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Subject: Transmittal of Further Information in Support of
Topical Report NUH-001

Reference: Letter, J. V. Massey to J. P. Roberts, 1/17/86
" Transmittal of Information in Support of Topical
Report NUH-001", JVM-86-010

Dear John:

I am sending with this letter the remaining information requested
by reviewers during our meeting of January 8, 1986.

Attachment 1 to this letter summarizes the analysis performed on
the DSC addressing thermally induced bending loads on the shell.

Attachment 2 contains a revised Table 8.2-8 and source references for
the dose conversion factors.

Attachment 3 is a brief description of the analysis supporting the
neutron dose rates at the HSM air vents.

Attachment 4 is a sample listing of the MORSE code input and output
used in analysis of the H. B. Robinson ISFSI facility. Please note
that this attachment should properly be submitted with the H. B.
Robinson ISFSI SAR, but is included here for two reasons:

1. the reviewers have asked for an early submittal
of the MORSE calculations for H. B. Robinson, and

2. the shielding results for the site specific and
topical report analyses are comparable. DOT

and QADMOD/ Albedo calculations were used in the
Topical Report.
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Mr. J. P. Roberts -2- January 24,'1986
NRC JVM-86-017

~

Skyshine results for the.184 module array are presented in
.. Table 7.4-1 and Section 7.6 of the NUHOMS Topical Report. Air
scattered-and air dose contributions from neutrons, primary and~

; secondary gamma. rays are included. NUTECH has reviewed the
skyshine analysis and finds no fault in the model or computations.

- I-trust that the information in this transmittal and in the
referenced letter completes the open items resulting from our
latest meeting. . May I say that we have made every attempt to
respond fully and promptly to the reviewers' questions. If,
however, there remain any outstanding issues, please feel' free
to contact me at once so that resolution may be obtained in a
timely-manner.

Very truly yours,

K. ; JVA_

hn V Massey, Ph.D.l
LNUHOMS rogram Manager
'NUTECH Inc.

JVM/jj

Attachment

cc: D. M. Koss (CP&L)
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Attachment 1

:
i

Thermal Stress Analysis j
i

Thermal stress analyses werk' performed for the DSC. These
analyses are described in Section 8.1 of the Topical Report.

The maximum primary membrane + bending stress intensity due
to differential thermal expansion of the spacer disk and the;

! DSC shell is 20.90 ksi as shown in Table 8.1-3 of the Topical
Report. The maximum stress is located at the shell where the
spacer dish expands into it.

f,

! This type of loading is a typical radial line load on a cylinder.
~

Displacements and forces tend to attenuate very rapidly away

fromthepointofloadappljegtion.of the DSC shell is 1/8 = (r t /3 (1-v )h*e characteristic lengthT
.I 2 = 2.35 inches, where

r = 18.25 inches, t= 0.5 inch and v = 0.3 (see Theory of Plates
; and Shells by Timoskenko and Woinowsky-Krieger for refarence).
! Since the end cover plate is located 13.72 inches away from

the closest disk, it is 5.8 characteristic lengths away. By;

inspecting Table 84 of Timoskenko, all displacement, rotation,,

moment and shear quantities attentuate to zero.
* '

Therefore
application of long cylinder analysis to the DSC analysis is

| justified.

The maximum primary membrane + bending stress intensity due to
'

pressure load for the DSC is 9.16 ksi as reported in Table 8.1-7
of the Topical Report. This is located at the shell where it

; ends at the cover plate. The maximum primary membrane + bending
~

stress intensity due to 5 feet drop is 39.19 ksi, and is located
at the shell between the end cover plate and the boctom plate of
the lead plug. The combined maximum primary membrane + bending
str ss intensity is reported to be 48.35 ksi as shown in Table

'

8.2-9 of the Topical Report. This is conservative because maximum;

stresses of two different locations were added. The effect of the
differential thermal expansion as discussed before has attenuated,

| to practically zero at the end plate and hence does not reflect
} in the addition. As for the location where the maximum stress
j intensity occurs for the drop accident, the thermal bending moment
j attsnuates to less than 13% of the maximum and the displacement

attenuates to less than 1% of the maximum. Since the stresses due,

'

to thermal and pressure loads have attenuated at this location,
the stresses at this location is less critical than the value
reported. Therefore, it can be concluded than the reported stress
intensities for the DSC shell presented in the Topical Report are

| conservative and envelop all load combinations.
!
!

,
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j Attachment 2 -

i Clarification of
DSC Rupture Accident Doses
(NUHOMS Topical Report Table 8.2-8)

I-
J

,

Equations 7, 10, and 11 of U.S.NRC Regulatory Guide 1.109,
,

Revision 1 October 1977, were applied to obtain gamma dose,*

i beta dose, total body and total skin dose. The parameters
used follow.

Y. 3 0 3DF = 1.72E-5 (mrad.m /pCi.yr) DF = 1.95E-3.(mrad m /pci.yr)4

,

Q = . 30 (2. 205E+4 ) = 6.614E+3 (Ci/yr) (instantaneous)

X/Q = 0.005 (Sec/m )

j X = 1.05E + 6 (pCi/m )

3 31.61E-5 (mrem.m /pCi yr), DFS = 1.34E-3 (mrem.m /pCi yr)DFB =
.

- The results are as follows:

Dose Type Dose
,

gamma air 1.8 E+1 mrad,

beta air- 2.0 E+3 mrad
total body 1.7 E+1 mrem *
skin 1.4 E+3 mrem

.

.

E

I.

I

!
,

:

* Note: This value was presented as 1.lE+1 mrem in Rev. O of
the Topical Report, and will be corrected in the next
revision.'
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ATTACHMENT 3

Discussion of the Relative Attenuation of Gamma Rays and Neutrons
through the Air Exhaust Vent

The attached table and figure illustrate the relative attenuation
of gamma rays and neutrons as they pass through the HSM air ex-

i| hau st ve nt, and the spectral behavior of the neu trons.

Note in the table that if we assign a " peaking" factor equal to
the vent exhaust dose (no cap) divided by the nominal HSM roof
dose, neutrons have a peaking factor of 1.32/.024 = 55, and gam-
mas have a peaking factor of 495/2.8 177. These results are=

reasonable when one compares neutron and gamma ray albedo data
1 -(such as W. E. Folph, " Neutron and Gamma Ray Albedos," ORNL-RSIC-
| -21, 2/68.)
!

The well-thermalized nature of the neu tron population at the air
exhaust (refer to figure) indicates that the two-legged duct
efficiently attenuates neu tron radiation. Any significant
streaming path would result in a higher proportion of epithermal

| or fast neutrons. (Compare the entrance and exit spectra).
i

The relative behavior of neutron and gamna ray radiation appears
reasonable as modeled. Gamma peaking is more pronounced than
neutron -- which is appropriate considering the differences in
concrete albedo factors. Furthermore, the low-exhaust exit neu-
tron dose rate reported in the Topical Report is justifiable
since the " softened" energy spectrum there indicates that no
major streaming paths are-present.

_ _ _ _ _ _ _ _



,. . . . . __ - __-___ _ _ _ _ _ - _ _ - _ _ _ _ _ - _ _ _ _ _ .--_

1

.

.

Dose Rates
(tarem/hr )

Gamma-to-
Location Neutron Gamma Neutron Ratio

1) Air Exhaust 0.047 (1.96E-5)1 11.5 (6.05E-7) 244
(with cap)

2) Air Exhaust 1.32 (5.50E-4) 495 (2.61E-5) 375
(no cap)

~ 23) .HSM Roof 0.024 (1.00E-5) 2.8 (1.47E-7) 117

3 74) DSC Surface 2.4 x 10 1.9 x 10 7920
.at Fuel
Midplane

1. Refers to overall attenuation from active fuel midplane, DSC
O.D. (Line 4)

.2. At active fuel midplane.

!

r
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Attachment 4

MORSE Input / Output
For

H. B. Robinson ISFSI

Page

o User-Supplied Subroutine SDATA 1

o User-Supplied Subroutine BDRYX 2

ndryo Neutron /2 Gamma Run Input 3

ndryo Neutron /2 Gamma Run Output 4 & 5

o Primary Gamma Run Input 6

o Primary Gamma Run Output 7 & 8

.
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Attachment 4

MORSE Input / Output
for

He Be ROBINSON ISFSI
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Attachment 4 (continued).
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Attachment 4 (continued)
,

.

Fg,vreitt t*4t ny ,PF 7F.C TD8tl FLUF.dCE PE# FVt 83

Lt rE cTe ta t. I ? 3 6 *

E d.e % 1 F.g
2.900tevt g.533r 99 2.?pgC=09 J h3d =19 M.391E=0's 5 5p1E-09

p.p*? u.*** r.?le 0.817 1.000
1.WICL.?I g 9?AF.99 1,Tp?r.e4 e.7.9r.c9 4. geer.em 0.g

3.0er 1. 200 4.9A3 C 926 e.m
J.0tCC.Jo 4 9160-13 .l .13,E O's 1.egF.01 H.13%E-c9 J.o

1.439 3.^00 1 Gao 1.000 n.0
1.1/CL.P0

v.4 of 03 00 03
9.m n." n.c 0.0 0.0

*.tect.nl ,, . r J.t ua 93 00
v.n 1,n cn n,0 p,0

1

Em.E DJCL.w'.k!ES
1.0000 07 ..a 4.J T.al6E=15 1 507E=19 00

0.0 3.P 1.900 1.000 p0

8.0apf.0A
3. s t. ar.1,1 1,-o,f l . %.00g0 36 4.972E.l* 2 9eSt.13

c .3 th 4.*s1 0.1P6 c.335 p.410

A. tact.06
a.+1"F-19 4.'. 7 :C .1 = 1.B14F=ls 1.389C.14 1 215C-13

1.irn a ,va 3. sir e.779 3.000
5.OuPL.46 . 13c.ta g.0

te . .'' . J. r . l . . ? p gr . g .
.

..a
n ?ol n.*Th U.660 0.0u.i

4.000L.96 ..io.*f.14 1. J 3 7r.l * %.175F =l * 7.91 *E =l * 4 572C-13
8.00a o . 6 ,% 1.3+a n.460 0.800

3.00PE.oe J t * 78 .14 '. 5e.M 14 1.pa3F=le '.0 00
9.',*1 n.e t ' e.*l3 0.0 e.0t

e

2. 8 .e c c . es 6 ..r73r.lg $.3 ant.34 7 3aar.36 7 63?E lag.24'r.8 6
C . s,to r. 6 ,4 a 539 0.699 3.one

2,0ger.0A
g.52ms..ls 7.5 70 1 5 776E=le 1. 8 3 ". E.1 1

00
a . 's ? n . * s7 p. elm 0 431 0,n

1. e.e o r. . ..e
,9.r tt.14 1 16LE=t1 c.4-g.1dar.14 7.1 p ,r .14 o

1.6"1 a . e-41 e. ave n.pqe o,e
1.33(t. e4 1 11PC 13 4. agt 13 1 4,pr.13 1 591E=li 6 645F-15

0.444 s . = g, * 3.3n? 0.J44 3 000
1. 0 0 0L 1r.*

g.= 9 AF.13 4 9g1 1 + 2 877f = t 3 a.291E =l' 0 08

8 . ? .31 n.$v* 0.37F 0.445 c.0
C,C ot C f>

g . 3 3'. r.1 1 4. val 13 3 277F.12 1 30*F=ll 3 09at.13f
5 *.' c *gl 0 ml? 0.299 c.822

h, U n ot . .os
n s l l 4.7,gr.31 9.n3 9E.13 ...g0E.16s.100L-13 .o r

9.417 m.399 n.747 0.300 1.000
4.04Pr.on ..c39F 13 1.te7F 13 4.97e 13 Pe695f-li 7e6??f=11r

v.nle c .eie6 a 7.' P n.415 g.990
J.wcPL.c% g.*2AF.lJ.w.'str.11 0.lm3f=13 1 129E=17 3.gagr.13

't . S r 4 s.J'? o.2?S 6.310 3.Ono
7,cner.as 6 511f 11 J. '*6E.13 1 014C.12 9.672E.13 1.gggf.12

v 43' u.**? n.*'3 0.330 4.536
2 . c an t, E . .tm

,e . 6 w.t c.0 9.FF3C.14 00
o.J c.1 n.0 1.000 0.0

5 t ett .os
seu fe * o.0 80 00

o.) 0.2 a.9 o.0 0.0
1.a a!C. )s

Neutron /2 Gamma Run Oatput

Page 5



Attachm:nt 4 (continued)
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Attachment 4 (continued)~
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