating controls and limits for . the safe
operation of NUHOMS and specify commitments to action.

l

.
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QUESTION: 37

5.3.2 Component / Equipment Spares

In the event that components are. damaged during the life
of the installation, what provision is made for instal-
lation of spare or alternative equipment to provide for
continuity of safety under normal and of f-no rmal

conditions?

RESPONSE:

As the analysis has shown, the HSM protects the DSC
during normal operation or from any credible accident.
The only component of the NUHOMS system that can be
damaged is the precast shielding blocks located on the
roof of the HSM. The consequence of losing one or more
shielding blocks is an increase in the skyshine
scattered dose in the vicinity of the HSM.'

In order to reduce the scattered dose, new shielding
blocks could replace' the damaged shielding blocks or
portable shielding could be placed over the air out-
lets. Therefore, NUTECH recommends .that spare shielding
blocks be retained on site'. The quantity is site
specific and may depend on the number of modules in the
installation, frequency of tornadoes, etc. The utility
may wish . to retain forms for casting shielding or plan
to use existing portable shielding.

NUH-001-5 5.5
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QUESTION: 38

7.2.1 Characterization of Sources

1. The design basis of the radiation sources for the
shielding analysis is fuel assemblies with an
average specific power of 37.5 MW(t)/MTHM, 33000
mwd /MTHM and five years post irradiation time.
Based on these parameters a design basis ' neutron
and gamma ray source strength have been calcu-
lated. Since the burnup parameters are average
values, it may be that some combinations of seven
fuel assemblies selected for loading into the DSC
may have a higher source strength. Is the use of
the mean values intended to imply that an arbitrary
selection of fuel assemblies from a batch of as-
semblies satisfying the burnup parameters . can be
loaded into the DSC? If not, explain how limiting
the source strength. in any given canister to the
design basis source strength will be accomplished
i'n pract ice.

RESPONSE:

An arbitrary selection of fuel assemblies will not be
loaded into the DSC. Selection and insertion into the
DSC will be controlled by existing plant records and
procedures. Section 5.1.1.1, Item 1 ensures that
assemblies will be screened such that they . satisfy the
radiological requirements specified in Chapters 3 and
10. Furthermore, health physics surveys of the module
are also specified after DSC insertion. Any, violation
of design bases dose rates will require DSC removal or
the use of portable shielding.

.

|
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QUESTION: 39
;

7.2.1 Characterization of Sources

2. The flux-to-dose conversion factors shown in Figure
7.2-1 seem to be. consistent with the multicollision
tissue dose response function at energies greater
than 1 MeV, but are a factor of 2 to 10 lower than
that response function at lower neutron energies.
What is the reference for the flux-to-dose conver-
sion factors that were used?

RESPONSE:

Neutron flux-to-dose conversion factors were obtained
from ANSI /ANS 6.1.1-1977 (N666) "American National
Standard Neutron and Gamma-Ray Flux-to-Dose-Rate
Factors."

Table 7.2-1 wil'1 be revfsed to reflect! the correct
~

*

response function for the 7.1 kev through 0.41 kev
neutron groups.

NUH-001-7 7.2
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QUESTION: 40

7.3.2 Shielding

1. Have verification analyses been pe rformed tor the
computer codes used in the shielding analysis
(ORIGEN, ANISN,-DOT-IV, QADMOD-G, and SKYSHINE-II)?
Please discuss any shielding benchmark validations
that. have been performed.

RESPONSE:

Verification analysis has been performed on the subject
computer codes by their respective computing vendors.
They are, specifically: ,

ORIGEN2 - Babcock & Wilcox Computer Services
ANISN; DOT-IV-Boeing Computer , Services
QADMOD-G; SKYSHINE II-UCCEL Corporation- .

Shield code verifications are not typically done on a
case by case basis (such as for criticality codes).
This is due in part to the reliance on health physic
coverage during operation and the ability to make quick
field modifications.

NUH-001-7 7.3
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QUESTION: 41

7.3.2 Shielding
i

2. What was the concrete composition assumed in the
shielding analysis? What variation in water

content is considered over the service life of the
HSM?

RESPONSE:

The concrete composition assumed in the shielding
analysis-is (by weight percent):

Hydrogen 0.5294 %
,

Oxygen 47.45 %

Sodium 1.629 %

Magnesium 0.2441 %
Aluminum 4.474 %

Silicon 30.02 %

Sulphur 0.1222 %
Potassium 1.833 %

Copper 12.53 %

Iron 1.181 %

The initial water content of the module concrete is

expected to be 7.00%. Therefore, since a very4

conservative value was chosen for the water content,
(4.2%, a 40% reduction) no allowance was made for

variation in water content over the service life of the
HSM.

NUH-001-7 7.4
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QUESTION: 42

7.3.2 Shielding

3. What is the relative contribution ~ of primary and
secondary gamma rays for the gamma ray surface dose>

rate on the HSM wall or roof?

RESPONSE:

Secondary gamma-rays account for approximately 6% of the
,

total gamma ray dose on the HSM wall or roof.

1

!

..

O

|

:

I

e

U

NUH-001-7 7.5
:

1

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



U

DETAILED COMMENTS ON NUTECH'
TOPICAL REPORT NUH-001

)

QUESTION: 43

7.3.2 Shi.elding

4. Page 7.3-9 third paragraph defers discussion of the
HSM . penetration calculation. The deferred dis-
cussion is not found later in the report. Please
provide a discussion of the penetration calcula-
tion.

What was the quadrature order used in the DOT-IV
calculation? Justify that the quadrature is
adequate to accurately calculate streaming through
the HSM air exhaust penetration.

RESPONSE:

a) The words "which is discussed later" will be
dele ted' f rom the third ! paragraph on page 7.3-9 to
avoid any future confusion.

Only one DOT-IV model was constructed to find the
" axial" and " air exhaust" dose rates. Note that in
Figure 7.3-7, " DOT-IV Model Axial and HSM Penetra-
tion Shielding Analysis," the model includes both
axial points of interest as well as the air exhaust
outlets.

The words "See Figure 7.3-7" will be added to the'
end of the first paragraph on page 7.3-14 to
emphasize the DOT-IV modeling choice.

b) S is the level of quadrature used in DOT-IV (488
solid angles in each hemispherical space). It was
chosen in accordance with the guidelines given in
ANSI /ANS-6.4-1977 as well as other technical
literature, and sample problems provided by the
computer ve ndor. A comparison between - the degree
of convergence obtained with Sg and lower orders of
quadrature was made during anaIysis for NUHOMS. On
the basis of those comparisons, the additional
ccmputational expense of higher order quadrature
did not offer significantly . greater accuracy .and
was therefore unjustifiable. Furthermore, the
quadrature used in the DOT sample problem for a
penetration through a concrete shield was S6'

~
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OPERATION: 44

7.3.2 Shielding

5. The results in Table 7.3-2 indicate that the
neutron attenuation through the HSM air exhaust
penetration is greater than that for gamma rays.
Can this result be explained?

RESPONSE:

The results in Table 7.3-2 do not indicate that the
neutron attenuation is greater. The table below shows
the resulting attenuation factors.

Neutron Gamma
Dose Rate Dose Rate Gamma to

Location (mrem /hr) (mrem /hr) Neutron Ratic

1) Air Exhaust 1 (4.17.10~4)III - 11.5 (6.05.10-7) 11.5
Outlet

2) HSM 0.03 (1.25.10-5) 8.2 (4.32.10-7) 273
Roof

3 7
3) Surface of the 2.4x10 (-) 1.9x10 (-) .7920

DSC (Midplane
of fuel)

I

1) Attenuation factor; dose rate in rows 1& 2 divided by dose
rate in row 3.

NUH-001-7 7.7
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QUESTION: 45

7.3.2 shielding

6. Were any measures taken to minimize ray effects in
the DOT-IV calculations? Were ray. effects evident
in the results?

RESPONSE:

It is well known that ray effects associated with two-
dimensional discrete ordinates codes are inevitable in
most cases. NUTECH's results were also checked by
examining flux variations from interval to interval.
Large gradients in 'any direction (more than 50%) were
not e vid e'n t .

-

. ,
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! QUESTION: 46

7.3.2 Shielding

i 7. Has a ve rifica tion analysis been pe rfo rmed for~the
! application of the DOT-IV code to this type of

shield penetration problem?

RESPONSE:

A verification run for streaming. through a pipe chase (a
similar penetration to .the NUHOMS air outlet) was ,

!performed by Boeing Computer Services as part of their
verification program. i

4 *

1

;

,

,

1

i

i

)

i NUH-001-7 7.9

,

.- - - - - - ,- - - , - n -e - -,,-r, ,w-er---



u

DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

QUESTION: 47

7.3.2 Shielding

DSC Annular Gap" dose rates
8. Are the " Cask -

reported in Table 7.3-2 averaged ove r the cask ,

surface,'or are they actually dose rates calculated
in the gap? ,

RESPONSE: -,

1

The dose rates ~in Table 7.3-2 are-the actual dose rates~

in the gap.
s

e

e

i

i
I
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QUESTION: 48

7.3.2 Shielding

9. What was the angular quadrature used in the Cask -
DSC annular gap calculation? Justify that the
angular quadrature was fine enough to adequately
model radiation transport through the gap. Were o
ray effects observed in the calculated fluxes? If
the dose rate on the surface of the canister is

0plotted as a function of distance from the canister
centerline, is streaming through the gap obse rved
in the results?

RESPONSE:

The angular quadrature used was S Due to the minorg.
improvement in convergence noted between Sthan g and . lowerorder qua.d ra ture s , an order higher 8 appeared
unjustifiable in view of the increased computational
costs. See the discussion in question 4 of section |-
7.3.2. j

i
No significant ray ef fects were noticed, i

Streaming through the annular gap is apparent in the
results if the surface dose rate at the end of the
canister is plotted as a f unction of distance from the
. canister centerline.

NUH-001-7 7.11
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QUESTION: 49

7.3.2 Shielding

! 10. Is there any analysis or data to benchmark the
. validity of the QADMOD/ albedo procedure used for
estimating gamma ray penetration through the HSM q
air exhaust?

,

RESPONSE:

|
QADMOD, a modification of QAD, is an industry-standard
point-kernel shielding code which is fully capable of
determining incident dose rates on concrete surfaces'

within the penetration. The albedo method is recom-
mended by ANSI /ANS - 6.4-1977, Section 8.4.4.2, and was

applied in strict accordance with reference numbe r 45
therein.

t

>

f
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QUESTION: 50

7.3.2 Shielding

11. Were secondary gamma rays in the concrete con-
sidered in the vicinity of the air exhaust
penetration?

4

RESPONSE:

Secondary gamma rays produced in the concrete were not
considered in the albedo analysis of the air exhaust
penetration. In view of the small neutron flux along
the predominant reflecting surfaces, . seconda ry gamma
rays were considered to contribute a negligible . amount
to the overall gamma ray dose rate outside the
penetration.

.
-

*

,

d

!

$

|

|

4
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QUESTION: 51

7.3.2 Shielding

12. With reference to the proper axial positioning of
the DSC within the HSM both during normal operation
and in case of seismic event (refer to Question 6.
under 8.1.1.5 and Question 6 under 8.2.3.2), it<

should be noted that there could be shielding
implications.

1

RESPONSE:

A seismic retaining assembly has been added to the
NUHOMS design. The seismic retaining assembly consists
of a stopping block attached to the back end of the DSC
support rails and seismic blocking device to be placed
between the bottom cover plate and the door prior to

,

closing'the door. This retaining assembly will prevent
the axial movement of the DSC. The Topical Report will
be revised to incorporate the design of the seismic-
retaining assembly.

NUH-001-7 7.14
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QUESTION: 52

7.4 Estimated On-Site Dose Assessment

1. Figure 7.4-1 indicated that the Total Dose drops
slightly below the Scattered Dose at approximately
1000 ft. Is this a plotting error or a problem in
the computer code?

RESPONSE:

There is a plotting error in Figure 7.4-1. This figure.
will be revised.

.

*

*

-
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QUESTION: 53

7.4 Estimated On-Site Dose Assessment

2. The basis for the dose rates in Table 7.4-1 is not
evident in the text. Please explain how the dose
rate values were obtained.

RESPONSE:

The number of pe rsonnel and time span assigned to each
of the operational steps in Figure 7.4-1 is based on
experience with similar operations and engineering
judgement. An average distance from the cask surface
was assumed and used to' estimate the ambient dose
rate. The distances are intended to reflect time-'

averaged values for the given activity, and are taken
from the torso to the cask surface nearest the operator.

The dose rate is obtained using the average distance and
dose rate maps constructed from the results of NUTECH
shielding calculations. Dose rates are typically con-
servative and do not assume that portable shielding
could been used. NUTECH anticipates, however, that in
actual practice on a site specific basis portable
shielding and other normal plant health physics
procedures will be employed wherever possible to keep
total exposure even lower than indicated on Table 7.4-1.

NUH-001-7 7.16
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QUESTION: 54

8.0 ANALYSIS OF DESIGN EVENTS

8.1.1 Normal Operation Structural Analysis

1. It is stated (Page 8.1-1) that "the mechanical
properties of materials employed in the structural 4

analysis of the NUHOMS system are presented in

Table 8.1-2." This table only contains properties
for stainless steel, carbon steel and lead. A

number of other materials are used in the NUHOMS
system including concrete, steel reinforcing,
boral, etc. The properties for each of these
materials should be included in Table 8.1-2 to
insure that a consistent set of properties are used
for all analyses and that appropriate consideration
is given to the effect of temperature in each
specific analysis.

RESPONSE:

Table 8.1-2 will be revised to include the mechanical
properties of concrete, reinforcing steel and boral at
various temperatures.

NUH-001-8 8.1
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QUESTION: 55

8.1.1 Normal Operation Structural Analysis

2. There is lack of experience on long term storage of
spent fuel horizontally. Please address the ef-
fects on the fuel of its horizontal storage over
long times in the HSM and any related effects on;
its retrievability.

RESPONSE:

Although there is lack of experience on long term

storage of spent fuel horizontally, there is con-
siderable experience on the shipment of the fuel in the
horizontal position. A summary of shipping experiences
world wide is listed in the document " Technical Basis
for Storage of Zircaloy-Clad Spent Fuel in Inert Gases"
by Battelle,.and is reproduced here.

"Approximately 1000 shipments ( ~200'0 tU) of LWR fuel
have been transported dry in Europe and from Japan 't o

Europe; these shipments have included ~4550 BWR and PWR
assemblies. Within the United States there have been
~1500 LWR fuel shipments (900 tU; ~4100 fuel assem-
blies). During sea shipments the fuel remains hori-
zontal for up 2 to 3 months, sometimes at cladding
temperatures estimated at up'to 385'C. Thus, the fuel
resides horizontally for significant periods at condi-
tions approaching those in dry storage without evidence
of significant damage. If the fuel is not damaged
during emplacement and retrieval, horizontal storage
does not appear to offer a threat to cladding

integrity."

It is worth noting that the environment for shipping
fuel, given the transportation shock loadings, vibra-
tions etc., is much harsher than the passive environment
under dry storage. Also, on . theoretical grounds,
studies have shown cladding ~ creep is acceptable with
regard to retrievability, at temperatures below 385'C
over the time spans associated with fuel heat decay.
The Battelle report refers to the document: "Zry Post-
Pile Creep: Experimental Procedure, Test Samples and
First Results", by Peehs, M, et,al. 1983, where by the
studies on the cladding creep is reported. From the
discussion above it can reasonably be concluded that the
cladding behavior in a horizontal position will not
differ significantly than in the vertical direction.

NUH-001-8 8.2
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QUESTION: 56

8.1.1.1 Normal Operation Loads

1. What is the basis for the assumptions of 25%
fission gas release in the design internal pressure
calculations?

RESPONSE:

The selection of a 25% fission gas release fraction is
based on an EPRI fuel performance data base. The
fraction represents a value substantially higher than
that normally.seen in LWR fuel operation. The study of
fission gas release fraction is of some importance to
the nuclear power industry since large release fractions
can have a deleterious effect on fuel performance. As
part of this study, EPRI'has developed a data base. of

.

fission gas release ' measurements for ' 124 well-char-
acterized fuel rods.* Some 102 of these rods were irra-
diated in domestic LWRs. These rods encompass a large
range of linear heat ratings, burnups, enrichments fuel
pellet densities and operating histories. None of these
samples exceeds a 25% release fraction. Most release
fractions are between 0.33%' and 12%.

* Reference: E. Rumble, J. Simpson, S. Lee and A. Woodis,
"The EPRI Fuel Performance Data Base; General
Description", EPRI NP-1489, October 1980.

NUH-001-8 8.3
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QUESTION: 57

8.1.1.1 Normal Operation Loads

2. On page 8.1-5, the normal average canister gas
temperature is stated to be 450*F. However, Table
8.1-13 gives an average helium temperature of ,

429'F. at 125*F. HSM inlet temperature. Which
value is correct?

i.-

:
RESPONSE:

t

At 125'F ambient temperature the helium temperature is
'

429'F as shown in Table 8.1-13. Page 8.1-5 will be
revised.

.

O

O

|

}
!

;

,

I ,

:

!
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QUESTION: 58

8.1.1.1 Normal Operations Loads

3. The temperature distribution for the spacer disc
(Figure 8.1-2) shows that the temperature at the
point of closest approach between the canister and
the guide tube is lower than its neighboring 4
points. Is this correct? Please explain.

RESPONSE:

Those locations have incorrect temperatures. The figure
will be revised. However, the error will have a negli-
gible effect on the results of the analysis, because of
the small temperature difference between the correct
temperature value and the temperature shown- in the
figure, and the maximum temperature of the spacer disk.

NUH-001-8 8.5 I
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QUESTION: 59

8.1.1.1 Normal Operation Loads

4. Please explain how the three steady-state tempe r-
ature distributions were used to determine the
effects of thermal cycling. On page 8.2-51, the
heat up rate (100*C temperature change) of the
insulated loaded DSC is given as 13 hours. Since Q
this is about one-half of a diurnal' temperature
cycle, have such cycles been included in the cyclic

;fatigue analysis? If not, how would their inclu-
sion modify the results?

RESPONSE:

The heat up rates on page 8.2-51 are for an insulated
loaded DSC. These heat up rates were used :to determine
the temperature of various components when the air
inlets and, outlets.are blocked, an accident condition'.,,

The fatigue analysis due to seasonal thermal cycling is
explained on pages 8.2-57 and 8.2-60. This analysis is
based on the conservative assumption that the range of

.

alternating thermal stress is from zero to the maximum I
normal steady state temperature of the DSC (i.e. 228'F
at 70*F ambient). This range is greater than the range
between the two extreme ambient temperature (132'F at -
40*F ' ambient and 278'F at 125'F ambient) and as such
envelops this condition.

i

f
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QUESTION: 60

8.1.1.1 Normal Operation Loads

5. On page 8.1-5 the density of normal concrete is
given as 150 pounds per cubic foot. This value
differs from that shown in Tables 8.1-4 and 8.1-4.

4Please clarify.

I

RESPONSE:

The upit weight of concrete varies between 140 and 150
lb/ft A 10 lb. variance in the unit weight of con-.

is not ufusual. The more conservative unit weightcrete
of 150 lbs/ft was used in the structural analysis such
as dead weight. Hogever, in shielding analysis a unit
weight of 145 lbs/ft was assumed. In the sitg specific
application a minimum unit weight 145 lb/ft will be.
specified. -

.
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QUESTION: 61

8.1.1.1 Normal Operation Loads

6. Equations 8.1-9 and 8.1-10 on page 8.1-20 have

missing terms. If the equations in the Topical
be incorrect.Report .were used, the results may~

q
Please clarify.

l

RESPONSE:

Equation 8.1-9 and 8.1-10 on page 8.1-20 are incorrectly
typed. The . analysis contained missing v and A terms.
Page 8.1-20 will be revised. ,

t

:

NUH-001-8 8.8
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QUESTION: 62

8.1.1.1 Normal Operation Loads

7. The modylus of elasticity is gcorrectly taken as
27.0x10 psi instead of 26.6x10 psi for the design
basis temperature of 400*F. Please correct. 9

i

RESPONSE:

6
The Yougg's Modulus value of 27.0x10 will be revised to
26.6x10 psi.

.

0

6
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QUESTION: 63

8.1.1.1 Normal Operation Loads

8. The temperature distribution within the DSC depends
upon the azimuthal orientation of the DSC within
the HSM. That is, the analysis assumes that three
(3) assemblies are centered on a vertical line
passing through the center of the DSC. How will
this orientation be assured during loading?

RESPONSE:

It is highly unlikely that any variation in the orien-
tation of the DSC within the HSM will cause any
significant differences in the internal temperature
distribution. Howe ve r , to assure that the physical
orientation is identical to that of the thermal model,-
markings will be placed.on the top cover plate that will

- indicate the azimuthal orientation of the canister. The
DSC will be loaded into the cask in the proper orien-
tation.

-|

1
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QUESTION: 64

8.1.1.2 Dry Shielded Canister Loads Analysis

1. Thermal variations in the circumferential and axial
direction of the canister will result in thermal
stresses due to self constraint by the colder can-
ister ends. On page 8.1-22 the statement is made
that, "Also, the thermal variation in the circum-
ference 'and longitudinal directions of the shell
are not considered significant since in the unres-
trained condition the shell will expand radially
and longitudinally to an equilibrium state."
NUTECH should show what the overall deflected shape
is in the axial direction, and the deflected shapes
of a cross section at the end and the center of-the
DSC. NUTECH should show what the ASME stress in-
tensities are for the following locations on the
DSC: (1) top and (2) bottom elements of shell at
top cover, plate edge ( 3 ) top ~ and (4) bottom ele-
ments of shell at center section; (5) top and (6)
bottom elements of top cover plate at shell edge.
Please include effects of discontinuity between
shell and top cover plate.

RESPONSE:
,

The temperature along the length of the DSC does 'not
vary significantly (i 20*F).- This temperature change is
not as great as the thermal variance that occurs around
the circumference of the DSC shell. As shown in Figure
8.1-1, the temperature of the DSC shell va ries from
229'F to 285*F. Thermal stresses due to this variance
were evaluated by means of. finite element analysis. The
maximum thermal stress intensity of 11.24 ksi was
determined which occurred at the DSC and T-rail inter-
face. This stress'is far lower than the thermal stress
of the DSC shell reported in Table 8.1-7, page 8.1-15 of
the Topical Report. The stress values reported in Table
8.1-7 is located at the region of the DSC and spacer
' disk interface and is based on the differential thermal
expansion of - the spacer disk.and the DSC shell. Based
on the above ob'servation the thermal stresses at other
locations requested are envoloped by those reported in
Table 8.1-7.

NUH-001-8 8.11
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QUESTION: 65

8.1.1.2 Dry Shielded Canister Loads Analysis

2. The drawings provided (ADV001.0204 sheets 1 and 2)
do not provide enough dimensions to be able to
determine what minimum gaps might exist between the

4boral baskets and the top lead plug. Please supply
actual shop drawings instead of conceptual design
drawings. This relates to p. 8.1-22 and 8.1-24. O

RESPONSE:

The drawings provided are neither conceptual nor shop
drawings. They are design drawings. Clearances will be*

added to the drawings.

NUH-001-8 8.12
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OUESTION: 66

8.1.1.3 Dry Shielded Canister Internal Basket Loads Analysis

Please provide information showing where the 0.75 inch
irradiation growth of the fuel assembly came from. The
drawings do not permit a verification of calculations of
this section of the topical report.

RESPONSE:

The irradiation. growth of 0.75 inches was based on data
obtained from the following report:

Examination of High Burnup fuel at the
H. B. Robinson Reactor End of Cycle 8
Report No. XNNF8317
Exxon Nuclear, Inc.

NUH-001-8 8.13
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QUESTION: 67

8.1.1.4 DSC Support Assembly Loads Analysis

The first sentence of the Thermal Analysis section p.

8.1-32.is acceptable if an assembly procedure specifying
the torque of the nuts is included.

RESPONSE:

As'specified in Table 3, p. 5-214 of the 8th Edition of
the AISC Steel Manual the minimum tension for-a 3/4 inch
diameter bolt. is 28 kips. This corresponds to a
tightening torque on the nuts of 4200 inch-lb. The
amount of friction force created by the tensioning of
the bolt is 21 kip. However this force can easily.be
ove rcomed by the the rmal expansion force created
temporarily by the heat up of the rail during normal
operating condition.

-

|
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QUESTION: 68

8.1.1.5 Horizontal Storage Module Loads Analysis

1. A reference in the third paragraph of this section
(page 8.1-35) is made to NUREG 0880. Shouldn't
this reference to be NUREG 0800?-

RESPONSE:

The reference should be NUREG 0800. This page will be
revised.

!

;

,

4

NUH-001-8 8.15,
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QUESTION: 69

8.1.1.5 Horizontal Storage Module Loads Analysis

2. Table 8.1-10'(Page 8.1-38) includes values for the
ultimate moment and shear capacity of the HSM. The
value computed for the ultimate moment capacity,
4052.0 in-kips, is given on Page 8.1-49. However,
no calculation is presented for the ultimate shear
value, 59.2 kips. The details of this calculation
should be included.

RESPONSE:

The nominal shear capacity was based on equation 11-28
in American Concrete Institute (ACI) 349-80:

.V = 2v'f', bd (11-28).
, c

The nominal shear value calculation will be incorporated
into the Topical Report.

NUH-001-8 8.16
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QUESTION: 70

8.1.1.5 Horizontal Storage Module Loads Analysis

3. Figure 8.1-11 (Page 8.1-39) includes moment and
force loads that are applied to the reinforced
concrete corbel that supports the DSC support
Assembly. Calculations should be provided for the
stresses in the corbel due to these loads and for
the ultimate strength capacity of the corbel.

RESPONSE:

Figure 8.1-11 shows the dead and live loading at the
centerline of the module walls, not the corbel cen-
terline. Table 8.2-12 show the maximum end loads (at
corbel) for each load combination. As stated on page
8.2-63 the corbel, bearing plate and bolts were designed
for these load combinations. Additionally, for the cor-
bel', ' design loads were multiplied by 1.7 to envelope all
load combinations specified in ACI 349-80.

Design and analysis were performed using the criteria of
Section 11.9 of ACI 349-80 and the recommendations of
Chapter 5 of Wang & Salmon (Reinforced Concrete Design,
Third Edition). The nominal. shear strength, V using
equation (11-31) of ACI 349-80 yields 29.4 kips.n Since
the factored shear load is only 17k the corbel is ade-
quate per ACI 349-80. Additional corbel reinforcement
and welded plates were added to allow the direct trans-
fer of the horizontal forces to the tension reinforce-
ment per suggested practices in Wang. Therefore, the
concrete corbel is designed to take all DSC support
assembly load combinations per ACI 349-80.

Table 8.2-12 will be revised to ' incorporate the capacity
of the corbel, bearing pads-and the bolts at both normal
operating and accident condition.

NUH-001-8 8.17

- - -. .. . .-. . . - . . . . -



v

DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

QUESTION: 71

8.1.1.5 Horizontal Storage Module Loads Analysis

4. Please state your interpretation of ACI 349-80
acceptance criteria for concrete temperatures. An
air inlet temperature of 70*F .is used to evaluate
normal operating temperatures. Please relate this 4

number to meteorological information which could be
used to determine site acceptability. I

RESPONSE:

ACI 349-80 Appendix A, Section A.4 states for normal
operation or any long term period the concrete tem-
perature shall be limited to 150*F except at local
areas, where it is limited to 200*F. For accident con-
ditions or pe riods of short time duration, the temper-
ature may not exceed ~350*F except at local areas, where
it is limited to 650*F. Section A.4.3 of the code.
al-lows 'for even higher temperatures than those specified
if tests are pe rfo rmed to evaluate the loss of strength
due to sustained exposure to elevated temperatures. On
page 8.1-44 of the Topical Report a number of references

,

are listed which show concrete strength is not effected !~

by temperature below 212*F for both short and long term
'

duration.

Although temperature does impact the mechanical prop-
erties of the concrete, the critical factor to consider
is the temperature gradient in the concrete and its
associated stresses. As shown in Table 8.1-12 the
maximum temperature gradient in the concrete occurs at
normal ambient temperatures of 70*F, which produces an
enveloping thermal stress .in the concrete walls & slabs.

|

l
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72 ds Analysis
OUESTION:

Horizontal Storage Module Loa temperaturesshield
~ does

of local concrete thermal8.1.1.5 through the rail to theanalysis conduction Qthe supportS. The
of this directinclude throughnot

consideration concrete ;bolts or temper-support will localHow affect 349-80 acceptancecorbels. path of ACI thermal con-transfersatisfactionheat concrete theand will
thermal cycling overof rebar in theatures Also, how

criteria? af fected by
and by the presencebeductivity

license period,
concrete?

the mid-section
9

located atFigure 4.2-6 will be'RESPONSE: boltshield support ed,

of the roof slab has been removrevised to incorporate this change. shield support bolts
The heat

thethe' heat transfer path,assuming thata direct normal- operatingheat
Furthermore
or corbels -do providetemperatures, acceptable criteria esta-under

shield sup-concrete exceed theremaining heatlocal ends of the heatconditions, do not349-80.
the - extreme temperatures

The
blished in ACI located at that the

Additional heatport HEATING 6 analysis showsbolts are
exceed 170*F.shield. areas does not t under normal operating tem-assembly

of the DSC supporttransfer analysis shows thain these that theassuming
temperatureConservatively, temperature as the basetheperatures, isthan 170'F. h concrete

bolts or corbels are at the samethe local temperature of t eis less thecorbels,
as the bolts orconcrete is below the criteriametal and . thattemperature

a t- the same the
local temperature of
in ACI 349-80. license period

concrete over the to question 2the in response
Thermal cycling ofof the HSM has been discussed
of Section 1.2.2.

8.19
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QUESTION: 73

8.1.1.5 Horizontal Storage Module Loads Analysis

6. If the end of the DSC were to contact the concrete
wall, a concrete temperature of the same magnitude
as the calculated DSC temperatures would result.-
What is the clearance between the end of the DSC
and the concrete wall and what is the concrete
temperature adjacent to the' end of the DSC?

RESPONSE:

The clearance between the end of the DSC and the
concrete wall is 3 inches.

,

Additional heat transfer analysis indicates that the
. average concrete temperature adjacent to the end of the
DSC is approximately 70*F lower than the average surface
temperature of the DSC end.

The concrete temperature for the end walls of the HSM is
not as critical as the sid3 walls and roof slab, since
the frame action in the trcnsverse direction of the HSM
is considered the main structural resisting system.
Also, the air ' outlet opening at the ends of the HSM roof
provides some freedom for the the rmal movement of the
end walls.

NUH-001-8 8.20
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QUESTION: 74

8.1.2 Off-Normal Events

Failure of the supports for the thermal radiation shield
(due to seismic events, corrosion, etc.) has not been
addressed. Please justify that this event is not feasi-
ble, or provide an analysis of the consequences. How
would such as failure be detected?

RESPONSE:

The heat shield is designed to. withstand all applicable
loads and environmental conditions during the lifetime
of the horizontal storage module. The heat shield will
experience only dead weight'and seismic loads. Thermal

,

loads will not be experienced since oversized holes will
allow unrestrained thermal expansion. The heat shield
will be galvanize.d to preve.nt corrosion. The shield and
the embedded anchor bolts were analyzed for maximum dead
weight plus seismic loadings. Conservatively, the heat
shield was treated as a simply supported beam with a
unifo rm loading. A maximum bending stress of 12.43 ksi
was calculated. Axial and shear stresses were negli-
gible. The tensile and shear stress of 1.08 ksi and
0.53 ksi were calculated respectively for the anchor
bolts by conservative assumptions. A bearing stress of
1.68 ksi was calculated for the anchor bolt / heat shield
contact point. Clearly .then, these minimal stresses
show that the radiation shield is capable of with-
standing any postulated loading. Therefore, no failure
detection system.is necessary.

NUH-001-8 8.21
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QUESTION: 75

8.1.2.2 Blockage of the Horizontal- Storage Module Inlet - Cause
of Event and Detection

1. Air flow through the HSM with-both inlets blocked
appears to be a random process with zero mean
value. Please provide experimental confirmation
based on scaled or appropriate data to demonstrate
the assumed magnitude of flow for this case.

RESPONSE:

The air flow is not a ze ro me an , random process. The 7
kw of heat produced by the fuel will heat the air and
cause a significant driving force to push the air out of
the HSM. As the air is forced out, the pressure in the
HSM will decrease and air from the outside will be drawn
in. Exact flow paths will depend on existing meter-
logical conditions, but because of the constant heat
source, the air will flow.

As part of the demonstration program, extensive testing
will be performed on the first prototype module to be
built at Carolina Power and Light. Evaluation of- the
airflow through the HSM when both air inlets are blocked
will be included in the electrical heater testing
program.

NUH-001-8 8.22
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QUESTION: 76

8.1.2.2 Blockage of the Horizontal Storage Module Inlet - Cause
of Event and Detection

2. Please clarify the pressure given on page 8.1-60.
The values are not consistent. According to the
ASME text booklet "SI Units in Heat Transfer" lst
Ed., 14.504 psi - 1 bar. Also, refer to subsequent
units conversions between psi and bar.

RESPONSE:

The pressure given on page 8.1-60 will be revised.

.

.
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QUESTION: 77

8.1.3.1 Thermal-Hydraulics of the Horizontal Storage Module
Principles of HSM Cooling System

1. Reference 8.44 referred to here is not given in the
reference list.

RESPONSE:

Reference - 8.44 was inadvertently omitted. Reference
8.44 is

! I.E. Idel'Chik, Handbook of Hydraulic Resistance,
Coefficients of Local Resistance and of Friction,
the U.S. Atomic Energy Commission and the National

| Science Foundation, Washington, D.C., 1960.
'

.

This reference will be included in the revision of the
Topical Report.,

*
,

1

1

a

.

i

1

!

I
i
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QUESTION: 78

8.1.3.1 Thermal-Hydraulics of the Horizontal Storage Module
i Principles of HSM Cooling System

2. The thermal analysis is based on an assumed axial
peaking factor of 1.08. This is an additional
limiting design parameter which is not cited in
Table 3.1-1. If it is not intended to impose this'
limit on stored fuel, please justify. its conser-
vatism for proposed fuel types, burnup histories,
etc.

,
4

!

RESPONSE:

In aest heat transfer analysis of decay heat during dry
storage the heat. generation rate of a fuel assembly is

.

assumed to be un ifo rmly distributed along the active
| fuel l'ength. However, in NUTECH's analysis the axial

peaking factor of 1.08 was conservatively applied to the-

uniform heat generation rate in order to dete rmine the
: worst case temperature distribution in a two dimensional
; cross section of the DSC and HSM. Even with the conser-
'

vatism, the maximum fuel cladding temperature was calcu-
lated to be 338'C, under the worst ambient temperature
of 125'F. This maximum cladding temperature is signi-

,

ficantly lower than the acceptable limiting fuel rod
temperature.

As stated in Section 10.3.1.1, the decay power per fuel
assembly is limited to 1 kw.

,

4

i -

!

,

I
!

|

i
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QUESTION:~ 79

i 8.1.3.1 The rmal-Hyd raulics of the Horizontal Storage Module
Principles of HSM Cooling System

.

3. Equations 8.1-37_ through 8.1-40 are applicable.

3within restricted domains of L AT . . -Please show
that these restrictions are satisfied.

RESPONSE:

Equations 8.1-37, 8.1-39, and 8.1-40 are valid for flow
in the turbulent range. 'As the table below indicates

Gr.Pr falls betweenthgflowisgntheturbulentrange."

10 and 10 The AT is based on the average steady
.

t

state temperature of the particular surface and the
average air temperature in the region.

,

Gr.Pr for 'HSM'

for Various Ambient Temperatures

' Ambient Temperature
Flow Region -40*F 70*F 125'F

,

10 10 10
Canister 2.8x10 2.53x10 2.38x10

|, Circumference
i 9
! Floor 2.3x109 2.68x109 2.92x10

10 10 10
Wall 1.83x10 2.0x10 2.29x10

Tgerefoce, equations listed above are valid over any
4

L AT domain.

.
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QUESTION: 80

8.1.3.1 Thermal-Hydraulics of the Horizontal Storage Module
Principles of HSM Cooling System

J

I 4. What levels of solar radiation we re considered in
the heat transfer analysis? Of particular concern'

is the levels associated with the hottest days
(Tair=125'F).

RESPONSE:

i
i The following equivalent solar heat flux were included

in the HSM thermal model.'
1

Ambierit Solar
Temperature Heat Flux

('F) (BTU /hr.ft2),

III-40 23.5

I2)
f

70 93.8

125 187.6(3)
:

I

(1) 1/12 of the half day solar heat gain for 40 degree'

north latitude on December 21.'

(2) 1/12 of the half day solar heat gain for 40 degree

| north latitude on June 21.
!

| (3) Twice the solar heat flux for 70*F case.

i

!

I

I

:

i

!
.

i

|
1

!
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QUESTION: 81

8.1.3.1 Thermal-Hydraulics of the Horizontal Storage Module
Principles of HSM Cooling System

5. Page 8.1-69 gives the maximum . concrete ceilirg
temperature as 244*F, whereas Table 8.1-12 gives
249'F. This analysis does not consider direct
conduction through the supports to the concrete.
Is the severe summer condition considered to be an
off-normal or transient condition? If so, what is
the limiting ambient condition to be used for
determination of whether acceptance criteria on
concrete temperature are met? The value of 70*F is
quite low for a limiting ambient condition.

RESPONSE:

The maximum concreae ce.ili ng' temperature is 249'F page
8.1-69 will be revised'to read 249'F.

The question of " Direct Conduction through the Supports"
is responded in Section 8.1.1.5, question 5.

The severe summer condition is considered to be a
transient condition, since the time required for the
concrete temperature to reach steady state is by far
greater than the short period associated with extreme
125'F ambient temperature.

The selection of 70*F as the limiting ambient tempera-
ture is based on the fact that the thermal gradient
through concrete thickness is greater for the 70*F
ambient temperature than the , other ambient extremes.
Comparison of cases 1 through 3 of Table 8.1-12 will
indicate this fact.

Since the concrete thermal stress is maximized by the
application of maximum the rmal gradient, the selection
of 70*F ambient condition is considered appropriate.

Furthermore, because of the long time constants associ-
ated with the thermal masses of the HSM and DSC, they
will, over a daily bases, be at temperatures which are
more representative of the 24 hour average air temper-
ature than any * 30 to 40*F daily temperature swings.
Thus, again, 70*F is a good value of the normal oper-
ating ambient temperature.

NUH-001-8 8.28
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QUESTION: 82

8.1.3.3 Thermal-Hyd raulic Analysis of the Canister Inside the
Transfer Cask Model

1. In equation 8.1-40, the emissivity of the stainless
steel transfer cask exterior is taken as 0.80,
whereas a value of 0.587 was used for stainless
steel surfaces within the DSC (page 8.1-74) and
transfer cask (Equation 8.1-43). Please justify
this use of different values for the emissivity.

RESPONSE:

The thermal-hydraulic analysis of the canister inside
the transfer cask assumed that the DSC was seated within
the cavity of the GE IF-300 shipping cask. The emissiv-
ity value, 0.80, for the stainless steel exterior of the
transfer cask, corresponds to the - ef fective emissivity
for the corrugated surface of the GE IP-300 shipping-

cask, 0.83 rounded down. The effective emissivity is
reported on page 6-41 of the GE IF-300 Shipping Cask
Consolidated Safety Analysis Report.

i
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QUESTION: 83

8.1.3.3 Thermal-Hydraulic Analysis of the Canister Inside the
Transfer Cask Model

2. What is the sensitivity of the calculated results
to variation of input parameters, e.g., emissivity,
axial peaking factor, apparent thermal conductiv-
ity, decay heat, etc.? How is the margin.of safety
to limiting conditions established?

!

RESPONSE:

The purpose of the reported analysis is t'o show that the
safe operation of the system is not jeopardized under
various operating scenarios. The margin of safety was
established through conservatisms assumed in the calcu-
lations and the extreme conditions which were assumed.

.

:
;

4

.

'

!
;

i

!

4

i

f

!

,

i

i
.
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QUESTION: 84

8.1.5- Design Basis Internal Pressure Loads

Please describe any hydrostatic testing to be performed
to assure integrity of the DSC. Has NUTECH considered
pressurizing. the loaded DSC with helium as a test of DSC

-

integrity? In such a test how would the test pressure n
relate to-the design pressure and the accident pressure
discussed in Section 8.2.9?

. .
,

RESPONSE:

As stated in response to Question 5.1.1.3 the DSC will
be hydrostatically tested in accordance with the

requirements of ASME, Section III, Subarticle NB-6220.
The test will be conducted at a pressure of 1.25 the
accident pressure, discussed in Section 8.2.9. The
hydrostatic test should. be more than . adequate i'n
assuring the DSC integrity.

4

p
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85
OUESTION: single,

Accident Analysis between Page
a

8.2.2.2 of friction
module is stated to be 1.0 on

in Sectionscoefficient1. The code states frictionunanchored 349-80
the coefficient oflaced against hardened

q
The ACI8.2-7. that

11.7.5 and 11.7.9shall be 1.0 if concrete is pthe concretebetween and "inten- Iinterface laitanceand the amplitude of approxi-ofconcrete freeis clean, into a full
inch." The ACI 318-83 code statessurfacestionally roughened of friction

coefficient concrete is
mately 1/411.7.4.3 that the wherein intentionallyfor~ the caseSection not normalshall be 0.6L hardened concrete 1.0 for
placed against this relation of fric-

is coefficient
roughenedconcrete). 0.6 be used cetiween the

(:L: Shouldn't
concrete pad,

weight greater. than supporting
ific mention is made of theof the concrete padtion of no and the

NUHOMS
system

-especially since no specneed for roughening.the sur ace (See question on Sectionf

system?
under the NUHOMS
3.2.3.2).

the3.2.3.2,
questionchanged from 1.0 toRESPONSE: to

stated in
response is thewill be

effected by this changeof friction accidentAs
coefficient various

single HSM under located at theThe only area
connectionwill be specifled.0.6.- of the ofsliding A shear key type

walls or a tie-down systemloads.
module

8.32
;
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QUESTION: 86

8.2.2.2 Accident Analysis

2. It is noted on Page 8.2-13 that a single HSM will
require tie downs for resistance against overturn-
ing and sliding under the action of .a massive-
missile . impact (i.e., a 3,976 lb automobile). It
is further noted on this page that the NUHOMS 0708
concept, which has 8 modules either poured in place
or pre-cast, will not slide under the postulated
impact. Since it is understood that actual, site
specific configurations for the NUHOMS system may
have any number of modules, wouldn't it be appro-
priate to either require tie downs, to permanently
anchor the NUHOMS system to its supporting concrete
pad or to set the HSM in a key-way embedded into
the pad rather than rely on the use of friction to

,

restrain the HMS from sliding on the pad and
- potentially exposing contaminated surfaces?

RESPONSE:

As stated in response ^ to question 3.2.3.2, a shear key
type of. connection located at the module walls or a tie-
down system will be specified.

+

NUH-001-8 8.33 ,
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QUESTION: 87

8.2.3.2 Accident Analysia

1. The values of E on pages 8.2-14 and 8.2-16 are
incorrectly taken at room temperature. Please use
the value of E 'a t the maximum calculated
temperature.

RESPONSE:

The values of E on pages 8.2-14 and 8.2-16 of the report
will be changed from 27.0 E6 to 26.6 E6.

1

*
..

,

I

|

.

.
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QUESTION: 88

8.2.3.2 Accident Analysis

2. The calculations in this section assume the maximum
vertical r,arthquake acceleration to be 0.1g. As
noted in Question 3.2.3.2, this acceleration should
be increased to at least 0.17g. Each of the

calculations in Section 8.2.3.2 that are based on
the maximum vertical acceleration should be redone
to reflect this increased acceleration and each
reference to a vertical acceleration of 0.lg should
be changed to 0.17g.

RESPONSE:

As stated. in response to Question 3.2.3.1-2, the
vertical ground acceleration will be increased to

0.17.. All associated analyses will be revised to-
, *

incorporate this change.

.

NUH-001-8 8.35
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QUESTION: 89

8.2.3.2 Accident Analysis

3. The te rm V in Equation 8.2-20 (Page 8.2-19) only
includes the volume of one wall of the HSM whereas

V includ the entire weight of tgethe termFurtkermore, esthe value for I (74,088 in )roof.
given on Page 8.2-20 represents the moment of
inertia of only one wall. Shouldn't the calcula-
tion for mass presented in Equation 8.2-20 include
only one -half of the mass of the roof? Also,
shouldn't this calculation include the effect of
the DSC and its support?

RESPONSE:

As stated on page 8.2-19 of the Topical Report the mass
was taken as the entire top slab plus one half of the

is the volume of oneside' walls. Therefore, 'the
te rm V,ll .total wa The mass of thehalf of two walls ' or one

lowe r half po rtion of both walls is assumed to be
reacted at ground level. This approach of lumping mass .

based on tributary area is commonly practiced throughout
the industry. Additionally the moment of inertia is
based on one wall. Equation 8.2-21, however, contains a
factor of 2 to account for the stiffness of both
walls. Hence, the module frequency calculations are
correct as shown on pages 8.2-19 and 8.2-20.

The effects of the DSC and the support assembly were
omitted since they act below the halfway point on the
module walls and will not have a significant effect on
the results. The mass of the DSC and suppo[t assembly

1 Sper'12 inch section of the HSM is 3.9 If this.

mass were conservatively lumped at the HSM roof the
resulting HSM frequency would be 35.9 Hz. This conser-
vative value is still beyond the control point A of 33
Hz shown in Tables 1 and 2 of NRC Regulatory Guide
1.60. Therefore, the maximum amplification factor of
1.0 is still valid for the analysis.

'
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QUESTION: 90

8.2.3.2 Accident Analysis

4. Shouldn't the parameter V in Table 8.2-6 (page
8.2-21) actually be labeled""M " as in Table 8.2-3?u

RESPONSE:

The term V in Table 8.2-6 will be replaced by the
correct te ryn M in the 'next revision of the Topical-

u
Report.

.

.

.

.,
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QUESTION: 91

Accident Analysis8.2.3.2
No mention is made in the sub-sections entitled
"DSC Stress Analysis _" (Page 8.2-16) and " Horizontal5.

Seismic" (Page 8.2-24) of combining horizontal

seismic loads from two directions.
Seismic loads 0

horizontal directions and
the vertical

direction should be combined unless a statement canfrom a particular direction can
from two

be made that loadsbe considered to be negligible (i.e., as was done

on page 8.2-20).

RESPONSE:
retained axially for a seismic event asSection 7. 3.2.isThe DSC in the response to question 12,stress will be experi-described membraneConsequently, an axial Assuming an equal stress dis-

enced by the DSC shell.the DSC yields a stress of 0.19ksilocal bending stress of 9.58tribution throughout
ksi. Compared to the the
calculated by a horizontal loadi'ng perpendicular tois negligible. Additionally, no

DSC, this axial stressstress will occur when summed with
increase in combined
the other horizontal stress using the SRSS method.

Therefore, stress due to an axial horizontal
acceleration along the DSC shell is minimal and can be
considered negligible. A statement of this effect will
be added on page 8.2-24 of the Topical Report.

the stress
For the support assembly seismic evaluation
due to horizontal acceleration in the axial directioncan be calculated directly by factoring the results fromThe maximum bending and shear
the friction load case. respec-
stress in the W8 x 28 are 0.56 ksi and 0.68 ksi,in the W4

The maximum bending and shear stress These
x 33.5 are 0.76 ksi and 0.34 ksi respectively.tively.

values will be combined by the SRSS method with theadded absolutely withthen
other horizontal stress and This revised value will beinthe vertical seismic stress. load combination reported
included in the subsequent
Table 8.2-11. The seismic load combinations in Table
8.2-11 will be revised to reflect the results listed

i

below.
(ksi)Calculated StressLoad

Combination Axial Bending Shear _

Component

+ SSE 0.40 8.19 5.08

DW + SSE 0.77 17.37 5.01 ,

g ++ DWW 8 x 28 DW
|WT4 x 33.5 DWg
|

8.38
NUH-001-8
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QUESTION: 92

8.2.3.2 Accident Analysis

6. As a follow-on to the above question, it is noted
,

that no mention is made of the possibility of the
cask sliding longitudinally along the rails when
loaded seismically. If such a possibility exists,
could-some part of the HSM structure be impacted by
the DSC (e.g., the door), resulting in damage to
either the HSM or the grapple on the end of the
DSC? If the DSC cannot slide, shouldn't some sort
of load be applied to the rails, and consequently
to the DSC support assembly?

i

*

RESPONSE:

As . described in. the response to question 12, Section
7.3.2 a seismic retaining ' assembly will be installed
prior to closing the HSM door. This assembly will
prevent longitudinal sliding of the DSC along the rails
during a seismic event. Therefore, no possibility of
impact damage is present.

*

As described in the answer to question 5, Section
8.2.3.2 the DSC support assembly will experience seismic
axial loads along the Wr 4x33.5 rails. Consequently,
the Topical Report will be revised to include stresses
caused by this loading. See answer to question 5,

Section 8.2.3.2 for revised stresses due to this
additional horizontal seismic loading.

.

l

.I
|
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QUESTION: 93

8.2.4.2 Accident Analysis

1. Reference to Table 3.2-2 for flood loadings is
incorrect (Page 8.2-24). Also reference to Table
3.2 is incorrect (Page 8.2-28). *

RESPONSE:

.The reference to Table 3.2-2 on page 8.2-24 and Table
3.2 on page 8.2-28 will be changed to Table 3.2-3.

.
-

*

.

f
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QUESTION: 94

8.2.4.2 Accident Analysis

2. A flood level which caused the bottom portion of
the'DSC to be in contact with water while the upper
portion remained in air could cause considerable
thermal stress in the canister. Have these load- 0

ings been included with the pressure loadings?
I

RESPONSE:

Since the source of flooding and its various parameters,
such as flood- level, velocity, . temperature, etc. are
necessarily site specific, no attempts were made to
analyze the' DSC for any particular flood condition.
Instead, a capacity . analysis based on the external
pressurization of the DSC, as the main loading criteria,
was pe rf ormed and subsequent maximum flood . wa ter level
were established. Any site specific flooding condition
which can not be enveloped ' by this loading criteria
needs to be addressed in the site's Safety Analysis
Report.

Nevertheless, the DSC thermal stress under a half-
flooded condition can be conservatively estimated by
utilizing the results of thermal analysis performed in
response to question 8.1.1.2. This thermal analysis was
based on a circumferential temperature variance of 55'F
for normal operating condition. For a half flooded
condition, if the_ water temperature is assumed at 70*F
and at the same time the hottest DSC temperature at
upper DSC region remains the same at 283*F, a circum-
ferential temperature variance of 213*F if obtained. By
assuming other parameters in the analysis remains the
same for both conditions, then an increase of 3.84 times
the thermal stress associated with normal operating
condition can be anticipated. The maximum stress for
normal operating condition is 11.24 ksi, therefore for
half flooded condition the stress will be 43.53 ksi
which.is still less than the level A stress allowable of
56.10 ksi.

This level of stress which was derived by overly
conservative assumptions indicates that any site
specific flood level can easily be tolerated by the DSC.

NUH-001-8 8.41
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QUESTION: 95

8.2.5.2 Accident Analysis

1. The discussion on page 8.2-29 implies that the
decelerations used by NUTECH were obtained 'by
multiplying actual. drop-test data (obtained by
ORNL) by one-sixth to reflect a 5 foot drop height
instead of a 30 foot drop height. Examination of
the GE Consolidated Safety Analysis Report of the
IF-300 shipping cask reveals that NUTECH used
decelerations which the Stearns-Rogers Company
calculated using a dynamic analysis program,
"Dyrec". Since the Stearns-Rogers results envelope
the ORNL results, this is a conservative
approach. Howeve r NUTECH should revise the
discussion to reflect their actual process. Also
NUTECH should reference the data by appendix.

.

RESPONSE:

The discussion on page 8.2-29 will be' revised to reflect
the actual process. Additionally, data will be
referenced by appendix.

NUH-001-8 8.42
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QUESTION: 96

8.2.5.2 Accident Analysis

2. A second related question concerning drop decelera-
tions has to do with the data in Appendix V2 of the
GE document NEDO-10084-3. Why did NUTECH not use
the deceleration for top end vertical drop as
reported in this appendix? It is more conservative
than the Stearns-Rogers data.

RESPONSE:

GE document NEDO-10084-3, Appendix V2, September 1984,
was reviewed for possible higher vertical drop de-
celeration. This document presents the 30 ft drop
impact analysis for the fuel rods and not the ~ reeval-
uation of the impact time history. As a matter'of f a c.t ,
the tiine history, Figure 5-1, page'V2-47, presented in

- this document is identical to the time history developed
by Stearns-Roger as presented in Appendix V-1 of the GE
Safety Analysis Report.

Additionally, as stated in response to previous ques-
tions the maximum deceleration forces which the DSC is
analyzed for are the 48g ve rtical and 34g horizontal.
These values are to be considered as the governing
limits and not the drop height of the cask.

-

|
|
|
1
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QUESTION: 97

8.2.5.2 Accident Analysis

3. NUTECH has not provided a discussion on the
possibility of the cask dropping vertically through
5 feet and then tipping ove r and slapping down.
Logically, if the cask could experience a 5 foot
vertical drop, then it would almost certainly also
experience a tip-over and slap down. In fact, the
slap-down case would be more severe than the 5 foot
vertical drop because the centers of gravity of the
shipping cask and the DSC both exceed 5 feet in the
vertical orientation. Please discuss the reason
for not including the slap-down case.

.

RESPONSE:

~

question 2 of SectionAs -explained ,in response to
3.1.2.2, the limiting drop deceleration for the DSC is
34g in the horizontal orientation and 48g in the

vertical . orientation. The users of NUHOMS Systems need
to ensure the DSC is not subject to a drop which could
cause deceleration values in excess of these values
during handling operations.

Nevertheless as shown in Figure 1 (Page 8.45) the
effective height of the drop during a slap down is the
difiarence in the cask center of gravity while standing
on. its corner and in the horizontal position which is
less than 5 feet, and as such the deceleration associ-
ated by the slap down is enveloped by the deceleration
of the 5 ft horizontal drop.

i
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QUESTION: 98

8.2.5.2 Accident Analysis

4. In order fo r the statement of page 8.2-31, "The
liner eliminates any secondary impact forces
generated by the impact of the two surf aces" to be
evaluated, NUTECH should specify what the liner
material is and what the dimensions of the liner- 4

are. Without these data it is not . possible to
evaluate what the attenuation or amplification Q
characteristics of the liner might be.

RESPONSE:

The liner material is stainless steel 304. The
dimensions of the liner will be dependent on the cask
dimensions and fabrication tolerances of the DSC.

.

O

l'
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QUESTIONS: 99

8.2.5.2 Accident Analysis

5. It appears that .the effect of the 2 inch diameter
rods was not . considered for the horizontal drop
case. NUTECH should discuss this omission, or
recalculate the stresses in the spacer disc. <

4

RESPONSE:

The we igh t of the rods in comparison to the we ight of , a
the seven fuel assemblies and spacer disk are negli-
gible. Their additio~nal weight would only have a mini- L

mal impact on the stresses in the spacer disk. The
total weight of the four 26 inch segments of the support
rods is 96 pounds while the total weight of the 26 inch
segment of the 7 fuel . assemblies and spacer disk is! -

j .1818.1 pounds. Additionally, the rod locat' ions are in

j an area.away from the fuel assemblies,~ areas considered
i to be critical stress -locations. Because of their small
) incremental weight and location, the 2 - inch diameter

rods . were not included in the stress analysis of the-

]
spacer disk.

-

1

+

e
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QUESTION: 100

8.2.8 Dry Storage' Canister Leakage

The statement that the DSC is designed for no leakage
under any conditions cannot be substantiated since very
small leakage' rates cannot be detected or measured.
Helium is difficult to contain, so it would be expected
that some decrease in Helium concentration would occur
over the lifetime of the canister. Please provide an
estimate based on experimental data or analysis of the
leakage rate or concentration versus time.

.

RESPONSE:

Please see the response to question 1,- Section 1.1.
;

!

.
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QUESTION: 101

8.2.9.1 Accident Analysis

1. What is the basis for using a value of 25% fission
gas release fraction as opposed to the 30% upper
bound cited from reference 8.42 (should read 8.43)
and also quoted on page 8.2-54 in Section 8.2.87

RESPONSE:

As stated in response to question 1, Section 8.~1.1.1, an
EPRI study of 124 fuel rods with a large range of linear
heat ratings, burnups, enrichment, fuel pellet den-
sities, and operating histories has shown only 0.33% to
12% of the fission ga s ' is released. Furthermore, the
EPRI document is much more conclusive than reference
8.43. Also, the 30% upper bound cited on page 8.2-54 is
used .for radiological assessment and not for pressure
calculations. Therefore, the 25% fission gas release
exceeds the maximum documented fission gas release of
12%.

Additionally, the 30% release fraction of reference 8.43
is not an " upper bound" of actual release fractions but
is the authors' selected conservative value for
radiological assessment.

.
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103
QUESTION:

for SectionAccident Analysis 4

mentioned in comment temperature8.2.9.1
diurnal considered in O Ipreviously effect should be

of
3. As the8.1.1.1, on DSC fatigue les.

addition to the 50 seasonal cycvariation l'

diurnal temperature

in the response to question 2 ofRESPONSE: due' toanalysis
DSC

fatigue includedwasvariation .

Section 1.2.2.
e

4

.-

{
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QUESTION: 104

8.2.9.1 Accident Analysis

4. What is the maximum gas inventory within one fuel
assembly including fill and fission gases? How was

,

this maximum inventory established? Do criteria'

need to be established on maximum gas inventory of-
fuel to be stored? Please discuss.

!
,

-

'
,

RESPONSE:
,

The fill gas fr ne fuel assembly was assumed to be
39669.6 in at 72*F and 1 atm while the maximug fission

i gas contained in one fuel assembly was 25071 in at 72*F
and 1 a tm.' The volume of _ fill gas is based on a free

! volume of -a fuel assembly ~ being filled with helium at
9

500 psi and 72*F. The' fission gas inventory is based. on
! a fuel assembly burnup of L 35,000 MWD /MTM and a fission
j gas production rate of 1 atom per 4 fission.
i

Because of the high fill gas pressure, 500 psi, that was
assumed no criteria needs to be established on the
maximum gas inventory of the fuel to be stored.

,

t

| ,

J

I
,

I

i

|
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QUESTION: 105

8.2.10 Load Combinations

1. The load combinations presented in Table 8.2-10
(Page 8.2-61) do not consider the effects of either
wind, tornado or flood on the HSM. Shouldn't these
loads be considered as required by ACI 349-80. 4

Section 9.2.l? Also shouldn't the material pro-
perties be evaluated at the worst thermal case ;
examined, -i.e., ambient T=125'F with inlets
plugged? (See page 8.1-70).

RESPONSE:

As stated on page 8.2-60 of the Topical Report many of
the general event combinations, as shown in Table 3.2-5
are enveloped by the load . combinations shown in Table

,

8.2-10. Hence the ef fects of wind, tornado and flood
were considered, but were enveloped by the cases listed
in Table 8.2-10. Resul.ts of these accident analyses
presented in Chapter 8 ve rify this statement.

The material properties for the concrete . are taken at
the temperature of the individual load combination. For
example, material properties for load combinations 2, 4,

and 10 are take n at the thermal operating temperature
since these combinations are for operating conditions.
Load case 7, howe ve r, contains thermal accident loads.
Therefore, material properties for this combination are
taken at the HSM temperature when air inlets are blocked
and ambient temperature is 125'F.

1
1
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QUESTION: 106

8.2.10 Load Combinations

2. Please provide an analysis of the HSM corbels,
bearing plates, bolts and reinforcing steel for the
load combination cases #7 and 10. The tempe ra ture
of the corbels should be specified and the material
properties for temperature should be used.

RESPONSE:

As stated in page 8.1-32 of the Topical Report, slotted
holes are used in the wideflange support beams for the
purpose of allowing thermal movement, and as such there
is no direct thermal force transferred to the corbels.
Furthermore as stated in the response to question 3 of
Section 8.1.1.5 a multiplier of 1.7 was used for various
load combinations presented in Table 8.2-12. The use of
1.7 multiplier conservatively envelopes all the load

~

combination cases specified by ACI 349-80.
.

Table 8.2-12 will be revised to incorporate the capacity
of the corbel, bearing pads and the bolts at both the
operating and accident temperatures.

!

!

)
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QUESTION: 107

8.2.10 Load Combinations

3. Note 7 in Table 8.2-10 on page 8.2-61 implies that
the material properties for the thermal accident
load are taken at 300*F, however Table 8.1-2 shows
that the maximum concrete temperature for the
inside roof is 321*F, and the side wall is 344*F.
Please clarify.

RESPONSE:

Note 7 in Table 8.2-10 on page 8.2-61 will be changed to
350*F to conservatively envelope all accident temper-
atures throughout the HSM.

1
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QUESTION: 108

8.2.10 Load Combinations

4. Table 8.2-11 reports DSC support assembly - stresses
for various load combinations. The note (3) indi-
cates allowable stresses for the SA 36 structural
steel at. 200*F. NUTECH should show what the
temperature of the DSC 'is where it and the Tee
support assembly rails are in contact for the worst
thermal case examined, i.e., ambient T=125'F with
inlets plugged (see page 8.1-70).

RESPONSE:

-As stated on page 3.2-12, only one' accident is con-
sidered to occur at one time. Therefore, the HSM and
DSC are considered to be at temperatures associated with
the normal operating conditions, 70*F ambient tempera-
ture during a seismic event or when friction loads are
applied. The jammed DSC event. is considered to be only
credible during the HSM -loading operation when the HSM
is at ambient temperature 70*F. The allowable stresses
for note 3 will be changed to 250*F. This bounds the
conservative assumption that the temperature of the DSC

' support assembly is equal to the exterior surface
temperature of the DSC, 230*F.

,

!
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QUESTION: 109

10.0 OPERATING CONTROLS.AND LIMITS

10.1 Proposed Operating Controls and Limits

The fuel stored should also have an axial power peaking
of equal or less than 1.08 for decay heat, since this
parameter was used in the thermal design.

RESPONSE:

As stated in response to question 2, Section 8.1.3.1,
the axial peaki ng power factor was intended to be a
conservatism in the thermal analysis not ,a limiting
parameter on the fuel that may be stored in NUHOMS. The
only thermal parame te r fo r fuel is the heat output pe r
fuel assembly, which must be limited to 1.0 kw,.as
indicated in Section 10.3.1.1.

|

|

!
i
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QUESTION: and Characteristics of

10.2.2.2 Technical Conditions the -DSC helium leak rateall welds on theregardingshould apply to Leak rateCondition 3 m weld. beprimary weld1.
canister including the axial sea also needs to othe

of temperature
function ias a

addressed,

ion 1, Section 1.1.
RESPONSE:

Please see the answer to quest

.

.

.
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QUESTION: 111
i
~

10.2.2.2 Technical Conditions and Characteristics
,

2. Why is tha limiting heat load of .1 kw/ assembly not
it. eluded in the list of seven technical conditions

4 and characteristics?

,.

RESPONSE:

The heat load of 1 kw per assembly is considered to be a
,

functional limit as discussed in Sections 10.2.1 and*

10.3.1.

:

!

<

l

e
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QUESTION: 112

10.2.3 Surveillance Requirements

1. What provisions have been made for inspection of
internal air passages for blockage due to buildup
of organic matter, insect activity, etc.?,

Q:'

;

i

RESPONSE:

Visual inspection of the air inlet passages will be

conducted from outside of the HSM. As stated in

response to question 1.2.2.1, the internal air passages

I are not conducive to the growth of organic matter due1

to radiation and temperature leve ls .

See response.to question 1, Section 1. 2. 2 for additional
inf orma tion. .

I

!

s
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QUESTIONS: 113

10.2.3 Surveillance Requirements

2. What provisions have been'made for drainage of any
water which enters the HSM through the inlets or
outlets? Buildup of water could also cause partial
or complete' blockage of inlet flow in the absence
of drains. What inspections are pe rfo rmed to as-
sure that water does not accumulate in the bottom
of.the HSM7

RESPONSE:

Two 1 inch diameter pipes will be installed in the front
wall of the HSM. In the event that any water should
enter through the air inlet the pipes will allow for
water to drain from the air . inlet chamber. This will
-eliminate the possibility of water building. up and
causing a partial or complete blockage of the inlet
flow. Hence, there is no need to inspect the passage

. ways to assure that water does not accumulate in the
' bottom of the HSM.

The air outlets are designed to be water tight and
therefore water will not enter into the HSM through this
passage.

!
,

1

|
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QUESTION: 114

10.2.3 Surveillance Requirements

3. Surveillance is pe rf ormed every 48 hours to assure
that air is flowing through the module. How will
acceptability of the flow rate be determined? How
will the flow rate be measured, or how will it be
determined that the flow criteria are satisfied.

RESPONSE:

Routine surveillance or inspection of the air inlets
conducted on a weekly basis and within 48 hours af ter an
accident events to ensure that no debris is blocking the
air inlets or cutlets.

The flow rate is. caused by the pressure difference
between the cold air entering the HSM and the warmer air
exi ting the HSM. This pressure difference is driven ~ by
the' , decay heat from the DSC. The analysis has shown
that the decay heat from the DSC will cause a great
enough - pressure difference to provide adequate air flow
through the HSM. Therefore, there is no need to measure
the flow rate through the HSM.

.

4

%
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QUESTION: 115

10.3.1.1 Fuel Specifications

Please clarify which parameters are for an assembly and
which are for the canister, e.g., neutron source,
weight.

RESPONSE:

The following list clarifies which parameters are for
the assembly and which are for the canister. This table
will be incorporated into the revised Topical Report.

Burnup < 33,000 mwd /Mt

Post irradiation time. >,5 years -

.

,

235Initial enrichment __ 3.5 % g<
)

Weight per distance between any < 106.56 kg |

adjacent spacers per assembly
,

Decay power per assembly __ 1 kw<

8Neutron source per canister 9.98x10 n/se'c
15Gamma source for canister 7.76x19

photons /sec
',

.NUH-001-10 10.7
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OUESTION: 116

10.3.2.1 DSC Vacuum Pressure During Drying

What is the basis for the one hour time at pressure
criteria fo r the dry'.ng operation? Has the possibility
of a waterlogged rod been considered?

RESPONSE:

Based on engineering judgement one hour time at the
specified pressure should be sufficient.
A waterlogged fuel assembly has not been cons ide red. -
Prior to inserting the fuel assemblies into the DSC, a
fuel assembly will be . visually examined for structural

*

and mechanical integrity.

Additionally', at the temperature and vacuum pressure
- which the fuel rods will be exposed to during the drying

operations, any water in the fuel rods should evaporate
and be suctioned from the DSC cavity. If any water does
not come ou t - unde r the vacuum conditions it is not
likely to come out with 1 atm of He in the canister.

NUH-001-10 10.8
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QUESTION: 117

10.3.2.2 DSC Helium Backfill Pressure

It appears that a hold time ~ at this pressure will need
to be 'specified to assure that thermal equilibrium has
been reached.

RESPONSE:

As discussed in the response to question 1, Section~
5.1.1.3, the backfilling procedures have been changed to
include monitoring the pressure.

NUH-001-10 10.9
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QUESTION: 118

10.3.2.3 DSC Helium Leakage Rate of Primary Weld

31. Calculation of 631 cm of He appears to correspond
to 2 atmospheres of pressure rather than 1.5
atmospheres.

RESPONSE:

3631 cm of He does correspond to 2 atmospheres and 473
3 3

cm corresponds to 1.5 atmosphere. 631 cm will be
3revised to 473 cm . This change has no impact on the

leak rate specification of the primary weld.

.

9

9

|

!

NUH-001-10 10.10 !

|
1

._. .__ __ ..



( _ - - - _ _ -

DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

QUESTION: 119

10.3.2.3 DSC Helium Leakage Rate of Primary Weld

2. .The leak rate corresponds.to the detection level of
the helium sniffer. However, the calculation
assumes a single leak-at this level. In reality,
leakage may occur at several locations along the
many feet of weld and by diffusion through the
metal matrix of the canister itself. Has this type
of leakage been considered? Please address.

RESPONSE:

i Please see the answer to question 1, Section 1.1.

.

4
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QUESTION: 120

10.3.2.7 Maximum Air Exit Temperature

1. If the temperature risa is greater than 100*F and
small fans are provided as stated in item 5, the
passive nature of the cooling mechanism will be

0
lost. Since the design is based on achieving
passive cooling, the addition of fans should'either
be included in the design or eliminated as a
corrective action.

RESPONSE:

The addition of fans will be eliminated as a corrective
action in the report. If the temperature rise is

greater than 100*F, .the DSC will be removed from the HSM
- or additional information and analysis will be,providsd

to show that the existing ' condition does not represent
an unsafe situation.

.
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OUESTION: ature

rise is to be checked10.3.2.7 Maximum Air Exit Temper of the canisterair temperature
placementthe design preclude ?cooling afterThe that thetwenty-four hours features of2.

for later measurements to assure
IfWhat satisfied. [in the HSM. iscriterion then more

the need rise provided,temperature cannot sary.be100*F

f requent measurements may be neces
assurancesuch

could s,ignificantly
RESPONSE: components that in the temper-

increaseare no moving or cause an
There air flowalter thd
ature change.

.
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QUESTION: 122

10.3.3.1 Surveillance of the HSM Air Inlets

1. How does this surveillance assure that there is no
blockage of the outlets or internal blockage? Does
surveillance include any measurement of flow or
temperature rise of the cooling air?

RESPONSE:

There is no reason to inspect any other HSM air pathways
other than ' the air inlets. Bird screen on the air
inlets and outlets will prevent any debris which may
significantly alter the air flow.through the HSM. There
are no lose or moving parts within the HSM that could

,

fail and block the air flow. Additionally, the non-
visible po rtions of the air pathways are not conducive
to the growth of. organic . matter. Therefore, inspection
of the air inlets and. outlets, the only points where air
flow could be restricted, will assure that there is no
blockage of the outlets or intervals.

Surveillance does not include measurement of air flow or
temperature rise of the cooling air.

1

NUH-001-10 10.14

. --



- .

DETAILED COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

|

QUESTION: 123

10.3.3.1 Surveillance of-the HSM Air Inlets
2. Page 10.3-17 states that for " normal operations,

inspection of air inlets once per : week will assure
that any local obstructions can be removed". If

the HSMs are inspected once per week, how can
NUTECH assume that an air blockage would be no
longer than 48. hours? This question also relates
to Section 8.2.7.2.

+

RESPONSE:

Analysis in Chapter 8 showed that no temperature limits
are exceeded if all inlets of the HSM are completely
blocked. The complete blockage of all- inlets and
outlets is not expected to- occur except during an
accident condition. As stated in Section 10.3.3.1, the

~

air inlets will be inspected within 24 hours of an
abnormal event.

NUH-001-10 10.15
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QUESTION: 124

DETAILS OF HEAT TRANSFER ANALYSIS OF THE NUHOMS SYSTEM

1. On page B.4, it is assumed that the gas behaves the
same as the gas in a horizontal annulus. However,

on page B.5, a formula said to be applicable for a
vertical annulus is used to determine apparent
thermal conductivity. Please explain this dis-
crepancy. The gas " annulus" is horizontal for
drying and vertical for storage.

RESPONSE:

Reference to the ve rtical annulus on. page B.5 is

incorrect. The words vertical on page B.5 and B.6 will
be changed to horizontal. The equation listed in

Ap'pendix B is used to determine the thermal conductivity
of gas in a horizontal' annulus.

When the cask is in the vertical position, the most
sever tempe ra ture conditions will be encountered during
vacuum dry of the DSC. As stated ora page B.6, the
apparent thermal conductivity of the gas in the thermal-
model was approximated by dividing the apparent thermal
conductivity of air in a horizontal position by 1/760.

NUH-001-B B.1
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-QUESTION: 125

DETAILS OF HEAT TRANSFER ANALYSIS'OF THE NUHOMS SYSTEM

2. The length of the fuel assembly L is given on page
B.5, but does not appear to be used in any of the
equations. Is this correct? Why is the number
cites?

RESPONSE:

Length of the fuel assembly, L, is not required and will
be removed in the revised Topical Report.

.

.
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QUESTION: 126

DETAILS OF HEAT TRANSFER ANALYSIS OF THE NUHOMS SYSTEM

3. Table 8.1-13 gives the average helium temperature
for air inlet temperatures of -40, 70 and 125"F as
315, 389 and 429'F. Table B-2 gives apparent
helium conductivity ~ at three values of delta T for
average gas temperatures of 80, 160, 440 and 620*F.
A value of 1.6 was determined for apparent thermal
conductivity 'by averaging the values in Table B-2.
In light of the range of helium temperatures for
which analyses were performed, it does not seem
appropriate to include the values at 620*F, and
particularly at 80*F in arriving at the average
value. Justify that 1.6 is a representative value
for apparent thermal conductivity.

RESPONSE:

The average value of the apparent helium conductivity
for the two temperatures values of 160 and 440*F is
1.55. This 0.05 difference in average value will have
an insignificant difference in the temperature.

. .

NUH-001-B B.3
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QUESTION: 127

HEAT TRANSFER ANALYSIS OF THE NUHOMS SYSTEMDETAILS OF

4. For the calculation of h on page B.13, the
300 h is stated, but doesassumption of delta-T =

not appear to be'needed. Q

(

RESPONSE:
300*F is necessary. ThisThe assumption of delta-T =

assumption is used later in the derivation on page B.15.

.

a

4
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QUESTION:

DETAILS OF HEAT TRANSFER ANALYB.16, the two-on page Formula
statementthe Wooten-Epstein actualto theContrary using the oto to the5 approach be closer essentiallystep

(UEF)
appears . to second step isThe is used. I

application.which the result
manner in

temperature
RESPONSE: the boral sleeve pseudoand ais deriving

wall temperature boral
The second step goes from thethe central rod temperature

The first step
the DSCconsidering

assembly of 7 rods. sleeve temperature to-

guideusing a single assembly.
.

B.5
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QUESTION: 129

DETAILS OF HEAT TRANSFER ANALYSIS OF THE NUHOMS SYSTEM

values for K for the alternative WEFCorrected6.
approachshouldbeprovk[ed.

RESPONSE:

fuel using. the WEF on a singleThe correct value for K
15x15 fuel assembly at the range of expectedg8
temperatures is 5.23 k

NUH-001-B B.6
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QUESTION: 130

SAMPLE COMPUTER INPUT AND OUTPUT FOR THE NUHOMS

STRUCTURAL ANALYSIS

STARDYNE Finite Element Analysis Data. Results have
are based upon

been presented in the Topical Report that
STARDYNE Finite Element Analyses.-

An example of the

input and output data from one of these analyses is
presented in Appendix C. Portions of the input and
output data f rom - some of the other analyses were sub-However, the
mitted in response to an earlier question. to permit the
data submitted to date is not sufficientchecking of stress analysis data for all points on the
NUHOMS system' that exhibit maximum stresses. for the
various loading conditions discussed i_n Section 8. _In

addition to the STARDYNE re s u lt s ', it is understood that
some of the stress analysis data of interest is pre-
sented through ' the use of computerized post-processor

Therefore, it- is requested that a suf-
. tabulations.ficient quantity of _ STARDYNE and post-processo.r compdter.

output data be submitted 'so as to trace the source of
the maximum stress in , each NUHOMS component evaluated
using such analyses. It is not necessary to resubmit
previously-submitted data nor to submit complete sets of
computer output for each analysis.. Specific Tables for
which the above information is requested are: Table

8.1-7, 8.1-8, 8.2-7 and 8.2-11.

RESPONSE:

Attachments 11, 12, and 13 will be provided to sup-
plement the computer data already presented. The

shows the appropriate computer output
listing belowin which the corresponding stress values- forattachment
Table s 8.1-7, 8.1-8, 8.2-7, 8.2-9 and 8.2-11 are

Those' components not listed were analyzed by_derived. included.
hand calculations and therefore were not

Loading Attachment
Table Component

Dead We ight '13
8.1-7 Spacer Disk

IIIAll Loads 7
8.1-8 W8x28

III

8.1-8 Wr4x33.5 All Loads 7

8.2-7 Canister Shell 5-Foot Drop 11

C.1
NUH-001-C
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DETAILED- COMMENTS ON NUTECH
TOPICAL REPORT NUH-001

Table Component Loading Attachment

8. 2-7 Bottom Inner 5-Foot Drop 11
Pressure Plate

I1)
8.2-7 Top Lead Plug 5-Foot Drop 9

III
8.2-7 Support Ring 5-Foot Drop 9

8.2-7 Spacer Disk 5-Foot Drop 12

8.2-7 Boral Tubes 5-Foot Drop 10(1)

8.2-9 DSC Shell, Bottom Load Tables
Inner Pressure Combinations 8.1-7
Plate, Top Lead & 8.2-7
Plug, Support
Ring, Spacer Disk
& Boral Tube

8 '. 2-11- W8x28 Load. Combinations 7

8.2-11 WT4x33.5 Load Combinations 7

Note
1. Attachments 7, 9 and 10 were previously submitted to

NRC.

s

.

,

NUH-001-C C.2
.
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eee 5 AaD7Ne 30 INeul ***

/-------------------------- ---- CAdD 11 AGE --------------------------------s *

1 4 a 12 it 20 24 28 32 36 40 44 48 $2 56 60 64 68 72 76 80 O
e e e o e . . e e o e o e e o e e o , , ,

e ' e e e e e o * * * * * * * * e o t e c o e e e Ee e e e e e e e e e e e o o t e e o e o o o o o o o c o c o e v e e e e e e e e e e e c o c e e * * * * * CARO TVPECAPD NO
163 N00E 350 15.8763 9.0000 -S.5000 NODE *
164 NODE 351 17.6865 4.5000 -S.S000 NODE

165 h001 352 18.2530 0.0000 -S.5000 N00E

166 Nuof 353 17.6865 -4.5000 -S.5000 NODE ,

16F N00E 154 15.876S -9.0000 -S.5000 NODE

168 N00t 35$ 13.5000 -12 2806 -S.$000 NODE

169 NUDE 356 11.2500 -14.3700 -S.$000 NODE II

170 NO3E 3SF 9.0000 -15.8F65 -S.$000 NODE

171 NODE 358 4.5000 -17.686S -S.S000 NOCE

172 N001 359 0.0000 -18.2500 -5.5000 NODE *
173 hCOE 360 0.0000 18.2500 -9.3250 NODE

174 NUDE 361 4.5000 1T.6865 -9.3250 NODE

liS N00E 362 9.0000 IS.8765 -9.3250 N00E *
176 N00E 363 11.2500 14.1700 -9.3250 NODE

177 huoE 364 13.5000 12.2806 -9.3250 N00E

178 h0DE 365 IS.8765 9.0000 -9.3250 N00E O
179 ADDE 366 17.6965 4.5000 -9.3250 NODE

190 N00E 36F 18.2500 0.0000 -9.3250 NODE

111 N00E 368 17.6865 -4.5000 -4.3250 N00E O
182 NGOE 369 15.8765 -9.0000 -9.3250 NODE

153 NODE 310 13.5000 -12.2806 -9.3250 N00E

18% NUDt 371 11.2500 -14.3700 -9.32$0 NODE II

185 NODt 3F2 9.0000 -15.8765 -9.32$0 N00E

186 N00E 373 4.5000 -17.6865 -9.3250 N00E

187 NUDE 374 0.0006 -18.2200 -9.3250 NODE 3

185 NCDE 394 0.0000 18.2$00 -12.3750 N00E

le9 h00E 384 4.S000 17.6865 -12.3750 NODE

190 NCOE 393 9.0030 15.8765 -12 3F50 NODE D
191 N00E 391 11.2500 14.3700 -12.3750 NODE

192 NODE 392 13.S0Jo 12.2806 -12.3750 NODE

193 N00f 303 15.8765 9.0000 -12.3750 NODE O
114 N001 394 17.6865 4.5000 -12.3750 NODE

195 h00E 395 18.2500 0.0000 -12 3750 N00E

196 N00E 396 17.6865 -4.5000 -12.3750 NODE O
197 NODE 31T 15.8765 -9.0000 -12.3750 NODE

198 NODE 398 13.5000 -12.2806 -12.3150 N00E ;

|

199 N00E 399 11.2500 -14.3700 -12.3750 NODE O
200 N00E 400 9.0000 -15.8165 -12.3750 NODE

201 N00E 401 4.5000 -17.6665 -12.3750 NODE

202 NODE 402 0.0000 -18.2500 -12.3750 N00E 8
ENO

203 tND RESTG204 SESIG 389 401 1001000
RESTG235 DESTG 316 328 1001000 O
RESTG

206 RE5IG 2 6 1001000
RESTG207 DESTG S 9 1001000
RESIG

208 kEstG 11 15 1001000 O
{RESTG

I 209 aESTG 17 20 1001000
RESTG

210 RESIG 22 24 1001000
RESTG

211 RE5IG 2S 26 1001000 ORESTG
> 212 mESIG 28 29 1001000

RESTG
213 dE5fG 31 32 1001000 RESTG
214 EE5IG 34 38 1001000 O

RESTG
) 215 aESTG 40 43 1001000

RESTG216 aESTG 45 47 1001000
G

)

GD
)

i4i -- - - m -o non _ __________ ____ _______ _
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*** SIARDYNC 3.0 I N PtJ I eee

#------------------------------- CARD IMAGE --------------------------------t
1 4 1 12 16 20 24 (p 32 36 40 44 48 52 56 60 64 6e 72 76 80 g
e e o e o e e o e e e o e e e o e e o e o

Caa9 No eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee CARD TYPE
217 *ESIG 49 49 1001000 RESTG 0
218 wE5fb St $2 1001000 RE516
219 PiSIG 38h 011110 RESTG

220 6tSIG 402 011110 RESTG .

221 etSIG 33G 360 15100011 RESTG

222 RESIG 344 374 1 100011 RESTG

223 RtSIG 329 101011 RESIG 3

224 4E5tG 402 100011 RESIG

225 misic 105 100011 RESTE

l 226 aESIG 115 100C11 RESTG *
| 227 EtSIG 1 1c1011 RESTG

| 228 #ESIG 7 101011 RESTG
- 229 RESTG 10 101011 RESIG *
| 230 e#F51G 16 101011 RESIG

231 htSIG 21 101011 RESTG

232 RESIG 27 101011 RESTG *
233 eE514 S0 101011 RESTG

234 et510 44 101011 RESTG

235 RESIG 30 101011 RESTG *
236 RESIG 33 101011 RESTG

237 af5TG 10 100011 RESTG

238 NESTG S3 1000!! RESTG *
239 GE516 $9 100011 RESTE

240 #ESIG 62 103011 RESTG

241 wE5im 68 100011 RESTG *
242 RISTG 73 1000!! RESIG

243 GESIG 19 100011 RESTG

244 PE5IG 102 100011 RESTG *
245 EE514 it IC3011 RESTG

246 eESTG 31 100011 RESIG

247 <EST4 e5 100011 RESIG *
248 RESIG 92 100011 RESIG

249 EN3 END

250 DEAMu 1 SS 13 12 1 1 SEAMG *
251 etanG 2 88 36 lb 1 1 SEAMG

232 SfaMG 3 91 39 40 1 2 BEAMG

253 BEa96 4 69 16 17 1 2 BEAMG *
254 BEanG 18 315 27 330 1 3 BEAMG

255 staMG 19 316 28 331 1 3 BEAMG |

2S6 etaMG 20 317 29 332 1 3 SEAMG *
257 BEaMC 21 310 26 333 1 3 SEAMG

258 BEAMG 22 319 25 334 1 3 8EAMG

259 BEanw 23 320 20 335 1 3 SEAMG *
260 St a% 24 321 IS 336 1 3 BEAMG

261 REaMG 2S 322 6 337 1 3 BEAMG

262 SEAMG 26 323 38 338 1 3 SEAMG *
263 9&and 27 324 43 339 1 3 SEAMG

204 eEan6 28 325 48 340 1 3 BEAMG

265 RE4MG 29 326 49 341 1 3 SEAMG *
266 aEanG 30 327 52 342 1 3 SEAMG

267 elaMG 31 328 51 343 1 3 SEAMG

268 AE4MG 32 329 50 344 1 3 BEAMG *
269 BEaMG 33 345 79 360 1 3 BEAMG

270 dtAMG 34 346 80 361 1 3 BEAMG

e

O

.________.
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O-
eso sineDTNE 3.0 INPUI ***

f............................... CARO IMAGE --------------------------------#

1 4 8 12 16 20 24 28 32 36 40 44 48 S2 56 to 64 68 72 76 80 O
e e e o e e e .. e e o e e e . e e e . . e

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees CARD TYPE *

Caku No SEAMG O271 8 tam 6 15 347 81 362 1 3
BEAMG

272 SEamG 36 34s 78 363 1 3
SEAMG

273 GEAMG 17 349 77 364 1 3 BEAMG O274 REaMG 18 150 72 365 1 3 SEAMG
275 8tAMG 39 ISI 67 366 1 3

SEAMG
276 StaMG 40 352 $8 367 1 3

SEAMG O277 BfaMG 41 333 90 368 1 3
BEAMG

276 eEAMG 42 354 95 369 1 3
BEAMG

279 8taMG 43 355 100 370 1 3
BEAMG I

280 BEaMG 44 3S6 101 371 1 :
SEAMG

281 scaMG 4S 357 104 372 1 3
SEAMG

282 BlaMG 46 358 103 3T3 1 3
BEAMG 8

283 BEaMG 47 359 102 374 1 3
EMD

28+ th0
285 RPe0P1 1 0.11040 0.0019410 0.0009700 0.0009700 0.89 BPROP

286 BPGOP1 2 0.05520 0.0009700 0.0004850 0.0004850 0.89 3 PROP 8

287 BPdOP1 3 SO 10000 10000 10000 0.85 0.85 SPROP *

END
289 th0 TRIAS 8
289 ista8 1 4 9 3 1 1 1.50

' 290 Tela 8 2 4 13 9 1 1 1.50 TRIAS

291 I6 lab 3 13 12 9 1 1 1.50 TRIAs

242 18tas 4 6 14 S 1 1 !.SC IRIAS O
> 293 TulaA 5 t 15 14 1 1 1.30 TRIAS

294 Tslaf 6 11 16 10 1 1 1.50 IRIAS

295 14I48 7 11 17 16 1 1 1.50 TRIAB O
> 296 IRIan 8 12 17 !! ! 1 1.50 TRIAS

297 Tetas 9 IS 20 14 1 1 1.50 TRIAS

298 TRIaB 10 14 20 19 1 1 1.50 TRias O
> 299 Tula8 11 20 25 19 1 1 1.50 TRIAS

300 Talam 12 19 25 24 1 1 1.50 TRIAS

301 Tata6 13 2S 26 24 1 1 1.50 TRIAS I

! 302 T81a8 14 26 23 24 1 1 1.50 IRIAS

303 istaa 15 23 18 24 1 1 1.50 TRIAB

306 TRIAB 16 18 19 24 1 1 1.50 TRIAB #

305 T8IAB 17 23 26 29 1 1 1.50 TRIAS

106 Twlas IP 23 29 22 1 1 1 50 TRIAS

307 TRIAF 19 22 29 28 1 1 1.50 TRIAS 8

308 letad 20 22 28 27 1 1 1.50 TRIAs

309 ISIA8 21 22 27 21 1 1 1.50 TRIAS

310 Tatad 22 32 4 3 1 1 1.50 TRIAS #
- 311 T81as 23 36 4 32 1 1 1.50 TRIAs

I 112 1W118 24 36 32 3S 1 1 1 50 TRIAS '

313 fataa 25 1T o S 1 1 1.50 TRIAS I

314 Twlab 26 38 6 37 1 1 1.50 TRIAS

| 315 i>IA8 27 39 34 33 1 1 1.50 TRIAS

316 ista8 26 40 34 39 1 1 1.50 TRIAS I
117 Tatar 29 40 35 34 I 1 1.50 TRIag

i 318 T8tas 30 38 37 43 1 1 1.50 TRIAS

319 TRIan 31 43 37 42 1 1 1.50 TRIAS O'

320 Ts!AB 32 48 43 42 1 1 1.50 IRIAS

321 Tela 8 33 48 42 47 1 1 1.50 TRIAB .

322 TPlae 34 49 48 ST I 1 1.50 TRIAs O
) 323 TelaB 3S 46 49 47 1 1 1.50 TRIAS
' 324 legan 16 41 46 47 1 1 1.50 TRIAS

e
>

e
D

O
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*** Slaa0TNE 3.0 INPUI ***
#------ ------------------------ CARD IMAGE --------------------------------s

| 1 4 8 12 16 20 24 28 32 36 40 44 48 S2 56 60 64 6e 72 76 80 C)
e e e e e e + e o e . . e . . , e . e e . .

Cad 3 40 *eeeese++++++++++e***eeeeeeeeeeeeeeeeeee*+eeeeeeeeeee+eo***eeeeeee**eee****o**** CA80 TYPE
12S Islad 37 42 41 4T 1 1 1.30 TRIA8 O
326 inta9 18 S2 49 46 1 1 1.50 IRIAS

'

327 tata8 39 S2 46 45 1 1 1.50 TRIAS
328 islan 40 51 52 45 1 1 1.50 TRIAS ,,

129 TWla8 41 >O S1 4S 1 1 1.50 TRIAS*

| 330 lelas 42 SO 45 44 1 1 1.50 TRIAB
- 331 i=Ia8 43 56 61 SS 2 1 1.50 TRIA8 ,

{ 332 leta8 44 56 65 61 2 1 1.30 TRIAB
331 TalAs 45 65 64 61 2 1 1.50 TRIAS'

i 134 16148 46 S8 66 SF 2 1 1.$0 TRIAS ,

II
33S TatAd 47 $8 67 66 2 1 1.50 IRIAS i

336 Twla8 48 63 68 62 2 1 1.50 TRias |

(- 337 TRIse 49 63 69 68 2 1 1.30 TRIAB
ID

338 latan 10 64 69 63 2 1 1.50 IRIAS i

| 339 IRIAs S1 67 72 66 2 1 1.$0 TRIAS
340 16tas 52 66 72 71 2 1 1.50 TRIAS

EB,

T 341 i=Ia8 S3 72 77 F1 2 1 1.50 TRIA8
342 Twla8 S4 71 77 76 2 1 1.50 TRIAS

t 343 IBlas SS 77 Fe F6 2 1 1.50 TRIAS
ED

344 talaB 56 F6 75 76 2 1 1.50 TRIAS*

I 145 intah S7 75 70 76 2 1 1.50 TRIAS
| 346 IWlad 58 70 71 76 2 1 1.S0 TRIAS

ED
' 347 TRIAe 59 75 Fa 81 2 1 1.50 TRIAS

348 islan 90 75 s1 74 2 1 1.50 TRias
349 IWlas At 74 81 83 2 1 1.50 TRIAs

El
? 330 Twlae 62 74 80 F9 2 1 1.50 TRIAB
, 351 idlab 63 74 79 73 2 1 1.50 TRIAB'

352 19149 64 84 56 SS 21 1.50 TRIAS'

II
353 Telat 65 e8 56 64 21 1.50 TRIAS
334 islao 65 88 84 67 2 1 1.50 TRIAS ;

,

i 355 T lan 67 89 SS 57 2 1 1.50 IRIAS |
Eb

'

, 356 TEIA$ 69 90 38 89 2 1 1.50 TRIAB"

i 357 Telao 69 91 86 63 2 1 1.30 TRIA8 '{
I 158 18Ish 70 92 86 91 2 1 1.50 TRIAS 8'
h 359 Islan 71 92 87 86 2 1 1.50 TRIAS '.
i 360 IDIan 72 90 69 95 2 1 1.50 IRIAS

( 3bl fata8 F3 95 89 94 2 1 1.50 TRIAS
8D

/ 1A2 ista8 74 100 95 94 21 1.50 TRIAS j

363 islas 7S 100 94 99 2 1 1.50 TRIAB }
364 Teles 76 101 100 99 2 1 1.50 TRIA8 '

8'

/ 3e5 Is!A8 77 98 101 99 2 1 1.50 TRIAS
| 366 16IAS F8 93 98 39 2 1 1.50 TRIAS '

367 I6IAS F9 94 93 99 2 1 1.50 TRIAs
UP

> 368 Tulan 80 104 101 98 2 1 1.50 TRIAS |

3S9 16148 81 104 98 9F 2 1 1 30 TRIAS
370 istAt 82 103 104 97 2 1 1.50 TRIAS

8'
D 371 Isla9 83 102 103 97 2 1 1.50 TRIAS

372 isIAS 84 102 9T 96 21 1.SC IRIAS
373 (NO END

88
> 374 QuaGB 1 2 8 7 1 1 1 1 50 QUADB

37* quads 2 3 9 8 2 1 1 1.50 QUADS
17e Qua05 3 S 14 13 4 1 1 1.50' QUADB

8D
> 377 0u108 4 9 11 10 7 1 1 15C QUADS

376 Qua08 5 9 12 11 8 1 1 1 50 QUADB
i

9
>

i

I

s>

___
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#------------------------------- Cato IMAGE --------------------------------# '

1 4 8 12 16 20 24 28 32 36 40 44 to $2 $6 60' 64 68 72 76 80 ,
e e o e o e e o e e e o e e o e e e e o e

Cahn No e e e ee ee e e ee e e ee ee ee e e eee e.Ve e e e eee e e....e e.........e e e e ee ee e e eeeee ee e ee e e eeeeo, CARD TVPE
179 00408 6 13 18 17 12 1 1 1.30 QUADS ,,
360 0U4D8 7 R4 19 18 13 1 1 1 50 QUADS
lel QUADS 8 17 22 21 16 1 1 1.50 QUADB
382 QU404 9 18 23 22 17 1 1 1.S0 QUADB g,
3d3 004D8 10 31 2 1 30 1 1 1.50 QUADS
384 Quace 11 32 3 2 31 1 1 1.50 QUADB
385 Quad 8 12 34 31 30 33 1 1 1.50 QUADB ,,
386 QUADS 13 35 32 31 34 1 1 1.50 QUADB
387 uua04 14 37 3 4 36 1 1 1.50 QUADS
3t8 QU4D4 15 41 36 35 40 1 1 1.$0 QUADS ,,
389 00408 to 42 37 36 41 1 1 1.50 QUADB
390 0U408 17 45 40 39 44 1 1 1.50 QUADS
391 QUADP 18 46 41 40 45 1 1 1.50 QUA08 **
392 Quad 8 19 S4 60 S4 33 2 1 1.50 QUADB
193 00408 20 SS 61 60 54 2 1 1 40 QUADB
394 0U408 21 57 66 65 56 2 1 1.50 QUADS

'
345 Qua04 22 60 63 62 59 2 1 1.50 QUADS
396 0U408 23 61 64 63 60 2 1 1.30 QUADS
397 QUAD 8 24 65 70 69 64 2 1 1.50 QUADS

II398 QuaDB 25 66 71 70 65 2 1 1 50 QUADB
399 0U408 26 69 74 73 68 2 1 1.50 QUADS
400 QuaDe 27 70 75 74 69 2 1 1.50 QUADB

80401 QuaDe 28 83 54 S3 82 2 1 1.50 QUADS
402 QU408 29 84 SS 54 83 2 1 1.50 QUADB
403 QU4D6 30 86 83 82 85 2 1 1.50 QUADB O404 Qua08 31 87 84 83 86 2 1 1.50 QUADB
405 QuaOS 32 89 57 $6 88 2 1 1.50 QUA05
436 Qua08 33 93 88 B7 92 2 1 1.50 QuaDB

dB407 QU406 34 94 89 88 93 2 1 1.50 QUADB
408 quads 35 97 92 91 96 2 1 1.50 QUADB
409 Qua04 36 98 93 92 97 2 1 1.50 QUADB

dB410 QUADb 3T 106 S1 50 105 1 1 0.50 QUADB
gli 00604 38 107 $2 51 106 1 1 0.50 QUADS
412 quads 39 108 49 32 107 1 1 0.50 QUADS

II413 QuaDe 40 109 48 49 108 1 1 0.50 00408
414 Qua09 41 110 43 48 109 1 1 0.50 . QUADS
41S Quad 6 42 111 35 43 110 1 1 0.50 QUADB

IIi 416 0U408 43 112 6 38 111 1 1 0.50 QUADS
gli 0U40B 44 113 15 6 112 1 1 0.S0 QUADB
418 QU408 45 114 20 13 113 1 1 0.50 QUADB

II' 419 QuaDB 46 115 25 20 114 1 1 0.S0 QUADS
420 QU4DB 47 116 26 25 115 1 1 0.50 QUA08
421 00408 48 117 29 26 116 1 1 0.50 QUADB

III 422 4U408 49 113 28 29 117 1 1 0.50 QUADS
423 Qua0m 50 119 27 28 lie 1 1 0.50 QUADS
424 oua04 51 103 106 103 102 1 1 0.50 QUADS

II) 425 0U408 52 104 107 106 103 1 1 0.50 QUADB
426 quads 53 101 108 107 104 1 1 0.50 QUADS
427 QUA08 54 100 109 108 101 1 1 0.50 QUADS

II) 428 QuaDe SS q$ 110 109 100 1 1 0.50 QUA08
429 0U4D8 S6 90 111 110 93 1 1 0.50 QUADS
430 QUADS $7 58 112 111 90 1 1 0.50 QUADS

) 431 QUADd 58 67 113 112 58 1 1 0.50 QUADB II

432 QU408 $9 72 114 113 67 1 1 0.50 QUADB
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1 4 4 !? 16 20 24 29 12 36 40 44 49 32 $6 60 64 68 F2 F6 80 g) ,e e e e e . . e e e e e e e e e e e e e e ,

C ae n 10 e.. eee++eseeeeeeeeeeeeeee46eseeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee. CapD TfPE
*33 QUAdd 60 77 11$ 114 72 1 1 0.50 QUADB >

O' 434 CU40e 61 * Fe 116 115 77 1 1 0.50 QUADB
435 JuaDe 62 al 117 116 Fe 1 1 0.50 QUADS
43t QU4Dn $3 80 !!8 11F 81 1 I 0.$0 QUADS ,,
437 CuaDe 64 79 149 119 40 1 1 0.50 QUADS

,

438 Queue F9 330 331 316 31* 1 .5000 QUADB
439 unaDn 10 331 332 31F 316 1 .5000 QUAD 8

' 4,0 QuaDM 81 332 333 318 317 1 .3000 QUADB
441 QU408 82 333 334 319 318 1 .5000 QUADO
442 QU404 83 334 33S 320 319 I .3000 0U405 l

II' 4*3 CUADS 84 33% 336 321 320 t .3000 QUAD 5 t
'

444 Cua00 SS 336 337 322 321 1 .3000 . QUAD 8
445 Quand $6 337 338 323 322 1 .5000 QUADB

II> 446 J04D8 SF 338 339 324 323 1 .3000 QUADS
- 54F GU4ca 96 339 340 325 324 1 .$000 QUADB
| 44R QU40s 89 340 341 326 32S 1 .5000 QUADS i

ED/ 449 Qua0d 90 341 342 32F 326 1 .5000 QUADS ,

| 450 00408 91 342 343 32e 327 1 .5000 QUADB
| 451 Quad 1 92 343 344 329 328 1 .5000 QUADB

III 452 QUAD 4 93 343 346 331 330 1 .5000 QUADS
453 QuaDe 94 346 347 332 331 1 .5000 QUADB |

'*S4 0u408 95 347 348 333 332 1 .5000 QUAD 8
II

f,
' 4%S QutDe at 348 344 334 333 1 .5000 QUADS

536 QuauB 97 349 320 33S 334 1 .5000 QUADS
4S7 0U404 98 ISO 331 336 33S I .5000 QUADS f

ED r' 4Sd 00408 99 3S1 352 337 336 1 .5000 QUADS
459 Quand 100 3S? 353 338 337 1 .5000 QUADS
460 CU40e 101 3S3 354 339 338 1 .5000 QUADS

II* 461 quads 102 154 355 340 339 1 .5000 QUADB '

| 4h2 00409 103 355 356 341 340 1 .5000 QUADS
I| 463 QUA04 104 356 357 342 341 1 .5000 QUADS

db !> 464 JU408 105 3S7 358 343 342 1 .5000 QUADS
| 465 CuaD3 tot 158 359 344 343 1 .5000 QUADS
| 466 00408 107 363 361 346 345 1 .5000 QUADB i

II '' 467 GuaDe 10m 361 362 147 346 1 .5000 QUADB
As8 Quad 4 109 362 363 348 347 1 .5000 QUADS l

'
469 CU40s 110 363 364 349 348 1 .5000 QUADB O

I3 476 QutD3 til 364 365 350 349 1 .5000 QuaDB
471 QU4D9 112 365 366 351 350 1 .5000 QUAD 8 |
472 0U40* 113 366 367 352 351 1 .5000 QUADB

8" '> 473 QU40s 114 367 368 353 352 1 .5000 QUADS
474 CLAD 8 113 368 369 354 353 1 .5000 QUADS
475 QuaDe 116 369 370 3SS 334 1 .5000 QUADR 1

80I 476 QuaDE 117 370 371 356 355 1 .5000 QUADB
477 3U408 118 3F1 372 3SF 336 1 .5000 QUADS
47S QUADe 119 372 373 358 357 1 .5000 QUADS

8'I *F9 0U408 120 373 374 359 358 1 .5000 QUADB ,

430 Quad 9 12 1 401 402 374 373 1 .5000 QUADB |

661 quads 122 400 401 373 372 1 .5000 QUADS |
UII 462 CU408 123 399 400 372 3F1 I .5000 QUADB

$83 Cua0b 126 398 399 371 370 1 .5000 QUADB
484 QUAD 8 125 397 398 370 369 1 .5000 QUAD 8

I 465 QuaDe 126 396 397 369 368 1 .5000 QUADB UD

*S6 QuaDe 127 395 396 360 367 1 .5000 QUADB

> GD
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y
22 3.509E+04 3.520E+04 1 149E*03 -3 582E*04 - 3. 5 91E + 0 4 -1.14SE+03 3.629E+04 3.701E+04 3.682E*02 -3.529E*02 1.764E+00
23 3.214E*04 3.426E+0* 2.933E+03 -3.288E*04 -3.49FE+0* -2.923E+03 3.632E+04 3.703E+04 3.702E+02 -3.S26E+02 4.951E*00

.) 24 1.561E*04 1 722E+04 S.319E+03 -1.635E+04 -1.793E+04 -S.304E+03 2.180E+04 2.250E+04 3.716E+02 -3.53SE+02 7.404E+00 g
25 8.934E+03 3.052E+03 S.067E+03 -9.656E+03 -3.763E+03 -S.061E+03 1.18SE+04 1.2STE*G4 3.619E*02 -3.SS2E+02 2.864E+00
26 7.089t+03 1.596E+0+ 1.76SE+03 -7.800E*03 -1.664E+04 - 1. 7 71 E * 0 3 1.630E*04 1.698E*04 3.560E+02 -3.36SE*02 -2.695E+00

j 2F 7.398E+03 1.295E+04 S.310E*03 -0.146E+03 -1.364E+04 -S.306E+03 1.617E+04 1.60FE+04 3.741E+02 -3.450E+02 2.382E+00 g
28 3.88FE+04 3.826E*04 -3.435E+02 -1.962E*04 -3.897E+04 3 448E+02 3.903E+04 3.977E+04 3.729E*02 -3.544E+02 6.671E-01
29 3.691E+04 3.638E*04 -6.808E+02 -3.F66E+04 -3.709f*04 6.843E+02 3.738E*04 3.812E+04 3.73SE+02 -3.532E+02 1.763E+00

) 30 3.509E+04 3.$21E + 04 -1.145E+03 -3.584E+04 -3.59 3E + 04 1.14 5 E + 0 3 3.630E+04 3.703Ee04 3.739E*02 -3.573E+02 3.810E-01 g
31 1.215E*0+ 3.427E+04 -2.921E+03 -3.290E+04 -3.49eE+04 2.923E+03 3.632E+04 3.70SE+04 3.734E+02 -3.SFSE+02 6.929E-01
32 1. 6 41 E .0 4 S.50 7E + 0 3 -1.8 81E + 0 3 -1 712 E +04 -6.20FE*03 1 901E * 0 3 1.672E+04 1.744E*04 3.64SEe02 -3.499E*02 1.033E+01

) 33 1.563E*04 1.F22E+04 -S.300E+03 -1.63tE+04 -1.795E+04 S.30 7E + 0 3 2.178E+04 2.253E+04 3.7SSE+02 -3.639E*02 3.318E+00 3
34 8.944E+03 3.0 3 5E *03 -S .0 50E + 0 3 -9.662 E +0 3 -3. F6 eE + 03 S.06SE+03 1.184E*04 1.258E*04 3.712E*02 -3.664E*02 7.653E+00

35 7 1$3E*03 1.5985+04 -1.769E*03 -F.904E+03 -1.670E+04 1.Ft0E+03 1.632Ee04 1.70SE+04 3.F71E*02 -3.611E+02 S.369E+00

).' 36 7.438E+03 1.295E+04 -S.310E+03 -8.202E+03 -1.368E*04 S.32 FE *03 1.618E+04 1.693E*04 3.859E+02 -3.660E+02 8.338E+00 3
37 -1.880E*04 -2 02 8 E * 0 3 -1.2 9 0 E +0 2 -9. 7 49E + 0 3 8.S90E +02 -1 410E e02 1.880E*04 1.061E+04 1.428E*04 -S.846E+02 -1.350E+02

38 -1.099E+04 -1. S 4 S E + 0 3 1.5 2 S E * 01 -1.04 F E +0 4 4.670E*02 S.711E+01 1.899E*04 1.093E+04 1 473E+04 -S.391E+02 3.618E+01
39 -1.928E+04 -2.120E+03 9.481Ee01 -9.936E+03 1.333E+03 2.421E*02 1.928t+04 1.128E*04 1.461E+04 -3.93SE+02 1 684E+02 3
40 -1.858E*04 -1.808E+03 1.932E+02 -9.86eE+03 7.$43E+02 1 500E+02 1 858E*04 1.063E+04 1.423E+04 -S.267E+02 1.716E*02

41 -1.829E+04 -2.107E+03 1.107E+02 -9.469E+03 1.026E+03 -9.386E*01 1.829E*04 1.050E+04 1.388E+04 -S.406E402 8.44SE*00

42 -1.816E+04 -1.644E+03 -1.00FE+02 -9.982E+03 4.u98E+02 -1.366E+02 1.816t+04 1.048E+04 1.407E+04 -S.769E+02 -1.186E+02 6
63 -1.861E+04 -1.899E+D3 9.2 5 7E +00 -9.8 8 8E +0 3 7.SSIE*02 4.962E*01 1.861E+04 1.067E*04 1.42SE+04 -S.567E+02 2.944E+01
44 -1.861E+04 -1.900E+03 1.87FE+00 -9.887E+03 7.837E+02 -3 641E*01 1.861E+04 1.067E*04 1.42SE+04 -S.383E+02 -1.727E+01
45 -1.816E+04 -1.650E+03 1.132E+02 -9.976E+03 4.851E+02 1 511E+02 1.016E+04 1.047E+04 1.407E+04 -S.824E+02 1.322E+02 S
CS -1.828 E + 04 -2.12 SE + 0 3 -9. 319 E + 01 -9.4 4 S E +0 3 1.026E*03 1 120E+02 1.828E*04 1.047E+04 1.386E+04 -S.500E+02 9.418E+00
47 -1.856E+04 -1.839E+03 -1.693E+02 -9.823E+03 7.440E+02 -1 383E*02 1.856E*04 1.0STE+04 1.419E*04 -S.474E+02 -1 539E+02
48 -1.928E+04 -2 173E+03 -7.997E*01 -9.910E+03 1 301E*03 -2 672E+02 1 928E*04 1.122E+04 1. 4 60 E * 0 4 -4.358E+02 -1.736E+02 (p

C9 -1.917E+04 -1 617E + 03 -6.132 E *01 -1 06SE +04 4.244Ee02 -1 271E+02 1.917E+04 1.107E+04 1.491E+04 -S.963E*02 -9.423E*01
50 -1.924E+04 -2.040E+03 8.306E+01 -1.02SE+04 7.738E+02 8.966E+01 1.92SE*04 1.102E+04 1.475E*04 -6.330E+02 8.636E+01

51 9.673E*03 6.311E+03 -3.32SE+02 -3 796E*04 -7.aS8E+03 -3.163E*02 9.706t+03 3.796E+04 1 41SE+04 -7.73SE+02 -3.244E+02 dp

)
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S2 8.856t*03 6. 3 4 7E * 0 3 7.6 3SE *01 -3.8 3 4E +04 -F.86 FE *0 3 1.330E*02 8.859f*03 3.054E+04 1.484E+04 -7.600E*02 1.057E*02
53 9. 3 71 E * 0 3 6.421E*03 -1.133E+02 -3.872E*04 -8.226E*03 3.192E*02 9.3FSE+03 3.sF2E*04 1 467E+04 -9.036E+02 1.029t+02

g) 34 9.2SSE*03 6.25 7E *0 3 1.840E+02 -3.754E+04 -7.81SE*03 4.211E*02 9.266f+03 3.75SE*04 1.41SE*04 -7.790E+02 3.029E*02 gg

55 9.506E+03 6.1745+03 -4.188E*00 -3.670E*04 -F.855E+03 8.259E+01 9.506E*03 3.670E+04 1.360E*04 -0.402E+02 3.920E*01
S6 8.393t+C3 S.415E*03 -1.628E+02 -3.6S4E+04 -F.431L*03 -2.43St*02 8.403t*03 3.654E+04 1.408E+04 -7.582E+02 -2.032E+02

() 37 d.F81E+C3 6.099E+03 1.929E*02 -3.72SE*04 -7.F09E+03 4.s6SE*01 8.795E+03 3.726E+04 1.424E*04 -8.049E+02 1.209E+02 (p
38 8.780E+03 6.098E+03 -1.821E+02 -3.72SE*04 - F. F 10t * 0 3 -3. 26 0E * 01 8.792E+03 3.F2SE+04 1.424E*04 -0.0591+02 -1.073E+02
59 8.392E+03 S.913E*03 1.741ke02 -3.654E+04 -F.430E*03 2.60$f*02 4.404E*03 3.654E+04 1.408E*04 -7.5 8 FE +02 2.17 3E + 02

() 60 9.51SE*03 6.176E+03 1.91SE+0! -3.669E+04 - F . 8 S S E + 0 3 -S . 8 F S E * 01 9.31SE+03 3.669E+04 1. 3 59 E + 04 -8. 3 9 FE + 02 -1. 9 8 0E + 01 (p
61 9.2 94 E *03 6.26SE+03 -1.SS3E*02 -3.752E*04 -F.8 21E * 0 3 -3.8e FE * 02 9.302E*03 3.752E+04 1.412E*04 -7.782E*02 -2.720E+02
62 9.420E+03 6.399E.03 1.198E+02 -3.866E+04 -e.221E+03 -2.849E*02 4.424E*03 3.867E*04 1.462E+04 -9.113E+02 -8.256E+01

gg 63 8.641E*03 6.250E+03 -1.S$9E+02 -3.SetE*04 -7.841t+03 -1.Se7E+02 8.651E*03 3.861E*04 1.499E+04 -7.9 5 3 E * 0 2 -1. $6 3 E * 0 2 gg
64 9.010E+03 6.2SSE *03 2.4 30E *02 -3.8 34E +04 -F.924E * C 3 2. 711E +02 9.032E'03 3.834E.04 1.467E*04 -8.3F0E+02 2.580E+02
79 S.560E+03 8.6S 7E + 0 3 6.4Sof*01 2. 719E +0 3 -3.4 8 6E . J2 6.620E+01 8.658E*03 3.071E+03 4.213E+03 4.154E+03 6.535f+0!

,) 80 S.434E*03 e.159E*03 1.519E+02 3. 7 34 E * 0 3 -2.14 3 E .02 1.146E+02 8.16eE+03 3.95SE*03 4.612E*03 3.973E+G3 1. 332E + 02 gp

| 81 S.F13E+03 8.172i+03 1.960E*02 1 613E*03 -8.9F4E+02 2.510E+02 8.58SE+03 2.361E*03 3.990E*03 3.8 3 7E *0 3 2.23SF+02
'

82 S.47%E+03 8.294E+03 S.309E+01 2. F 31E +0 3 -4.8 54E + 02 1.502E*02 8.28SE*03 3 230E*03 4.147E*03 3.899E*03 1.016E+02
D3 S.259E*03 5.110 E +0 3 -7.S 95 E * 01 2.329E+03 -6.204t+02 -1.331s*02 8.112E*03 2.961Ee03 3.8FFE*03 3.74SE+03 -1.047E*02 gpgj
84 S.321E*03 F.914E * 0 3 -1.051 E + 02 3. 3 4 7E * 0 3 -1. 8 3 0E * 02 -1. 06 eE +02 F.919E+03 3.536E*0J 4.357E*03 3.866E+03 -1.060E+02
SS S.382E*03 s .400i + 0 3 -9.7 2 2 E + 01 2.6SSE +0 3 -3.354E * 02 -F.217F +01 3.404E+03 2.434E+03 4 110E+03 4.032E+03 -e.470t+01
66 1.38+E+03 8.402E+03 1.032E+02 2.hS7s+03 -3.32sf+02 F.609E*01 S.40SE+03 2.993E*03 4.117E*03 4.03SE*03 8.96SE+01 gpgp
8F S.327E*03 F.91St+03 1.117E*02 3.3S4E+03 -1.77bt*02 1.113E + 02 7.920E*03 3.539E*03 4.366t*03 3.868E*03 1.11SE+02
88 S.270E+03 8.090E+03 8.8FuE+01 2.3 38E *0 3 -6.224E + 02 1.434E+02 8.C93E+03 2.994E*03 3.897E+03 3.734E+03 1.163E+02
89 S.S21E+03 8.248E+03 -4.843E+01 2.797E+03 -4.970E+02 -1.375E+02 8.249E+03 3.306E+03 4.187E+03 3.875E+03 -9.315E+01 gpq7
90 5.004E+03 8.36SE*03 -2.361E+02 1. 713E +0 3 -0.6 71 E + 02 -2. 53 7E + 02 8.60SE+03 2.630E+03 4.059E+03 3.859E+03 -2.449E+02
91 S.492E*03 8.422E+03 -2.327E*02 3.822E*03 4.952t+01 -1.F23E*02 8.440E +0 3 3.829E*03 4.F38E+03 4.236E+03 -2.02SE+02

,p 92 S.613E*03 4.262E*03 -1.220t+02 2.700E*03 1.98et+02 -1.le4E*02 9.266E*03 2.70SE*03 4.75SE+03 4.730E+03 -1.206F+02 gp
93 -3.014E*03 -1.934E*04 3.023E+02 1.114i*04 2.80Jt+04 2.7 3 FE +02 1.93SE+04 2.801E*04 4.514E+03 4.329E+03 2.880E+02
94 - 3. 4 51 E * 0 3 -1.9 7 7E + 04 -7.5161*01 1.094E+04 2.FS1E*04 7.162E+00 1.977E*04 2.751E*04 3.879t+03 3.870E+03 -3.400E*01
95 -2.860E+03 -1.970i+04 -2.134E*02 1.10ti+04 2.80FE*04 3.710t+02 1.970E*04 2.808E*04 4.233E+03 4.183E+03 7.839t+01 gp,,
96 -3.18FE+03 -1 972E*04 1.432E+02 1.0FIE+04 2.69FE*04 2.890E+02 1. 9 72 E + 04 2.698E*04 3.920E*03 3.626t+03 2.161E+02
9F -3.029E+01 -1.929E+04 -1.95SE*02 1.102E*04 2.688E+04 -2.250E+02 1.929E*04 2.688E*04 4.129E*03 3.796E*03 -2.102E+02 i

I; 98 - 3.0 71 E * 0 3 -1. 86 4 E + 04 8.52FE+01 1. 0 4 0 E + 0 * 2.62st+J4 -2.332E+01 1.864E*04 2.620E+04 3.6291+03 3.823E+03 3.0eFE+01 gp
99 -3.0CSE+03 -1.F43E**04 -1.PFSE+02 1.076E+04 2.719E+04 -3.291E*02 1.883E+04 2 720E+G4 4.331E*03 4.18 3E + 0 3 -2.S6 3 E +02

100 -3.003E*G3 -1.883s*04 1.976k+02 1.076E+04 2.F20E+04 3.339E+02 1.883E*04 2.720E+04 4.339E*03 4.18SE+03 2.6STE+02
.

|
101 -3.068 E *0 3 -1. 0 6 4 E * 0 4 - 7. S29 E * 01 1.041s+04 2.62iE*04 2.801E+01 1.864E*04 2.629E+04 3. 8 31 E * 0 3 3.828t*03 -2.364E+01 gp77
102 -3.026E+03 -1.929E+04 2.172E*02 1.103E*04 2.6eei+04 2.413E+02 1.924E+04 2.688E+04 4.150E+03 3.797E+03 2.293E*02
103 - 3.17 3 E + 0 3 -1.9 7 4 E * 04 -9.8FSE+01 1.0 71E +0 4 2.694E*04 -2.424E+02 1.974E+04 2.695E+04 3.876E+03 3.599E*03 -1.706E+02

g7 104 -2.801E+03 -1.974E*04 2.529E*02 1.116E+04 2.804E+04 -3.575E+02 1.9 74s +04 - 2.804E*04 4.218E*03 4.149t+03 -S.229E+01 gg |

10$ -3.416E+03 -1.953E+04 1.71*E+00 1.110i+04 2 780E*04 -1 36eE+02 1.963E*04 _2 780E+04 4.103E+01 9 08SE+03 -6.75SE+01
106 -3.022E*03 -1.884E+04 -3.970E+02 1.112E+04 2.8 79E +04 -4.106E+02 1.b8SE*04 12.880E+os 5.1271 *0 &L 4.976E + 0 3 -4.03 8 E * 02

() 10F 1.26SE+03 1. 413E + 04 1.123E+02 -9.091E+03 -2.074E+04 2.82SE*02 1.413E+04 2.079E+04a /5.973E*D3-3.32FE+03 1.974E*02 Y. gp
'

108 1.801E+03 1.506E+04 -2.8 4 9 E +02 -9. 7 3 8 E +0 3 -2.102 E * 04 -1.992E+02 1.507E+04 2.1021*04 4.024E+03 -2.977E+03 -2.420E+02
'

109 1.144E+03 1.474E+04 -3.173E*02 -0.607E+03 -2.124Ee04 -S.646E+01 1.47SE+04 2.124E+04 3.795E+03 -3.250E*03 -1.869E+02 .

110 1.446t+03 1.482E+04 6.510E+01 -8.976E+03 -2.069E+04 9.38SE*01 1 482E*04 2.069E*04 3.773E*03 -2.93dE+03 7.948E*01 gp7)
til 1.523E+03 1.4 SIE +04 -1.0SZE * 02 -d.740E +0 3 -2 0 3 4E +04 -6.867E+01 1.451E*04 2.034E+04 3.619E*03 -2.917E*03 -$.694E*01 i
112 1 482E*03 1.421E+04 1.5 8 4 E + 0 2 -v.164E +0 3 -2.015 E * 04 1.440E+02 1.421E*04 2.01SE+04 3.867E*03 -2 971E+03 1.$12E+02

() 113 1.416E+03 1. 419E + 0 4 -1.579E+02 -8.964E*03 -2.062f+04 -2.763E+02 1 419E+04 2.062E*04 3.848E+03 -3.214E+03 -2 171E+02 (p
114 1.416E+03 1.419E+04 1.587E+02 -8.960E+03 -2.062E+04 2.771E+02 1.419E*04 2 062E+04 3.847E+03 -3.214E+03 2.1796+02
115 1.488E*03 1.421E+04 -1.6SOE+02 -9.162E+03 -2.01SE+04 -1.473E*02 1.421E+04 2.0lSE+04 3.864E+03 -2.969E+03 -1.562E+02

;) 116 1.S42E*03 1.4 5 3E + 04 8.268E+01 -0.764E+03 -2.03SE+04 F.604E*01 1.453E+04 2.035E*04 3.620E*03 -2.910E*03 7.936E+01 gp

- L .w- er*WilNsr =2580-55 #0
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STARDYNE Inputs and Outputs
for the Spacer Disk 5 Foot
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8 2.4vit+C3 ?.t9tc+03 6.to9E+03 2.4931+03 3.f4tt*01 6. 6 t19 E + C 3 1 339E*C4 1.119'*14 1 339E*04 3.696E+03 L.t65E*03 gp

9 -1.c42E*04 4.1%9E+03 -S.703E+03 -1.042f+04 9.1541+11 -?.701F*C3 2 27CE*C4 ?.77nF*n4 2.27CE*04 9.199E + C3 -S .7 0 3E * 0 3
10 1.34ti+C3 -1.4tof+03 1.5596+03 1.341t+63 -1.4tet+13 1.509F+C3 4.2*tt+01 4.*54 rom) 4.256E+03 -1 468E*03 1.S99E+03

11 1.593c*(3 -2.at9e+0? 1.542E+C2 1.5 9 3E + 0 3 -2. S E 9e + 0 ? 1.*4'F+02 1.077E+01 1.977F+01 1.877E*03 -2.589E+02 1.542E+02 gp

12 3.000c eC2 -4.3491+C2 -2.469i+02 S.60hE*02 -4.347i+1? -2.4a9F+0? 1.135E+01 1.115E*ni 1.135E*03 -4.35GE+02 -2.489E*C2
13 6.763E*CI 6.777t+C2 S.220t*(2 6.763E*02 0.717t + 3 2 5.220F+02 1.3C9E+01 1.103E+01 1.30GE*03 8.777E*02 S.22CE+02 ,

14 1.7SCE+03 3.273f+02 -S.13SE+02 1.75ct+03 3.273f+17 -2 119F+02 1.91tE+01 1.914F+13 1.916E+03 3.2 7 3E *02 -S.13SF +02 gn

15 4.96bt+C3 -2.2 cot +03 -1.649E*C3 4.9tBE+03 -2.2t6t+11 -1.e49f*03 7.St9E+01 7.069F+91 7.569E+C3 -2.286E*03 -1.t49E+03
16 1.9741+03 9.1S6(+03 S.066i+02 1.479t+03 9. l E 66 *13 5.06SE*02 9.22?E+C3 9.'S?F*01 9.222E+03 9.186E*03 S.C6EE+02

17 2.949t+C5 6.%32F+c3 1.PP9f*03 2.449E +C 3 -2 532E +31 1.Paar*C3 6.590E*01 A.190Feit 6.490E+C3 -2.932E*03 1.88tf+C3 g,

18 2.4 t 4 E *( 2 e.9071+03 -2.3611+C2 2.4b4E+02 6.9 0 7E +S 3 -?.1h15+C2 6.915E+01 6.9158+nt 6.9tSE+03 6.9C7E+03 -2.361E+02
19 3. 5 21 E + C 3 -o./ 7 3 E + 02 2.6tSE+C1 3.S 21 E + 0 3 -6.2 7 3 t * 17 2. hest +Cl 4.149E+01 4.14or+03 4.14GE+03 -6.273F+02 2.t6SE+01

20 1.601E+02 J.t755.*02 -1.31tf+01 1.6CIE+02 3.t?SF+12 -1.11*F+C3 2.638E*C3 7.61*Fe01 2.63eE+03 3.675E+02 -1.31SE+03 8b

21 2.504E+03 2.226E+03 -3.202E+03 2.504E+03 2 2 2 6 E + 01 - 1. 20 2 E + C 3 6.410E*03 6.'InF*01 e.41CE+03 2 226E+03 -3.iO2E*03
22 -c.besi+02 6. 7 3 5 E +02 -S. 792E * C2 -2.8 64T + 02 f .73bt +02 -?.7925 +02 1.506L+0S 1.90S'+01 1.506E+03 6.730E+02 -S.792E+02

23 2.894t402 -S.S3nceC2 7.900i+02 2.e44E+02 -$.53e1+0? 7.906F+02' l.792f+01 1.74?F*0? 1.792E*C3 -S.530E*02 7.408E+C2 g,

24 -1.2996+02 1.7t2.+03 S.lL3t+C2 -1.299E+C2 1.7(2f+01 S.101F+0? 2.097E+01 2.19'F691 2.09 7E +0 3 1.7C2E+03 S.103E+C2

25 2.elSt+32 -1.Cici+02 5.960i+02 2.elSf+02 -1.C7CE+0? S.990F+02 1. 217 E + 0' 1.'S7E*01 1.257E+03 -1.C70E+C2 S.SPCE+C2

26 2.957t+(2 1.tzsf+03 1.SP3E*C1 2.9S7E*02 1.t24E*11 1.!93F+03 3 4 3 3 E + 01 1.4118+01 3.433E+03 1.624E+03 1.583E*03 e
27 7.91?c-ul -3.412t+03 -1.S9et*L2 7. 913 t -01 - 3. 4 5 2 t + 01 - 1. 59' E + 0 2 3 468E+01 1.46sr*03 3.46 8 E +0 3 - 3.4 5 2 E * 0 3 -1.59 6 E + 0 2

26 -1.Sbbc+03 1.FiSF+03 1.01SE*C3 -1.SuSE+C3 1.EtSf+01 1.015F+03 3 4GOE*C1 1.490F+a1 3.49CE+03 1.255E*03 1.CISF + 0 3

29 -S.154t+0? 1.412t*L3 2.229E*(3 -L.1Sof*02 1.412F+93 7.229F+C3 4.857E+01 4.457E*S1 4.857E+03 1.412E*03 2.229E+03 gy

30 -7.475t*01 v.ettE+02 7.41nt*01 -7.976E+03 6.t1SE+0? 7.918F+03 1.804E*04 1.104F*04 1.804E*04 6.6SSE*02 7.918E+03

31 2.504l+C3 -1.647f+0s 1.774E+04 2.504 E + 0 3 -1.E 47E *11 1.774t*04 3.S75F+C4 3.475F+04 3.575E+04 -1.847E+03 1.174E+04

32 -1. 7 t o t + t 3 2.3 74 E + 0 3 -2.$ nwt * 0 3 -1. 71 t E +0 3 2.3 756 * 11 -?.SP9r +C 3 6.t01E*C3 4.6015+03 6.601E+03 2.379E*03 -2.S8SE+03 g,

33 -2.017E +03 -9.777E+02 -9. f 4 9f + 0 2 -1. 017 E + 0 3 -9. 717 +17 -%.849t*C2 2.611E+01 7.Allr+01 2.611F+03 -9.777E+02 -9.84SE+02
34 -2.te dt +0 2 d .e 4 7E + 01 -4.74Sc e02 -2.54et+02 a.e 4 7E *St -'.745F+C2 1 000E+01 1.nD98+11 1.C09E+03 8.647E*01 -4.14*E*02
3S -1.9 toc *L3 3. 317: e C 2 -4.419 E *01 -1.9 Pet *03 3. 317 t +0 ? -4. 919 E + 01 2.320E+0* 2.120F+1S 2.320f*03 3.317E+02 -4.515E+ct gp

36 - 1.o lt t * 00 - V.C 7 5 + 0 2 -1. 4 6 3f * C 3 - 7.61 L f *0 0 -9.0 7 5 f + 3 2 -1. 4 6 3I * 0 3 3.Ct2F+01 1.162r+01 3.062E+03 -9.075E+02 -1.463k+C3
* .104E*C2 1.940E+01 1.4405+61 1.94CE*03 -9.219E+02 S.304E402

37 -1.tt4E*C3 -s.219t*C2 S . 3 0 4 E * 0 2 - 1. b64 E + 0 3 -9. 219f * 0 ?
3b -6 14 9 e * 0 3 -4.02 7F + 0 3 -6. 3 79 E + 0 3 -t .149 E + 0 3 -4.( 17 4 +13 -6.579F+03 1 334E*04 1.114F+04 1.33 4 E +0 4 -4.027t +03 -6.579E +03 gy

39 -4.S001*o) -4. e 5 3 r + L 3 -6. + 6 3E + 0 3 -1.S C0 F + 0 3 -4. h t l E + 01 -e.463F+03 1.33SE+04 1.11%'+04 1.33*E+04 -4.851E+03 -6.463E+03
40 -1 26LL+04 -2.105i+04 1.t68E+04 -2.260E+04 - 2 . I ( *> t + 3 4 1.6tAF+04 3.852E+04 1.95?E+14 3.852E*04 -2.lCSE+04 1.t68E+04

41 -2.101t+0* -1.S725.*04 -9.772e*C3 -2.101E+04 -1.ti2E+04 o.772E+C3 2.849E*C4 7.949F+04 2.P49E+04 -1.572E*C4 -9.772E+03 ap

42 -4.434ce t 3 - 7. t 24t +03 3.19 74 + 0 J -4.54 41 + 0 3 - 7. Si 4 E +01 ?.397t+03 9.884E+01 9.4*4F*a3 9.884E+03 -7.524E+03 3.397E*03

43 -s.u13t+t* -c .s e li +( 3 -3.666E + 0 3 -1.s13 E +04 -6.5 81f e 9 3 -1. 6 46 E + C 3 1 522E+04 1.12 * r + 14 1.922E+04 -6.98t E +C3 -3.t 66E * 03
44 -6.2tCc+0? 1.ltot*C1 -S.394f+03 -8.2SCE+03 S.It6E*01 -S.3a4F+03 1.3t0E*04 1.160E+04 1.36CE*04 S.166E*01 -S.384E+03 e
45 3.$43t*03 -1.624E+03 -3.557i+03 3.$43E+03 -S.t24E+01 -3.597F+C3 1.16CE+04 1.1608+94 1.16CE*04 -S.624E+03 -3.!S7E+03
46 4. 794 6 + 0 3 -4.I b 4 F *( 3 -2.812E +02 4.790 E +0 3 -4.2t 4 E +0 3 -2.el2I * 02 9.C92E*01 9.092E+03 9.092E+03 -4.284E+03 -2.812E+02
47 -a.t21E*02 1.944E+Cl 3.632E*C3 -e.t21E*02 1 444f+3) 3.eS2E+03 7.381E40$ 7.3plF+01 7.381E+03 1 944E*02 3.652f+03 ap

48 -a.1>Stei2 3.21 a f * C 3 1.t60F+03 -F.1SSE+02 3.21EE+03 1 6t0F+C3 5.224E*03 S.224F+31 S.224E+03 3.218E+03 1.e60E+03

e
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eeeee eeee e+ e * * * * * * * * + +.e.e o e e * * e e+ * * e o eo + e e e o+ + + + e e * + e e s * * * * * * * * o e o e * * * e o o o e e + + e e ee ee.e e e e e e ee e e e e e e e e e e eee e ee e ee ee e e*4e e e** *e ee ee9

1 -r.24st*(2 3.c4Lt*02 -4.%C4F*C3 -e.243E*03 3.istf*3* -'.G00F*C3 1.306f+04 1 106*+94 1.3C6E*04 3.246E*02 -4.90SE+03

2 -" . ss h e t ? 7.3!TJ*02 3.0c96*C3 -r.49tf*0? 7.3t7 ten * ?.0f 9 5 *( 3 e.3 3t*01 A.1=1r*73 t.S$3E+03 7.357E*02 3 069f*03 gp

3 -2.otu.e.e 7. sS 76 * c7 1.122r*03 -2.414teu2 7.3!7(*J? I.l??F+03 2.4t4f*03 7.4648*03 2.464f+C3 7.357E*02 1 122f+03

| 4 ->.524**t* 7.3SM*Ci -e.2ttt*02 -S.424t*02 7.3 tif *1? -e.?? 6f *02 2.Left*C? *.iR9F'43 2.CP6t+03 7.3SFE +02 -8.25t E +02

5 -1.167'*u; 7. 3 5 7: * 02 -2. 7 7 3 E * C 3 -1.16 7 E +0 2 1.357f*92 -7.7735*C3 S.t11E*01 9.611r*01 S.ftlE*03 7.357E+02 -2 773E+03 gy

6 3.69Ji*ct 1.*9:1+02 1.304F*C3 3.0 9 3 E * 0 2 1.4%Sr*** 1.104 t * C 3 2.6135+01 ?.611F*i1 2. t 131 * 0 3 1.49SE*02 1.!C4E+03

7 -4.23;t+(I 1.635t+0i v.(156*C2 -4.232f*02 1.C3eten2 C.61Sr+02 1.544t*C1 1.194E*93 1 594E*03 1.038f*02 9.tlSE*02

e -7.0%1t*C3 i.03*t*(3 1.427t+C2 -7.041E*ul ?.C3tL*11 1.9?7f+02 9.137t+C1 9.137t+63 s.137E*03 2.038f*C3 1 927f+02 gp

-9 -F.0di c +6 3 -e .4 4ef *07 1.92 7E * 02 -7.0 ele * 0 3 -o.4 4t( *0 7 1.977E+C2 7.C87Ee01 '.195F+43 7.087E+03 -6.440E+02 1 521E+02

10 / . 3 * t * C3 1.2 tit *03 -1.4GCi+L2 2.3det*03 1.2t3Fe01 -3.c40r+C2 2.51st*01 7.SliF*01 2.SISte03 1.263E*03 -3 5%CE+C2

11 -7.c72tevi S.411:*0 1.s275+02 -7.072E+03 S.41;E*o2 1.G?7F+02 7.t231*C3 7.681F*03 7.623E+03 S.412E*02 1 927E+C2 gp

12 -7.ve 2 t *( 3 -1.5 20k of 3 1.9 2 7 E * 0 2 -1.0 t ? E * 0 3 -1.12CE * 1' l.977E*02 7.Ct9E*C3 7.n69F*0S 7.069 E * 0 3 -1.S 20E +0 3 1.521E+02

13 i.4*o c et 3 -1.t ( 3t * 02 4. 3 +d F * ( 2 2.44bl*J3 -2.t(3t*12 '.399f*C2 2.847E*L1 7.*47E*01 2.t47E*03 -2.603E*02 4.399E+02

14 -s.113:<ci 1. r; b * C 2 - 4. t o d e * u 2 -4. ! ! S E + C 2 1.314ee'' -4.869F*02 1.137E*C1 1.117F+13 1.ll?[+C3 1 359E+02 -4.86%E+02 gp

IS -2.J49t* 2 1.32 n*o? -1.4t.lt*0s -5.09%i+02 1.3t9 ten? -1.461Fe03 2.992t+0' 7.49'F+01 2.492E*03 1.359f*C2 -1 461E+03

16 -!.It4t*(2 1.3t9 *a? 7.434t*C3 -1.104:*0? 1.3t4C+0? -7.434E*C3 4.t7tE*01 4.9758+01 4.875E*03 1.3SSE+C2 -2 434E+C3 l

17 -1.tvit+03 1. 3 5 e + 02 - 3. 4 C P t * L 3 -1. 5 9? t * C 3 1.!!9t*J2 -3.408F+03 7.C32f*03 7.01?'+'t 7.032E+03 1.359f*02 -3.40tE+03 gp

te -*.072.*(3 -3.7(2L+02 3.p4;t+(3 -4.0 72 f *0 3 - 3. 7t ?f * 1? ?.P40F*C3 e.521E*01 4.9'IE*03 P.521E *0 3 -3.782E +02 3 840E+03

19 -3.143t*(1 1.112:*03 S.te4*+Cl - 3.1 % 3 E + v 3 1.112( + 0 3 4.fP4F+C1 4.2Le E * C1 4.'9Afon) 4.25t[+C3 l.112E+C) S.te4E*Cl
* tP4F*01 1.12St*03 1.l?Sr+01 3.12SE+C3 -t.918E+02 S.t04F+01 g

-3.12 4 t * 0 3
-6.4 3 et * J' .t .c57s * 022C -3.124t*da -0.%I*tect S.t>4t*Cl
t . 4 7, #o g 35eS$f*Ci 1.ASgr+nt 1.tSSt+C3 S.S47E*02 -6.SS7E*C2.

21 -3.*14tery 3.tgyr eo: _e.gs7;.c z .3.glgt eo2

22 -1.!!7t*C3 -t.148t*C2 S . 3 01F + 01 - 1. ! ? ?f * u 3 -5.2 41 F + 0? 5.?ntf*Cl 1.132E+01 1.11?r+95 1.132E*03 -S.241E+02 S.3C1L+C1

23 *.39'i*c4 -3.;27:+(t 1.67Cp+C7 4.306t*C2 -3.227t**? 1.t70F+02 8.241E*C' *.741'+0? P.241E+C2 -3.227f+02 1.t7CE+02 ep

24 -3.!bCe+03 -1.e4*ter? -1. 2 C li + 0 3 - 3.18 0 E * 0 3 - 1. t 4 4 f + 3 9 -1. 202 F + 0 3 3.59SE+03 1.gogr+n) 3.99 5 f +0 3 -1.64 4 E + 03 -1. 2 0 2 E + 0 3

2S 1.u94tect -t.tc46+02 -4.24tf+02 1.396L*32 -t.tE4f*37 -4.295E+02 1.214E+0' 1.?l4r+^1 1. 214 E + 0 3 -t .6 e 4 f * 02 -4. 2 9 E+02
|

0.2d it e 21 -c.43n *o3 s.14Ce*i! t.ia7t*01 -2.73S6+03 e,34nr*Cl 2.FC2f*01 S.*i'F+"3 2.e02E*C3 -2.73SE+03 e.14CE*01 gp
|

-1.101 *t3 -3.I'l;+03 -P.222c*02 -1.1011*03 -3.ItlE+13 -*.*2?F+02 3.459E*03 1.4%1**01 3.4S91+03 -3.151E+03 -8.522E+0226

20 -9.93 te:I -t . t i si + 0- 7.8 3C t *C 2 -S.9 3 3 t' +0 2 -e . PI 36 *0 2 5.8SOE+02 1.t3bE*CS 1.A14r+n2 1.e36F403 -e.823E+02 7.t3CE*0227
I

29 t.>ttr e J. 1.27t;*Li 1.37 3i * t 3 5. cell *02 1.276t*1' 1.3??F+(3 2.73314C1 7.7198+St 2.73SE +03 1.276f*03 1. 3 2 3 E + 0 3 gp
I

30 -1.!Lti+L4 -1.st*i+03 *-.430i+02 -1.115 *04 -1.4t6f+al -S.430FeC2 1.119i+04 1.1195+14 1.119E+04 -1.984E+03 -S.43Cl+02

31 -1.!!ct*C4 s.3L2E*0< -t.430t*Ci -1.11tE*c4 6.3 tit *0? * 430F+02 1 18SE*04 1.laiF+04 1.185L+04 t.352E*02 -S.43CE+02

32 -1.3tSt403 -1.(32c+03 -1.CtSF*C7 -1.3tLE*03 -1.03tL*93 -1.ff*F+C2
1.35tl*L1 1.196'+n' 1. 39 t E + 0 3 -1.C 32 f * 03 -1.C6S E * C2 gn |

->.t t 6t + C 2 -S.4 2Ci + 0 2 -1.117E *0 4 '-S. !i ct *02 *.4 SC F * C 2 1.120l*04 1.1+qr+,4 1.120E*04 -S.566Fe02 -S.43Cf+02 |

34 -1.11?t*.* 1.a41itt) -) . 4 3 0 t * C 2 -1. l l t L * b 4 1.5416en3 -?.63nF+C2 1.282E*C4 1.*1'r*04 1.282E*C4 1.591E+03 -S.430E+02 l
33 - 1.11 D e( 4

3S -1.772E*L3 2.260s*(i *s.72biect -1.772t+03 2.ifot*0? * 7?Sf*02 2.304t*01 '.1nsc+n1 2.3C4k*C3 2.280E+02 S.72Sf+02 g

36 -4.2buieC2 1. tC l t * 0 3 -4. t ra f * 02 -* . 2 ect +02 1.SC1f+33 -4.et of + C 2 2. It ot * C1 S.lA0F+n' 2.16CE*C3 1. SCIE +03 -4.864f+C2.

37 -4. 764*92 1.S0lt*C3 -1.4 ele +C3 -4.276L+02 1.ttit*a3 -1. 4 61 r + 0 3 3.SCCE+C1 3.9008+01 3.S00E*03 1. SCIE * 03 -1.4 ele +0 3

35 -4.244teur 1.5C11+C3 -i.434t*03 -4.294E+02 1. * C i t * 01 7. 414 ' ' C 3 S.237E*01 5.*17e*S1 S.237E+03 1. SCIE + 0 3 -2.4 34 f +0 3 gp

39 -4.226ce02 1.!CIE+ 0 s -3.4 Cat +L 3 -4.2 2t t +02 1.tLik+S3 -3.40RF+03 7.Ce2E+01 7.98'F+03 7.082E+03 1. SCIE +03 -3.4Cef*03

40 -1,344E*q* 4.seti+0i 3.eL0f*03 -I.314E*04 4.Geef+32 ?.PC0f+C3 1.t C6E +C4 1.406f+04 1.tCtE+04 5.926E+C2 3.80CE+C3

41 -1.51Le*c4 -1.113>*03 9.575c+02 -1.S10E*04 -1.113E * 01 9. 57e f +02 1. S17E * 04 1.917F+06 1.517t+04 -1 113f+03 9.57tE*02 ab

42 -1 212t*C4 1.120E*03 9.5 76F + 42 -1.b lit + 04 I.lici+n3 4.'76f*02 1. t 3 S E * 04 1.A1SF+e4 1.63Sf*04 1.120L*03 9.57tt+02

43 -1. 3co t * C 4 -7.044 cec 2 -2. v 79 E * 01 -1. 3 00 E * 0 4 -7. P 54 f +0 ? - ?. G79 F + 0 3 1.42SE+04 1.424r+ng g,g?$,,04 -7.894E+02 -2.97%E+C3

44 -1 900L*C3 1.t23t*03 4.19 4 E * C 2 -1.900 f + 0 3 1.t23E+11 4.194F+02 3.622E+0 3.4?2F*03 3.t22E+03 1.623E+03 4.194f*C2 ep

45 -7. Coat *07 .L37E*02 1.244F+03 -7.0tSE+02 S.C37E+1? 1.''1F+C3 2.761E*03 ?.761F+i1 2.761E+C3 S.037E+02 1.241F+C3
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1 4 e 12 16 20 24 2h 32 36 40 44 4$ S2 36 oG 64 to 72 F6 e0 q$

* e + + + + + + * * * * * + + + + + + + + ,

Cako 40 *********++++++++++++++++++***++++++++++++*********++++************************* (Adb IVPc ,

217 Inlab 46 12S 127 til 1 1 1 2S * TdlAn gp

218 IkIAb 47 121 127 110 1 1 1.2S lelAE

219 Talab 48 117 116 127 1 1 1.2t I41Ao .

sho . gp
220 th0
221 uuach 1 64 2 1 us 1 1 1.' 2 S QUAor

222 Quaum 2 65 3 2 64 1 1 1.25 09A0m

223 GUADS 3 66 4 3 62 1 1 1.2t. QUAuc gp

224 QuADB 4 6F 3 4 6t 1 I a.23 QJaut -

22S QUAD 4 S Ob 6 3 6F- 1 1 1.25 dUACh

226 QuaDd 6 69 7 6 68 1 1 4.23 JuaDu gp

227 QUAun 7 70 o 7 64 1 1 1.tS udau8 5

228 QUAL 8 8 2 10 v 1 1 1 a.22 Quaut

229 QuaDu 9 1G 12 11 v 1 1 a.2% wuAuh gp

230 QUA06 10 7 14 13 e 1 1 1.22 Quatu
231 CUADe 11 12 17 to la a l 1.23 JJALA
232 QUAun 12 IF 23 22 to 1 1 a.ts sus 06 gp

233 QUADE 13 14 31 30 13 1 1 1.25 GUAbr

234 CUAou 14 14 25 24 in 1 1 1.45 GUAub

235 Qua06 15 2d 26 2t 19 1 1 1.2: udADt gy

236 QUA0u 16 21 27 26 20 1 1 1.2S uuaut

23F QUA0b 17 22 26 27 21 1 1 .l.2$ cuAue

23b QUADe 16 23 29 2o 22 1 i 1.2% Quack gp

239 QUADS 19 29 34 33 to 1 1 1.2$ avaDL s

'

240 QUAb9 20 34 3d 17 33 1 1 1.it quaLP

241 QUADo 21 3d 44 %) 37 1 1 1.2$ J J A L t- gp

242 QUA0d 22 39 43 44 3d 1 1 1.2$ euato g

243 QUA06 23 40 4r 43 3v 1 1 1.22 Luabb
244 QUADe 24 44 21 to 43 1 1 1.23 Quabb gp 4

*

245 QuADB 2$ 4S S2 bl 44 1 1 1.25 uuA0m

246 JUADe 26 49 $$ 34 to 1 1 1.23 40Au6

1 247 QUACd 27 S0 ao $) 44 1 1 1 2b JU Lt gp

24b QUADe 28 S1 $7 te 20 1 1 1.4L auaCo ,

249 GUAub 29 $2 $6 27 21 1 1 1.2t JunDd
2$0 00408 30 72 64 <3 71 1 1 1.2S JUAJb gg

i

2S1 QUA0d 31 74 72 Fa F3 1 1 1.25 wuaDb

252 uuaud 32 76 hv 66 73 1 1 1.2L uuaL8
) 2$3 QUAD 8 33 79 74 F3 Fr 1 1 1.4% LuaLe gg

254 QUApe 34 d4 Fw Fo d9 I I 1.25 Qdawr

2S$ QUAD 8 JS of 76 7S e6 1 1 a.2% Gdaus

) 2$6 QUAD 6 36 4C 41 60 mv i 1 1.2% uuaLo gg

257 QUADS 37 41 of 31 du 1 1 1.2% GuttP

2S8 QUAC6 38 92 d4 e2 da 1 1 1.2S JUA0m

) 2$9 QUAUS 39 93 d4 a3 #2 1 1 1.23 QuaDu gp

260 Quabd 40 94 US at v3 1 1 12% Quaco

261 QUADb 41 9e 9% dJ 95 1 1 1.23 ,wuADb

) 262 Qua0d 42 100 90 v3 49 1 a 1.25 QuAdo . gg

263 QUADd 43 105 140 49 1GL 1 1 1.2$ Gu Os
264 uuape 44 107 101 10s 106 1 1 12S 4JALo

) 265- QuaDe 42 10d 102 IJ1 lut 1 1 1.25 QJabe gg

266 QUADu 46 113 Iwe tua 112 1 1 1.25 Ju.c6

267 QUAL 6 47 114 137 tot 11s 1 a 44% uutLe

) 2ou WUADe 4e 117 Ita lio 116 1 i 1.25 JuaLe gg

269 Gua0s 49 Ilo 112 111 117 1 a 1.25 JuAtr

270 ubaD8 20 11+ !!J !!2 !!c 1 1 1 23 4 0,t eg

1 ..a _
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I 4 $ 12 to 20 2 24 32 in ,0 44 4n *> t ab hw 04 ou it lu 96 ()
* * . . . . + r o e * * * , . . * * . * .

Cap 1 NO +*******************e+++++5%+++e*eee,+++++e*******************************+e+++* t awl ltPt .

271 wuA04 51 12c 114 !!3 119 I i 1.2S uuawk g)
272 QUA04 52 12 t. !?d 129 12i 1 1 1.2L bu Al.h
273 utAbr 53 122 129 127 12) ! ! !.25 uuapo

274 thu tNL o
' '

275 kNJGt0N thlbt

275 $fallC AN AL fil$ 0 Ot GRil-Ut AD ne lbtel 184I f'

277 $1Allt $ tat t .
275 LOA 0 Caif 2 LJAD

/
279 ALCil -l 1.0 AltsL

2dD. tNO IND g

2d! th3 C ASt (N) C

262 ALL anNF mLL D
283 OPTION OPII0 ab

244 buiput 1 2 2 2 dJIPO r

215 IAPk4w I I la IArt4

246 th0MODEL cNDMD gb
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9 0 Alt RfA0 s ND R 0 .

* DATE WRIT NO w a 0 .

* DATE Ctei s Nil C e o * e
* DATE AC Q s e4109/13 Ci e PU e

* RP s 90 t .

. P s FA * $
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* Le CV .
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20.3n.S4.dufePleI70c.
20.36.14.056HeNulL72ee. se

20.3h.54.CHARG!.t335LJie*04S*. -

20.38.54.EuulteeulPuleLL=PreDEIeFlp=uWf27. '"

20.39.04. *0UIE COPPLilE.
20,Ss.tr.IW5etFN. dies.dP.W.5YM=AJMIVua.
20. 3 8.57.5L Adi t t eF e PD*d e t a ldl SM 2495 leVSN*A02964) '

20.39.34.NI31e A551GNid IL af e V5N*A02969.+

20. 39. 34.5K IPF e st ei e u.
20.39.34.C0PY60eufelArt4.
20.39.3S. COPY COMPT t li .
20.39.3S.dEwlNDelAPf4.
20.39.3S.6EleAPPLIC/uN.tl8dARV. '

,

20.39.37.dEGINeP0514eAPPLIC.
20.3 9. 39.se t ulh e L 0su,4 P PL IC o lNPUT e POS T 4 e 51.2 0 5.
20.39.41.RLIUWN.LO60 QAELM2. Eb'

20. 39.41. A T I ACNE L D00/ uh L t dR aa v e M=l e P W =.
20.39.42. LOGO. P0584,1.2.0

20.39.42. IND LOGO '

I 20.39.42. 020tCO nax!MUN E sc CUT ION FL .
20.39.42. 0.140 CP SECOND$ EXECuil0N TlPE.
20.39.42.etiuRheL000. '

'20.39.42. AIT ACHE LaeLE2 /Uh= LIP 5 AR Y e Mo t e Ph e.
20.39.43.04htk2. P0514el.2.0
20.39.43. 510P Eb

20.39.43. 022300 ManlMUM ERLCulluk FL.
20.39.43. 0.149 CP $tCON05 EXECui10N TIPI.
2 0. 39.4 3.N E T URN e Q A BL K2. 'I

20.39.44.utvLkl.
2 0. 39.44.14 t TUR he 0L A .'

20.39.44.5AllacHecLA.ut&4/UN.LINpA>y,M*EePw . 'b

20.39.44.5kthlNDe0ta.
20.39.44.SetWERI. POST 4 AITACHEU ILFh.0tali

20.39.44.0LAePLe9v999. II'

i

20.39.40. STARI AP&LIC A T ION CPT2
i

20.39.46. * * * PO51 4 * **
20.39.46. * Vt>>10N 1.2 * GD

i 20 39.46. ** LivfL 07JANF2 *

| 20.39.51. * * E N OP 05 i 4 **
i'' 20.39.51. SIOP
. 20.39.St. 114700 FINAL L8tCUTION EL.
( 20.39.51. 2.132 CP 5tC0hCS [ *E Cull 0N 11ML.
| 20.39.51. dEPRI(vtu ND* MAL IfkMINAll0N. II

| 20.39.51. JLB 6 L Pk it VE D.
| 20.39.St. 1.3eo >>uS USLO 8V APPLICA110N

20 39.S1. RPV - PREVIOUS tkRCe C0%Dli10NS RE$ET. II

20.39.51.kEIURNebF. [,

|
20.39.S1.G010,1.

l 20.39.32.leDAVFILEe0AY. II

20 39.52. U5sk DATFILk P60CL5560.i

20.39.52.REPLACteDAY.'

20.39.52.UEAD, C.OQ3KUN5. II

20 39.52.UCPF. 0.17LKUNS.
. 20 39.52.usMie 0.0t$WUN$.

20.39.52.UEMS, 8.eS2KUN5. II
i'
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1 TIILE 5PACll Ol5p 51wE55 INIEHb!IY EV ALU Al tl,k SEEIK WFI CHT
2 5[ L-V L C i t)p 5 6 1 1 1 DEAD
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P05l4 99+ irau d il5E >l6(5% INit NSIlY (WALUAlluN STIE h[lGPT 999

.It0ciect
g j

SCALE TAC 10k =

FLAG 10 ballt 1AF,iu e 3 *4 |

|
.

I

1 2 3 4 5 6 10 11 12 8 95tLttito tisi eP11005 =

+ FACL1 Sne NCWMAL SIRE 55 - LOCAL ILPTION -.

2 SVP NGkMAL 51kE55 - LOCAL Y - + FACL=

+ FAlt ,
e 3 a3TP SH1 AR 51kE55 - LOCAL XV -

e 4 5xN MnkMAL Side 55 - LOCAL a - - Fact
-e S SYN N0hMAL 51RE55 - 40 CAL Y - - FACL
e c 51TN SHIAR ST6t55 - LCCAL XV - - FACE g <

o i SDM MEMBRANt NORMAL SIPE55 - LOCAL N
= 8 SYM ME PBR ant NORMAL 51RE55 - LCCAL T
e a savn MteaWANE SHEAR SIFESS - LOCAL xy ,

e 10 $1P SI6E55 INTEN5ITY - + FACE
e 11 51k blPE55 INikNSIIY - - FACE
e 12 5th 4tMakANE SIRE $$ INTENSITY e !

,

= 13 51P MaplMun PRINCIPAL STRESS - + FACE
e 14 5?r MINIMUM PklNCIPAL STRESS - + FACE
= IS -53P PFINCIPAL Sikf55 DIFF. - + FACE e,

a 16 s ite MARIMUM PhlNCIPAL STEE55 - - FACE
e 17 StN MINIMUM P5 tNC IP AL STRES5 - - F ACL
e IF 53N PhlNCIPAL STRES5 DIFF. - FACE q,

a 19 Sir MAN! MUM MfMWRANE 51RE55
e 20 52M MlblMun PEMBRANE STRESS
e 21 53M MfM4 dant PRihCIPAL STRES$ DIFf. ,

a 22 StiMatP PAR. A55. PRINCIPAL $IDE55 - + FACE
e 23 512PANN mas. AP5. PkikCIPAL STRESS - - IACE
o 24 512MA1M MA). 485. MiM8RANF STRESS g,

25 SIPAPF man. OF Pat. Sikf55 thTEN. -E.F.a

. 26 51MAntF Man. OF MAX. PRIN. >TNE55F5 - i.F. ,

a 27 51 Mit.t f MIN. OF MAX. P61N. SIPE55ES - E.F. gy.

. 26 52maxLF MA1. OF MIN. PRIh. STRt55t5 - E.F.
e 29 52MINtf MIN. OF PIN. PRIN. STPE55ES - L.F.
e 30 51AMAMit MAN. OF 505. MAX. PflhCIPAL SIDE 55E5 ,

e 31 5?AMateF MA3. Of A85. MIN. PRINCIPAL ilkkS5t5
e 32 IHtleM A315 ANCli 0F PRIA. MtMB. STRE55E5
e 33 51b BcNDING STRES5 - LOCAL E g,.

e 34 SYe afho:NG 51>E55 - LCCAL f
e 35 582 IGAN5%tR5L Sktaa 32 ,

= 36 $Yl I6ANSULh5L SHfat V2 ,

!FLAG 10 FwlMY ttC10R$ e

1OUTPUI F ORM AT F OR L151 OPTION *

taxel4eStelPelltE10.3elullt ud nt.T r i e

FORPAT 2 . Inn I4e53.11tF10.0 1til *
FlaaAl 3 = 11x,I4e>IelliF10.4elsil
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! 41 -4.930E+02 -2.$33t+C1 6.8 37f +C1 -4.9 3 0E *02 -2.S 3 3t * 31 6.M37E+C1 S.07ef*02 5.92*F*07 S.C28E+02 -2.533E*01 6.e31E*01 g,
42 -4.936t+02 4.292t+01 6.637t+01 -4.93tt+02 4.252E+01 f.837E*01 S.537E+02 5.537F+0? 5.S37E*02 4.252E+01 6.e37E+01'

43 -4.9$4E*02 7.4)*(-01 -1.448E*02 -4.95if+02 7.436E-il -1.44*r*C2 S.749E+02 5.7498+02 S.749Ee02 7.436E-01 -1.44ef+02
.

! 44 -S.3SOE+C1 4. S 3 3E +0! 5.985E*01 -S.3SCE*01 4.S33E*01 S.985F+01 1.S$2E*07 1. 5 5 ? F + 0 2 1.SS2E+02 4.533E*01 S.98SF+01 gy

4S -4.673E+C0 -2.43ct*01 4.030E*01 -4.673E+00 -2.43tl+01 4.e30F+Cl 9.467E+C1 0.467Fe01 9.467E+01 -2.436E401 4.t3CF+01

: 46 -4.026L+C2 -4.633t*01 7.34SE*01 -4.026E+02 -4.433E+01 7.34SF+01 4.171E*C2 4.171F+02 4.171E+C2 -4.433E+01 7.34SE+01 |

47 -1.402E*01 -e.,SIE+01 7.603E*CC -1.4C2E*02 -0.S$1E*01 7.683E+C0 1.413E+0* 1.411F'02 1 413E +02 -8.S $1E + C1 7.683F+00 gp1

| 48 -6.909E.01 6.12SE*02 1.494E +02 -6.909E *01 6.12SE+0? 1.494F+02 7.626E+C2 7.6?6r+02 7.626E+C2 e.12SE+C2 1.494E+C2

| 49 -1 083c+02 2.474E*C2 2.44Ct*C2 -1.C83E+02 2 274E+02 2.440E+02 5.923E+02 5.923r+1? S.523E+02 2.2F4E+02 2.44CE*C2

! S0 -2.115t+02 2.020E+01 1.44SE+02 -2 11SE+02 2.CiCE*01 1.445E+C2 3.704E+0? 3.704r+02 3.704E+02 2.020E*01 1.44SE+C2 gy

51 -8.581E+01 2.106E+01 1.943E*01 -e.581E+01 2.1C6E+01 1.943E+01 1.137Ee02 1.137E+02 1 137E*02 2.1C6E+C1 1.943E+01

85*
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1. FROM BLDG 3301 2 22D3 9. 6.1985 16:03 P- '-

Enclosure 6Preblaa set 3 is, a difficult void-streasing probles, having a
.

sodium-filled pipe, surreutdsd by a streaming gap, panstrating a concrete' vall.
In the original geometry, insulation surrounded the pipa, but this

.

space has hann filiad with steel to make the probles more savne.
The

void has an offset step after roughly 60% of its traverse.* A spass assh
with 15 radial intervals is used below the offset, while 26 intervalsare used above.

A quadrature sat having 30 directions is used, azcept'

that an upward-biased,166-direction set is used in the veid. Studisshava shown that the 30-direction set gives peer results if used in the
void, but the illustrated solutten sivas naarly the same reesit as a
solutica having 166 directions everywhera and a unifors radial mesh,
and it does it in less than b.sif as much tina. The cross sectiens are t

14-gecup P , but only the first group is solved in the illustration,3

i

CCST REDUCTION WfH VARIABLE "

MESE AND QUADRA2VRE

A void-streaming problem illu-
strates the use of the variable space
mesh and variable quadratun features.
The bute problem, shown in Fig. 2
represents a thick, sodium-filled
steel cylinder penetrating a concretevall.

A uniform source is e,pplied at
the hcttom tour.dary, and the result

'

of interest is the flux at the top ofthe void gap. '

Table 1 shevs some
pertinent data fica several modes ofsolution. In the table, S6 refers :

to s balf-syuucetrical 56 directional 1-

quadrature having 30 direction ses-
mantr, while U166 refers to a 166-
direction biased set with 131 direc-tions upvsrd.
35 mesh intervals.m 2nd dimension has;

Times are for
execution with the weighted-difference*

model en the IBM 360/91.

Co1 sparing problems 1 sad 2, 'the
use of 166 directions only in the
void does not affect the result ofinterest, but saves time. Probles
3 shows that the full direction setis required for pre |-the void, however. pagation through I

Problea le shows '

that the 30-direction 56 is totally
inadequate by itself. Prr,,blem
that a coarse-mesh rebalance (pr$ shova
duces the same result as the fine mesh,

o-

s
i

l

. - -,. ,- ._- . - , . . .-. ,-
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General Zones tones 1-Intervals I-Intervals Nebelnnce Execution Flux et
I '*"" g.~"** W f

'

Quadrature %&i2 5.6.7 '2ones 1-8 zones 9-16 Nesh Time (min) Top or cap*

~
x-.

? O
? 1- U166 U166 U166 28 28 28s35 2.07 8 0.20 Base Case ,,

.

2 86 U166 U166 28 28 Mx35 1.33 8 0.20 Reduced ceneral Quearetpre.

W
3 S6 U166 86 28 28 28x35 1.06 8 0.1% Reduced Quadrature, Zones T5, 6, 7

- - o
4 86 86 66 28 28 28135 0.62

*

8 0.0079i. 86 in all zones- g)*

5 86 U166'U166 28 28 15228 1.31 0 G 20 Coarse-Mesh Betselance .

'

86 U166 U166 15 28 15:28 0.94 8 0.22 Variable Space Mesh

7 U166 U166 U166- 28 28 28x35 1.70 0 0.20 Run with I.N orderin6 0
Ja Flux Celculations *-'--

.

N i
.

,,
*

.

Tahle 1 N
M

~ . --
- n._

(A~

.
-

. .

-

' @
6 .

.=o
ta m' *

. .

. , b) Problem 6 shovs that the vari-
m . Ci able-quadrature-variable-mesh cosibin-- -

*
*

'"'
~ ation gives good results at a barBain , *

prica. Problem 7 is the same result *'

,

as problem 1 run with sa alternate g.

finx routine which does not allow
. .

variable quadrature. Apparently
*

*

thle feature costs an 185 penalty - g

in execution speed. In real.ly large m,

' problems, however, this per.alty would ..

e,

not be sig:tificant in comparison to ,

~. 'Jthe savines-obtained. Even in this
r.anil example, probleme 2 and 6 were - -

-

y 'eth less expensive than 7
'

.

*W.
2'a' . .

-
7,

~

1Y {. y .. .
4 -i /iW
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-
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-
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. FROM BLDG 3301 2 22D3 9. 6.1985 16:10 P. 3
TE!.7 SANFLE - !.01105 f tsT RErnt:7 O pf 06 f G r.

PIFE CHASE PROBLEM FOR D01-IV 4.3 VERSION 1 01 (FCS 1.0 0)
COMPAR150N OF RESULTS WIlH DAK RIDGE RESULTS

DEFAU;.T VALUES Oh THE OAN RIDGE VERSION WERE DIFFERENT

THAN THE CURRENT FCS VERSION. THE INN!T WAS HDDIFIED
TO OVERRIDE THE DEFAllLT VALUES AS FOLLOWF-

VARISBLE DFSCRIPTION BCS DTTAULT CHANGED 10 URNL DEFAULT
MODE SOLUTION TECHNIOUE VECTOR WEIGHTED THETA WEIGHTED
hEGFIX fit 0F TECHNIQUE ECON 0HY NONE
WSDLOI REBAL. SCATTER RATIO .3 0.
FLXM1H MIN. FLUX CONVERGENCE 1.E-60 1.E-30
EXTRCV EXTRAP. CONVERGENCE .2 .1

IN ADtITION, THE ITERATION SCHEME AH IT IS EXECUTED ON THE CRAY
VERSION A1 FCS TODN ADDITIONAL ITERATION STEPS TO CONVERGE.
THE MAXIMIUM ITERATIONS PEN GROUP HAD TO BE INCRfARED TO
20 IN ORDTR TO GET THE FROELEM TO MEET THF FLUX CUHVERUENCE
CRITERIA (1.F.-2).

AFTEREXECUTIONhMEMODIFIEDFROBLENsTHE FULLOWING DIFFERENCES
WERE OBRERVED IN THE ORGUFWISE BALANCE SUMMARY.

VALUE DESCRITTION BLE RESULTS CAh RIDGE RESULTS DEVIATION PkRCENT
SMESCAT/ COL .665303 .465205 .000018 .0027
CU1SCA1TER 1950430 1949200 1150 .0590
ABSORPTION 197983 197797 186 .0940OUT/IN .999952 .99994H .000003 .0003FLUX *VCLUME 229804000 229685000 119000 .0519
RUT CUTTLOW 111866 113697 -1831 -1.6104
BOT GUTFLOW 210002 2094Y4 500 .2425TOP DUTFLCJ 851.393 850.307 1.006 .1103
RGT METFLOW 111066 113697 -1831 -1.4104BCT NETFLOW 7761450 2261960 -510 .0225TOP NETFLOW 851.393 850 307 1.006 .1183
TOT LEAKADE -2148730 -2147410 -1370 T0A15COLLISIONS 6410990 6414620 4370 .06G1

ALL OF THE OROUFWISE BALANCC RESULTS WERC WITHIN 2. PERCENT AGRCCNENT.

THE FLUX COEEf1CIENT MATRIX RESULTS (PRINTCD IN I BY J FORMAT)
$HOW HIGHER RELATIVE DEVIATIONS TCR SOME OF THC SHAT.LER
VALUES. A $AMPLING OF THECC FT5ULTS IP. SHOWN DELOW.

I J BCS RESULTS DAK RIDGE RESULTS DEVIAT!HH FERCENT
B 2 37.7846 37.7652 .01940 .05
8 11 10.9565 10.9520 .00450 .04

13 6 7 99758 E.01535 .01777 .22
'

15 15 .370734 .366654 .00408 1.11
11 33 .110189 .109657 .00054 49
3 18 .039262 .043462 .00420 -9.6628 32 .000155 .000145 .00001 6.9029 35 .0000139 .0000117 .000002 17.95

THE DEVIATIDHS ARE CONCIDERED TO DE CAUSCD BY THE MODIFIED ITERATION
SEQUENCE. 01FFERENT SYSTCM LIBRARY ROUT 1Nrt. AND DIFFFRLMT RGUND Orr!
AND NDRMALIZATION TECHH100ES. THESC DIFFERTNCES COMMONLY OCCUR
DETWEEN MACHINES WITH DIFFERENT ARCHITECHTURE AND WORD LfNGTHS.

i
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Requiredzone waterial Conn rsence

1 Sodium 0.1
'

2 Steel 0.1
3 Steel 0.1.

h Void 0.1 -
5 Void 0.1*
6 Void 0.1 *

7 Void 0.1
8 Concrete --

9 sodium- -

10 Steel 0.1
,

11 Steel 0.01
12 Void 0.01,

13 Cenerete - 0.01 <

14 Concrete 0.1
15 Concrete -

'

16 Concrete
'

-

_

.* * s-

.
-

,' .!
.

.
.,

*
. .

1
*

1..

|Fig. 2. Void Streaming Geometry -

. (Zone numbers as s.hown on figure. . Dimenciens are in em units) .)
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